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ABSTRACT

This is the second monograph in a series ana-
lyzing the archaeology ofMonitor Valley, Nevada.
The first volume (Thomas, 1983), established the
theoretical and epistemological framework within
which the archaeological inquiry was conducted.
The present monograph focuses on the archaeol-
ogy, geomorphology, paleontology, and paleobot-
any of Gatecliff Shelter (26Ny30 1), located at an
elevation of 2319 m. (7607 ft.) in the Toquima
Range of central Nevada.

This site was discovered in 1970, and full-scale
excavations were conducted for seven field sea-
sons. Approximately 5000 person-days were in-
vested in this excavation, and roughly 600 cu. m.
of deposit were removed.

Gatecliff Shelter contains over 10 m. of sedi-
ments, deposited in a remarkably well-defined
stratigraphic sequence. The Gatecliffsediments are
unusual because there is virtually no evidence of
erosion. Most of the sequence was deposited by
sediment-laden and extremely turbulent water, fil-
tered from the toes of debris flows upslope and
upcanyon. Geophysical profiling indicates that
about 23 m. of valley fill exists below and im-
mediately to the south of the datum point.
The Gatecliff Shelter stratigraphic column can

be divided into 56 geological strata, and 16 cul-
tural horizons can be identified within these geo-
morphologically defined units. Primary chrono-
stratigraphic data derive from 47 radiocarbon
dates, and additional chronological control is pro-
vided by a 2 cm.-thick layer of Mazama tephra
laid down 6900 years ago.
The paleoenvironmental record can be recon-

structed by geomorphological, palynological, pa-
leontological, and macrobotanical analysis. Prior
to and shortly after the Mt. Mazama eruption, the
Gatecliff Shelter/Mill Canyon area was a sage-
brush-dominated steppe. The single most striking
paleoenvironmental event after this time was an
apparent invasion of the piiion-juniper woodland
into the central Great Basin area about 6000 B.P.,
perhaps facilitated by a Middle Holocene increase
in summer precipitation. The dramatic entrance
ofEphedra into the paleobotanical record at about
2800 B.P. may have been conditioned by the gen-
erally cooler temperatures during the Late Neo-
glacial period.
The first evidence of human usage of Gatecliff

Shelter occurs at about 5500 B.P., with the most
intensive period ofutilization occurring during the
last 3200 years. Activity analysis indicates that

male extraction and fabrication dominated the ar-
chaeological record at Gatecliff; limited evidence
of female extraction and perhaps maintenance is
also present.

Gatecliff Shelter contained more than 400 in-
cised stones, made of local Roberts Mountains
limestone. Although similar stones have been
found elsewhere this, to our knowledge, is the larg-
est concentration of such artifacts in the New
World. Significant parallels exist between this
portable rock art and the wall art painted at Gate-
cliff and elsewhere in the Great Basin. These in-
cised stones may constitute the portable, plant-as-
sociated counterpart to the wall art commonly
associated with spatially fixed intercept hunting
locations.

Gatecliff Shelter also contained more than 400
typable projectile points in tight stratigraphic con-
text. A refinement of the cultural chronology of
the central Great Basin area was constructed based
on the Gatecliffand Monitor Valley projectile point
sequences.
The intra-site patterning ofartifacts and ecofacts

of Gatecliff Shelter is heavily size sorted. On most
horizons, the smaller debris is found in a distinct
drop zone, at the rear of the shelter; larger debris
is discarded in a toss zone near the mouth of the
cave. The exception is Horizon 2 on which two
dozen bighorn sheep were killed, then piled inside
Gatecliff Shelter for preliminary butchering. High
utility cuts were cached or transported elsewhere
for consumption.

Three dozen hearths could be plotted on the
medium- and fine-grained living surfaces. Al-
though most horizons are spatially independent
from the others, the hearths were built in a dis-
tinctive "hearthline," approximately 4 m. from
the rear wall of the site. Despite the fact that the
shape of Gatecliff Shelter changed markedly
throughout the Early Neoglacial period, this
hearthline-rear wall distance remained virtually
constant, as did intra-site zonation.

Gatecliff Shelter was probably a short-term field
camp, visited by single-sex task groups exploiting
a logistic radius some distance from their base
camp; it is also possible that small groups used
Gatecliff as an infrequent residential base. These
settlement inferences can be only tentatively ex-
plored at any single site, and the topic of prehis-
toric cultural geographic patterning is considered
in subsequent, regionally oriented volumes of this
series.
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INTRODUCTION

This series presents the results of fieldwork
conducted in Monitor Valley, Nevada, re-
search that began in June 1970 and was com-
pleted in July 1983. The inquiry ranged from
stratigraphic and living floor excavations at
the 10 m. deep Gatecliff Shelter to work at
Alta Toquima Village, a multi-component
site at an elevation of 3300 m. (11,000 ft.).
Both probabilistic and opportunistic site sur-
veys were implemented, resulting in the re-
cording and collection of hundreds of addi-
tional sites and non-sites. A dozen rock art
localities were located and recorded. Nu-
merous satellite sites-drive fences, hunting
blinds, rock ambushes, and soldier cairns-
were also mapped and, in some cases, exca-
vated. More than 300 people participated in
this fieldwork.
The archaeological research in Monitor

Valley required a general and mid-range the-
oretical orientation, and the first volume
addressed these epistemological issues
(Thomas, 1983). We isolated five strategic
models designed to anticipate the archaeo-
logical record of Monitor Valley at the con-
clusion of that volume.

This second volume of the Monitor Valley
series deals with the archaeology, geomor-
phology, paleontology, and paleobotany of
Gatecliff Shelter. The general objectives of
the Gatecliff excavations were set out in Part
1 (Thomas, 1983); the present monograph
presents the methodological and theoretical
background necessary to analyze the Gatecliff
materials, in addition to the substantive find-
ings and interpretations resulting from sev-
eral years of excavation.

Subsequent volumes expand the scope,
presenting data and interpretations from the
additional excavations and surveys conduct-
ed throughout the Monitor Valley area. The
final volume discusses these findings against
a regional and theoretical background. A cu-
mulative index of all the parts in this series
will be included in the final volume.
Although the various Monitor Valley

monographs can be considered independent-

ly, each one is a single link in a linear argu-
ment.
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CHAPTER 1. EXCAVATION STRATEGIES AT
GATECLIFF SHELTER

Gatecliff Shelter is situated on the north
side ofMill Canyon, about 1.5 km. upstream
from the canyon mouth (see figs. 1, 2). The
site is accessible from Highway U.S. 50 by
taking the Petes Summit road across Big
Smoky Valley, over Petes Summit proper into
Monitor Valley. Nevada Highway 82 runs
north-south in Monitor Valley, and the road
to Mill Canyon is between Dianas Punch Bowl
and the Monitor Valley playa.

Specifically, Gatecliff Shelter is on the
U.S.G.S. Wildcat Peak 15 minute topograph-
ic quadrangle, near the extreme lower right-
hand corner of the map. The location is un-
surveyed, but it is projected as the SW 1/4 of
section 34, T 14 N, R 46 E (approximately
39°00' north, 116047' west). The master site
datum is at an elevation of 2319 m. (7607
ft.).
The archaeological site has been named af-

ter the massive chert and dolomite formation
in which it exists. The term Gatecliff For-
mation first appeared on two illustrations by
Kay (1960) and was later described by Kay
and Crawford (1964). GatecliffShelter is des-
ignated as 26Ny301 in the files ofthe Nevada
State Museum.

DISCOVERY OF GATECLIFF
SHELTER

Gatecliff Shelter was discovered as an out-
growth ofarchaeological fieldwork being con-
ducted in the Reese River Valley (Thomas,
1971b, 1973). As the work at Reese River
was nearing completion in the summer of
1970, it was clear that a series of stratified
sites would be required in order to test the
Reese River findings (see Thomas, 1983, for
a more explicit statement of initial objec-
tives).
A number of small caves and shelters were

tested throughout the Reese River Valley in
conjunction with the regional random sam-
pling, but these sites showed little promise.
Obviously, we needed to look farther afield
for adequately stratified sites.

In the fall of 1969, the Forest Service asked
me to examine the archaeological deposits

remaining at Toquima Cave, approximately
48 km. (30 mi.) east of the Reese River Val-
ley. I did so and recommended that further
excavation was in order. The Forest Service
provided limited funding for this fieldwork,
which was done during the summer of 1970
(see Part 3 this series). The excavation of To-
quima Cave thus provided a raison d'etre for
serious archaeological reconnaissance in
Monitor Valley proper. A small crew had al-
ready begun informal site survey prior to the
arrival of the 1970 field crew, and a number
of potential sites were slated for excavation.
Gatecliff Shelter was among those sites lo-
cated in this preliminary site survey.
Our initial site survey methods were in-

formal indeed, involving little more than
questioning ranchers, miners, bartenders, and
lifelong inhabitants of the area. Many resi-
dents of Monitor Valley and nearby Austin
were extremely helpful in providing infor-
mation about potential sites and although
many of the sites proved unproductive when
tested, a number of them warranted further
investigation (see Part 3).
We met Mr. Gale Peer, a mining geologist

with extensive experience in the central Great
Basin, late in the summer of 1969. He told
me of a small rock-shelter, the roof of which
had partially caved in. Although no archae-
ological deposits were visible, he remem-
bered seeing several primitive anthropo-
morphs painted on the rear of the shelter.
Acting upon information provided by Mr.

Peer, we began searching for this site early in
June 1970. For a more personal account of
the discovery of Gatecliff Shelter, see Thom-
as (1979, pp. 1-14).
A small overhang was subsequently locat-

ed in Mill Canyon, near the western end of
a massive chert and dolomite cliff, called the
Gatecliff Formation (see fig. 3). Although no
archaeological debris at all was present on
the surface, the pictographs were readily vis-
ible on the heavily smoke-blackened rear wall
and on the ceiling of the site (see fig. 4 and
chap. 5). That day, Trudy Thomas and I ex-
cavated a small l/2 m. square test pit to a depth
of30 cm. We found an incised stone, together
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FIG. 2. Mill Canyon topographical map.

A contiguous 1 m. square, Test Pit II, was

excavated to a depth of 200 cm. and termi-
nated because ofthe difficulty of access. Both
test pits were excavated in arbitrary 10 cm.

levels. Test Pit II contained eight lithic ar-

tifacts, plus a surprising amount of chippage
and bone.
We returned to GatecliffShelter with a crew

from the University of California (Davis) in
the summer of 1971 to begin more intensive
excavations. The American Museum ofNat-
ural History assumed the responsibility for
Gatecliff in 1973, and sponsored large field
parties to this site for the next five summers.
Approximately 5000 person-days were in-
vested in the excavation of Gatecliff Shelter,
and we estimate that approximately 600 cu.

m. of fill were removed.

The goals and objectives of the Gatecliff
excavations evolved over the seven field sea-

sons we spent there. We began with a vertical,
stratigraphically oriented excavation strate-
gy, but once the stratigraphy was well under-
stood and dated, we adopted a more hori-
zontal mode ofexcavation in order to expose
simultaneously a large area for spatial anal-
ysis. These strategies and tactics are discussed
below.

VERTICAL EXCAVATION
STRATEGY

The early excavations at Gatecliff Shelter
were aimed almost entirely at chronological
and paleoenvironmental objectives: we were

attempting to test the Reese River Valley as-

sumptions. The vertical excavation strategy

intermittent stream
spring
Gatecliff Shelter, elevation 2319 m.
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texts into a temporal sequence; these time
markers are ultimately synthesized into phas-
es (see Thomas, 1979, chap. 7). This is a de-
liberately simplified scheme designed to clar-
ify chronology. By operationally focusing on
modal behavior-the shared aspects of cul-
ture-archaeologists can chart cultural
changes along a temporal axis. Although this
strategy blurs much of the complexity in the
archaeological record, it can be justified for
limited temporal objectives. The modal con-
cept of culture is, in this sense, a heuristic
device, not an explanatory one. Elsewhere, I
have discussed the assumptions behind a
modal concept (see Thomas, 1979, pp. 163-
165).
Figure 5 shows the first stage ofexcavation

at Gatecliff Shelter. After the excavation of
Test Pits I and II, the site was divided into
a north-south grid system, each square re-
ceiving an alphanumeric designation (e.g.,
square C-7). The early fieldwork at Gatecliff
involved the excavation of a number of 1 m.
square test units aligned along trench 7 (see
fig. 8). The east wall ofthis trench was defined
as the Master Profile, and all artifacts, fea-
tures, soil and pollen samples, and radiocar-

FIG. 3. Entrance of Gatecliff Shelter prior to
excavation (looking north). The site consists of a
small cavity within the massive chert outcrop
known as the Gatecliff Formation that extends
for several hundred meters to the east.

imposed initially at Gatecliff Shelter was de-
signed to provide, as expediently as possible,
a stratified sequence of artifacts and ecofacts,
associated with datable materials. Of course,
all other finds encountered in these excava-
tions were duly plotted, but the emphasis was
upon obtaining a stratigraphic sequence.

Excavation strategy conditions not only
excavation tactics employed but also the na-
ture of archaeological concepts. For the first
three years at Gatecliff, we excavated deep
vertical test pit trenches, what Kent Flannery
calls telephone booths (Flannery, 1976).
Temporal variability is best reflected by the
shared, modal aspects of culture, and the ar-
tifacts located at such excavations can readily
be grouped into temporal types (after Stew-
ard, 1954). Such time markers enable one to
place previously undated archaeological con-

- *

FIG. 4. Interior of Gatecliff Shelter as it ap-
peared on the day ofdiscovery (June 1970). Rocks
in center of site had been used to backfill Test Pit
I. At left ofphotograph is the toe of the large talus
cone; a portion of the chert roof fall can be seen
on the right.
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site map, and individual artifacts found in
situ were plotted in three dimensions (al-
though several artifacts were found in the
screen). The master site datum was estab-
lished at the rear of the shelter, and a yellow
"X" was painted on the cave wall for per-
manent reference. The elevation of this da-
tum point is 2319 m. (7607 ft.) above sea
level.

Field notes at this stage were kept by each
individual excavator in bound graph paper
notebooks. Unit drawings were prepared for
every 10 cm. level and observations were
made as to soil characteristics and the density
ofchippage and bone. Artifacts were sketched
in the notebooks, sidewalls drawn for selected
units, and preliminary stratigraphic units de-
fined.
A 50 m. backhoe trench was excavated at

the mouth ofthe site near the end ofthe 1974
field season. The backhoe excavation was
aligned with the 6 and 7 trenches (excavated
by hand), reaching a depth of approximately
3 m. A detailed stratigraphy of the backhoe
trench allows projection of the deposits far
beyond the lip ofthe site. By selective screen-

r-
FIG. 5. Excavators working on the initial stra-

tatrench at GatecliffShelter (looking north). Right-
hand sidewall constitutes the upper portion of the
Master Profile. The excavators are beginning to
penetrate Horizon 4 deposits (August 1971).

bon dates correlate to this section (see fig. 8).
As this initial trench deepened, it became
necessary for us to open additional adjacent
1 m. squares to eliminate unnecessarily high
sidewalls. Figure 6 shows a somewhat later
stage of excavation still following a vertical
strategy.
Each excavator was responsible for a single

1 m. square unit. All the deposits were trow-
eled, placed in buckets, and screened through
a 1/8 in. mesh screen (see fig. 7). Arbitrary
vertical units of 10 cm. were imposed
throughout this excavation. If an obvious
stratigraphic change occurred within the 10
cm. level, that arbitrary level was split to con-
form with the stratigraphy: in this way, we
attempted to combine the advantages of ar-
bitrary and stratigraphic excavation tech-
niques. All features were plotted on a master

FIG. 6. Excavations at Gatecliff Shelter near
end of 1974 field season. Deepest excavation unit
at the time was Trench 7, situated along the Master
Profile. Shortly after this photograph was taken,
the excavator at far left fell headlong into the deep-
est trench. Although she was uninjured, this epi-
sode highlighted the dangers of such deep strati-
graphic excavations, and directly prompted the
decision to shift to a horizontal excavation strat-
egy.
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ing from this trench, we found that cultural
debris is virtually absent beyond 2 m. outside
the dripline and no further excavations were
attempted on the southern margin of the lip.
The backhoe trench was refilled in 1974.
A major obstacle in the early excavations

at Gatecliff was the massive chert roof fall
which covered nearly half of the rear of the
shelter. All excavation before 1975 was re-
stricted to the western halfofthe site in order
to avoid this massive boulder (fig. 6).
At the end of the 1974 field season, the

major stratigraphic trench had reached a
depth of 9 m. below surface (720 cm. below
datum). A master site stratigraphic sequence
had been defined by that point, buttressed by
a large suite of radiocarbon dates. The early
strategy was, I think, fruitful in defining this
chronology, although the extreme depth of
Gatecliff Shelter made the procedure hazard-
ous at times. In addition to the difficulties
posed by the massive chert boulder, the ver-
tical strategy produced a series of extremely
steep and hazardous sidewalls. Even though
the excavation was telescoped in order to
minimize these sidewalls, the sheer vertical-
ity ofthe site produced a dangerous situation.
At this point, it became clear that the site
strategy must be changed, both conceptually
and logistically.

HORIZONTAL EXCAVATION
STRATEGY

The strategy of excavation changed with
the 1975 field season at Gatecliff Shelter be-
cause it was evident at this point that Gate-
cliff had potential far beyond mere chronol-
ogy. The relatively abundant artifacts and
ecofacts encountered at Gatecliff could ob-
viously be used for paleoethnographic objec-
tives. Several stratigraphic units at Gatecliff
contained short-term, intact occupational
surfaces. The remaining excavations at Gate-
cliff concentrated on excavating these re-
mains with an eye toward such spatial dis-
tributions.

Paleoethnography requires a much more
sophisticated approach to both the concept
of culture and also the method of excavation
(see Thomas, 1979, pp. 237-241). Rather than
emphasizing the shared modal aspects ofcul-
ture, focus shifts to the cultural system (see

FIG. 7. Excavators using typical l/8 in. screen
at mouth of Gatecliff Shelter.

White, 1949; Binford, 1964). Culture in this
sense, embraces the structural elements basic
to ad'aptation rather than the mere aggregates
of cultural traits which happen to be shared.
As Binford (1965) has expressed it, at this
point people do not share a cultural system,
they participate in it (see also Thomas, 1979,
pp. 102-107).
The shift in objectives and definitions re-

quires a concomitant shift in excavation
strategy. No longer can one rely on a mine-
shaft, telephone booth method ofexcavation.
The vertical strategy implies that the cultural
context within each stratum is largely irrel-
evant to the resulting chronology. All one
cares about is that certain artifacts or ecofacts
were deposited prior to others; these time-
markers can then be used to date deposits at
other sites and to infer time ranges from iso-
lated surface sites.
The shift in excavation strategy at Gatecliff

is important because the focus moved from
when and where to the more elusive what.
The actual techniques employed also changed,
sometimes radically. The site was regridded
into 2 m. square units; these larger excavation
units correlated with the previous grid sys-
tem, but were renamed for convenience (fig.
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0 ....L 1971-1974 Gi sytm -XII17-1978 Grid system
0 m. 2

FIG. 8. Plan view of master grid system at Gatecliff Shelter. Alphanumeric system designated 1 m.
excavation squares between 1970 and 1974; from 1975 on, Roman numerals were used to designate the
2 m. excavation squares.

8). With the stratigraphy suitably defined, we
could now open entire living surfaces for si-
multaneous exposure (fig. 10). A single ex-
cavator worked within each 2 sq. m. unit,
carefully exposing each living surface. Con-
siderably more emphasis was placed on find-
ing artifacts in situ, and all artifacts, features,
and large ecofacts were plotted on large-scale
living floor maps.
By this time, more than 100 cu. m. of fill

had been removed from Gatecliff, and we

were well aware of which strata contained
cultural debris and which strata were sterile.
From this point on, the cultural levels were
screened as before (using l/8 in. screens), but
the known sterile lenses-of which there are
several in Gatecliff-were rapidly shoveled
out as a single unit, without regard to arbi-
trary level. The sterile deposits were placed
in wheelbarrows, then processed through an
ingenious dump sifter constructed by Junius
Bird on the southeastern margin of the site
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FIG. 9. Dump sifter in use at Gatecliff Shelter
(looking east). Non-cultural deposits were placed
in wheelbarrows, then taken along a ramp for pro-
cessing through the dump sifter. Sterile deposits
were passed over 1/2 in. mesh screen and then ex-
amined on the sorting table. The Gatecliff For-
mation is visible in the background.

(see Bird, 1980). These sterile deposits were
dumped down a long ramp over a mesh of
1/2 in. screen. The soil not passing through the
screen was diverted onto a sorting table, where
it was thoroughly examined for artifacts and
non-cultural debris (see fig. 9).
The cultural lenses at Gatecliffwere slowly

excavated by hand and the thicker strati-
graphic units were removed in arbitrary 10
cm. levels. Excavation of the living floors
proceeded much more slowly than had pre-
vious vertical excavations, and excavators
were instructed to recover artifacts in situ.
Features were screened separately, and flo-
tation samples were retained for laboratory
processing. Significant debitage scatters were
plotted, as were concentrations of bone and
other ecofacts. The excavated deposits were
then placed in buckets and carried to the
screening area where they were passed through
1/8 in. screens; as before, artifacts missed by
the excavators were saved along with all frag-
ments of chippage and bone.

In order to pursue this horizontal strategy,
it was necessary for us to remove the massive
chert roof fall, which covered the eastern half
of the site. The boulder measured approxi-
mately 50 cu. m. and not only covered sig-
nificant deposits, but also posed a threat to

excavators working below. The 1975 field
crew spent 10 days removing this boulder
using a jackhammer and pry bar; we did not
blast the rock for fear of losing the rock art
at the rear of the shelter. Once it was re-
moved, we could proceed with excavations
throughout the entire cave.
The horizontal strategy also required sig-

nificantly more control within contemporary
stratigraphic units. A single crew chief took
excavation notes for the entire site at this
point (rather than having individual exca-
vators responsible for their own notes). Ver-
tical excavation had proceeded using line-
levels to maintain controls but because the
horizontal strategy required more precision,
a concrete datum point was established on
each living surface and all vertical measure-
ments were taken using builder's levels and
stadia rods. These three-dimensional data
were transferred to the site notebooks, and
living floor maps were plotted for each sur-
face at the time ofthe excavation (see fig. 10).

It was possible to reconstruct, in most cases,
the location of artifacts on the occupational
surfaces excavated in previous years. We were
fortunate that the more intact surfaces oc-
curred deeply buried in the site. Relatively
little cultural patterning was present in the
upper levels; therefore excavation by the ver-
tical strategy did not seriously bias the result.
A bias would have been introduced, however,

FIG. 10. Horizontal excavation strategy at
Gatecliff Shelter (looking north). Excavators are
exposing features on the eastern portion of Ho-
rizon 9 (August 1976).
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ification at Gatecliff Shelter (see fig. 1 1). But
even these staircases proved insufficient to
provide access to the deep units, so a hori-
zontal ramp was built to the rear of the shel-
ter. A bucket brigade system was required to
remove the dirt from the area of excavation
to the screens above. A large L-shaped block
(evident in fig. 1 1) was left to support both
the staircase and the horizontal ramp. Access
to the deeper units was still through a system
of temporary ladders.
During the final year of excavation at

Gatecliff (1978), it was necessary to remove
the L-shaped block in order to excavate the
deepest units. Because this block supported
both the stairs and the ramp, we were forced
to brace the ramp from beneath by means of
a 5 m. high tower, anchored in bedrock. Once
this tower had been installed, the L-shaped
block ofdeposit was excavated from beneath
the ramp and the staircase. In all, the stair-

FIG. 11. Major access to Gatecliff Shelter in
August 1976 (looking west). In the subsequent field
season, the L-shaped blocks supporting the ramp
were removed, and a tower was constructed reach-
ing from ramp to bedrock.

had we continued the vertical strategy through
the basal occupational surfaces.
The horizontal excavations at Gatecliff

commenced with Horizon 7 and continued
downward, following the stratigraphic divi-
sions defined earlier on the Master Profile
(see fig. 22). We attempted to stairstep the
excavations to minimize the hazard from the
sidewalls. The effect was to telescope the ex-
cavations toward the rear of the site (see fig.
1 1), and access to each living surface became
increasingly difficult. A simple ladder system
was effective in the early excavations (see fig.
5). Then a permanent ramp system was in-
stalled using massive staircases salvaged from
a nearby gold mine at the summit of North-
umberland Canyon. These extremely well-
constructed staircases had been built in the
1 930s and were hardened by subsequent high
altitude weathering; they required little mod-

FIG. 12. Bucket brigade in action at Gatecliff
Shelter looking east (photograph courtesy of The
National Geographic Society).
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cases, the horizontal ramp, and the tempo-
rary ladders effectively spanned 10 m. of de-
posit in Gatecliff Shelter.

I emphasize the difference between vertical
and horizontal strategies because they rep-
resent different assumptions and different ob-
jectives. Consider the matter ofprovenience:
Artifact provenience in the vertical strategy
means little more than stratigraphic place-
ment. Although additional information was
recorded, the placement of artifacts within a
given stratum was irrelevant. Artifacts found
in the screen were as useful as those found
in situ.
The horizontal strategy, however, empha-

sizes the context of artifacts and ecofacts
within the excavation strata. Artifacts found
in situ were carefully plotted relative to one
another on living floor maps. When an ex-
cavator missed an artifact-and it was found
in the screen-a significant piece of infor-
mation was lost since that artifact could be
located only to the nearest 1 m. square.
Therefore, much more attention (and time)
was required for the excavation of the oc-
cupational surfaces. This added care was
counterbalanced, to some extent, by the speed
with which we could screen those units known
to be sterile.

SUMMARY OF EXCAVATION
STRATEGIES

The excavations at GatecliffShelter reached
a vertical depth in excess of 10 m. Because
this excavation was conducted over a period
of eight years, it is impossible for us to pro-
duce a comprehensive photographic sum-
mary of our excavation strategy. We have
chosen to prepare, instead, a series of four
"artist's renderings" showing the various
stages ofexcavations at GatecliffShelter (figs.
13-16). These four views were prepared at
Gatecliff Shelter by Mr. Dennis O'Brien. The
perspective in all cases is from the extreme
rear of the shelter looking to the south over
Mill Canyon. Each view is taken from the
vertical elevation of the site datum point.
These figures provide a visual summary of
the strategy and tactics employed in our ex-
cavations at Gatecliff Shelter.
The first view shows the excavation ofTest

Pits I and II, during the summer of 1970. To

the left is Test Pit I, a /2 m. square excavated
on the day the site was discovered (fig. 13).
The second test pit, a full meter square, was
excavated later in the summer of 1970.
The second view (fig. 14) shows the full-

scale excavation of Gatecliff Shelter during
the summer of 1973. The vertical strategy
employed at the time dictated that a number
of central units be excavated to bedrock; the
surrounding units were "telescoped" to min-
imize the height of free standing walls. The
excavation was hampered by the large chert
roof fall, visible at the left offigure 14. Access
to the excavation area was by means of port-
able ladders and a makeshift ramp construct-
ed across the top of the roof fall. Note that
all excavation in this stage proceeds in 1 m.
squares.
The excavation during the summer of 1975,

the first year in which the "horizontal" strat-
egy was employed is depicted in figure 15.
The chert rooffall has been entirely removed,
allowing excavators access to all the deposits.
A permanent staircase has been installed at
the mouth of the shelter, and excavators are
proceeding to excavate entire living surfaces.
The team operating the builder's level and
stadia rod are mapping artifacts on Horizon
7. The excavator in the foreground is begin-
ning to expose the surface on Horizon 8. Ex-
cavation in this stage proceeds within a 2 m.
grid system.
The final stages of excavation at Gatecliff

Shelter are shown in figure 16. A second per-
manent staircase has been added at the mouth
of the site, together with a permanent access
ramp connected to the rear ofthe site. During
this last field season, the large L-shaped block
supporting both the ramp and the stairs has
been removed.

Further excavation could not have been
continued at Gatecliff Shelter without exca-
vating all the existing vertical surfaces back
toward the mouth of the shelter; one simply
could not reach deeper deposits with the ex-
isting sidewalls. Although continued exca-
vations could perhaps be pursued at Gatecliff,
the emphasis would have to be on geological
and paleoenvironmental data since very little
cultural debris remains unexcavated.

Excavations were completed in late August
1978. Although several plans were explored
for the stabilization and preservation of
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FIG. 13. Artist's reconstruction of the first two test pits at Gatecliff Shelter. Perspective for figures
13-16 is from the rear wall of Gatecliff Shelter, looking south toward Mill Canyon.

FIG. 14. Excavations at Gatecliff Shelter during summer of 1973. The large chert roof fall at left of
this drawing restricts excavation to western portion of the site.
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FIG. 15. Excavations at Gatecliff Shelter during 1975 field season. Chert roof fall has been removed,allowing access to all the deposits contained within Gatecliff Shelter.

FIG. 16. Final stage of excavation at Gatecliff Shelter, during the summer of 1978.
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Gatecliff Shelter, all such feasibility studies
proved unworkable. The site was temporarily
shored at the end of the 1978 field season,
and the area was enclosed with a 6 ft. cyclone
fence. The walls of the excavation were then
coated with thick plastic and plywood sheet-
ing in late 1980, and the site was filled with

talus and small rubble. This backfilling op-

eration, conducted jointly by the Nevada De-
partment of Highways and the U.S. Forest
Service, employed a large conveyor belt in
order to preserve the existing sidewalls; the
staircases were left in place.
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CHAPTER 2. GEOLOGY AND GEOMORPHOLOGY
OF MILL CANYON

WILTON N. MELHORN AND DENNIS T. TREXLER

The geological setting and geomorpholog-
ical history of Gatecliff Shelter and its envi-
rons are described in this chapter. We pre-
viously outlined those factors of the geology
and geomorphology of the portions of the
northern Toquima Range and adjacent Mon-
itor Valley which have impacted on or influ-
enced the origin, development, and human
use ofthe shelter (Melhorn and Trexler, 1983).
We can thus examine, in a temporal se-
quence, the pre-habitation regional and areal
landscape panoramas and sets ofpast events.

This involves a shifting scenario whose
major elements are the various climatic, geo-
graphic, hydrologic, and geomorphic controls
which existed at different times. The pre-hu-
man occupation record ofthe physical setting
at Gatecliff is neither abundant nor clear, but
the local evidence, coupled with information
from elsewhere in the Great Basin, does re-
flect something about the general state of the
environment during the waning years of the
Pleistocene and in the Holocene.
The present discussion presents a more de-

tailed description, analysis, and interpreta-
tion ofthe climatic events and geological con-
trols that have affected Gatecliff Shelter for
about the last 10,000 to 12,000 years. From
on-site observations and detailed field mea-
surements it is possible to reconstruct the
physical stratigraphic record. By interpreting
the sedimentological sequence of the shelter
we can then deduce something about climatic
variations and the incidence of catastrophic
flood or debris flow events that occurred dur-
ing this time. Excellent radiocarbon dates al-
low the construction of a temporally con-
trolled stratigraphic column that places
hydrologic events within a fairly precise time
range.
The climatic, sedimentologic, and strati-

graphic record from Gatecliff appears suffi-
ciently complete so as to permit us to con-
struct a general model for Holocene events
in the central Great Basin. This model is val-
id only for comparison with other essentially
open rock-shelters with a similar deposition-

al history, and may not be compared with
the more common closed cave settings that
characterize many Great Basin archaeologi-
cal sites. At present, Gatecliff is geologically
unique in the region, but indirect evidence
suggests that other sites will be unveiled which
contain a similar depositional record of col-
luvial, fluvial, and rockfall strata. Prelimi-
nary testing of the general model has been
possible at the Triple T Shelter on the western
slope of the Toquima Range about 12 km.
(7.5 mi.) west of Gatecliff (see Part 3 this
series). Although Triple T is in a different
stratigraphic and geological setting and has
likely developed under a somewhat different
topographic aspect and climatic environ-
ment, there is good correlation of geologic
events between the two sites. A description
and interpretation of the stratigraphic and
geomorphologic history of Triple T is con-
tained in Part 3 of this series.

MILL CANYON HYDROLOGY

Mill Creek, between 1973 and 1978, did
not maintain surface flow as far downstream
as the shelter later than about early June. The
limited base flow observed upstream from
the shelter in the summer comes from springs
or seeps issuing from carbonate rocks which,
despite a generally low permeability, have lo-
cal highly permeable zones along solution
cavities, fractures, shears, or faults. Water
from GatecliffSpring apparently reaches Mill
Creek only rarely. Average spring seepage
outflow from Mill Canyon may not exceed
10 gallons per minute (38 liters per minute)
in summer, but this is relatively large for cen-
tral Nevada.

STRATIGRAPHY OF MILL
CANYON

Because of structural and lithologic com-
plexities, it is hard to construct a simple local
rock-stratigraphic column for the Gatecliff
Shelter area. The Paleozoic rocks exposed
along the canyon walls represent parts of the
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FIG. 17. Geologic cross section ofnorthern part ofToquima Range, showing stratigraphic placement
of Gatecliff Shelter (after McKee, 1976, plate 1).

major thrust sheets already described. Per-
haps the best summary of the stratigraphic
and structural sequence is expressed by cross

section E-E', plate 1 from McKee (1976) as
reproduced here in modified form (fig. 17).
Proceeding upstream from the canyon mouth,
the rocks seen in the valley walls are in as-
cending order: Vinini Formation (structur-
ally emplaced); Antelope Valley Limestone,
Caesar Canyon Limestone, Gatecliff For-
mation, Masket Shale (in stratigraphic
succession); Antelope Valley Limestone and
Roberts Mountains Formation (in strati-
graphic succession but structurally emplaced
along the Mill Canyon and June Canyon
thrusts); and Vinini Formation (structurally
emplaced). It is clear that the sequence of
rocks represents several thrust sheets which
have brought different groups of strata to-
gether and accounts for the repetition of the
formations along the canyon.
The situation is complicated because the

boundary fault of the Roberts Mountains
thrust plate (the Pyramid fault of Kay and

Crawford, 1964) essentially parallels the north
side of Mill Canyon. The matter is addition-
ally confused by the overprint of local fault-
ing that either parallels or cross-cuts the can-

yon. Minor faults or folds also locally reverse
or steepen dips of the various units.
Most of the stratigraphic units do not im-

pact directly on Gatecliff Shelter. Thus a dis-
cussion of stratigraphic details may be lim-
ited to the Gatecliff Formation, in which the
site occurs.
Kay (1960) established a type section for

the GatecliffFormation at or near the shelter,
or "about one mile from the mouth of Mill
Canyon ... [from] exposures on the north
side of the canyon . . ." He coined the name
Gatecliff for the prominent cliff of this unit
that forms a natural barrier and which served
as a buttress for one end of a wire gate. The
type section, as described by Kay and Craw-
ford (1964) and modified by McKee (1976)
is presented on table 1. The upper chert-dol-
omite unit forms the cliff proper and is the
most conspicuous and distinct part ofthe for-
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FIG. 18. Type section ofupper portion ofthe GatecliffFormation (Kay and Crawford, 1964), looking
north into the Toquima Range. Gatecliff Shelter is in the upper cherty portion of the formation, near
center of this photograph.

mation; it also is well exposed as a conspic-
uous black bluff that can be followed along

TABLE 1
Type Section of the Gatecliff Formation,

Mill Canyona

Thickness

Lithology (ft.) (m.)

Fine laminated, thin-bedded gray dolo-
mite, irregularly replaced by black
chert 50± 15±

Gray dolomite with quartz-sandy beds,
quartz grains recrystallized to form a
porous lattice-work in which the ma-
trix is dissolved 20 6

Quartz-sandy, laminated, and cross-
laminated dolomite 25 8

Medium- to thin-bedded light gray do-
lomite, brownish weathering 60 20

Total 155± 49±

a After Kay and Crawford (1964) and McKee (1976).

the front of the range for about a mile north-
ward from the mouth of Mill Canyon. Gate-
cliff Shelter is situated in this unit where the
ascent in elevation of the canyon floor brings
the creek to near the elevation ofthe Gatecliff
Formation outcrop (see fig. 18).

FAULTING AT MILL CANYON

Faults more recent in time or oflesser mag-
nitude than the regional thrusts described
above have played a role in physical evolu-
tion of Gatecliff Shelter. Superimposed on
regional thrust plates are many younger high-
angle normal faults; the most important are
mountain border or range front displace-
ments of late Tertiary age. In addition, there
are displacements along or within the old
thrust blocks; some small faults cut the older
structures in varying strike directions, where-
as others tend to parallel the range front fault
zone.

Mill Canyon is eroded along a line ofweak-
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ness that marks the margin ofthe Vinini For-
mation ofthe Roberts Mountains thrust plate.
The narrow band of alluvial fill along the
creek and the colluvial talus cones and fans
along the valley walls effectively obscure this
relationship. It is, however, readily observed
that a structural dislocation exists upstream
from the shelter where Vinini Formation
rocks are on the canyon south wall, whereas
carbonate assemblage rocks appear on the
valley north wall.
A local fault control is an unmapped but

probable break that follows along Gatecliff
Canyon and may produce the rise ofwater at
Gatecliff Spring (these local names are in the
informal usage of Kay and Crawford, 1964).
This side canyon enters Mill Canyon oppo-
site the shelter and is the first major break in
the south wall upstream from the mouth of
Mill Creek. This fault probably strikes across
the canyon and reappears as a northeastward
striking fault and shear zone at the northeast
corner of the backwall of the shelter.
On a small scale, a series ofeastward strik-

ing faults or minor fractures parallel the back-
wall of Gatecliff Shelter. This fracture set
seems to intersect the Gatecliff cross-fault at
the northeast corner ofthe site. This juncture
of two weakness zones may have been in-
strumental in the original formation of the
shelter; assuredly, these structures are re-
sponsible for increasing the fragmentation of
the cherts by allowing water to enter fractures
and cause frost-wedging, thereby enhancing
rates of breakdown.
Somewhat more distant, but still related to

the formation ofGatecliffShelter, is t.he usual
range-front high-angle fault zone that paral-
lels the eastern front of the Toquima Range.
As with all Basin and Range mountains, this
range is a fault block, tilted westward because
ofintermittent and repeated uplift ofthe block
relative to Monitor Valley since perhaps late
Miocene times, 15 million years ago. This
fault zone is obscured at the mouth of Mill
Canyon by alluvial fan deposits. From air
photos, the fault trace is seen to cut the fan
south of Mill Creek, but no displacement can
be observed in the field.
North of the creek a complex of sheared,

deformed argillitic siltstone and brecciated,
dark-colored chert crops out in a group of
low, isolated knobs. The original deforma-

tion probably occurred during emplacement
of the Vinini Formation by the Roberts
Mountains thrust. McKee (personal com-
mun.) states that the Vinini has the same
appearance almost everywhere and he be-
lieves the observed deformation probably is
not a result or indication of Basin and Range
faulting. However, the abundance of fresh,
slickenside surfaces in outcrops on the knobs
suggests that additional deformation has oc-
curred as a result ofmore recent movements
along the West Monitor Valley fault zone of
Kay and Crawford (1964).
The building of Mill Canyon fan and ad-

jacent alluvial fans is related to range front
faulting and is discussed in the next section.

ALLUVIAL FANS

Mill Creek and adjacent creeks along the
east flank of the Toquima Range are accom-
panied, in varying degrees of magnitude, by
a family of fluvial landforms common to the
region. These characteristic forms are prin-
cipally:
a. segmented alluvial fans, apparently of dif-

ferent ages and deposited in various over-
lap and cross-cutting relationships.

b. fan trenches ofvarious lengths and depths.
c. terrace remnants which extend up the can-

yons beyond the range front but are graded
to the alluvial fan surfaces.

d. hanging alluvial fans at the mouths oftrib-
utary, smaller canyons, graded to the ter-
races.

e. canyon valley walls characterized by
abundant talus cones, minor alluvial fans,
and scree-covered slopes.
Rush and Everett (1964) classified uncon-

solidated deposits ofthe Monitor Valley area
as (a) old alluvium, and (b) younger alluvium.
They thought the old alluvium was of late
Pleistocene age and included all unconsoli-
dated or partly consolidated deposits ofpoor-
ly sorted, dissected and faulted gravel, sand,
and silt. The younger alluvium was divided
into three subclasses: (a) late Pleistocene to
Recent fine-grained playa deposits of south-
ern Monitor Valley; (b) a few thin alluvial fan
deposits formed down gradient from active
range front faults; and (c) stream gravels and
floodplain deposits of Recent age. All classes
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of younger alluvium are unconsolidated, rel-
atively undissected, and undisturbed by
faulting. The younger alluvium also is pre-
sumed in general to be finer grained and bet-
ter sorted than the old alluvium. However,
Rush and Everett in their classification
scheme did not address the overprinting ef-
fect caused by changes in climate, base level,
etc., any or all of which could result in a
different assemblage of sedimentologic
classes.
A high altitude aerial view of the Monitor

Lake area is shown in figure 19 (see also fig.
1). A northward progression is clearly reflect-
ed by the change in tonal patterns of the al-
luvial fans between East Northumberland and
Ikes canyons. The prominent compound fans
of East Northumberland, Water, and Willow
canyons are of about the same uniform dark
intensity. Mill Canyon and Ikes Canyon fans
are a lighter, intermediate tone; the June Can-
yon fan is a very light, almost white tone and
is seen overlapping Mill Creek fan. Although
mostly obscured by clouds, August Canyon
fan debouches onto and covers part of Mill
Canyon fan north of Mill Creek; the color
tone resembles that of June Canyon fan.

Geologists long have assumed that the old-
er a fan, the darker the color tone, because a
darkening effect occurs as a weathering rind
develops or a patina of"desert varnish" min-
eral salts progressively coats individual par-
ticles during prolonged subaerial exposure in
an arid climate. If this convention is fol-
lowed, the dark-toned fans, as at East North-
umberland, are the oldest and the light-toned
June Canyon fan is the youngest. Because
June Canyon fan overlaps the Mill Canyon
fan, and in fact seems to have diverted the
trunk outlet channel on the latter fan south-
ward, some support is lent to this classical
concept of age relations among alluvial fans.
However, tonal variations may result as much
from original differences in composition of
coarse-grained cobbles on alluvial fan sur-
faces as from age. This possibility also seems
in accord with the distribution of rock types
within individual basins (see Melhorn and
Trexler, 1983, fig. 14). From this reasoning,
the darker fans may be veneered primarily
with volcanic boulders and fragments ofdark-
colored argillite and chert derived from the
Vinini Formation or similar source rocks,

FIG. 19. High altitude aerial view of Monitor
Lake area (north at top of photograph). Toquima
Range is visible on the left, Monitor Range on the
right (courtesy ofNASA SKYLAB: 3 Frame 009,
Roll 88, September 1973).

whereas the lighter toned fans indicate a sur-
face dominance of light-colored carbonate
cobbles from the Antelope Valley Limestone
or related shelf carbonate rock assemblages.
Rush and Everett (1964) thought that two

stages offans exist, the oldest being those that
are dissected by fan trenches. This clearly
does not accord with the assumption that the
darkest toned fans are the oldest, since fan
trenches at East Northumberland, Water, and
Willow canyons are small and insignificant.
Furthermore, June Canyon fan has only a
small fan trench near its head. Only the "in-
termediate" tonal group, Mill Canyon and
Ikes Canyon fans, have trenches of impres-
sive size. Ikes Canyon fan trench is as much
as 10 m. deep near the head, but is consid-
erably smaller than that of Mill Creek fan,
where the trench is 40 m. deep and 200 m.
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wide at the fan apex where the stream de-
bouches from the canyon.
Lustig (1964, pp. 174-178) reviews and

summarizes the various causal explanations
for fan trenches. The following three theories
are most widely accepted: (a) climatic change;
(b) tectonic adjustments with coincident es-
tablishment ofnew base levels oferosion and
deposition, and (c) changes in tractive forces
within fan channels over time so that mud
flow processes progressively dominate over
fluid flow. In reality, perhaps all these factors
operated more or less conjunctively to create
the fan morphology and trenching observed
at Mill Creek. There is clearly a history of
recent active faulting in the area as shown by
the Wadsworth Creek fault scarp and the to-
pographic evidence of a fault trench tran-
secting Mill Creek fan. These movements,
together with recurrent adjustments along the
West Monitor Valley fault zone have contin-
uously changed base level and controlled the
magnitude and rate of cut-and-fill processes

Trench between Monitor Valley Road and Gatecliff

acting on the fans. Furthermore, periodic cli-
matic fluctuations from late Pleistocene time
onward are shown by the glacial and perigla-
cial record obtained from high up in the ad-
jacent ranges. This, in turn, assuredly has in-
duced significant variations in effective runoff,
altered the hydrologic regime within chan-
nels, and caused fluctuations in tractive forces.

Small trenches and attendant mudflow
levees seen on weathered argillitic siltstone
slopes along the north wall of Mill Canyon
suggest that high tractive forces operate even
today. We associate these particular mudflow
channels with the September 1977 cloud-
burst and flood event. Some evidence ofsim-
ilar mudflow events is preserved in the sed-
imentary record of Gatecliff Shelter, as
discussed later in this chapter.
A longitudinal profile ofMill Creek fan and

trench between Monitor Valley Road and
Gatecliff Shelter is shown in figure 20. An
original pre-trenched profile of the fan sur-
face cannot be extended realistically up-
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stream beyond the West Monitor fault to the
projected elevation shown as Point A in the
figure, nor can it have been lower than the
level ofthe valley floor terrace patch to which
the hanging fan of GatecliffCanyon is graded
(Point B, fig. 20). Thus, although we cannot
determine the actual slope profile, surface el-
evation, and thickness of former alluvial fill
in the canyon, the curve must be contained
somewhere within the envelope created by
projected lines terminating at points A and
B. However, there is a clue in the canyon to
suggest a measure of the height of former
alluvial fill. A prominent, flattened topo-
graphic bench bevels and truncates valley wall
spurs south ofthe creek near the shelter. This
bench, between 2365 and 2353 m. (7720 and
7760 ft.) could, of course, be a lithologically
controlled sidehill surface. More likely it is a
relict piedmont notch or suballuvial strath
marking an old level of valley fill and point
of lateral corrasion by a meandering stream.
The bench is not so readily apparent on the
canyon north wall, but this south-facing slope
is extensively mantled by younger talus and
other debris moving downslope so that a
comparable notch easily is buried or other-
wise masked. This strath level (Point C, fig.
20) lies within the envelope created between
Point A and Point B, and thus may be a "most
probable" level for a former up-canyon ex-
tension of Mill Creek fan prior to onset of
the fan trenching episode. It is worth noting
that the elevation of the suballuvial notch
above the present valley floor about equals
or slightly exceeds the depth of the trench
where it intersects the range-bounding West
Monitor Valley fault at the head ofMill Creek
fan. This lends some additional credence to
our interpretation of the origin of the bench.
If our general analysis is valid, then at some
time in the past the proto-shelter, which al-
ready had been formed as a result of struc-
tural control and lithologic weaknesses, was
buried by alluvial fill, only to be later ex-
humed when renewed downcutting removed
the valley fill and cut the fan trench.
Further extension of the evidence and rea-

soning just outlined permits- construction of
a rather simple six-stage historical model,
which seems in accord with available phys-
ical evidence as provided by local and areal
geomorphology (fig. 21). Stage A shows ex-

cavation ofMill Canyon by stream dissection
along weakness zones subparallel to the trace
of the Roberts Mountains thrust fault. The
proto-shelter already exists as a result oflocal
lithological and structural controls. Stage B
shows the alluviation of Mill Canyon to a
level approximately 24-3 7 m. higher than the
rockshelter. The valley fill has graded to the
surface ofMill Creek fan, which is prograding
into Monitor Valley, and the proto-rock-
shelter is buried. Stage C indicates a time of
fluvial, and presumably tectonic, stability.
The valley walls have been laterally corraded
by the meandering stream, creating a subal-
luvial notch or strath along the floodplain-
valley wall contact.

Stage D in figure 21 shows a time of fan
trenching, but the age is unknown. The Mill
Creek fan trench is cut to a depth of 37 m.
This episode culminates with the removal of
valley fill to an undetermined depth. Some
of the older fill of Stage B probably remains.
It is during this stage that Gatecliff Shelter is
exhumed and exposed subaerially.

In Stage E, the valley is again alluviated.
This episode, between 6300 and 3200 years
B.P., is dominated by fluvial events which
invade and deposit graded, cross-bedded
sands and gravels in the shelter. Later stages
of this valley aggradation are dominated by
accumulation of rockfall, formation of talus
cones, and a higher incidence of debris flows
and slides. Periodically, mass wastage de-
posits encroach into Gatecliff Shelter, where
ponded silts also accumulate by winnowing
and inwash of fines extracted from the col-
luvium. The GatecliffCanyon fan begins en-
croachment onto the floor of Mill Canyon,
and the tractive forces within the Mill Creek
fan trench are balanced so as to maintain a
relatively constant channel geometry and
depth.
The sequence is completed in Stage F,

which is characterized by continued infilling
and aggradation of Mill Canyon by mass
wasting. The berm peripheral to Gatecliff
Shelter is enlarged, and the GatecliffCanyon
fan remains in aggradational equilibrium with
the main channel. Mill Creek removes debris
only during rare high-magnitude flood events
and essentially maintains a constant channel
geometry.

It is necessary to emphasize-as is done in
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dissection

proto- shelter

lateral corrasion

wall bench

F Continued inf ill
and aggradation

fan from side canyon

FIG. 21. A six-stage historical model of local and areal geomorphology of Mill Canyon (stages ex-
plained in text).

the subsequent discussion ofGatecliffShelter dominated by fluvial processes and deposits
stratigraphy-that physical events in the cen- from about 6300 years B.P. to about 3200
tral core or "heart" of Gatecliff were clearly years B.P. This dominance ceased thereafter
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and was succeeded by processes and deposits
associated with rockfall, rock creep, and so-
lifluction or debris flow. Sometime prior to
6300 years B.P. the valley had been incised
at least 5 m., and probably somewhat more,
below the present berm or ramp level at the
front of the shelter. Since 3200 years B.P.
accumulation ofcolluvial debris has occurred
along the valley walls and there were frequent
invasions ofthe shelter by minor debris flows
or lateral expansion of enlarging talus cones.
The complexity caused by perturbation, re-
working, and liquefaction of sediments and
the probable destruction of distal portions of
the earlier fluvial deposits adds to the diffi-
culties of interpretation. Concurrently, the
creek has been unable dynamically to remove
and transport valley wall debris at a rate com-
mensurate with the rate ofbreakdown, so that
cross-valley infilling has continued, although
subject to periodic scour and notching within
the channel during high-magnitude, transient
flood events in the watershed.

It has been determined by geophysical pro-
filing and drilling that there is about 23 m.
ofvalley fill below Gatecliff Shelter. It cannot
be determined, however, how much of this
fill postdates the end of the fluvial stage and
how much is residual from the earlier stage
of valley filling (Stage B, fig. 21). Further-
more, logs of test borings are not sufficiently
detailed to allow discrimination between col-
luvium and alluvium in the holes. But if the
rock-shelter was buried, later exhumed, and
again backfilled by fluvial and mass wasting
processes to approximately its present con-
figuration, when was it first exposed subae-
rially and opened sufficiently so as to be avail-
able for human habitation? To answer this,
we need some estimate of how long it took
to trench Mill Creek fan and remove the thick
Stage B alluvial fill within the canyon.
There are not many appropriate analogs in

the form of well-documented estimates of
trenching rates from other sites, but Lustig
(1964) has determined a probable range of
erosion and deposition rates in channels on
Antelope Springs fan in the White Mountains
on the California-Nevada border. Lustig's es-
timates, calculated from the temporal control
provided by radiocarbon dates from a hearth
subsequently dissected by the fan trench, gave
net erosion values ranging from 0.0045 m.

(0.015 ft.) to 0.0063 m. (0.021 ft.)/year, or
45 cm. (1.5 ft.) to 63 cm. (2.1 ft.)/100 years.
If applied to Mill Creek fan, extrapolation of
these net erosion values suggests that the time
required to exhume the canyon and entrench
the fan head about 40 m. ranges from 6400
to about 8000 years. These are minimum es-
timates, because exhumation and trenching
would have been neither linear nor contin-
uous through time.
We cannot, of course, relate any assumed

rate or duration of fan trenching directly to
the history of the shelter; the tenuous as-
sumption of tectonic stability of the range
during the incision episode alone precludes
this. However, given a baseline date ofsome-
time prior to 6300 years B.P. as a time of
cessation of downcutting, when the major
portion of trenching and exhumation of al-
luvial fill had been accomplished, then initial
valley incision could have commenced be-
tween 14,000 and 12,500 years B.P., though
again this assumes continuous net erosion
unpunctuated by any counter-episodes ofnet
infilling, however brief, a state not likely at-
tained. Although net filling occurred in the
canyon and equilibrium through a balance of
channel tractive forces was maintained in the
fan trench between 6300 and 3200 years B.P.,
and even though this stage is followed by an
interval when valley filling and channel ero-
sion may at times have been in near balance,
the total impact on valley geometry was mi-
nor in comparison with the earlier episode of
major trenching. These latter stages may, in
fact, have been partly offsetting events so that
the present configuration and profiles of the
canyon, fans, and trench do not differ greatly
from those established much earlier. Some
support for this conclusion is provided by the
fact that present base level is less than 1 m.
above the projected base level attained by
3200 years B.P.
Other assumptions about depositional-

erosional rates and magnitudes could be made
and other speculative scenarios established.
It is interesting, however, to compare the pro-
posed temporal and erosional-depositional
model with existing climatic models for the
late Pleistocene and Holocene. If valley in-
cision and fan trenching commenced as late
as 14,000-12,500 years B.P., there is a fair
correlation with the cyclically changing but
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erratic temperature-rainfall regimes, as pro-

posed by some workers, that presumably
dominated the close ofthe Pleistocene Epoch
in the Great Basin and nearby areas (e.g., see

Dort, 1962; Knoll, 1977). Support for these
presumed climatic changes and irregularities
is more convincingly shown by the vegeta-
tional and pollen record, however, than by
documented chronologies of physical and
geomorphological events.

It is more difficult to reconcile the apparent
change from valley erosion and trenching to
valley filling that occurred from sometime
before 6300 B.P. to 3200 years B.P. with the
Antevs three-stage climatic model or any

other climatic model for a time period that
spans a major portion of the so-called Al-
tithermal Stage. Although there seems to be
little agreement among investigators about
the actual climatic controls asserted or the
physical processes operating during much of
post-glacial time, there is solace in noting that
Swanson (1972) identifies three environmen-
tal stages in the Snake River Plain (12,450-
7150 B.P.; 7150-3400 B.P. [the "Altither-

mal"]; and 3400 B.P.-present), a range of
dates and events that accord well with evi-
dence obtained directly through radiocarbon
dating at Gatecliff or derived by us through
indirect evidence for earlier events there. Be-
cause of all these uncertainties and disagree-
ments, however, it is perhaps best to merely
allow the detailed physical stratigraphic re-
cord of Gatecliff to speak for itself.
The latter part of the Gatecliff record is

much less ambiguous; since about 3200 years
B.P. an increased input of coarse-grained,
dominantly colluvial debris cascading into
the valley and shelter is apparently associated
with a trend toward cooler climates that has
promoted a greater intensity of rock break-
down by frost-riving, with loosened debris
moving downslope by gravity or, when suf-
ficient water was available, as mudflow slur-
ries or debris flows. This pattern persists to-
day in the canyon, though we cannot
determine whether the magnitude and inten-
sity of these processes is greater or less than
in the past.



CHAPTER 3. GEOLOGY OF GATECLIFF SHELTER:
PHYSICAL STRATIGRAPHY

JONATHAN 0. DAVIS, WILTON N. MELHORN, DENNIS T. TREXLER,
AND DAVID HURST THOMAS

The excavations at Gatecliff Shelter began
with an explicitly vertical strategy (see chap.
1). During the excavations of 1970, 197 1, and
1973, Thomas had attempted to record and
interpret the Gatecliff stratigraphy by pre-
paring a schematic and pictorial description
ofthe gross stratigraphy, and this Master Pro-
file has continued to be the major descriptive
device throughout the excavations. The Mas-
ter Profile appears in figure 22.
By the end of the 1973 field season, it be-

came clear that the stratigraphy of Gatecliff
was too complex for Thomas to continue the
geological interpretation. Melhorn and Trex-
ler were consequently invited to join the proj-
ect, and they first visited Gatecliff Shelter in
1974. The excavations had reached a depth
ofapproximately 4 m. at that point, but there
were no detailed sedimentologic descriptions
of the units, nor exact thickness measure-
ments, nor numbering of units for geological
identification and cross referencing. After ex-
amining the exposure, Melhorn and Trexler
decided that a considerable thickness of sed-
imentary section could still exist below the
then-current bottom of the dig which might
offer good prospects for additional archaeo-
logical recovery. Encouraged by this, Thomas
continued the vertical excavation strategy.
The result was a deep vertical trench near

the center of the site, in units then numbered
C7 and C8 (see fig. 8). Early in the 1974 sea-
son, Melhorn and Trexler prepared detailed
lithologic descriptions of the physical stratig-
raphy observable in the single section of the
Master Profile (primarily in units C7 and D7).
This work resulted in the definition of 14
major stratigraphic units; in this initial de-
scription, Geologic Unit (GU 14) was the
youngest unit at the top of the section and
GU 1 was the then-oldest unit exposed as the
base of the excavation. Archaeological ex-
cavation and artifact provenience was sub-
sequently keyed into this numbering system.
Toward the end of the 1974 field season,

Melhorn and Trexler visited Gatecliff once
again in order to inspect additional exposures
made that year in the area of the Master Pro-
file. These excavations had created a deep
vertical shaft, and in this small opening (1-
1.5 sq. m.), lighted only by a Coleman lan-
tern, they described the stratigraphy of seven
additional geological units (originally num-
beredGU 7-74 through GU 1-74). Exposures
of the pre-1974 units (GU I-GU 14) had
already demonstrated quite clearly that lat-
eral variations, or facies changes occurred in
each unit proceeding from the shelter back-
wall toward the dripline (or berm) at the shel-
ter mouth. They could not determine, at that
time, the lateral continuity or facies changes
in the new units of the Master Profile, al-
though they anticipated that variations would
exist here similar to those in the uppermost
14 units.
The excavation strategy at Gatecliff shifted

in 1975 toward a lateral or horizontal strat-
egy, and no older strata were excavated that
year. Melhorn and Trexler returned to Ga-
tecliff in 1975 to examine the progress of ex-
cavation and to refine further the Master Pro-
file. Specifically, they were able to observe
some newly exposed facies relationships even
in some of the thicker geological units. GU
13 for example, was now clearly seen as only
a silt lens passing southward into rubble,
where GU 14 and GU 12 were in contact
(and in fact were themselves locally indistin-
guishable).

Lateral excavations continued in 1976 and
Melhorn and Trexler returned once again to
describe the newly exposed profiles; specifi-
cally, five more geological units were recog-
nized, and these were numbered GU 12-76
through GU 8-76. Although this area had a
limited exposure, it was apparent that con-
siderable lateral and internal variability ex-
isted (or could be expected to exist) as these
mostly colluvial deposits were expanded lat-
erally. Jonathan Davis joined the Gatecliff
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staffin 1976, and commenced cross-sectional
diagrams, concentrating on the massive talus
cone at the southwest corner of the site.
No fieldwork was conducted at Gatecliff in

1977.
The final excavations at Gatecliff occurred

during the summer of 1978. During this field
season, Davis continued to refine and expand
the stratigraphic descriptions, particularly in
units 12-76 through 8-76. Davis also ana-
lyzed and described the newly exposed units
discovered in this final stage of excavation
(primarily Strata 44 through 56 on table 3).
Near the very end of the 1978 season, Davis
recognized the presence of tephra material
within the basal rubble, and this tephra was
subsequently identified as the Mazama ash
(see chap. 4). Davis was also responsible for
preparing two soil monoliths during the 1978
season.
Melhorn and Trexler visited the 1978 ex-

cavations briefly in early August in conjunc-
tion with ancillary investigations of the al-
pine deposits on Mt. Jefferson (see Thomas,
1982a; Part 4, this series). A few minor
changes were noted in the uppermost units
because of the continued lateral excavation
of the units initially described in 1974. Spe-
cifically, the southwest corner ofthe opening,
where Melhorn and Trexler had identified
five units in 1976, had been enlarged laterally,
but had been partially obscured by side-wall
slumping. Further investigation of this ex-
posure was discouraged by the obviously
dangerous instability ofthe basal units, com-
prising some 5 m. of unsupported face.

In retrospect, we must candidly admit to
the rather cumbersome set of field designa-
tions used at Gatecliff Shelter. We attempted
to follow geologic convention in numbering
our units from the bottom upward; that is,
the highest numbered unit is on the top of
the exposure and is also the youngest. Be-
cause the archaeological descriptors were
keyed into this system, we continued to use
the same procedure as new units were found,
resulting in rather similar numbering of ad-
ditional stratigraphic units (as for example
7-74 through 1-74, and 12-76 through 8-76).
It would certainly have been advantageous
and less confusing to abandon geological pro-
tocol and follow archaeological convention

by numbering continually and sequentially
from the surface downward.

Secondly, for graded sedimentary beds such
as those at Gatecliff Shelter, geological con-
vention places the base of each unit at the
bottom of the coarsest material, terminating
the top with the finest grained sediments. In
other words, geological convention led us to
define breaks between geological units as oc-
curring at the base ofcertain rockfall or mixed
silt-coarse debris zones. But in an archaeo-
logical sense, the most important criteria (the
living surfaces) occurred either within, or
above such zones. As excavation proceeded,
we were required to refine geological unit des-
ignations by separating them into subunits
as, for example, in the old nomenclature GU
4 rubble (4R) is discriminated from GU 4
silt (4S or simply 4).

DATING THE DEPOSITS

Before turning to the detailed stratigraphic
descriptions, it is necessary to insert a note
about chronological controls at the site.
The backbone of the Gatecliff chronology

is provided by a ladder of 47 radiocarbon
determinations. The basic data for these ra-
diocarbon dates are provided on table 2. A
brief description of the methods employed
to obtain these dates follows:
The initial set of radiocarbon dates was

processed at the Gakushuin Laboratory; sub-
sequent dates were processed in the radio-
carbon laboratories of the University of Cal-
ifornia, Los Angeles, Queens College, City
University ofNew York, and the University
of Arizona. Each date (except those from the
packrat middens) was derived from charcoal,
and the species has been identified wherever
possible. Because charcoal was abundant
throughout the Gatecliff deposits, it was pos-
sible in many cases to extract datable char-
coal from specific cultural features. When this
was not feasible, charcoal was taken from a
scatter within the excavation unit. No bone
or shell dates are included on table 2. The
significance of individual radiocarbon dates
is discussed in the following section.
We should also mention that the radiocar-

bon dates are not "corrected" in any way.
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-A.D. 1300

A.D. 700

1250 B.C.

1300 B.C.

1400 B.C.

2100-1450 B.C.

2300-2150 B.C.

3300-3150 B.C.

FIG. 22. Master Profile for Gatecliff Shelter (located along the eastern wall of Trench 7). Standing
figure is exactly 6 ft. (1.8 m.) tall; the grid system is metric. Only the upper 33 of the 56 stratigraphic
units are evident in this cross section.

Although the initial analysis of the Gatecliff
materials began with a series of such "cor-

rected dates," we now prefer to wait until
there is better agreement as to which set of

Natural
Strata'

1,

1983 41
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TABLE 2
Radiocarbon Determinations from Gatecliff Shelter

Laboratory
Horizon Number Agea (B.P.) Date Provenience and Comments

1 GAK-3616 470 ± 90 A.D. 1480 ± 90 Charcoal scatter (unidentified sp.) from sur-

GAK-3614 550 ± 90

GAK-3607 590 ± 90

GAK-3606 750 ± 90

GAK-3608 1000 ± 90

GAK-3612 2020 ± 90
GAK-3609 1670 + 80
GAK-3611 1730 + 90
GAK-3610 1580 + 90
GAK-3617 2280 ± 90

A.D. 1400 + 90

A.D. 1360 ± 90

A.D. 1200 ± 90

A.D. 950 ± 90

70 B.C. + 90
A.D. 280 ± 80
A.D. 220 ± 90
A.D. 370 ± 90
330 B.C. ± 90

face on which massive rock fell
Same charcoal scatter as GAK-3616

Charcoal scatter (unidentified sp.) associated
with bighorn bone feature

Same as GAK-3607

Charcoal (unidentified sp.) from hearth exca-
vated into Stratum 2, near Horizon 2/3
contact

Charcoal (unidentified sp.) from hearth
Charcoal (unidentified sp.) from hearth
Charcoal (unidentified sp.) from hearth
Charcoal (unidentified sp.) from hearth
Charcoal (unidentified sp.) from large burnt
zone

UCLA-1895F 2760 ± 60
UCLA-1895G 2945 + 45

810 B.C. + 60 Charcoal scatter (unidentified sp.)
995 B.C. ± 45 Charcoal scatter (unidentified sp.) located 40

cm. below UCLA- 1895F
4/5 GAK-3613 3690 + 100

7 UCLA-1895J 3125 ± 75
7 GAK-3615 3140 + 120

7 UCLA-1895B 3295 ± 55

7 UCLA-1895A 3390 + 45

8 QC-287 2895 ± 90

8 QC-288

1740 B.C. ± 100

1175 B.C. + 75
1190 B.C. + 120

1345 B.C. ± 55

1440 B.C. ± 45

945 B.C. + 90

3140 ± 90 1190 B.C. ± 90

8 UCLA-1895C 3555 + 85

8 UCLA-18951 3660 ± 55

9 UCLA- 1926D 3315 + 65

9 UCLA-1895K 3340 ± 80

9 UCLA-1895H 3375 ± 80

10 UCLA-1895D 3975 + 65

10 UCLA-1895L 4100 ± 65

1605 B.C. + 85

1710 B.C. ± 55

1365 B.C. ± 65

1390 B.C. ± 80
1425 B.C. ± 80

2025 B.C. + 65
2150 B.C. + 65

Charcoal scatter (unidentified sp.) from rear

of shelter; seems to be about 400 years

too ancient

Charcoal (unidentified sp.) from Hearth F

Charcoal scatter (unidentified sp.) located
1.5 m. north of Hearth E

Charcoal from Hearth E (which contained
pifion charcoal and assorted seeds)

Charcoal from Hearth E

Charcoal from Hearth A (which contained
pifion charcoal and assorted seeds); seems

to be slightly too recent

Charcoal from Hearth C (which contained
juniper and sagebrush charcoal)

Charcoal from Hearth D (which contained
juniper charcoal); seems to be slightly too
ancient

Charcoal from Hearth E (which contained
juniper charcoal); seems to be slightly too
ancient

Charcoal from Hearth C (which contained
pifion charcoal and Chenopodium seed)

Charcoal from Hearth D
Charcoal from Hearth D

Charcoal (unidentified sp.) from Hearth A

Charcoal from Hearth A

1/2

1/2

3

4
4/5
4/5
4/5
4/5

4/5
4/5
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TABLE 2-(Continued)

Horizon

11

12

12
12

13

Laboratory
Number

UCLA-1895E

UCLA-1926E

UCLA-1926A
UCLA-1926C

QC-291

14 QC-292

14 QC-290

14 UCLA-1926B

14 UCLA-1926F

15 QC-293

15 QC-289

15 UCLA-1989A

16 UCLA-1989B

n.c.b A-2433

n.c. A-2730

n.c. A-2435

n.c. A-2733

n.c. A-2781

n.c. A-2732

n.c. A-2731

n.c. A-2434

Agea (B.P.)

4140 + 70

5000 ± 80

5200 ± 120
5250 ± 120

7080 ± 675

Date

2190 B.C. ± 70

3050 B.C. ± 80

3250 B.C. ± 120

3300 B.C. ± 120

5130 B.C. ± 675

4140 ± 125 2190 B.C. + 125

4850 + 95

5370 ± 90

5480 ± 80

5095 ± 100

5290 ± 180

5800 ± 170

5300 ± 170

0 ± 26

1720 + 180

2380 ± 100

3740 ± 140

4790 + 170

9000 ± 150

9460 ± 250

9520 + 480

2900 B.C. ± 95

3420 B.C. ± 90

3530 B.C. ± 80

3145 B.C. ± 100

3340 B.C. ± 180

3850 B.C. ± 170

3350 B.C. ± 170

Contemporary

A.D. 230 + 180

430 B.C. ± 100

1790 B.C. ± 140

2840 B.C. ± 170

7050 B.C. ± 150

7510 B.C. ± 250

7570 B.C. ± 480

Provenience and Comments

Charcoal from Hearth B (which contained
pifion charcoal and unidentified seeds)

Charcoal from Hearth A (which contained
pifion and Chenopodium seeds)

Charcoal from Hearth A

Charcoal from Hearth A

Charcoal (unidentified sp.) from Feature 1,
GU IA. Note from laboratory: "The sta-
tistical counting error ... probably under-
estimates the 'real' error by quite a bit . . .

[due to probable limestone contamina-
tion]. I suspect that the measured age errs

on the old side."

Charcoal from Hearth C (which contained
pifion charcoal); seems to be about 1000
years too recent

Charcoal from Hearth A (which contained
pifion charcoal)

Charcoal scatter (unidentified sp.) from rear

of shelter
Same as UCLA-1926B

Charcoal from Hearth B (which contained
pinion charcoal and juniper seeds)

Charcoal from Hearth A (which contained
juniper and sagebrush charcoal)

Charcoal from Hearth A

Charcoal scatter (unidentified sp.) located in
northwest comer of surface

Juniperus osteosperma from Gatecliff pack-
rat midden 5

Juniperus osteosperma from packrat midden
MC-1A

Juniperus osteosperma from Gatecliff pack-
rat midden 2

Juniperus osteosperma from Gatecliff pack-
rat midden 2

Pinus monophylla from packrat midden
MC-2

Rosa sp. and Populus sp. from Gatecliff
packrat midden 81-B

Rosa sp. and Populus sp. from Gatecliff
packrat midden 81-C

Rosa sp. and Populus sp. from Gatecliff
packrat midden 1 B

a All radiocarbon determinations are computed using the Libby Half-life of 5568 + 30 years.
b n.c. means not correlated with cultural horizons.
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standard conversions to use; the determina-
tions presented on table 2 could readily be
converted at a later time into absolute dates.
For our purposes, all radiocarbon evidence
in this monograph will be cited as "radio-
carbon years B.P. or A.D./B.C...." The Libby
half-life of 5568 ± 30 years is used through-
out.
Although the Gatecliffchronology is based

almost exclusively on radiocarbon determi-
nations, there are ancillary data available from
other sources, specifically from obsidian hy-
dration dating (chap. 19), geomagnetism
(chap. 19) and tephrochronology (chap. 4). It
is important also to note that the dating of
Gatecliff Shelter is based strictly on geo-

chronological evidence; typological dating
(that is, dating by cultural correlation) was

unnecessary at Gatecliff Shelter.

PHYSICAL STRATIGRAPHIC
DESCRIPTIONS

Detailed stratigraphic descriptions for the
56 geological units defined at GatecliffShelter
are provided in this section. These descrip-
tions are summarized on table 3 and corre-

lated with previous field designations, cul-
tural associations, and episodes of soil
formation.
The term stratum has a specific mean-

ing in this monograph:

A stratum is a layer of more or less homoge-
neous or gradational sedimentary material, a

lithological unit visually separable from adja-
cent layers by a discrete change in the character
of the material deposited, by a sharp break in
deposition, or both. A break between adjacent
strata may be marked by surfaces of erosion,
non-deposition, an indication ofpedogenesis or

other abrupt changes in character. A stratum
may, however, consist of one or multiple beds;
a bed must be at least 1 cm. thick (adapted from
Gary, McAfee, and Wolf, 1974, p. 698).

Throughout this volume, stratum is used to
imply a physical geological context, whereas
the term horizon denotes a cultural unit. The
sole exception to this statement is the term
soil horizon in which we follow common ped-
ological usage.
Although it would be desirable for each

stratum to represent an approximately equal
length of time, the character of the geologic

record at Gatecliff did not allow such a con-
venient scheme. The earlier portion of the
record comprises many thin but laterally con-
tinuous layers, whereas the later portion is
mostly rubble in which layers are extremely
difficult to discern. Therefore, of the lower
strata (34-56) each represents less sediment,
and time, than the upper strata. The strata
defined, however, represent real physical en-
tities which are recognizable objectively by
each of us independently.
The 56 geological strata are intended to

provide the basic units of stratigraphic de-
scription for Gatecliff Shelter. In subsequent
chapters, these strata are combined into a
number of larger analytical units (see chaps.
4 and 5). Let us emphasize once again that
these strata are units of physical geology,
whereas horizons are units defined on the ba-
sis of cultural context (see chap. 8).

STRATUM 1 (S-1), RUBBLE

Angular chert and limestone fragments in
a silty matrix, with scattered minor inter-
mixture of fire ash, charcoal fragments, and
root tendrils (fig. 23). Stratum 1 included
(from the top) at least three layers of debris:
an enormous block of roof fall, an internal
silt lens, and an angular, coarse-clast layer,
derived from a talus cone to the west. The
top of this unit was the modern (pre-exca-
vation) surface. The base sloped from +2.38
m. (above datum) against the cliff face at the
west to +.50 m. at the southwest, and from
-.10 m. (below datum) in the south wall to
-1.00 m. in the Master Profile, where it con-
sisted of rock fall from the roof. Soil S- 1 was
the surface Al horizon, which included
weathering profiles, separated in the west wall
by coarse debris, but superimposed in the
south wall. Stratum 1 contained cultural Ho-
rizons 1-3. Radiocarbon dates from Stratum
1 are:

GAK-3616 470 B.P. ± 90 From the surface
on which the massive boulder fell

GAK-3614 550 B.P. + 90 Same charcoal
scatter as GAK-3616

GAK-3607 590 B.P. ± 90 Horizon 1/2 con-
tact

GAK-3606 750 B.P. + 90 Horizon 1/2 con-
tact

GAK-3608 1000 B.P. ± 90 Horizon 2/3 con-
tact
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Stratum 1 was called GU 14 in the field. The
radiocarbon age of Stratum 1 is from 0 to ap-
proximately 1250 B.P.

STRATUM 2, SAND AND SILT
Tan to light gray, medium-size, and in

places baked by fire to orange color. The
base of Stratum 2 was at -1.25 m. in the
Master Profile. It was entirely excavated
and was not preserved in the final expo-
sure. Stratum 2 was culturally sterile, but
we have three radiocarbon dates which
bracket the time of deposition:

GAK-3608 1000 B.P. ± 90 hearth excavated
into Stratum 2

GAK-3611 1730 B.P. ± 90 in the top of Stra-
tum 3

GAK-3609 1670 B.P. ± 80 in the top of Stra-
tum 3

Stratum 2, called GU 13 in the field, included
two sand and silt units which were separated
by a layer of coarse debris; hence Stratum 2
comprised only the upper portion ofGU 13.
The radiocarbon age of Stratum 2 is approx-
imately 1250 B.P.

STRATUM 3 (S-2), RUBBLE
(similar to Stratum 1)

Angular chert and limestone fragments that
represent possibly a single debris flow which
deposited as much as 150 cm. of rubble in
the south wall area and was overlaid in turn
locally by 1-2 cm. of fire ash. Stratum 3 was
darker toward its base (i.e., had a lower Mun-
sell value) and was at -1.45 m. in the south
wall. Soil S-2 was a buried Al horizon. Ra-
diocarbon dates were not processed from this
stratum; it represents a depositional event
and a subsequent interval of soil horizona-
tion which occurred between 1000 B.P. and
1600 B.P. The event was not associated with
this entire time span, and we arbitrarily chose
a date of 1350 B.P. for the depositional event
and 1250 B.P. for the end of soil horizona-
tion. Below this level was the disturbed zone
at the top of Stratum 4, which recorded a
nondepositional interval. Stratum 3 con-
tained the upper part of cultural Horizon 4
and was considered part ofGU 12 in the field.

FIG. 23. Detail of Stratum 1, as evident in the
initial stratatrench (1971; Square D-7; looking east).

STRATUM 4, SAND AND SILT
(similar to Stratum 2)

0-20 cm. thick. This bed could be the facies
equivalent of Stratum 5; that is, Strata 4 and
5 could have resulted from a single event.
The bottom contact of Stratum 4 was -1.45
m. in the Master Profile. Like Stratum 2, Stra-
tum 4 was culturally sterile, but one radio-
carbon date (GAK-3612: 2020 B.P. ± 90) is
available from a hearth excavated into the
Stratum 4 silts. This date seems too old if
compared with dates from the underlying
Stratum 5 and perhaps results from aborig-
inal use ofolder wood available on the nearby
slopes. This bed was excavated as both GU
13 and GU 12 silt and represents a single
event of ca. 1350 B.P.

STRATUM 5 (S-3), RUBBLE

Debris from two talus cones (one from the
east, the other from the west), in which the
orientation of clasts changed upward as the
cones filled the gap between them and the
rock wall. Soil S-3 was a buried Al horizon,

1 983 47
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FIG. 24. Davis drawing profile of stratigraphic section at the western margin of the Gatecliff Shelter
excavations. Strata and depths below datum have been added to the lower units (1976; looking west;
courtesy of the National Geographic Society).
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10 to 20 cm. thick. Stratum 5 was 50 to 100
cm. thick in the Master Profile, and 100 to
150 cm. thick in the south and west walls.
Radiocarbon dates GAK-361 1 (1730 B.P. +
90) and GAK-3609 (1670 B.P. ± 80) are from
the 4/5 contact, whereas the following dates
are from the interior of Stratum 5:

GAK-3617 2280 B.P. ± 90
GAK-3610 1580 B.P. ± 90
UCLA-1895F 2760 B.P. ± 60
UCLA-1895G 2945 B.P. ± 45

Date GAK-3613 (3690 B.P. ± 100) also oc-
curred in this stratum but seems about 400
years too old, if compared with the other
dates. Stratum 5 contained cultural materials
from the lower part of Horizon 4 and all of
Horizons 5 and 6. Stratum 5 was excavated
as part of GU 12 in the field and represents
the time from about 1350 B.P. to 3200 B.P.

STRATUM 6, SAND AND SILT

Coarse, gray, calcareous and moderately
well sorted. The Master Profile contained
scattered charcoal fragments throughout, as
well as a few clasts oflimestone roof fall near
the western margin; westward, the unit passed
into sandy silt. Stratum 6 was as much as 53
cm. thick in the Master Profile; the top was
about -1.60 m. in the Master Profile and
-1.80 m. in the western wall; the bottom
contact was about -2.15 m. in the Master
Profile and about -2.00 m. in the west wall.
Stratum 6 was called GU 11 in the field and
represents a single flood or pair offloods about
3200 B.P.

STRATUM 7, RUBBLE

As much as 15 cm. thick in the Master
Profile, the top ranged from -2.00 to -2.10
m., and the bottom was about -2.25 m. The
following radiocarbon dates are available
from Stratum 7:

GAK-3615 3140 B.P. ± 120
UCLA-1895J 3125 B.P. ± 75
UCLA-1895B 3295 B.P. ± 55
UCLA-1895A 3390 B.P. ± 45

Stratum 7 contained a number offirepits with
abundant charcoal, and large desiccation
cracks occurred in the underlying Stratum 8
probably resulting from local baking during

deposition of Stratum 7. The cultural unit
designated as Horizon 7 occurred within
Stratum 7. Stratum 7 was excavated as GU
11 and GU lOR and dates from about 3200
to 3250 B.P.

STRATUM 8, SAND AND SILT

Pale brown (10 YR 6/3D), moderately cal-
careous throughout; graded from coarse, peb-
bly sand at base to fine silty sand at top, with
abrupt textural change in center of bed. The
stratum was probably deposited as an influx
of sediment in a single high-water event;
grading occurred during the subsequent still-
ing and settling of particles. Stratum 8 was
ofstriking appearance and was a useful mark-
er bed, as it could be traced into the rubble
pile at the southwest corner. Stratum 8 was
as much as 75 cm. thick; in the Master Profile
the top was at -2.25 m., and the bottom
ranged from -3.02 to -2.50 m. A single ra-
diocarbon date is available from the 8/9 con-
tact: UCLA- 1 895C (3555 B.P. ± 85) though
this date is probably too old. Stratum 8, ex-
cavated as GU 10, represents a single event
about 3250 B.P. and was culturally sterile.

STRATUM 9, RUBBLE

Fire ash, charcoal, and angular chert or
limestone fragments in a silty matrix. Max-
imum thickness, as much as 60 cm., was in
a muddy gravel slurry deposit that may have
been deposited by a debris flow into the shel-
ter, and draped over the continous southwest
rubble pile, where the volume from this stra-
tum was concentrated. Near the top of the
talus pile, the upper part of Stratum 9 was at
-1.15 m. and the bottom was at -1.45 m.;
elsewhere the bottom ranged from -2.80 to
-3.07 m. Stratum 9 did not accumulate north
of the C/D trenches in the interior of the
shelter, although it was about twice as vo-
luminous as Stratum 17 (which can be used
as a standard for comparison). Cultural Ho-
rizon 8 was contained within the rubble of
Stratum 9. Radiocarbon dates from Stratum
9 are:

UCLA-18951 3660 B.P. ± 55
UCLA-1895C 3555 B.P. ± 85
QC-287 2895 B.P. ± 90
QC-288 3140 B.P. ± 90
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FIG. 25. Stratigraphic profile of southwestern corner of top bench at Gatecliff Shelter, looking south.

Ofthese four dates, only one (QC-288) seems

consistent with the overlying and underlying
radiocarbon determinations. This stratum
apparently accumulated between 3300 and
3250 B.P. and was called GU 9R in the field.

STRATUM 10, SAND AND SILT

Light brown, becoming light gray (10 YR
7/2D) toward base, matrix slightly calcar-
eous, and also contained calcareous, filled root
casts. Stratum 10 had 13 cm. of fine, slightly
micaceous sand at base, overlain by 19 cm.

of sandy silt that graded upward into 11 cm.

of fine silt at the top. Orange-colored baked
zone at top was base ofa firepit near the south
end of the Master Profile. A series of faint
desiccation cracks also appeared in the north-
ern extent of Stratum 10 and are evident on

the Master Profile (fig. 22). At the time of
excavation, Stratum 10 was divided into two
excavational units on this basis (field desig-
nations 8A and 8B). Elsewhere, Stratum 10
appeared to be a single graded bed as much
as 50 cm. thick; the top ranged from -2.85
to -3.00 m. in the Master Profile and was at
-2.75 m. in the west wall. The bottom was

about -3.40 m. in the Master Profile and
-3.00 m. in the west wall. The radiocarbon

dates mentioned in the description of Stra-
tum 9 were from the top of Stratum 10; no

dates are available from within or near the
bottom ofthis stratum. Stratum 10 surround-
ed but did not drape over the southwest talus
pile and there was a lens of cross-bedded fine
sand at its base in the west wall. Stratum 10,

called GU 8A and GU 8B in the field, did
not contain cultural remains and was depos-
ited by a flood event about 3300 B.P.

STRATUM 11, RUBBLE

Talus and roof fall. As much as 40 cm.

thick; the top was at -1.60 m. or higher on

the southwest talus pile and about -2.92 to
-3.05 m. in the rest of the excavation; the
bottom was about -2.00 m. on the pile and
ranged from -3.15 to -3.35 m. elsewhere.
Horizon 9 was contained within the rubble
of this stratum. The following radiocarbon
dates are from Stratum 1 1:

UCLA-1926D 3315 B.P. ± 65
UCLA-1895K 3340 B.P. ± 80
UCLA-1895H 3375 B.P. ± 80

Stratum 11, excavated as GU 7R, was de-
posited by roof fall and talus tumbling over

the lip ofthe shelter from about 3400 to 3300
B.P.

0 m. 1 1500 magnetic

post-1970 fill

Artemisia root

strata depth (cm.)
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FIG. 26. Stratigraphic profile adjoining that in figure 25 looking west. Ladder in figure 24 rests against
this vertical face.

STRATUM 12, SAND AND SILT

Light gray (10 YR 7/2D), graded upward
with 16 cm. of sparsely micaceous, weakly
calcareous sand at bottom; then 8 cm. of
moderately calcareous sandy silt, with a
slightly increased mica content; then 11 cm.
of moderately calcareous silt with entrained
charcoal fragments and caliche-filled root
casts at top. Desiccation cracks completely
penetrated through the unit. Stratum 12 was
as much as 50 cm. thick; the top was at -3.25
m. in the south wall, -3.15 m. in the west
wall, and -3. 1 0 m. draping over rubble below
in the Master Profile. The bottom ofStratum
12 was at -3.60 m. in the south wall, below
-3.60 m. in the west wall, and -3.75 m. in
the Master Profile. It draped up the southwest
rubble pile to -2.85 m. This bed had mod-
erately coarse prismatic structure at the top
and lensed into, rather than continuing over
the pile. Stratum 12, called GU 7 in the field,
had no cultural remains and was deposited
in a single flood about 3400 B.P.

STRATUM 13, RUBBLE

Mixture of small angular limestone clasts
and charcoal fragments in a fine-grained sand

matrix derived from roof fall and talus cone
encroachment. As much as 70 cm. thick; it
was at -2.00 m. at the top of the talus pile
and about -3.75 m. elsewhere. Stratum 13
was about four times as voluminous as Stra-
tum 17. Radiocarbon dates for this stratum
are:

UCLA-1895D 3975 B.P. ± 65
UCLA-1895L 4100 B.P. ± 65

Called 6 Living Floor in the field, Stratum
13 contained the cultural unit designated as
Horizon 10 and accumulated from about
4050 to 3400 B.P.

STRATUM 14, SAND AND SILT

Pale brown (10 YR 6/3D) to brown, faintly
stratified, gritty, very fine sand at top grading
downward to silty, very fine sand in the basal
2 cm. This stratum contained more granules
and was less well sorted than the underlying
Stratum 16. As much as 13 cm. thick, the
top was at -3.65 m. in the west wall of the
1976 excavation. Its bottom was at -3.78 m.
in the west wall of square XXVII and was at
-3.90 m. in the west wall of the 1976 exca-
vation. Stratum 14 was difficult to separate

I
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FIG. 27. Stratigraphic profile ofsouthwestern comer ofthird bench ofGatecliffShelter, looking south.

from the underlying Stratum 16 where the
intervening unit 15 was absent. No radi-
ocarbon dates are available from Stratum 14.
This culturally sterile unit was designated as
GU 5 Silt in the field and was apparently
deposited during a single event about 4050
years ago.

STRATUM 15, RUBBLE

Talus and roof fall. As much as 8 cm. thick
locally but lensed out elsewhere; its top was
at -2.70 m. on the talus pile and its bottom
was at -2.78 m. Stratum 15 accumulated
gradually from roof fall and rubble falling
over the shelter lip from about 4050 to about
4100 B.P. Stratum 15 was excavated as part
ofGU 5 and contained no cultural remains.

STRATUM 16, SAND AND SILT

Light brownish gray (10 YR 6/2D), cal-
careous, internal laminations about 1 cm.
thick.2 As much as 16 cm. thick, the top
ranged from -3.90 to -3.80 m. and its bot-
tom from -3.90 to -4.03 m. It was very
difficult to separate this stratum from 14

X Melhom and Trexler further observe that the pres-
ence of agglomerated particles, root casts, and faint ox-

idation suggests incipient pedogenesis of the top of Stra-
tum 14.
2Melhom and Trexler further observe that bandlike

laminae give a "salt-and-pepper" appearance to Stratum
16.

where 15 was absent, but Stratum 16 was

finer grained and better sorted than 14. No
radiocarbon dates are available from Stratum
16, which was culturally sterile. Called part
ofGU 5 in the field, Stratum 16 was depos-
ited about 4100 years ago.

STRATUM 17, RUBBLE

Talus, mostly large angular limestone clasts
with charcoal fragments scattered through-
out. A continuous 5 cm. thick lens across the
southern wall ofthe present excavation, about
35 cm. thick on the top of the talus pile, and
present only discontinuously in the Master
Profile. The top was at -2.75 m. on the talus
pile, about -3.90 to -4.00 m. in the Master
Profile and the 1976 excavation, and about
-3.70 m. in the 1978 excavation; its bottom
was at -3.10 m. on the pile, and -3.90 to
-4.00 m. elsewhere. Stratum 17 was used as
a standard for comparison of estimated vol-
ume of other strata and contained cultural
Horizon 11. The following radiocarbon date
is from Stratum 17: UCLA- 1 895E (4140 B.P.
± 70). Stratum 17, called GU 4 in the field,
accumulated gradually from roof fall and
rubble falling over the shelter lip from about
4250 to 4100 B.P.

STRATUM 18, SILTY SAND

Graded bed with many desiccation cracks
and open tubular pores; some contained roots
and large root casts filled with caliche; platy

0 m. 1
+ 1500 magnetic

:: post-1970 f il l
.. ..

-j krotovina
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FIG. 28. Stratigraphic profile adjoining that in figure 27, looking west. This section is also shown at
bottom of figure 24 and top of figure 34.

structure in upper part. As much as 50 cm.
thick, the top was about -4.00 m., and the
bottom was about -4.35 m. in the Master
Profile and from -4.42 to -4.45 m. in the
1978 excavation. No radiocarbon dates are
available from this sterile stratum. Stratum
18, called GU 3 in the field, apparently was
deposited by a single event about 4250 B.P.

STRATUM 19 (S-4), SAND AND RUBBLE

Sand, pebbly to cobbly, fine to medium
size, grayish brown, strongly calcareous.
Fresh exposures became obscured by efflo-
rescence within a few days. Root and charcoal
fragments common throughout the unit. Ra-
diocarbon dates from Stratum 19 are:

UCLA-1926E 5000 B.P. ± 80
UCLA-1926A 5200 B.P. ± 120
UCLA-1926C 5250 B.P. ± 120

The unit thinned southwestward and passed
laterally into the base of the rubble pile in
the southwest corner. It was a continuous lay-
er throughout the shelter, nowhere thinner
than 7 cm. and commonly 40 cm. thick. Stra-
tum 19 was six times as voluminous as Stra-
tum 17 and may have formed a berm across
the front of the shelter. Stratum 19 in part
was deposited gradually by roof fall and rub-
ble tumbling over the lip of the shelter, with
contemporaneous accumulation of salts,

structural development, and churning from
about 5000 to about 4250 years ago. Stratum
19 was called GU 2 in the field and contained
cultural Horizon 12.

STRATUM 20 (S-4), SILT AND CLAY

Laminated and blocky structure, whitish
gray to pale brown (10 YR 6/3D), with layers
of higher Munsell value, irregular laminae 1

mm. thick, moderately calcareous, with in-
terspersed charcoal chunks. Top irregular and
truncated by churning associated with soil
S-4, also reddened and fire baked in places.
There were many krotovinas, weak to me-
dium to coarse columnar structure, root frag-
ments, filled desiccation cracks extending al-
most to base of unit. Exposures of Stratum
20 became obscured by efflorescence within
a few days. As much as 15 cm. thick, the top
was about -4.50 m. and the base, defined by
the lowest continuous light-colored layer, was
about -4.62 to -4.65 m. Radiocarbon date
QC-291 (7080 B.P. ± 675) is from this stra-
tum but is considered to be much too old (see
table 2). Termed GU 1A in the field, Stratum
20 was deposited between about 5100 to 5000
B.P. and contained cultural Horizon 13.

STRATUM 2 1, SAND AND SILT

Dark grayish brown (10 YR 4/2D); graded
from coarse sand near base to silt at top, with
13 cm. of medium to coarse sand at base,

strata

F h +2400 magnetic

post-1970 fill

15&13 >
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FIG. 29. Profile showing section of Stratum 17 and below (1978; Square XXIII; looking southwest).

then 22 cm. of pebbly, coarse sand, followed
by 15 cm. of medium sand, which yielded a
single Olivella from a krotovina, and calcar-
eous silt at top. Desiccation cracks extended
5-10 cm. downward into the silt. Lower sand

was internally laminated but was poorly bed-
ded. The top ofthis stratum was churned into
the overlying Stratum 20 in the southwest
corner and had a moderate degree ofmedium
to coarse prismatic structure. Stratum 21 was
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FIG. 30. Section showing Stratum 20 and below (1978; Squares I, H-6, XXIV, and XXIII; looking
south).

as much as 80 cm. thick and covered the
southwest talus pile; the top was at about
-4.65 m., the bottom at -4.85 m. on the
southwest pile, -5.46 m. in the 1978 exca-
vation and -5.30 m. in the Master Profile.
No radiocarbon dates are available from this
sterile stratum, but several dates come from
Stratum 22 below. Called GU 1 and GU 7-

74 in the field, Stratum 21 was possibly de-
posited by a single, very large flood event
about 5100 years ago.

STRATUM 22, RUBBLE

Angular limestone clasts, charcoal firepit,
and baked area at top, somewhat churned
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FIG. 31. Stratigraphic profiles showing closeup of Strata 22-24 (1976; Square C-5; looking west).

into the underlying silty top of Stratum 23.
Maximum thickness 50 cm. on the southwest
pile and formed continuous layer up to 15
cm. thick in eastern parts of excavation, but
was discontinuous elsewhere. Almost as vo-

luminous as Stratum 17, the top was about
-4.85 m. on the southwest pile and ranged
from -5.50 to -5.30 m. elsewhere, and its
bottom was about -5.30 m. in the southwest
corner, -5.35 m. in the Master Profile, and
-5.32 m. in the present excavation. Radio-
carbon dates from Stratum 22, or from the
surface on which it lay, are:

QC-290 4850 B.P. ± 95
UCLA-1926B 5370 B.P. ± 90
UCLA-1926F 5480 B.P. ± 80

The following radiocarbon date is also from
this surface, but seems about 1000 years too
young if compared to the other dates:

QC-292 4140 B.P. ± 125

Stratum 22 was deposited by gradual accu-

mulation of roof fall and talus tumbling over

the shelter lip between 5250 and 5100 years
ago. Stratum 22 was called GU 6R-74 in the
field and contained cultural Horizon 14.

STRATUM 23, GRAVEL, SAND, AND SILT

Coarse and pebbly, subrounded angular
cobbles and subrounded boulders at base,
graded upward for about 38 cm. to coarse
sand, then graded farther upward into fine
sand, and finally into a 10 cm. thick, light
brownish gray (10 YR 6/2D) calcareous silt
at the top. Cobbly in the southwestern corner.
Several small firepits and reddish orange
baked zones on top of silt; abundant desic-
cation cracks totally penetrated silt and
reached the gravel below. We suggest that a
major debris flow occurred close to the shel-
ter and boulders were carried into the site;
while the sand was settling from this flood,
the slope above the shelter lip may have
slumped and wet rubble may have poured
over the lip into the sediment-laden water,
piling up in the southwest corner, and coars-
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FIG. 32. Stratigraphic profile showing Stratum 25 and below (1976; Square C-5, looking west).

ening the deposit elsewhere. Stratum 23 was
as much as 75 cm. thick; the top was about
-5.20 m. in the southwest where it buried
the pile and about -5.35 m. elsewhere, and
its bottom was about -5.80 m. on the pile
and -6.15 m. elsewhere. No radiocarbon
dates are available for 23, which was cultur-
ally sterile. Stratum 23 was an unusual and
striking bed which seemed to record a tor-
rential downpour somewhere near the site,
such that the slope above the shelter slumped
while flood waters still occupied the shelter.
This event occurred about 5250 years ago.
Stratum 23 was called GU 6-74 and GU
5-74 in the field.

STRATUM 24, RUBBLE

Angular chert and limestone; secondary
carbonate coats cobbles in a silty matrix, 5
cm. thick in the Master Profile, and thickened
to 20 cm. in the southwest talus pile. Stratum
24 was as much as 29 cm. thick; the top was
at -5.78 m. on the pile, -5.97 m. in the

Master Profile, and about -6.08 m. else-
where; the bottom was at -6.02 m. in the
Master Profile and about -6.10 m. elsewhere.
Stratum 24 included a rocky, churned zone
mostly derived from Stratum 25 below. The
southwest pile had a "terrace" about 40 cm.
wide in the west wall. Radiocarbon dates QC-
293 (5095 B.P. ± 100) and QC-289 (5290
B.P. ± 180) came from Stratum 24, as did
UCLA-1989A (5800 B.P. ± 170), but the
latter date seems about 500 years too old.
This stratum was deposited gradually by roof
fall and talus tumbling over the lip of the
shelter from about 5350 to about 5250 years
ago. Stratum 24 was called GU 4R-74 in the
field and contained cultural Horizon 15.

STRATUM 25, SILT

Light brownish gray (10 YR 6/2), slightly
calcareous, weathering zone, hairlike root
fragments throughout unit with secondary
deposition of caliche, and fire-baked reddish
area with charcoal in the west wall. Stratum
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25 was as much as 18 cm. thick; its top was
about -6.02 m. in Trench 7 and about -6.10
m. elsewhere. The unit was continuous, but
thinned somewhat over the southwest pile;
its bottom was at -6.12 m. over the pile and
about -6.25 m. elsewhere. No radiocarbon
dates are available from this culturally sterile
unit. Stratum 25 was called GU 4-74 in the
field and was deposited about 5350 years ago.

STRATUM 26, RUBBLE

Churned zone, irregular contact with Stra-
tum 25. As much as 18 cm. thick on the
southwest pile, and thinned to a rocky,
churned zone 5 cm. thick elsewhere. In the
1976 excavation Stratum 26 was the top of
a continuous rubble pile against the back wall.
Its top was at -6.13 m. in the pile and about
-6.27 m. elsewhere, and its bottom was at
about -6.30 m. Stratum 26 contained cul-
tural Horizon 16. Stratum 26 was deposited
gradually by roof fall and rubble tumbling
over the lip of the shelter from about 5350
to 5500 years ago; it was called GU 3R-74
in the field.

STRATA 27, 28, AND 29, SILTS

Poorly sorted, dark grayish brown (10 YR
4/2), 5 to 10 cm. thick, with coarse prismatic
structure, passing abruptly downward into
grayish brown sand with rounded to suban-
gular grains. Churning associated with Stra-
tum 26 had mixed these beds in many parts
of the shelter so that only one bed was rec-
ognizable. These beds, and Stratum 30 be-
low, were very hard when dry and difficult to
excavate. The total thickness ofStrata 27, 28,
and 29 was about 20 cm.: the top was about
-6.10 m. over the southwest pile and -6.30
m. elsewhere, and the bottom was about
-6.45 m. The sandy base ofStratum 29 filled
the desiccation cracks in Stratum 30 below.
The following radiocarbon date is from either
one of these beds or from Stratum 30:

UCLA-1989B 5300 B.P. ± 170

These strata were deposited during a series
of closely timed floods about 5500 years ago;
the lack ofrubble between the strata indicates
that very little time passed between floods.

These three units were included in GU 3A-
74 in the field.

STRATUM 30, SAND

Poorly sorted, granule-rich, dark grayish
brown (10 YR 4/2D), grades upward into light
yellowish brown (2.5 YR 6/3D). Prominent
desiccation cracks, spaced at about 30-35 cm.
intervals, 5 cm. wide at top, tapering down-
ward, and filled by the bottom ofStratum 29.
Weakly cemented by caliche that coats and
surrounds particles, it was very hard to ex-
cavate; it filled the irregular topography be-
neath, and was discontinuous over the south-
west pile. The top was at about -6.45 m. and
its bottom was about -7.70 m. Radiocarbon
date UCLA-1989B (5300 B.P. ± 170) may
have been from this unit or from the units
immediately above. Stratum 30 was depos-
ited by a single event about 5500 years ago:
the lack of rubble on its top shows that very
little time elapsed between its deposition and
the deposition of Stratum 29 above. Stratum
30 was called GU 3B-74 in the field.

STRATUM 31, RUBBLE

Sloped up against back wall to the east and
west, with a separate pile in south wall, and
a "terrace" on north slope of southwest pile
mostly composed of silt. As much as 33 cm.
thick at southwest pile, 4 cm. thick in the
Master Profile, its top was at -6.40 m. on
the southwest pile, -6.15 m. on the northeast
pile, elsewhere about -6.70 m., and the bot-
tom was about -6.75 m. Stratum 31 was
about as voluminous as Stratum 17. No ra-
diocarbon dates are available from 31. In the
1976 excavation Stratum 31 was the top of
the continuous "basal rubble" pile and was
called GU 2R-74 in the field. Stratum 31
accumulated from rooffall and rubble sliding
over the lip of the shelter from about 5700
to about 5500 years ago.

STRATUM 32, FINE SAND
AND SILT

In alternating layers; silt is dark grayish
brown (10 YR 4/2D), platy, micaceous,
strongly calcareous; 2 cm. granules at base.
As much as 10 cm. thick in places, though
discontinuous over rubble piles; top was at
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-6.27 m. in the Master Profile, about -6.70
m. in southwest pile and in 1978 excavation;
bottom was at -6.80 m. in 1978 excavation
and -6.90 m. in 1976 excavation. Stratum
32 was called GU 2-74 in the field, and there
are no radiocarbon dates available. This layer
was deposited by a single flood about 5700
years ago and apparently very little time
passed between the deposition of this layer
and 33 below.

STRATUM 33, FINE SAND AND SILT

In alternating, conformable layers; upper
surface had well-preserved raindrop impres-
sions over a 3 m. long area near south wall;
a strong, regular pattern of deep, 600 inter-
facial angle desiccation polygons were char-
acteristic of the stratum. Upper part of unit
was white to light gray caliche in two wavy,
subparallel bands separated by very fine-
grained, light brown sand, and a pebble band
at the base of the lower caliche; it grades
downward into reddish brown (10 YR 4/2D)
fine, moderately calcareous, micaceous, in-
durated sand with minor caliche coatings on
the grains. Lower 4 cm. was ungraded, poorly
indurated, light brownish gray (2.5 YR 6/2D)
fine silty sand. All internal contacts were
abrupt and smooth. Stratum 33 was draped
over some bedrock protrusions but passed
below others, and passed eastward into rub-
ble in a silty matrix; it lensed out over the
southwest pile but was continuous as a matrix
in the top of Stratum 35; the top elevation
in the southwest corner was -6.71 m. Stra-
tum 33 was called GU 1-74, part ofGU 12-76,
and GU 1-78 in the field.

STRATUM 34, SILT AND VERY
FINE SAND

Light brownish gray (2.5 YR 6/2D) strong
fine prismatic structure, breaking to weak,
fine platy structure, grading from very fine
sand to silt with a laminated 5 mm. thick silt
layer at the base; there was carbonate in root
tubes. As much as 7 cm. thick, its depths
ranged from -6.91 m. to -6.15 m. Contact
with Stratum 35 was abrupt and smooth. Top
was nearly horizontal and lensed out against

Stratum 35 rubble pile. Stratum 34 was called
GU 2-78 in the field.

STRATUM 35, RUBBLE

Angular limestone and very angular chert
pebbles in a sandy matrix; formed pile in
southwest corner and smaller low piles in
south wall. As much as 13 cm. thick, its bot-
tom was at -6.95 m. below datum. Maxi-
mum particle size was 10 cm. and average
size was 1.5 cm. Stratum 35 was discontin-
uous and absent in much of the western part
ofexposure, and contact with Stratum 36 was
abrupt and wavy. Stratum 35 was called GU
3R-78 in the field.

STRATUM 36, SILTY
MEDIUM SAND

(10 YR 5/3D), seemed vaguely pinkish,
with moderate coarse prismatic structure.
Coarse fragments of Stratum 35 mixed into
top, with many fine tubular pores, though
cracks were not continuous with those in
Stratum 37. Stratum 36 lay unconformably
on Stratum 38, where 37 had not filled to-
pography on top of 38 (i.e., at the east and
west ends ofsouth wall). There was carbonate
in root tubes, and the stratum had krotovinas
10 cm. in diameter. Stratum 36 varied in
thickness from 2 to 11 cm., with top at -6.95
m. and bottom at -7.06 m. Top and bottom
contacts were horizontal within 5 cm., except
where bottom filled irregularities below. Stra-
tum 36 was very thin and mixed in southwest
corner over Strata 38 and 39. Stratum 36 was
called GU 3-78 in the field.

STRATUM 37, SAND AND SILT

Light brownish gray (top 2.5 Y 6/3D, bot-
tom 2.5 Y 5.5/3D), silty, coarse sand at base
(0-2 cm. thick), grading finer upward, with
local 2 cm. thick laminations of well-sorted
silt and sand at base in south wall which seems
to have been redeposited. Stratum 37 was
almost identical with Strata 27-30, but had
fewer coarse sand grains and granules. Stra-
tum 37 lay unconformably on Stratum 38,
filled in topography in top of that unit, and
lensed out against Stratum 38 near southeast
corner. Stratum 37 was called GU 11-76 and
GU 4-78 in the field.
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FIG. 33. Stratigraphic profile ofbasal strata at GatecliffShelter looking south; this section also appears
in figure 35.

STRATUM 38, SILT AND
FINE SAND

Light brownish gray (top 2.5 Y 6/3D, bot-
tom 2.5 Y 5.5/3D), comprised of as many as

five conformable graded beds of which only
the uppermost contained much silt. Down-
ward from the top, these units were 6 cm., 1

cm., 1 cm., 3 cm., and 4 cm. thick. There
were no coarse fragments; unit draped over

underlying topography and thinned over rub-
ble piles because of differential deposition or

from subsequent minor erosion of the high-
er areas. Silty uppermost portion had mod-
erate medium to coarse prismatic structure;
bulk of stratum had weak very coarse pris-
matic structure, with clastic dikes as much as
1 cm. thick and spaced about 30 to 50 cm.

apart, which extended and tapered down-
ward from Stratum 37. From 2 to 15 cm.

thick, Stratum 38 went from 7.16 to 7.31 m.

below datum. There was an abrupt and
smooth contact with Stratum 39. This was

the lowest stratum to run continuously around
the wall; those below lensed into rubble at

the southeast corner. Stratum 38 was called
GU 5-78 in the field.

STRATUM 39, RUBBLE

Very angular pebbles to cobbles in a layer
0 to 31 cm. thick, enclosed in a calcareous,
silty, light brownish gray (2.5 YR 6/3D) ma-

trix. Stratum 39 formed piles in the south-
east, southwest, and northwest corners of the
excavation and included a zone of churning
and a few rocks in the center ofthe south wall
(not continuous in the west wall). Stratum 39
included a cross-bedded pebble gravel bar,
10 cm. thick and 50 cm. wide, on north slope
ofthe talus pile in the southwest corner. There
was a clear smooth boundary with Stratum
40. Stratum 39 was called GU 10-76 and GU
6R-78 in the field.

STRATUM 40, SAND

Grayish brown (10 YR 4/2D), graded bed
ofmedium fine to very fine sand, with a little
structureless and massive silt, and containing

0 m. 4% 150 magnetic

krotovina
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large, unfilled root openings. Top was churned
and included rocks from overlying Stratum
39. Stratum 40 lensed into talus at southeast
and southwest corners, with a few pebbles
along an abrupt and smooth bottom contact.
Stratum 40 resembled Stratum 41 and both
filled the topography of underlying sedi-
ments. Stratum 40 was designated GU 6-78
and Upper GU 9-76 in the field.

STRATUM 41, SAND

Graded bed of medium to fine sand; top
was pale brown (10 YR 6/3D) and remainder
was light olive brown (2.5 Y 4.5/3D). Top of
Stratum 41 was discontinuous towards
southeast corner, with pebbles about every
25 cm. which filled underlying topography
on bottom contact. Bottom contact showed
slight unconformity and churning. Stratum
41 was designated GU 7-78 in the field.

STRATUM 42, SAND AND SILT

Several distinct beds of medium sand and
silt, which draped over topography below and
thinned over rubble because of thin initial
deposition and subsequent erosion. Stratum
42 was structureless, massive, and lacked in-
ternal unconformities. The beds within Stra-
tum 42 are described as follows (from the
top): (a) 4 cm. churned, poorly sorted fine
sand with some local, internal stratification,
light brownish gray (2.5 Y 6/3D), ranged in
thickness from 0 to 8 cm.; (b) 2 cm. thick
bed, graded from medium sand at base to silt
at top; top dipped below lens of (a) toward
southeast corner, with 2 mm. unfilled vertical
burrows or root tubes; (c) 2 cm. thick bed,
graded from medium sand at base to fine at
top; (d) 3 cm. thick bed, graded from medium
sand to fine sand; (e) 5 cm. thick bed, graded
from medium to fine sand; (f) 9 cm. thick
bed, graded from medium to fine sand. Lower
portion ofStratum 42 was grayish brown (2.5
Y 5/2D). Stratum 42 lensed into rubble at
southeast corner. Field designation of42 was
GU 8-78 and Lower GU 9-76.

STRATUM 43, RUBBLE

Layer of large angular cobbles and small
piles of pebbles in fine sand and silt matrix.
Ranged in thickness from 0-20 cm., at ap-

proximately 7.78 m. below datum; its max-
imum thickness was against the rock wall.
Bottom of Stratum 43 was marked in talus
by a cobble line and many cobbles were in-
truded into the underlying Stratum 44. Ca-
liche coating on clasts and around root casts
penetrating the stratum. Stratum 43 was des-
ignated GU 9R-78 and GU 8-76 in the field.

STRATUM 44, SAND

Light olive gray (2.5 Y 5/4M) bed graded
from fine to very fine sand with cobbles that
intruded from Stratum 43. The sand was
structureless and massive, and had open root
tubes with carbonate fillings; lower contact
very abrupt and smooth. Thickness ranged
from 0-10 cm. from about 7.78 to 7.85 m.
below datum. Stratum 44 was draped slightly
at edges and lensed into rubble. Field desz.
ignation for Stratum 44 was GU 9-78.

STRATUM 45, SAND

Grayish brown (2.5 Y 4/2D), bed graded
from fine to very fine sand, dark and rich in
organic material, and ranged in thickness from
0 to 6 cm. at 7.85 to 7.91 m. below datum$.
Stratum 45 contained two white silt layers 1
mm. thick at top and had open root tubes
with carbonate fillings and weak, medium
platy structure. Top and bottom contacts were
horizontal; a single small cobble lay on top
surface. The bottom contact was abrupt and
irregular, owing to filling of 2 mm. root tubes
or burrows in the underlying topography.
Stratum 45 was designated GU 10-78 in the
field.

STRATUM 46, RUBBLE

Very thin cobble line mostly intruded into
Stratum 47, but partly draped over by 45,
located at 7.91 m. below datum. Stratum 46
included a 2 cm. zone of churning at the top
of Stratum 47 and also ran into the bottom
of Stratum 43 in the rubble pile. Stratum 46
was called GU 11R-78 in the field.

STRATUM 47, SAND AND SILT
As much as 14 cm. thick; light brownish

gray at top (2.5 Y 5.5/3D) and dark brownish
gray at bottom (2.5 Y 4.5/3D), bed graded
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FIG. 34. Overall view of final stratigraphic ex-
posures at Gatecliff Shelter (1978; looking west).

from fine sand to silty, very fine sand, with
subtle 5 mm. internal laminations; the top 7
cm. was very silty. There was some carbonate
in root tubes, which were structureless, mas-
sive, and bipartite in appearance. Stratum 47
lensed into rubble and upper silt. The bottom
contact was abrupt and wavy. Stratum 47 was
designated as GU 11-78 in the field.

STRATUM 48, RUBBLE

Zone of churning with very angular black
chert pebbles to small cobbles mixed in a
silty, fine sand matrix (top of Stratum 49)
and was structureless. It was as much as 7
cm. thick and from 8.05 to 8.12 m. below
datum. Color contrast between Strata 48 and
49 was striking; they were separated by an
abrupt, broken boundary owing to burrowing
and churning. Stratum 48 was called GU
12R-78 in the field.

STRATUM 49, SAND AND SILT
Alternating beds ofdark grayish brown (10

YR 4/2D) medium sand and light grayish
brown (2.5 Y 6/3D) fine sandy silt, struc-
tureless and massive, slightly reverse graded,
with internal lensing. The following descrip-
tion of substrata was typical but not entirely
consistent throughout exposure: (a) 4 cm.
medium sand with discontinuous 5 mm. silt
layer toward bottom; (b) 2 cm. fine sandy silt,
in 3 or 4 layers that vary slightly in texture;
(c) 3 cm. medium sand in a lens about 50
cm. long; (d) 5 cm. fine sandy silt (a contin-
uous bed at base of unit). The contact with
Stratum 50 was very abrupt and smooth.
Stratum 49 was designated as GU 12-78 in
the field.

STRATUM 50, SILT

Layered silt with a few very angular peb-
bles on internal contacts; it ranged in thick-
ness from 0-11 cm., from 8.28 to 8.39 m.
below datum. Stratum 50 was poorly exposed
in the excavation; the total horizontal extent
was only 2.5 m. The following four substrata
were seen: (a) 2.5 cm. silt, with weak, fine
prismatic structure, grayish brown (2.5 Y
5/3M), abrupt wavy contact to (b) 1 cm. silt,
very dark grayish brown (10 YR 3.5/2M),
similar to Stratum 44, blobby, irregular, in-
terrupted, very abrupt boundary to (c) 1 to 2
cm. silt, grayish brown (2.5 Y 5/3M), abrupt,
wavy boundary to (d) 4 to 6 cm. silt with
much carbonate in root tubes, appeared red-
dish but was dark brown (10 YR 3.5/3M).
Stratum 50 was designated GU 13-78 in the
field.

STRATUM 5 1, SAND AND SILT
Grayish brown (2.5 Y 5/3D) graded bed

from fine sand to silt with a pebble line and
2 cm. thick churned zone at top, and car-
bonate in root tubes. It ranged in thickness
from 0-10 cm. from 8.39 to 8.49 m. below
datum and the contact between Strata 51 and
52 was abrupt and smooth. Stratum 51 was
designated GU 14-78 in the field.

STRATUM 52, RUBBLE

Very angular pebble to cobble rubble in
light brownish gray (2.5 Y 6/2D), very fine
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sand matrix, included one small flat boulder.
Stratum 52 was continuous into rubble pile
against rock wall but was difficult to trace in
the rubble pile. It was 6 cm. thick and ranged
from 8.49 to 8.55 below datum. The matrix
may have been part of Stratum 53; the bot-
tom contact was very abrupt and wavy. Stra-
tum 52 was called GU 15-78 in the field.

STRATUM 53, SAND

Medium to fine, grayish brown (2.5 Y
5/2D), may be thin edge of graded bed but
was interstitial to cobbles below. This was
the oldest alluvial sediment exposed at Gate-
cliff. Stratum 53 was called GU 16-78 in the
field and had a very abrupt and wavy bottom
contact.

STRATUM 54, RUBBLE

Comprised 3 substrata totaling 70-100 cm.
in thickness: (a) pebble to cobble gravel,
openwork structure, light brownish gray (2.5
Y 6/3D), 10 cm. thick lens; (b) pebble gravel
with some cobbles, poorly sorted, about 50
percent finer matrix, a continuous layer ex-
cept where interrupted by underlying boul-
ders, 20 cm. thick; (c) small cobble to boulder
gravel, openwork, 0 to 15 cm. thick, com-
prised a lens in the south wall and a small
boulder line elsewhere; (d) small cobble to
boulder gravel, like (c) but slightly coarser,
poorly sorted, 25 to 40 cm. thick. Coarse par-
ticles lay parallel to contacts, as did matrix/
openwork contacts. Stratum 54 was called
BR- 1 in the field.

STRATUM 55, RUBBLE AND TEPHRA

Very angular cobbles with white, sandy
tephra matrix; a lens in the south wall 0 to
20 cm. thick (fig. 35). Tephra matrix was the
Mazama Bed, 6900 years old. The field des-
ignation of Stratum 55 was BR-2.

FIG. 35. DHT pointing to Stratum 55, the unit
containing the Mazama tephra (1978; squares I
and II, looking southwest).

STRATUM 5 6, RUBBLE

Very angular cobbly to pebbly rubble; ma-
trix of brown (10 Y 5/3M) sand was present
in about 40 percent of stratum. The bottom
of Stratum 56 was not exposed and its field
designation was BR-3.
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CHAPTER 4. GEOLOGY OF GATECLIFF SHELTER:
SEDIMENTARY FACIES AND HOLOCENE CLIMATE

JONATHAN 0. DAVIS

Archaeological excavation at Gatecliff cre-
ated an exposure ofHolocene sediments about
10 m. thick. This section was unusually well
dated with 42 radiocarbon dates and the Ma-
zama tephra layer near the base. The sedi-
ments are colluvium and alluvium and reflect
the effects of talus creep and debris flow. Be-
cause talus creep and debris flow are affected
by climate, it is possible to infer certain things
about the climate at Gatecliff during the last
7000 years.
The climatic reconstruction developed here

begins with a discussion of depositional en-
vironments. A facies model is developed for
the Gatecliffarea, and the sediments exposed
in the site are identified with the facies in the
model. The record of facies variation is then
related to Holocene climate with special em-
phasis on varying temperature, total precip-
itation, and seasonality of precipitation.

GEOMORPHIC AND DEPOSITIONAL
ENVIRONMENTS

Gatecliff Shelter is situated at the bottom
ofa steep-walled canyon on the north side of
Mill Creek. Much of the terrain lies at the
angle of repose, with cliffs and crags protrud-
ing above the general slopes. There are sev-
eral landforms and associated depositional
systems in the immediate area of Gatecliff
which may have contributed to the deposits
in the archaeological site. Figure 36 shows
several ofthe features discussed below. Herein
the term valley refers to major tectonic
depressions with sediment fills, such as Mon-
itor Valley, Big Smoky Valley, Reese River
Valley, etc., and canyon refers to much
smaller erosional declivities such as Mill
Canyon, Northumberland Canyon, June
Canyon, etc.

MILL CREEK

Mill Creek is an ephemeral stream which
reaches downstream to Gatecliff irregularly.
The creek has a channel from 1.5 to 2 m.
deep and wide. Bars ofgravel, mostly pebbles

but including cobbles and some boulders, lie
in the dry channel. The channel ofMill Creek
detours around the base of each alluvial fan
or cone on the valley walls and cuts through
none of them. There are a few flat places on
the valley floor, because ofthe encroachment
of the fans and cones into the valley.

ALLUVIAL FLATS

In a few places along Mill Creek, areas with
little cross-valley slope occur between en-
croaching fans. These are not truly flat, for
they have considerable downstream slope, but
they are the flattest part of the nearby terrain.
Gravel levees and bars indicate that Mill
Creek, which is incised only about 1 m. into
the alluvial flats, frequently overflows its
banks.

ALLUVIAL FANS AND CONES

Along each wall of the canyon a series of
alluvial fans and cones head in tributary
drainages and in steep rocky chutes. Three of
these features adjacent to Gatecliff deserve
individual description.
The Gatecliff fan is comparatively large

(100+ m. radius) and has a correspondingly
gentle slope. The fan heads in Gatecliff Can-
yon across Mill Canyon from Gatecliff Shel-
ter, so that the shelter lies at the toe of the
fan, and Mill Creek has been "pushed" to the
north side of the canyon bottom, directly in
front of the site. Figure 36 is a photograph
taken from Gatecliff fan. An emphemeral
stream flows down Gatecliff fan in a channel
about 50 cm. deep and 100 cm. wide.
The East and West cones are smaller, steep-

er alluvial features about 40 m. in radius,
which flank the shelter on the east and west,
respectively, and head in chutes on the north
side ofthe canyon above the site. These cones
have humpy, irregular surfaces which are
covered with angular cobbles; the humps are
identical with debris flow lobes formed in the
area since 1975, and the cones seem to have
been constructed by the accumulation of
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FIG. 36. Geomorphic and depositional features surrounding Gatecliff Shelter. Dotted lines indicate
drainage boundaries, and solid lines show outline of free faces at top of drainages. Solid arrows define
slope direction, which controls the direction of transport. "c" indicates the presence of a chute, and
"(c)" shows location of poorly developed chutes (August 1976; looking north).

many individual debris flow lobes. Some of
these rocky debris flows have entered the
shelter during the last 3200 years, both from
the East Cone and from the West Cone, and
have contributed to the deposition of rubble
in the site.

FREE FACES

Free faces ofbedrock steeper than the angle
of repose occur above the colluvial slopes on
both sides of Mill Canyon, and lesser free
faces also interrupt colluvial slopes in various
places. The free faces presumably supply
much of the debris on the slopes below, al-
though some debris may be derived from the
bedrock underlying the colluvium.

SLOPES

Much of the Mill Creek drainage is com-
posed of steep slopes, shallowly underlain by
bedrock and mantled with talus interspersed
with patches of vegetation. These slopes, of
course, are the source of much of the sedi-
ment in the shelter; some of this sediment
has fallen directly into the shelter, whereas
some has been moved by debris flow. Of par-
ticular interest is a slightly concave slope fac-
et, directly above the shelter, which has been
isolated by the chutes which feed the East
and West cones, so that it is now about 30
m. wide and about 60 m. high. The talus from
this facet is funneled down through a chute
near the west edge of the shelter overhang.
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strata depth

FIG. 37. Section of Southwest Pile, quartered during excavations at Gatecliff Shelter. Contacts have
been enhanced, and both strata and depths below datum have been added (1978, Square XXVII; looking
south).

During much of the history of the site, the
talus fell from the lip and accumulated as a

pile in the site (called the Southwest Pile, or
Talus Pile). But about 1200 years ago the
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shelter had filled up, and a talus cone through
the chute continuous with the slope facet
above came into existence. Additional small-
er piles of talus occasionally existed in the
shelter. These often accumulated against the
rock walls, and seem to have fallen from the
roof or walls of the shelter.

SOUTHWEST TALUS PILE

The pile under the chute was a persistent
feature ofthe shelter. It was buried complete-
ly in alluvium several times, but because of
the shape of the slope above, talus repeatedly
accumulated in the same spot. The excava-
tions at Gatecliff Shelter fortuitously quar-
tered the talus pile so that its development
and growth could be traced through the de-
positional history ofthe site (fig. 37). At times
the pile was rather small and isolated; at other
times it was but a part of a continuous layer
ofrubble covering the entire site, and the top
of the pile itself stood 150 cm. above the
general floor of the shelter.

SUBSURFACE GEOLOGY OF MILL
CANYON ADJACENT TO
GATECLIFF SHELTER

Most of the information available about
Gatecliff Shelter comes from observation of
the excavation itself. Although the exposure
is large compared with most archaeological
excavations, it provides only a glimpse ofthe
sediments ofMill Canyon. In partial response
to this, Earth Science Associates in 1978 per-
formed limited drilling and seismic profiling
at Gatecliff, providing subsurface informa-
tion from beyond the confines of the exca-
vation.
The archaeological excavation at Gatecliff

is about 10 m. deep. The bottom of the ex-
cavation is the outward-sloping back wall of
the shelter, which disappears beneath the sed-
iment at an angle of about 45°. Drill holes
and seismic profiles show that about 14 m.
south of (in front of) the excavation bedrock
is 23 m. deep. In other words, the sediments
exposed at Gatecliff represent only about 40
percent of the depth of the canyon fill. The
sediments penetrated in drilling were similar
to the rubble and alluvium exposed in the
excavation. Because air drilling was used, no
core was recovered, and recovery of cuttings

was erratic due to very high permeability and
porosity of the sediment. No water was dis-
covered below the surface during the drilling
in August 1978, although the sediments cer-
tainly were capable of conducting ground
water flow. Certain of the drill holes were re-
examined in April 1980, and again no water
was noted.
The subsurface information shows that

Gatecliff Shelter is not a breached solution
cavity in the carbonate bedrock. The depth
of Gatecliff is a true reflection of the general
depth of sedimentary fill in Mill Canyon.

FACIES MODEL FOR
GATECLIFF SHELTER

Each of the lithologic units in the Gatecliff
sediments can be placed in a model of de-
positional processes and environments and
into corresponding sedimentary facies. The
primary processes of sediment transport and
deposition involved are sudden and episodic,
and hence difficult to observe directly. How-
ever, similar deposits and landforms have
been created since 1970 at Eastgate, and along
the West Humboldt Range, as well as at
Northumberland, Nevada.

Sudden, intense summer rains in each of
these places caused soaking and failure of
portions of debris-mantled slopes. The sed-
iment thus removed was deposited as levees,
lobate rocky piles, and as flat-lying, graded
layers of sand and silt. The sand and silt de-
posits may be continuous with, but do not
interdigitate with the rocky piles.

Similar phenomena have been described
before, classically, by Blackwelder (1928).
Lobate, more or less rocky, piles of sediment
which flow as thick slurry are called mud-
flows or debris flows, depending upon the
proportion of fine or coarse particles in the
sediment, respectively (Gary, McAfee, and
Wolf, 1974). It is apparent both in the lit-
erature and in the field that an entire suite of
processes and deposits is subsumed under the
rubrics of mudflow and debris flow. Lithol-
ogy, sedimentary petrology, and morphology
vary considerably, depending upon the lo-
cation and circumstances of occurrence.
The features described here are debris flows;

however, this discussion departs from earlier
reports in two important ways. First, al-
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FIG. 38. General view of debris flow lobes in Northumberland Canyon resulting from a tropical
storm; small square enlarged in figure 39 (1978; looking northwest).

FIG. 39. Wall of linear channel above debris
flow in Northumberland Canyon (1978).

though debris flow has been described pre-
viously as a single sedimentary facies, the
debris flows described here comprise two dis-
tinct facies. These facies are: a lobate rocky
pile (the debris flow as such), and a nearly
flat-lying deposit of sand, silt, and some clay,
which has filtered from the interstices of the
rocky pile. Second, whereas earlier authors
emphasized the unsorted and unstratified na-
ture ofmudflows and debris flows, the debris
flow deposits observed at and near Gatecliff
Shelter were better sorted than the colluvium
from which they derived, and they had a reg-
ularly arranged internal fabric.
A tropical storm during the summer of 1977

produced many debris flows in Northum-
berland Canyon, about 15 km. south of
Gatecliff. Because they blocked the road, the
ends ofthese flows were removed with a road
grader. The sediment thus exposed in cross
section resembles certain layers in Gatecliff.
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FIG. 40. Detail of a Northumberland Canyon debris flow lobe; ice axe is 85 cm. long (1978; looking
north).

The debris flow lobes have a surficial layer
of particles about twice the size of interior
particles, and this seems to have been rolled
under the toe ofthe advancing flow in tractor-
tread fashion, creating layers of coarser cob-
bles between flows (see fig. 40). The debris
flows in Northumberland Canyon head in
linear channels about 1.5 m. wide, cut through
colluvium to bedrock, usually about 1.5 m.
below the surface. The sediment exposed in
the channel walls closely resembles layered,
poorly sorted rubble at Gatecliff (fig. 40).
Where the canyon wall is horizontally con-

cave, channels run together and coalesce
above alluvial cones accumulated from many
individual debris flow lobes of various ages.
Where the canyon wall is straight, a zone of
debris flow lobes exists at the toe ofthe slope.
The older lobes support more vegetation and
their morphology is subdued. Sand and silt,
present in the colluvium from which the flows
originated, had passed downstream when the
coarse debris stopped moving and muddy
water flowed out of the interstices. They are
therefore not well represented in the cut-off
debris flow lobes.
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FIG. 41. Schematic profile showing facies model
for idealized slope perpendicular to the major axis
of Mill Canyon.

FACIES 1

An idealized slope perpendicular to the axis
of Mill Canyon is shown in figure 41. At the
top of the slope a free rock face sheds sedi-
ment, which falls and is accumulated below
as a talus pile; such a talus pile is Facies 1.

Facies 1 sediment is very angular, with
coarse particles having least axes perpendic-
ular to bedding planes which dip about 30°,
and tending to be sorted with small particles
toward the top and inside of a free-standing
pile. Joint spacing and, perhaps, the depth to
which the bedrock freezes control the gross

sorting and texture ofFacies 1. Facies 1 grades
imperceptibly into Facies 2. In Facies 1, how-
ever, the majority of the particles have fallen
and/or rolled into place, or are aeolian. Open-
work is common in Facies 1.

FACIES 2

A colluvial slope with a debris mantle lies
below the free face and the talus pile; such
slopes comprise more than 50 percent of the
land area in Mill Canyon. They are straight
in vertical profile and smooth in contour.
Where exposed by debris flow events, the un-

derlying bedrock is similar in shape to the
surface, but the bedrock may be cut by filled
drainages. Facies 2 mantles such slopes.

Facies 2 is subangular to angular and in-
cludes few broken rocks. The debris is well
stratified, with coarse particle least axes per-
pendicular to the slope, and alternating layers

of coarser and finer texture. Facies 2 includes
the most poorly sorted sediment in the mod-
el, having a Facies 1 particle size distribution
modified by breakage, loess deposition, and
weathering to produce more fines. Facies 2
sediment is derived from Facies 1 sediment
above it, from airborne dust, and from un-
derlying bedrock outcrops. Buried Al soil
horizons or tephra layers commonly exist in
Facies 2, indicating that Facies 2 deposits
move gradually and are redeposited at or near
the surface, rather than by creeping through-
out the deposit.

Slopes of Facies 2 typically are partially
vegetated, with interspersed patches of bare,
rocky soil. Vegetated areas have more fines
at the surface, and migration ofvegetated and
rocky patches through time produces alter-
nating layers offine and coarse sediment. Any
disturbance of slope profile, such as creation
of a debris flow channel and levees, tends in
time to be reassimilated into Facies 2.

DEBRIS FLOW: FACIEs 3 AND 4

If the frequency of debris flow events is
great enough, Facies 2 processes fail to oblit-
erate the channels, levees, and debris flow
lobes before another debris flow event dis-
turbs the slope again. Such slopes retain a
lumpy surface morphology and represent a
dynamic balance between Facies 2 and debris
flow deposits. Facies 2 slopes vary consid-
erably in texture and morphology, and it is
likely that several facies could be distin-
guished within this category, particularly if
this model were generalized beyond Mill
Canyon.

Facies 2 slopes comprise the source of sed-
iment for debris flows in Mill Canyon. When
saturated with water, vertically elongate por-
tions ofFacies 2 slopes suddenly fail and flow
downhill. In relatively large debris flow
events, the resulting slurry courses down the
canyon, past the mountain front, and the sed-
iment is deposited on the alluvial fan or ba-
jada in the valley. Smaller events create coarse
debris flow lobes at the foot of the source
slopes; the water with suspended fine sedi-
ment filters out of the lobes and flows down
the canyon, leaving a comparatively well-
sorted lobate rockpile. If the muddy water
flows into a confined space, a graded bed of
sand and silt is produced. In other words,
smaller debris flows that do not contribute

i
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to the main valley fills seem rather to function
as geomorphic agents in the highlands, start-
ing the sorting process and moving sediment
from the slopes into canyon bottoms. The
coarse debris flow lobes belong to Facies 3,
and the sand and silt graded beds are Facies
4 sediments.

Several recent lobes of Facies 3 exist in
Northumberland Canyon, some on small al-
luvial fans and others at the foot of "lumpy"
Facies 2 slopes. Study of these roadcut ex-
posures shows that Facies 3 is subangular,
lacks fines, and has as layers at the top and
the bottom ofthe flow coarse particles at least
twice as large as in the interior. The coarse
layer on top is aligned with least axes hori-
zontal and parallel to apparent lines of flow,
so that the top of a lobe seems to have ad-
vanced tractor-fashion, the upper coarse ve-
neer being rolled beneath the flow to become
the coarse base. In the interior ofthe deposit,
the coarse particles are aligned, but lie on
bedding planes which are concave upward,
dipping as much as 300, and crosscutting each
other. These planes seem to represent lines
oflaminar viscous flow, rather than true bed-
ding planes. Openwork makes up about half
of the interior of the lobes. The matrix is not
confined to strata, but rather remains where
the coarse fraction is comparatively small in
size. Debris flow lobes are commonly about
1 m. in thickness, and characteristically are
littered with wooden sticks.
When the coarse Facies 3 sediment stops

moving at the base of a slope or fan, the
muddy interstitial water flows out ofthe rocks
and continues downstream, depositing in
pools or eddies a graded Facies 4 layer ofsand
and silt. Facies 4 beds range from a few cm.
to perhaps 1 m. in thickness, containing at
least one graded bed. These beds lack internal
unconformities or cross-bedding, and usually
contain no sediment coarser than coarse sand.
An entire Facies 4 layer is only moderately
sorted as a whole, but small volumes within
a bed seem well sorted. A Facies 4 layer may
overlie (but not interfinger with) the coeval
Facies 3 deposit. Presumably, the sum of the
particle size distributions of a coeval Facies
3 and 4 pair would equal the particle size
distribution of the Facies 2 sediment from
which they were derived. Both Facies 3 and
4 sediments are deposited by infrequent and
geologically instantaneous events.

FACIEs 5

Very little sediment is moved in Mill Can-
yon by normal alluvial processes, namely by
water flowing continuously for hours, with
sand or pebbles carried in saltation (bouncing
along the bed). Sediment moved in this man-
ner belongs to Facies 5. In Facies 5, particles
are subangular to subrounded; the individual
beds are well sorted but vary greatly in tex-
ture. Cross-bedding, cut-and-fill, and inter-
nally unconformable relations are typical
within these deposits (see Picard and High,
1973). Facies 5 comprises the bulk of sedi-
ment in many subaerial environments, but
prolonged streamflow ofvolume sufficient to
transport much sediment has been rare in
Mill Canyon during the Holocene. Facies 5
sediment was found in only a few places in
Gatecliff Shelter: a cross-bedded gravel bar
about 10 cm. thick and 50 cm. wide was not-
ed in Stratum 39 adjacent to the southwest
pile, and a lens of cross-bedded fine sand oc-
curred in the base of Stratum 10.

FACIEs 6: SOIL HORIZONATION
Various processes operate to change sedi-

ments once they are in place because the air-
sediment interface is close; these changes are
soil horizonation. Processes in soil horizon-
ation at Gatecliff include mixing, accumu-
lation of organic material, and accumulation
of salts. Mixing-by large animals (tram-
pling, digging), small animals (burrowing),
and plants (root growth and tree throw)-is
a common surficial process and has occurred
in each cultural layer at Gatecliff; a mixed
surficial horizon is called an Ap horizon (Soil
Survey Staff, 1951). Layers which have been
mixed, but which have not been subject to
other soil horizonation processes will not be
designated as soils, but are designated as Fa-
cies 6.
Accumulation of organic material, mainly

roots which have decayed in place, creates a
surficial Al horizon which is low in Munsell
value (Soil Survey Staff, 1951). Such an Al
horizon at Gatecliff is indicative of relative
surface stability and active plant growth, but
such soils can form in a few hundred years
and do not necessarily indicate long periods
of time. Soils S-1, S-2, and S-3 at Gatecliff
are buried Al horizons (see chap. 3).
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FIG. 42. Facies 3/4 in Stratum 23, which underlies 2/1 pile of Stratum 22 (1978; Square XXVII;
looking southwest).

Salts accumulate in soil profiles whenever
water containing dissolved ions evaporates

FIG. 43. Some compound facies of idealized
slope model. a. shows Facies 2 gradually dribbling
over a lip onto a Facies 2/1 pile. b. shows Facies
2 suddenly flowing over a lip into a debris flow in
progress, creating a Facies 3/4 pile.

within the soil profile, leaving the ions be-
hind. Calcite is commonly deposited in this
way, and gypsum and halite less commonly.
Such evaporation within the soil profile and
failure of leaching to remove the salts is gen-
erally thought to indicate relatively dry con-
ditions. It is possible, however, that peren-
nially wet soil-for instance, due to a high
water table-with high evaporation, could
produce similar phenomena. Soil S-4 dis-
played accumulation of salts, as well as mix-
ing.

Facies 6 layers at Gatecliff were devoid of
stratification, loose, structureless, single
grained, poorly sorted, and often containing
charcoal and artifacts. They had been red-
dened by fire in places. Facies 6 layers were
usually less than 10 cm. thick and occurred
at the top ofa Facies 4 or Facies 3 bed, having
been derived from the underlying bed by
mixing. The bottom of a Facies 6 layer is
abrupt and irregular, and is not a contact in
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FIG. 44. Facies 3/4 pile in Stratum 23, as well as Stage 4 deposits in upper portion (1978; Squares
XXVI and XXVII; looking west).

the true sense. This surface is not a bedding
plane, it simply marks the lower limit of the
mixing, accumulation of organic material, or
salts.
Almost every Facies 4 layer in Gatecliffhas

a Facies 6 layer at its top, with the exception
of Strata 30, 29, and 28. Facies 6 is present
at the top of Stratum 10 as well, although 10
itself is a Facies 4 sediment. Because Facies
6 does not represent separate depositional
events, and because every Facies 6 layer is
associated with at least some rubble ofFacies
1, 2, or 2/ 1, Facies 6 layers were not described

separately. Although mixing is a soil process,
most Facies 6 layers are not treated as soil
stratigraphic units because there is no reason
to believe that they should occur in response
to widespread geologic or climatic events.

COMPOUND FACIES

The normal flow of sediment through the
proposed slope model is such that particles
tend to progress through facies with progres-
sively higher numbers. But it is possible for
Facies 2 sediment to fall over a free face and
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to form a pile below (fig. 43a). This pile rep-
resents Facies 2/1 (2 over 1) and differs in
texture from Facies 1 because the Facies 2
slope above supplies more fines than are nor-
mally found in Facies 1. A Facies 2/1 pile
shows sorting of coarse particles to the out-
side of the pile and finer particles to the in-
side. Facies 2/1 comprises a significant por-
tion of the rubble in Gatecliff Shelter,
particularly in Strata 5, 7, 9, 13, and 19.

Facies 2 sediment also may fail in a debris
flow event and fall over a free face; this hap-
pened in Gatecliff once about 5250 years ago
(Stratum 23: figs. 42, 44). The Facies 2 sed-
iment fell into a flood already in progress,
creating a pile of coarse fragments in the top
of a Facies 4 bed (fig. 43b). The pile is much
better sorted than Facies 2/1, because the
water carried offthe fines. This pile is a Facies
3/4 sediment.

DIscussION
The facies model proposed here accounts

for some aspects of the sedimentary record
which were puzzling at first. The model also
includes sedimentological hypotheses which
may be tested by study of modern deposits.
It seems simpler to ascribe the graded beds
(as well as some of the debris) to debris flows
and floods emanating from debris flows, than
any alternative explanation (turbidites, for
instance, are typically graded, but are depos-
ited in underwater environments [Kuenen and
Migliorini, 1950; Bouma and Brower, 1964]).
The great thickness of the deposits at Gate-
cliff, and the brief span of time during which
they were deposited, can be explained by the
proposition that Mill Canyon is being choked
with colluvium and debris flow sediments be-
cause Mill Creek itself is not capable of car-
rying the load supplied by the slopes.

Certain other observations also are com-
patible with the model. There are no features
resembling channels or channel cut-and-fill,
and this near lack of demonstrable erosion
in the section seems incompatible with an
alluvial origin. Streams must change cross
section almost constantly to accommodate
changes in discharge, and some ofthis change
in cross section is accomplished by scour of
the bed. Channels tend to shift laterally as
well, even in streams which do not meander.

The existence oftwo distinct types ofrubble-
neither of which has the fabric or particle
size distribution of alluvium-also suggests
that, although at least 10 m. of net aggrada-
tion has occurred in the canyon fill at Gate-
cliff during the last 10,000 years, streamflow
in channels has not contributed significantly
to the accumulation of the sediments.
THE GRADED BEDS: Gatecliff Shelter also

contains a stack of graded beds, interbedded
with lenses of cobbly rubble, from a few cm.
to 85 cm. thick. These beds contain no sed-
imentary structures involving internal un-
conformity (fig. 45). Some of the beds are
actually coarsest about a quarter of the way
up from the bottom and are reverse graded
below (Stratum 21), and others contain as
many as five thin graded beds deposited with-
out interruption (Stratum 42). Nevertheless,
all beds result from deposition which was
uniform in energy across much of the sedi-
ment surface at any one time. This deposition
did not create bedforms such as ripples, dunes,
or bars, and left no foreset bedding, or cross-
bedding of any kind. This does not bespeak
protracted flow of water and sediment, nor
does it suggest that sediment was carried in
traction (except in the base of Stratum 23,
where individual boulders may have rolled
along the base of the flow). The facies model
suggests that such sediment was deposited by
water which was sediment laden, extremely
turbulent, and filtered from the toes ofdebris
flows. Of the 10 m. of sediments exposed at
Gatecliff, 6.5 m. was deposited in this fash-
ion, including the following strata: 2, 4, 6, 8,
12, 14, 16, 18,20,21,23,25,27,28,29,30,
32, 33, 34, 36, 37, 40, 41, 42, 44, 45, 47, 50,
51, and 53.
The Facies 4 beds vary in texture and li-

thology of particles because they were de-
rived from slopes at various distances up-
stream, slopes which are underlain by rock
of various lithologies. But, each of them (ex-
cept perhaps Strata 21 and 23) was produced
by a debris flow in which the gravel stopped
at the base ofthe canyon wall, and only mud-
dy water flowed down Mill Creek. Because
Mill Canyon fan contains much coarse sed-
iment, much larger debris flows must occur
at times, but such events seem to have been
absent during much of the Holocene.
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FIG. 45. Stack of graded beds at western margin of excavations at Gatecliff Shelter (1978; Square
XVI; looking west).

Two FACIES OF RUBBLE: Aside from the cliff was pebbly to cobbly rubble. In the rub-
graded beds, the remaining sediment in Gate- ble layers, the fine fraction (including sand)
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comprised from about 10 percent to about
50 percent of the deposit. Layers with little
fines had a framework or skeletal fabric and
were moderately sorted, whereas in layers
with about 50 percent fines the coarse par-
ticles were supported by the fines and sorting
was poor. The more poorly sorted sediment,
in which coarse particles lie on bedding planes
approximately parallel to the modem sur-
face, is Facies 1, 2, and 2/1. Facies 1 is better
sorted than Facies 2, or 2/1, but the distinc-
tion between them is essentially gradual. The
following strata are comprised of or include
Facies 1, 2, or 2/1 sediments: 1, 5, 7, 9, 11,
13, 15, 17, 19,22,24,26,31,35,39,46,48,
52, 54, 55, and 56.

Better sorted rubble also occurs at Gate-
cliff. Skeletal fabric is common in this sedi-
ment, and particles do not lie parallel to the
ground surface, but rather in subparallel ar-
rangements which are oval or circular and
about 50 cm. in diameter. A line of cobbles,
devoid ofmatrix, about twice as large as those
in the interior often occurs at the contacts of
this rubble. This line marks the boundary of
a debris flow lobe, or Facies 3. Facies 3 sed-
iments occur in Strata 1, 3, and 5.
The two facies ofrubble are shown in figure

26. In this figure, Stratum 5 is Facies 2, except
in the lower right part where the top of the
2/1 pile can be seen. Stratum 1 comprises
Facies 3, the portions of three debris flow
lobes are shown.

Facies 3 differs significantly from Facies 1,
2, and 2/1 in that Facies 3 was deposited
nearly instantaneouly, whereas Facies 1, 2,
and 2/1 were deposited gradually, moving by
creep. The sedimentary record at Gatecliff
reflects an interplay between the gradual pro-
cess which created Facies 1, 2, 2/1, and 6,
and sudden process which deposited Facies
3 and 4. It follows that passage of time is
recorded in Facies 1, 2, 2/1, and 6; Facies 3
and 4 record only instants in time.
GEOMORPHIC FEATURES: Each geomorphic

feature at Gatecliff can be identified with a
certain facies. Mill Creek presumably depos-
its Facies 5, but little sediment which rep-
resents Facies 5 was seen in the excavation.
The Gateclifffan is mostly Facies 3 but prob-
ably contains lenses of Facies 4. Older por-
tions of the Gatecliff fan may contain other
subsurface facies.

The East and West cones are composed of
Facies 3 sediments, and their surfaces are
steep and lumpy like the cones in North-
umberland Canyon. The slopes above the
shelter, including the facet above the South-
west pile, are Facies 2, whereas Facies 1 exists
for a few meters at the top ofeach slope which
heads beneath a free face. Free faces are ero-
sional environments which supply sediment;
they are not depositional facies. Facies 1 also
accumulates in hollows, such as rock-shel-
ters. Facies 2/1 sediments result where Facies
2 sediment falls over a lip and accumulates
below, as in the southwestern portion of
Gatecliff. The Southwest pile in Gatecliffwas
Facies 2/1.
The alluvial flats are probably underlain

mostly by Facies 4, but by Facies 5 lenses
near the canyon axis. Facies 3 may interfinger
with Facies 4 as well, but the excavation at
Gatecliff did not expose extensive interfin-
gering.

STRATIGRAPHY
LITHOSTRATIGRAPHIC UNITS

The sediments exposed in the Gatecliffex-
cavation were divided in the field into strata
based on lithostratigraphic grounds (see chap.
3). There are 56 strata (numbered from the
top down); 23 strata are rubble and 33 are
fines. Because the strata laid down by debris
flows (Facies 3 and 4) should be isochronous,
these strata should also be chronostrati-
graphic units. These debris flow layers sub-
divide the pile ofgradually accumulated sed-
iment (Facies 1, 2, 2/ 1, and 6) into units whose
boundaries are also isochronous.

CHRONOSTRATIGRAPHIC UNITS

Although the 56 strata are probably valid
chronostratigraphic units, their multiplicity
renders them difficult to interpret. It is pos-
sible to group them into eight stages; the only
stratum that is discussed individually is Stra-
tum 55, which contains the Mazama tephra
time marker. The stages are bodies of sedi-
ment each ofwhich characterizes a particular
climatic regime. Stage 4, Stage 6, Stage 7, and
Stage 8 are capped by weak soil profiles. Al-
though the term stage commonly refers to
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FIG. 46. Stage 1 overlain by Stage 2 deposits (1978; Square XXIII at bottom, Square XXVI at top;
looking west).

time, the stratigraphic usage specifically re-
fers to a body ofsediments deposited during
a certain time (American Commission on
Stratigraphic Nomenclature, 1961). Similar-
ly, "age" is defined as the time interval during
which a given stage was deposited. In other
words, the definition of a time interval is the
physical body of sediment, rather than an
absolute age estimate. The stages at Gatecliff
Shelter define intervals of time during which
certain depositional processes were domi-
nant and therefore presumably reflect specific
climatic regimes.

STAGES

Stage 1 was deposited when only rubble of
Facies 1 and 2 was being deposited in Gatecliff
Shelter from prior to 7100 B.P., until
about 6500 B.P. This initial stage encom-
passes Strata 54, 55, and 56, containing the
Mazama tephra as matrix in the rubble. The
bottom ofStage 1 lies on bedrock in the pres-

ent excavation, but it may be underlain by
other sediments farther out from the back
wall (fig. 46).

Stage 2 contains many thin Facies 4 layers
with little rubble between them (figs. 47, 33).
At the top of Stage 2 (but still within it), a
thicker rubble accumulated (stratum 31).
Stage 2 was deposited from about 6500 to
5500 B.P. Despite the preponderance of Fa-
cies 4 deposition during this time, a contin-
uous stack of rubble exists against the back
wall within this stage. Stage 2 comprises Strata
31,32,33,34,35,36,37,38,39,40,41,42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, and 53.
The bottom of Stage 2 lies at about 8.62 m.
below the master site datum.

Stage 3 is composed of several graded beds
of increasing thickness, culminating with two
layers, each 80 cm. thick (Strata 21 and 23),
with interbedded rubble of Facies 1 and 2/1.
These sediments were deposited between
about 5500 and 5100 B.P. Facies 4 beds over-
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FIG. 47. Section showing Stages 1-4 (1978; Square XXIII at bottom, Square XXVI at top; looking
west).

whelmed the rubble pile at the back of the
shelter at the beginning of this time, so Stage
3 lacks a continuous column ofrubble against

the back wall (fig. 45). The bottom of Stage
3 occurs at -6.70 m., and it comprises Strata
21, 22, 23, 24, 25, 26, 27, 28, 29, and 30.
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FIG. 48. Section through upper three benches at Gatecliff Shelter, showing Stages 5-8 (1978; looking
west).

Stage 4 is made up of the thin clay and silt
layers of Stratum 20, overlain by the volu-
minous rubble pile of Stratum 19 (figs. 44,
45). Soil S-4 formed while Stage 4 was being
deposited. The bottom of Stage 4 is at -4.65
m.; it was deposited from about 5100 to about
4250 B.P. Deposition was very slow during
much of this time.

Stage 5. Deposition of this stage was dom-
inated by continuous rubble accumulation
(Facies 2/1) interrupted at 150 to 300 year
intervals by graded beds (fig. 50). This mode
of deposition prevailed from about 4250 to
about 3200 B.P.; the bottom ofStage 5 occurs
at -4.45 m. Stage 5 comprises Strata 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, and 18. Figures
27 and 28 show the relation of Facies 4 beds
to the Southwest pile in Stage 5.

Stage 6 is mostly rubble. During the de-
position of this sediment, the gap between
the wall and the pile filled up; at the end a
continuous Facies 2 slope existed at the west
end of Gatecliff Shelter (fig. 48). Soil S-3, a
humic Al horizon, occurs at the top of Stage
6. Two Facies 3 debris flows are interbedded
in the Facies 2 and 2/ 1. Stage 6 accumulated
between about 3200 and 1600 B.P. and it
comprises Strata 5 and 6. The bottom ofStage
6 is at about 2.15 m. below datum.

Stage 7 comprises a Facies 4 bed (Stratum
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TABLE 4
Glass Chemistry of Tephra Layer from Stratum 55 in Gatecliff Shelter and Other Localities in

Central Nevadaa
(Data from electron microprobe analysis. Localities are shown in fig. 49.)

Gate- Big Smith
cliff Dobbin Bean Smoky Reese Creek Gund McClusky Averageb Averagec

Element Shelter Summit Flat Valley Austin River Valley Ranch Creek Mazama Wono

Si 32.6 32.6 33.5 32.7 33.4 32.7 33.6 33.1 33.5 37.8 ± .3 33.4 ± .4
Al 7.6 7.6 7.7 7.7 7.6 7.7 7.6 7.7 7.6 7.9 ± .1 7.2 ± .1
Fe 1.54 1.51 1.54 1.56 1.57 1.50 1.56 1.49 1.52 1.54 ± .04 1.50 ± .05
Mg 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 .31 ± .02 .18 ± .01
Mn 0.03 0.04 0.04 0.02 0.03 0.04 0.03 0.04 0.04 .03 ± .01 .03 ± .01
Ca 1.10 1.12 1.17 1.17 1.18 1.16 1.18 1.16 1.17 1.13 ± .03 .95 ± .05
Ba 0.09 0.08 0.08 0.06 0.07 0.08 0.07 0.07 0.06 .08 ± .01 .07 ± .01
Ti 0.28 0.27 0.26 0.26 0.25 0.26 0.26 0.27 0.25 .29 ± .01 .19 ± .02
Na 3.7 3.6 3.8 3.8 3.7 3.7 3.8 3.8 3.8 3.8 ± .1 3.3 ± .1
K 2.20 2.20 2.13 2.28 2.11 2.21 2.17 2.19 2.17 2.17 ± .03 2.47 ± .12
Cl 0.15 0.14 0.16 0.17 0.14 0.13 0.15 0.15 0.15 .18 ± .02 .10 ± .02

a Values shown are percentage of atomic weight in the sample, rather than a percentage of its oxide.
b"Average Mazama" is from Smith and Westgate (1969), except for Ba.
c Wono Bed is described in Davis (1978).

4) overlain by a 150 cm. thick Facies 3 bed
(Stratum 3) and a humic Al horizon (S-2)
formed after the deposition of the rubble.
These events happened between about 1600
and 1000 B.P. The bottom ofStage 7 is about
1.45 m. below datum.
Stage 8 is composed of a basal Facies 4

bed (Stratum 2) overlain by at least three
Facies 3 beds, and internal silt (cultural Ho-
rizon 2), and interbedded Facies 2 (which
altogether comprise Stratum 1). At the top of
Stage 8 is a humic Al horizon, S-1 (figs. 25,
26). The bottom of Stage 8 is 1.25 m. below
datum, and the top is the modern surface.
Stage 8 accumulated from 1000 B.P. until the
present. Figures 47, 48, and 50 summarize
the stratigraphic section.

TEPHRA LAYER IN STRATUM 55

A layer about 2 cm. thick of sand-sized
tephra occurs as matrix surrounding cobbles
and small boulders within the rubble ofStage
1, below the lowest alluvial deposits exposed
in the shelter (figs. 33, 35). The tephra seems
somewhat mixed with the surrounding sed-
iments. Petrographic and chemical data in-
dicate that this pyroclastic material is derived
from the cataclysmic eruptions at Crater Lake,
Oregon, about 6900 years ago.

PETROGRAPHY: A sample of the tephra was
cleaned chemically and with an ultrasonic
cleaner and then sieved. The very fine sand
fraction (62 to 128 ,um.) was mounted in pet-
rographic epoxy and examined with the pet-
rographic microscope. Mineral species and
shard morphology were noted but counts were
not made.
The specimen (GS-14) comprised mostly

vesicular clear glass. Mineral phenocrysts in-
cluded slabs of brownish green hornblende,
large equant opaques, bronzite, aggregations
of small augite crystals, and concentrically
zoned plagioclase without visible twinning.
Lacking quantitative petrographic analysis
(e.g., grain counts), these characteristics pos-
itively identify the sample as the Mazama
Bed (Davis, 1978) and distinguish it from the
slightly earlier Tsoyawata Bed ofthe Mazama
Member. Specifically, large equate opaques,
untwinned but zoned plagioclase, vesicular
rather than elongate or platy glass, and the
presence of significant quantities of horn-
blende, bronzite, and augite are characteris-
tics shared by no other known Quaternary
tephra layer in Nevada (Davis, 1978).
GLASS CHEMISTRY: A portion of the very

fine sand fraction was mounted in petro-
graphic epoxy and polished on clean dia-
mond laps before electron probe analysis of
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the glass. Glass was not separated from crys- cility at Menlo Park. California. Crystal
tals before analysis by the ARL EMX mi- dispersion, rather than energy dispersion, was
croanalyzer at the U.S. Geological Survey fa- employed so as to minimize exposure of the
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glass to the electron beam, and a variety of
USGS standards were used. The results were
calculated and corrected using the FRAME
program on a PDPl computer at Menlo
Park. Only glass was analyzed.
Technique was essentially the same as de-

scribed previously by Davis (1978), but dur-
ing analysis for Na and K the beam was de-
focused and moved constantly, as was done
by Smith and Westgate (1969), in order to
avoid mobilization of Na by the electron
beam.
The results show conclusively that the

tephra layer is from the Mazama eruption
(table 4). Table 4 compares the composition
ofthe Gatecliffspecimen with other probable
Mazama tephra specimens from central Ne-
vada, and the average composition of the
Mazama tephra (see fig. 49). The composi-
tion ofthe chemically similarWono Bed (Da-
vis, 1978) is also included. Mazama tephra
is known also from Skull Creek in Grass Val-
ley (Davis, 1978).1
CORRELATION AND AGE OF THE TEPHRA:

The identification of a tephra layer must not
rest upon any single characteristic or mode
ofanalysis, and any tephra identification must
be suspect unless the tephra of an area are
fairly well known (Wilcox and Izett, 1973).
These conditions have been met with respect
to the Gatecliff tephra. Several lines of evi-
dence-petrography, glass chemistry, loca-
tion within the known distribution of Ma-
zama tephra, and proper stratigraphic
position-all point to its correlation with the
Mazama Bed. In addition, the Quaternary
tephra layers of the area have been studied
(Davis, 1978), and their distinctive charac-
teristics and similarities are known at least
in a preliminary fashion.
Of the other Quaternary tephra layers in

Nevada, the Wono Bed, about 25,000 B.P.,
is probably the most likely to be mistaken
for the Mazama Bed. The glass chemistry of
the Wono Bed is sufficiently similar, partic-
ularly with respect to major elements, that
the two could be confused. Fortunately, the
Al, Mg, Ti, and Cl compositions ofthe Wono

1 Mazama tephra has been identified from Hot Creek
southeast ofWarm Springs, Nevada, 100 km. southeast
of Gatecliff (Davis, unpubl. data).

Bed are distinct from the Mazama Bed, and
the two tephra beds differ because the Wono
Bed contains greatly elongated glass and lacks
hornblende and augite. Only the Rye Patch
Dam Bed of pre-Lahontan age resembles the
Mazama Bed petrographically, but the glass
chemistry of the Rye Patch Dam Bed is very
unlike that of the Mazama Bed.

It seems certain that the tephra laygr from
Gatecliff is the Mazama Bed, which has been
associated with many radiocarbon dates from
various places in the United States and Can-
ada. Estimates of the age of the Mazama Bed
range from about 6600 to about 7000 B.P.
(Kittleman, 1973); a value of6900 years B.P.
is used here.

RELATION OF CLIMATE
AND FACIES

Physical geology rarely provides unambig-
uous evidence of paleoclimate. It is possible,
for instance, to interpret the changes in facies
and depositional process at Gatecliff as being
due to the gradual filling of the valley, rather
than variation in climate. Nonetheless, when
the stages are compared, it is clear that de-
positional processes must have varied con-
siderably (table 5). Stage 2 comprises many
graded beds, each very thin, with little rubble.
Stage 3 was deposited by increasingly large
debris flows while rubble influx also in-
creased. Stage 4 reflects 850 years during
which no debris flows reached the shelter;
rubble accumulation was also slow, and salts
accumulated. Stage 5 shows that debris flows
once again were fairly frequent and volumi-
nous, but rubble was increasingly prominent.
During the deposition of Stages 6, 7, and 8,
local Facies 3 flows may have dammed off
the shelter from most Facies 4 beds, but rub-
ble continued to accumulate more or less rap-
idly. Debris flows have clearly varied in fre-
quency and volume. Facies 2 activity likewise
has varied. But debris flows and creep do not
vary together, nor do they complement one
another.

In other words, it is difficult to imagine that
simple progressive filling of the valley would
produce the complex pattern of variation in
geologic process observed; at least some of
this variation must have been caused by
changes of climate.
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TABLE 5
Summary of Depositional History of Gatecliff Shelter

(Depositional rate is approximate average rate of canyon filling during stage deposition.)

Deposi-
Thick- tional

Time ness Rate
Correlation Unit Stage Soil (B.P.) Events (cm.) (cm./year)

Fallon Fm. 8 S1 0-1250 3 Facies 3, 2 Facies 4, soil 95 .095
horiz., mostly rubble from
nearby slopes

7 S2 1250-1350 Thick Facies 3, Facies 2, soil 20 .033
horiz., 1 Facies 4

6 S3 1350-3200 Talus pile fills up gap against 70 .044
back wall, 2 Facies 3 flows,
Facies 4 at bottom

5 - 3200-4250 Accumulation of talus pile, 230 .242
Facies 4 flows at 150 to 300
yr. intervals

Toyeh soil on 4 S4 4250-5100 Thin Facies 5, slow accumula- 20 .017
"Turupah" Fm. tion of talus pile, weathering

3 - 5100-5500 Several Facies 4 flows of in- 205 .513
creasingly great thickness,
separating ongoing talus ac-
cumulation

2 - 5500-6500 Many thin Facies 4 flows, on- 192 .192
going talus accumulation

Indian Lakes Fm. 1 6500-7100 Rubble accumulation, Facies 1 - -

and 2/1, Mazama eruption

At present, Gatecliff Shelter lies in an area
dominated by winter precipitation, but it is
close to the eastern boundary ofthis area (see
Thompson, 1983). Summer precipitation
prevails farther to the east (Houghton, Sak-
amoto, and Gifford, 1975). If this boundary
has fluctuated during the Holocene, as sug-
gested by Madsen (1973) and by Van De-
vender and Spaulding (1979), it might be pos-
sible to explain the changes in sedimentary
facies during the Holocene at Gatecliff in
terms of changes in seasonal precipitation.
Furthermore, changes in rate of deposition
may be due to changes in amount of precip-
itation, whereas change in winter tempera-
ture alone may be causing changes in talus
creep rate.

CLIMATIC/DEPOSITIONAL MODEL

Seasonality is inferred as follows: Winter
precipitation promotes slope activity (Facies

1 and 2), whereas summer precipitation pro-
motes debris flows (Facies 3 and 4). Because
winter precipitation is largely snow, moisture
is provided at the same time that freeze-thaw
cycles occur. Creep and frost wedging are thus
encouraged, and torrential downpours are
unlikely when winter precipitation is domi-
nant. Summer precipitation currently is de-
rived from thunderstorms often associated
with tropical storms. These storms at present
create debris flows.
Amount of precipitation is more difficult

to infer than seasonality. At present, Mill
Creek has insufficient discharge to carry the
load supplied (both by creep and by debris
flows) from the slopes; this is why 23 m. of
sediment have accumulated in Mill Canyon
during the Holocene and also why Facies 5
is almost absent in Gatecliff. A decrease in
precipitation from the modern condition
probably would reduce both the slope activ-
ity and the debris flow incidence. Stage 4
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TABLE 6
Proposed Relation of Precipitation, Deposition, and Stage at Gatecliff Shelter

Amount of Precipitation More Same Less Same Same
Season Winter Summer Either Both Winter

Depositional facies 2, 5 3, 4 2 2, 3, 4 2
Stream competence high low low low low
Net deposition (-) (+) stable (+) (+)
Stage 1? 2, 3 4 5 6, 7, 8

Pluvials Interpluvials

(5100-4250 B.P.), for instance, was drier than
now. Likewise, a modest increase in average
precipitation from the present quantity would
produce an increase in slope and/or debris
flow activity, depending upon the seasonality
of the precipitation.
But this increase in sediment transport

would be reflected in deposition at Gatecliff
only so long as the surface runoff remained
insufficient to remove the sediment from the
canyon bottom. If precipitation were suffi-
cient to allow Mill Creek to carry the load,
erosion of the canyon fill would occur.
Temperature would affect facies at Gate-

cliff Shelter, primarily through changes in
the rate ofproduction of Facies 1, 2, and 2/1
by frost wedging. A colder climate would pre-
sumably result in more freeze-thaw cycles,
and freezing farther beneath the surface. A
decrease in average temperature should thus
produce an increase in production of rubble
of Facies 1, 2, and 2/1.
Higher temperatures than today would in-

crease the evaporation rate, perhaps increas-
ing the deposition of salts in the soil profile
and reducing production of Facies 1, 2, and
2/1.

Tables 6 and 7 summarize the model of
the relation of climate to deposition. It is
apparent from these tables that a climatic
history based on the physical geology can be
proposed for Gatecliff Shelter.

1. During the last interpluvial, aggradation
occurred due to lack of competence of Mill
Creek. A graded profile may or may not have
been achieved but a fill was emplaced, mostly
by debris flows, which was probably contin-
uous with the surface of Mill Canyon fan on
the west side of Monitor Valley.

2. Precipitation during the last pluvial was

greater than at present and occurred during
the winter. Mill Creek had sufficient dis-
charge to carry all the load supplied to it by
the slopes. The gradient was reduced by
downcutting through the interpluvial fill, cre-
ating the trench at the head of Mill Canyon
fan and leaving terraces and accordant ridges
upstream. The sediment was deposited on the
distal portion of the Mill Canyon fan or in
Lake Diana. Winter precipitation still pre-
vailed at the end of the last pluvial, as Stage
1 accumulated.

3. Starting about 6500 B.P. (Stage 2), pre-
cipitation was similar to the present and in-
cluded intense summer rains. After about
5500 B.P. (Stage 3) precipitation increased
slightly.

4. From about 5100 to about 4250 B.P.
precipitation was less than at present. The
season is undetermined, but the slow and
continuing growth ofthe Southwest pile might
suggest relatively wet winter conditions.

5. From 4250 until 3200 B.P., precipita-
tion was about the same as at present, but
more evenly distributed through the year
(Stage 5).

6. Precipitation from 3200 until about 1350
B.P. was about the same as at present and
usually occurred during the winter. Temper-
ature was probably lower than today (Stage
6).

7. Modem conditions have prevailed since
about 1350 B.P. (Stages 7 and 8).

CORRELATION

The stratigraphic sequence for the late
Quaternary of the western Great Basin was
described in the basin of Lake Lahontan
(Morrison, 1964; Morrison, Mifflin, and
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TABLE 7
Relation of Temperature to Depositional Agents and Facies

Summer Precipitation Winter Precipitation Drier Wetter

Colder Little change Increase in Facies 1, 2, Less Facies 3, 4 More Facies 1, 2, 2/1
2/1 More Facies 1?

Warmer Accumulation of Decrease of Facies 1, Little deposition Less Facies 1, 2, 2/1
salts in soil? 2, 2/1

Wheat, 1965a, 1965b). Formal stratigraphic
names exist for each major deposit and soil
stratigraphic unit. In the same area, Davis
(1978) described and formally named some
20 tephra time marker beds, which are en-
closed within the previously defined units.
The sediments at Gatecliff can be correlated
to this well-known chronology.

Stage 1 at Gatecliff underlies radiocarbon
dates as old as 5300 B.P. and contains the
Mazama Tephra Bed, about 6900 years old.
The Mazama Tephra Bed is contained in the
Upper Member of the Sehoo Formation of
Morrison (1964) near Stillwater, Nevada
(Davis, 1978). The subaerial facies equiva-
lent of the Upper Member of the Sehoo For-
mation is the Upper Tongue of the Indian
Lakes Formation. Stage 1 at Gatecliff there-
fore correlates with the Upper Tongue of the
Indian Lakes Formation.
The Sehoo and Indian Lakes formations

represent the deposits of the last high stands
of Lake Lahontan and their subaerial facies
equivalents. Because Stage 1 reflects Facies 2
and 1 deposition and absence of Facies 3 and
4, it seems reasonable to infer that climate
during deposition of Stage 1 was moist with
precipitation during the winter. This in turn
seems a reasonable relative climate to cor-
relate with the waning ofLake Lahontan and
is consistent with climatic interpretation by
Van Devender and Spaulding (1979), and
Mehringer (1967; Mehringer and Ferguson,
1969).

Stages 2, 3, and 4 at Gatecliff Shelter were
deposited from about 6500 to about 4250
B.P.; they reflect summer-wet conditions
ending in a warm, dry period from about
5100 to about 4250 B.P. The "Turupah" For-
mation ofMorrison and the Toyeh Soil, which
caps the "Turupah" Formation, seem to cor-
relate with Stages 2, 3, and 4. Soil S-4 seems
roughly equivalent with the Toyeh Soil, but

Davis (1978) suggests that the term "Turu-
pah" Formation should be dropped because
the type section of this unit actually belongs
to the later Fallon Formation.
The age of the Toyeh Soil has never been

accurately determined. Morrison (1964, p.
102) suggested that it formed between about
5000 and 4000 years ago, but no radiocarbon
dates have been cited to support this. Gate-
cliff soil S-4 is from 4250 to 5100 years old,
having formed more or less continuously
during this interval. It is seductively easy to
correlate the Toyeh Soil with Gatecliff soil
S-4, and therefore to claim that the Toyeh
Soil has thus been dated. However, S-4 in
morphology is not identical with the Toyeh
Soil, and neither S-4 nor the Toyeh Soil are
strikingly distinctive. So correlation of S-4
with the Toyeh Soil, and the resulting radio-
metric age for the Toyeh Soil, must be re-
garded as tentative.

Stages 2, 3, and 4 are particularly interest-
ing and unusual because they provide a de-
positional record of Antevs's (1948, 1955)
Altithermal interval (7500 to 4000 B.P.),
which is recorded in many localities only by
erosion. At Gatecliff Shelter, considerable de-
position occurred from about 6500 until about
5100 B.P., and then slow Facies 2/1 depo-
sition continued until 4250 B.P., so that cli-
matic interpretation of the Altithermal at
Gatecliff has been developed from deposits,
rather than from an unconformity.
Was there a "wet Altithermal," as sug-

gested by Martin (1963)? The record at Gate-
cliff implies that the Altithermal was moist
at times (6500 to 5100 B.P.) and dry at others
(5100 to 4250 B.P.). During the moist inter-
val, the climate was characterized by summer
rain. According to Haynes (1968), the arroyo
cutting and soil horizonation seen by Antevs
occurred during Gatecliff Stage 4 (5100 to
4250 B.P.), which is only a part of the period
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FIG. 50. Section showing Stages 1-5, looking southeast.

from 7500 to 4000 B.P. Thus, the Altither-
mal as a whole was neither wet nor dry; it
was both.

The notion ofa complex Altithermal seems
to be reflected elsewhere in the western United
States. O'Connell and Hayward (1972) de-
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scribed Bison sp. remains from Surprise Val-
ley, California which are 5100 to 5800 years
old. Surprise Valley is beyond the historic
distribution of Bison, but perhaps the sum-
mer rainfall ofGatecliffAges 2 and 3 allowed
Bison to inhabit the area then. Haynes (1968)
described the alluvial chronology of a large
area on the High Plains and in the south-
western United States, and recognized a se-
quence of: (1) erosion, (2) soil carbonate ac-
cumulation, (3) arroyo cutting, channel filling
and dune accumulation, and (4) soil hori-
zonation under relatively moist conditions,
all between 7000 and 3500 years ago. This
bespeaks a degree of complexity of climatic
history comparable to that recorded at Gate-
cliff Shelter.

Stages 5, 6, 7, and 8 are correlated with the
Fallon Formation of Morrison (1964). The
Fallon Formation records several episodes
during which shallow lakes existed in the Car-
son Sink, and intervening intervals of des-
iccation. Stages 5, 6, 7, and 8 record a climate
becoming winter-wet, and then fluctuating in
moisture and seasonality; this is consistent
with the record ofthe Fallon Formation. Soil
profiles were formed during parts of the time
represented by the Fallon Formation at Gate-
cliff (S- 1, S-2, S-3), in the Carson Sink (L-
Drain soil), at Steamboat, Nevada, and in the
Black Rock Desert, Nevada (Davis and Els-
ton, 1972). But these soil profiles are insuf-
ficiently distinctive to be ofmuch use in cor-
relation. The Turupah Flat tephra bed was
described by Davis (1978) and by Morrison
(1964) in the Fallon Formation in the Carson
Desert, but unfortunately this tephra layer
was not noted at Gatecliffi2
Although lack of precise sediment descrip-

tion makes comparisons difficult, there seem
to be similarities between the depositional
record in Gatecliff Shelter and those in sev-

2 Two layers of tephra chemically similar to the Tu-
rupah Flat Bed overlie the Mazama Bed on Mt. Jefferson,
about 25 km. (16 mi.) to the south of Gatecliff, so Gate-
cliff probably was within the fallout pattern of at least
two post-Mazama tephra (Davis, unpubl. data).

eral other shelters to the southeast, reported
by Fowler, Madsen, and Hattori (1973), Tuo-
hy (1971; in letter), and Busby (1979). Hid-
den Cave (Morrison, 1964; Davis, unpubl.
data) near Fallon, Nevada to the west, is sim-
ilar as well. In these sites, the middle Holo-
cene is represented by layered silt, often at-
tributed to eolian deposition, whereas the
earlier and later sediments are rubbly, or or-
ganic and fibrous. The layered silt at Gatecliff
is obviously water-laid, and the similarity in
age and sequence suggests that mid-Holocene
silt in each of these sites may also be water-
laid, rather than eolian.
Comparison of the stratigraphic record at

Gatecliff Shelter with other records of the
same age reveals that the great thickness
(greater than 10 m.) of Holocene sediment at
Gatecliff is by no means unusual in the west-
ern United States, nor in the western Great
Basin. Similar or greater thicknesses of Ho-
locene sediment are exposed by arroyos in
several places in western Nevada: The arroyo
at Eastgate (fig. 49) cuts at least 10 m. ofpost-
Mazama alluvium, and Mazama tephra is
buried at least 5 m. deep on Pine Creek near
Palisade, Long Valley Creek northwest of
Reno (Davis, 1978), Squaw Creek northwest
of Gerlach, McClusky Creek in Grass Valley
(fig. 49), and Slumgullion Creek in the Black
Rock Range. Notwithstanding Morrison's
(1964, p. 105) opinion that little Holocene
alluvial activity has occurred in the highlands
around Fallon, it is evident that considerable
deposition has occurred in the highlands of
the western Great Basin during the Holocene.
According to Haynes (1968, p. 612), depo-
sition ofalluvium and colluvium in the west-
ern Great Plains during the last 5000 years
amounted to 16 to 30 m. In the Pacific North-
west, modern arroyos (for instance, on Alkali
Flat Creek in southeastern Washington) show
that the Mazama tephra is often buried by
10 m. of alluvium. Therefore, it seems that
the depositional record at Gatecliff Shelter
may be fairly indicative of the scale of Ho-
locene depositional accumulation in the
western United States.
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CHAPTER 5. GEOLOGY OF GATECLIFF SHELTER:
STRATIGRAPHIC AND CLIMATIC INTERPRETATIONS

WILTON N. MELHORN AND DENNIS T. TREXLER

Our interpretation of the general historical
development and evolution of Mill Canyon
and Gatecliff Shelter has been presented in
Melhorn and Trexler (1983) and chapter 2
(this part). It appears that the alcove origi-
nated in moderately thin-bedded, alternating
sequences of black chert and brittle, massive
limestone, and was enlarged considerably be-
fore the onset of the sequence of late Pleis-
tocene-early Holocene valley incision and
filling events already outlined (fig. 21).

Structural patterns and style, particularly
in the chert units, were pre-eminent in ini-
tiating the formation of Gatecliff Shelter.
First, there is the large-scale, master or pri-
mary conjugate joint pattern inherent in most
sedimentary rocks. This alone produces
moderate- to large-sized, angular breakdown
blocks along valley walls as erosion and slope
retreat lead to release of confining rock pres-
sures. Superimposed on this pattern at Gate-
cliff is the usual secondary set ofmore closely
spaced regmatic or rectangular joints; one set
strikes N 1 0°W, and has promoted the further
shattering of large primary blocks into small-
er, angular fragments by frost riving, root ac-
tion, and chemical reduction. However,
breakdown is enhanced or intensified also by
the effects ofshattering along numerous shear
lines subparallel to the Roberts Mountains
thrust fault, and dislocation and shearing par-
allel to the N40°E-striking Gatecliff fault
which apparently crosscuts the other lines of
structural weakness. This juxtaposition of so
many structural dislocations favored and
probably accelerated breakdown and com-
minution of debris at Gatecliff Shelter. How-
ever, the Shelter may not be unique even in
Mill Canyon because, except for the cross-
cutting Gatecliff fault, the structural controls
cited are common to the entire local exposure
of the limestone and chert units. Thus ad-
ditional alcoves probably exist but are cur-
rently sealed from view by talus cones, rubble
piles, and scree that grade from nearly every
rock face to the valley floor.

Another factor, difficult to assess in a his-
torical sense, is the position of the creek rel-
ative to the cross-valley profile. Mill Canyon,
in geometric plan, appears as a modified ver-
sion of the classic "wine-glass" valley de-
scribed by von Engeln (1942) and cited as
direct evidence for changing base levels in
Great Basin valleys as a result of movement
along range front faults. In this geometry, the
stem of the wine-glass extends from the can-
yon mouth to the point where the canyon
widens or flares outward just upstream from
the shelter. Along this "stem" Mill Creek
presently tends to encroach toward the valley
north wall. Everywhere along the canyon,
south-facing slopes, as expected, show greater
effects of rock shattering- larger talus cones,
strongly mantled scree slopes, etc. -than the
opposing north-facing valley walls. However,
between the upper stem ofthe wine-glass and
the mouth of Mill Canyon small alluvial fans
or deltas debouching from the mouths of
small, tributary canyons are essentially re-
stricted to those opening from the valley south
wall. The largest of these, at the mouth of
Gatecliff Canyon, has effectively forced the
creek toward the north, i.e., shelter-side wall,
of Mill Canyon. Although Mill Creek, in the
recent and present climatic regime, is clearly
ineffective in removing coarse colluvial de-
bris from the valley sides, it also seems in-
capable of dissecting and truncating the trib-
utary alluvial fans. If similar relationships
tended to persist in the past, then at times
the creek was in even closer proximity to the
shelter than at present, and occasionally may
actually have directly impinged against the
valley wall at that point. Thus, alluvial notch-
ing, evulsion, and sapping may at times have
played an important role in enlarging the al-
cove, and may also have affected the pattern
of deposition within the opening; during the
period from 6300 to 3200 years B.P., the po-
sition of the channel relative to the shelter
may have facilitated entry of debris-laden
flood waters.
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FIG. 51. Schematic cross section showing lateral variability within strata at GatecliffShelter. Roman
numeral-letter designations refer to substages of table 8.

The sedimentologic and stratigraphic de-
scriptions and measured thickness of units,
then, is based primarily on exposures avail-
able for measurement in 1974 and 1976. As
excavation progressed, it became apparent
also that the cyclic nature of sedimentation
in the shelter permitted combining of the 56
defined geological strata into four major time-
rock stratigraphic stages. This multistage dis-
crimination was used in interpreting the de-
scription of detailed physical stratigraphy of
the site, and in a subsequent section the his-
torical and climatic environmental signifi-
cance ofthe stages is discussed in more detail.
This procedure also allowed construction of
schematic cross sections that show lateral
variability within strata; an example is shown
in figure 51 (Stage II, Strata 6-16). The de-
scriptions in table 3 were taken within the
core of Gatecliff Shelter and represent the
most complete, undisturbed sequence of flu-
vially deposited sediments.

SPECIAL SEDIMENTARY
PHENOMENA

Attention is called to certain special sedi-
mentary structures noted in the detailed
stratigraphic description of chapter 3, but
which might be lost in the welter of detail.

The major phenomena encountered were ap-

parent incipient paleosols, root casts, sec-

ondary caliche deposits, desiccation poly-
gons, and raindrop impressions or spatter
marks.
The uppermost significant suggestion ofsoil

development was on the south wall of the
trench and on the encroaching and interfin-
gering talus cone at the west end of the ex-

cavation at the top of Strata 5 and 6, where
an incipient humic A soil horizon occurred
as an oxidized zone at the top ofa pale brown,
coarse sand. The average ofradiometric dates
from hearths on which this soil horizon rests
range from 3100 to 3400 radiocarbon years
B.P. Below this, at the top of Stratum 14 was
an agglomerated, faintly laminated, truncat-
ed zone characterized by numerous root ten-
drils, partly caliche-filled root casts, and mi-
nor oxidation suggestive of incipient
pedogenesis. The approximate radiocarbon
age ofthis soil-forming event is ca. 4100 years
B.P.; the approximate time-equivalence of
this pedogenic episode with the Toyeh soil-
forming interval of the Lahontan Basin is
noted, but any long distance correlation be-
tween two such dissimilar settings is, in our

opinion, suspect. Deeper down, on the sur-
face of Stratum 20 was a marked zone of
widely spaced, filled desiccation cracks to-

front
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gether with root fragments, krotovina, and
strongly developed orange-brown oxidation
of the silts; the radiocarbon age is approxi-
mately 5000-5100 B.P. The mass evidence
suggests it is a surface exposed subaerially
long enough for incipient pedogenesis to have
occurred. Finally, Stratum 25 is marked by
numerous hairlike, partly carbonized root
tendrils and a color alteration at the top to a
light reddish brown. No radiometric date is
established for this but it is estimated to date
from approximately 5300 years B.P.
Small root tendrils, tubes, or casts are rath-

er ubiquitous throughout the stratigraphic
section. The larger downward pointing pen-
dants in some units are difficult to distinguish
with assurance from desiccation cracks.
However, on the walls and surface ofStratum
30 it was possible to measure a regularly
spaced polygonal pattern of filled desiccation
cracks; the center spacing between polygons
was 35 cm., the internal angle between ad-
jacent faces was 60 degrees, and the cracks
extended completely through the unit. On the
surface of Stratum 33 the exposed surface of
the whitish gray silt was strongly imprinted
with raindrop or spatter impressions across
a horizontal distance of at least 4 m.; large
60 degree desiccation polygons also charac-
terized this surface.
The upper units at Gatecliff Shelter lack a

calcareous component except for primary
calcite apparently derived from comminu-
tion of the entrained limestone clasts. Begin-
ning with Strata 18 and 19, however, desic-
cation cracks and root casts were refilled with
caliche, and an efflorescent coating of sec-
ondary calcite was more common. Strata 25
and 30 had similar characteristics. Stratum
33 contained two subparallel, wavy caliche
bands 0.5 cm. thick separated by an apparent
inwash offine-grained sand, and these passed
westward into a pebble horizon. Because these
bands occur at the top of the unit, we suggest
that they were secondary deposits of non-
pedogenic inwash. Similar depositional se-
quences occur today as a result ofinwash into
"prairie potholes" ofthe western Great Plains
west of the 12 in. annual isohyetal line, but
the difference between the open Great Plains
and a protected rock-shelter environment
precludes any suggestion that the two events
are precisely the same.

Finally, there is the striking assemblage of
graded beds, particularly those of Strata 20,
21, and 23 (see fig. 31), which we interpret
as mostly derived from fluvial influxes into
the shelter, and in which fluid load domi-
nated over sediment load rather than the sed-
iment dominance characteristic ofdebris flow
events. The significance of these deposits is
assessed in a subsequent section.

STRATIGRAPHIC INTERPRETATION

Differentiating the 56 strata through the
"splitting" technique improves stratigraphic
descriptors but introduces certain problems
in defining significant lithologic breaks that
could accord realistically with any generally
accepted climatic or sedimentologic regional
models. We experimented with grouping these
strata into various combinations, and al-
though it is possible to thus recognize as many
as nine apparently individual assemblages of
strata, each possessing internal uniformity,
no interpretable pattern or model-fitting def-
inition emerges. We believe this occurs be-
cause some units, for example Strata 7, 9, 11,
and 13 as described in chapter 3 appear as
equal in importance to other strata, whereas
examination of the original field descriptions
strongly suggests that they represent only mi-
nor climatic fluctuations or minor deposi-
tional events overprinted on a longer term
climatic model and larger scale sedimento-
logic pattern. Other strata in the stratigraphic
column represent similar "noise" which tends
to obscure or distort the main picture. Fur-
thermore, unless radiocarbon dates are care-
fully used, there can be important temporal
distortions. Time spans assigned to strata such
as Stratum 13 (ca. 650 years) and Stratum
17 (ca. 150 years) are assumptions based on
dates ofbracketing units above or below, and
thus are subject to considerable error factor
in which too long a time is allocated for for-
mation of these strata. Even S-4, a soil de-
veloped on the fluvial Stratum 20, which may
correlate in part with the Toyeh soil-forming
interval of the Lahontan Basin, is overlain
by sandy rubble ofStratum 19 to which about
750 years (5000-4250 B.P.) is allocated in
chapter 3. In reality, most of this time span
is marked by weathering and pedogenesis on
the exposed surface of Stratum 20, and thus
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TABLE 8
Proposed Four Stage Time-Stratigraphic Model for Gatecliff Shelter

Age
(radiocarbon

Stage years B.P.) Geological Strata Informal Time-Stratigraphic Designation

I 3200-0 5-1 Late Colluvial ("Neoglacial")
II 5700-3200 42-6 Late Fluvial

III 6300-5700 51-43 Early Fluvial ("Altithermal")
IV older than 6300 56-52 Early Colluvial (Latest "Pinedale"

or "Angel Lake")

Stratum 19 actually may represent only a
short-lived insignificant event. Similar tem-
poral distortions are possible if the actual re-
lations between the sedimentational pattern
and the radiometric dates are not carefully
assessed. A quite different pattern emerges if
we attempt to base an interpretation on gross
lithologies of strata, the position of major
unconformities, progressive changes in se-
dimentological characteristics, and apparent
mode of deposition through time. It is then
possible to discriminate four major rock-
stratigraphic assemblages or groups, and these
may be somewhat arbitrarily assigned to four
time-stratigraphic stages as shown in table 8.

STAGE IV (EARLY COLLUVIAL)

Units consist principally ofcoarse-grained,
angular clastic debris in a matrix of some-
what better sorted and rounded fine-grained
sand and silt that may have been derived by
local winnowing offines from coarser clastics
forming an early colluvial, arcuate-shaped
berm at the outer periphery of the shelter.
The depositional environment seems to have
been one of slow infill by talus creep accom-
panied by occasional dry rock slides that en-
croached from the shelter perimeter, broken
by intervening times when silt or fine-grained
sand was extracted from older colluvium and
concentrated on the alcove floor. The lowest
units of this assemblage, following the sce-
nario we have presented for the history ofthe
canyon in chapter 2, possibly are uneroded
remnants ofthe pre-trenching stage valley fill.
This Early Colluvium, however, predates a
radiocarbon age of about 6300 years B.P.,
and an ultimate age for the lower strata is
defined by the Mazama ash of Stratum 56 at
about 6900 years B.P.

STAGE III (EARLY FLUVIAL)

Deposits contrast markedly with those of
Stage IV, although the change to a new de-
positional regime was not sudden or abrupt.
Commencing with Stratum 51 and continu-
ing through deposition of Stratum 43, there
apparently was a shift toward encroachment
of stream waters into the alcove, but water-
laid sediments are interspersed with lesser
deposits of rubble or large angular blocks
suggesting that episodes of rockfall or talus
encroachment from the shelter periphery were
still a common and periodic event. The flu-
vial strata of this stage are dominantly quite
massive, lack internal structure, and consist
mostly of fine-grained or very fine-grained
sands interbedded with silts that probably
represent settling phases of individual high-
water events. These strata also generally lack
graded bedding, although some silts have
rather poorly developed internal laminae.

STAGE II (LATE FLUVIAL)

Sequence of strata is somewhat arbitrarily
defined as commencing with the deposition
of Stratum 42. The break is made at this
position in the section because upward from
this layer the percentage of medium and
coarse sand increases markedly; in some strata
it coarsens to an angular "grit" or is almost
a conglomerate. Furthermore, graded bed-
ding is common and the strata are broken
into discrete, conformable layers which are
visually separable by color, grain-size sorting,
or secondary sedimentary structures. As be-
fore, there are lesser, non-fluvial intervals
when roof breakdown and talus creep inter-
rupt an otherwise continuous sequence offlu-
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vial deposits. For example, Stratum 30 is an
influx of poorly sorted, granule-rich sand or
"grit" apparently deposited by a single flood
event about 5500 years B.P. The stratum was
clearly deposited either by running water or
a very fluid earthflow, but the rounding of
particles suggests a considerable distance of
prior transport and thus the former interpre-
tation is the most acceptable. However, after
an apparent succession of closely spaced sec-
ondary high-water events represented by
Strata 29, 28, and 27, there is a 150 year
(maximum) interval of flood-free, colluvial
deposition represented by Stratum 26 rubble.
Above this is an additional and impressive
sequence of graded beds. These range from
units which commence with medium- to
coarse-grained sands at the base and grade
conformably into silts at the top, to units that
are essentially conglomerate at the base and
grade upward into fine-grained sands. The
major graded units are Stratum 23, Stratum
21, Stratum 18, and Stratum 12. Reference
to available radiocarbon dates that bracket
these units suggest that major fluvial events
which flooded the shelter occurred at about
5700, 5500, 5250, 5100,4250, and 4050 years
B.P., and that Stage II climaxed and con-
cluded with a major series of closely spaced
floods between 3400 and 3200 years B.P. The
spacing of these dates suggests that a 200-
250 year recurrence interval for flood mag-
nitude events was required to produce a ma-
jor influx of water into Gatecliff Shelter, but
the dates are not sufficient in themselves to
confirm this apparent temporal frequency.
However, during each major fluvial incursion
sedimentation rapidly infilled the alcove with
as much as ½/2-l m. of graded beds which, in
a geological sense, were deposited almost in-
stantaneously. Each flood episode was ap-
parently followed by a quiescent interval when
additional sedimentation consisted mostly of
laminated or stratified silts deposited in a
shallow depression behind the berm. The silt
was winnowed from older colluvial strata and
inwashed into the closed, internal basin where
at times it mixed with or was disturbed by
rockfall of angular fragments detached from
the roof or shelter walls. At times the silts
were still moist when breakdown blocks im-
pacted, as shown by deformation of other-

wise even bands or laminae away from the
points of impact.

STAGE I (LATE COLLUVIAL)

This stage is separated from Stage II be-
cause fluvial events apparently diminished in
magnitude, became less frequent, and even-
tually were terminated by a rather sudden
return to increased mass wasting. Flood
events still occurred late in Stage II, as during
Stratum 10 and Stratum 8 time. Although
the evenly graded bedding of these units sug-
gests fluid influx, the sedimentation pattern
in parts of the shelter suggest that an episode
of slurry or mudflow probably occurred either
during waxing or waning stages of flooding
as the water-to-sediment volumetric ratio re-
sulted in change from fluid flow to debris
flow.
By the end of Stage II time, fluid and mud-

flow influx apparently ceased, as, after about
3200 years B.P., there is no evidence of high
energy deposits. Except for scattered, lentic-
ular local pods ofsand or silt, such as Stratum
2, all later units are ofStage I (Late Colluvial)
type. It is possible, however, that by this time
sediment filling the alcove had accumulated
to such a height that flood waters no longer
had access to the shelter, and thus any later
floods have left no record of their passage.
Although there is little difficulty in recog-

nizing deposits that resulted from dry col-
luvial and mechanical breakdown processes,
explanation is required to support the con-
tention that many units ofStage III and Stage
II time are dominantly fluvial deposits rather
than some form of earthflow. Varnes (1958)
notes that although the boundary or contact
between a moving earthflow mass and the
stationary substrate on which it is emplaced
may either remain sharp or be converted to
a mixed zone of plastic flow, individual slip
surfaces or bedding planes within the mass
are seldom visible or are destroyed by con-
tinued movement. This clearly implies that
the discrete segregation by particle size which
results in neatly graded bedding either does
not occur or does not long persist in debris
flows or mudflows. A plate of sketches pre-
pared by the Highway Research Board Land-
slide Committee to accompany a study report
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by Lung and Proctor (1966) illustrates the
internal structure of debris flows and clearly
shows also that there is poor or no sorting
and grading. Weller (1960) likewise noted that
movement within high density mudflows
mixes material so thoroughly that when it
comes to rest, it is a very poorly sorted de-
posit with little or no structure. From this
evidence, therefore, we believe that the al-
most classic perfection of grading in many
strata of Stage III and Stage II confirms that
they are fluvial deposits, as running water and
wind are the only known geological activities
that provide this result. Because waxing, and
sometimes waning, stages of flash floods in
arid zones today are characteristically mud-
flow or debris flow events wherein the earliest
surge ofwater provides sufficient tractive force
to lift and transport accumulated weathered
debris, the "dirty" character of graded beds
at Gatecliff may suggest an initial or waxing
stage of highly sediment charged debris flow,
followed by a fluid-dominant phase, which
added water and more sediment to the em-
placed mass and allowed for graded bedding
to occur in the stilling basin environment of
the alcove. It is possible, however, that oc-

casionally the shelter received an influx of
fluidized earth flow that contained relatively
little water; Strata 21, 10, and 8 may in part
represent such conditions.

CORRELATION OF GATECLIFF
AND TRIPLE T SHELTERS

A number of additional archaeological in-
vestigations conducted in Monitor Valley are

described in Part 3 of this monograph; in
most cases, comparisons between Gatecliff
Shelter and these auxiliary sites are presented
in subsequent sections. But one site, Triple
T Shelter, provides such striking parallels with
the Gatecliff stratigraphic sequence that we
think it is important to present these com-
parisons in the present context; full infor-
mation on the archaeology ofTriple T Shelter
is provided in Part 3 of this series.

Triple T Shelter is in West Northumber-
land Canyon on the opposing (west-facing)
slope of the Toquima Range, about 12 km.
(7.5 mi.) west of Gatecliff Shelter. Triple T,
which developed in different geological strata,
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FIG. 52. Time-climatic correlation diagram of
Gatecliff and Triple T shelters. Major fluvial ep-
isodes are shown by diagonal lines.

has a markedly different topographic aspect
and exposure, and the elevation is almost 350
m. lower. But, early in the measurement pro-
cess we recognized that in many aspects the
Triple T stratigraphic section resembled that
of Gatecliff. The Triple T section is more
compact, in the sense that a lesser version of
the Gatecliff sequence is compressed within
a lesser vertical column of sediment, but a
four stage rock-stratigraphic model is rec-
ognizable. Colluvial strata rest on bedrock
and pass upward into an assemblage ofmixed
fluvial, ponded, and rubble deposits that in-
clude at least one major flood-deposited stra-
tum, but reverts to colluvial sediments at the
top. In addition, the presence of a rather strik-
ingly displayed "organic mat" which over-
lies a moderately to strongly oxidized silty
rubble zone (Stratum IIIC) suggests the com-
posite A-1 and A-2 horizons of a well-pre-
served paleosol; the radiocarbon date of4320
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years B.P. from the organic mat suggests that
here, as at Gatecliff, is relict evidence of a
major soil forming interval which may be
equivalent to the Toyeh ofthe Lahontan Ba-
sin.
Because ofstratigraphic similarity between

sites, we believed it might be informative to
attempt construction of a time-climatic cor-
relation diagram (fig. 52). The benchmark
strata at Gatecliff, and similarly but less ex-
tensively so at Triple T, are the alluvial units,
especially those with graded beds clearly in-
dicative of high magnitude flood events. Al-
though radiocarbon dates have generally come
either from hearths or from organic matter
disseminated in rubble or silt rather than from
the fluvial strata, it is possible to draw most
of the fluvial units as relatively well-defined
time lines on figure 52 because radiometric
dates are available from immediately super-
jacent or subjacent beds. There are some ob-
vious imprecisions inherent in this approach:
in addition to dating measurement error there
may be interpretation errors of ± 100 years
or more in our estimates of lapsed time, for
example, the time involved between termi-
nation of a rubble unit and deposition of an
overlying graded fluvial bed. Furthermore,
even in an ideal case, an exact correlation of
time-instantaneous flood events resulting
from intense convective storms should not
be expected between two small but geograph-
ically disjunct basins.
However, despite the tenuous and some-

what unreliable character of data inputs, fig-
ure 52 seems to show a fairly good time-
stratigraphic time-climatic equivalency. The
major points of general correlation are:

1. Each site was dominated by rubble or colluvial
debris prior to about 6300 years B.P. The oldest
alluvial flood deposit at Triple T (ca. 6340 years
B.P.) matches well with the break between
Gatecliff Stage IV (Early Colluvial) and Stage
III, a transition period marked by deposition
of fluvial strata but apparently without major
floods.

2. There is a clustering of flood deposits in the
Gatecliffrecord (ca. 5700-5100 years B.P.) and
likewise at Triple T (ca. 5400-5000 years B.P.).
This is followed at each site by a lengthy period
ofrubble accumulation, lasting about 750 years
(5000-4250 years B.P.) at Gatecliff and 700
years (5000-4300 years B.P.) at Triple T. This

episode is terminated by the organic mat and
paleosol at Triple T (ca. 4320 years B.P.) and
paleosol S-4 at Gatecliff (ca. 4100 years B.P.).
These pedogenic events, as previously suggest-
ed, may be correlative with the Toyeh soil-
forming episode, and may coincide also with
the close of a mid-Altithermal "long drought"
time of the Antevs chronology.

3. An apparently briefresumption of flooding oc-
curred at both sites shortly after termination of
Toyeh (?) time, but it is preserved in the strati-
graphic record as a single major event at Triple
T (ca. 4300 years B.P.) and as a 200 year long
interval (ca. 4250-4050 years B.P.) at Gatecliff.
Exact timing of these events is unclear because
ofoverlapping or conflicting radiocarbon dates.
This brief return to fluvial conditions is fol-
lowed a both sites by another apparently dry
period of about 600-650 years duration.

4. A second major clustering of flood events oc-
curred from ca. 3400-3200 years B.P. at
Gatecliff and 3700-3500 years B.P. at Triple
T. This seemingly significant temporal anom-
aly, making allowance for the possible inherent
errors already mentioned, is probably more ap-
parent than real.

5. Both sites, since ca. 3200 years B.P. at Gatecliff
and either 3500 or 3700 years B.P. at Triple T,
are dominated by rubble and colluvium that
represent the Neoglacial part of the Holocene.
The variance indicated for inception ofthis stage
at Triple T results from uncertainty about the
exact stratigraphic position from which radio-
carbon dated material was extracted.

We think that because of the rather great
geographic, altitudinal, and geologic vari-
ability or separation between sites, the strong
similarity in depositional sequences and the
fair concordance of chronological dates are
more than coincidental. It suggests that at
least an areal and more probably a regional
climatologic and sedimentologic pattern is
present, and parallel changes may have been
widespread elsewhere throughout the Great
Basin during Holocene time. In this context,
Gatecliff and Triple T shelters provide an
important baseline of stratigraphy and chro-
nology against which future archaeological
projects in similar physical settings can be
closely tested and compared.
The next section discusses the climatic im-

plications of the stratigraphic records just
presented. Although the discussion is strictly
in terms of Gatecliff stratigraphy, we should
emphasize that the close stratigraphic par-
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allels to Triple T data also tend to support
these conclusions.

CLIMATIC IMPLICATIONS

At first appearance it seems that the thick,
almost uninterrupted sequence of sedimen-
tary strata at Gatecliff, which span an interval
ofalmost 7000 years, provides unambiguous
evidence about climatic conditions and con-
trols that prevailed in this area during that
period of time. In a limited sense this is true.
Yet, clearly, the problem is more complex.
Any discussion of postglacial climates in

the arid Southwest and Great Basin starts
with references to the three-stage "Neother-
mal" climatic model devised by Antevs
(1948). In this model, Antevs postulated a
climatic Anathermal age which began post-
glacially at about 9000 B.P. and lasted until
about 7000 B.P.; he suggested that this prob-
ably subhumid or semiarid time had a cli-
mate at first like that oftoday but which later
grew warmer. The climate from 7000 to 4500
B.P., or Altithermal age, was a time ofaridity,
distinctly warmer than at present. After 4500
B.P. the temperature of the so-called Med-
ithermal age has been moderately warm with
moisture conditions fluctuating from semi-
arid to arid. However, Antevs (1948, p. 175)
also noted that the Altithermal age of higher
summer temperatures (perhaps 2°-5°C.
warmer than present), as seen from evidence
at various points on the earth, may actually
have spanned the interval from about 8000
to 3200 B.P. He likewise noted that because
of regional or local factors the time of max-
imum temperature or higher summer tem-
perature was not necessarily contemporane-
ous everywhere; thus the 7000 B.P. date for
the beginning of the Altithermal was treated
by Antevs as a provisional date only.

Others have either questioned certain ele-
ments of the Antevs climatic chronology or
have totally rejected it. Martin (1963) used
palynological evidence to conclude that the
Altithermal was a relatively humid time,
rather than arid. Others have used evidence
from juniper seeds in wood rat (Neotoma)
middens, altitudinal and latitudinal dispersal
of reptilian fauna, and altitudinal shifts in
grassland and woodland vegetational assem-
blages as arguments either in support of or

in opposition to the Antevs chronology. The
most recent treatment ofthis question known
to us is that ofVan Devender and Spaulding
(1979) in a monographic study of the prob-
lem of late Quaternary-Holocene climatic
history for the American Southwest; their
conclusions are derived primarily from evi-
dence obtained from plant macrofossil as-
semblages in radiocarbon dated packrat mid-
dens, supported with additional evidence
from other disciplines. They essentially pro-
pose that average temperatures were lower
during the Pleistocene than during the Ho-
locene, but that seasonal distribution of pre-
cipitation shifted from winter to summer
during intermediate terms of climatic warm-
ing; in this respect they echo the earlier the-
oretical climatological arguments formulated
by Aschmann (1958). Van Devender and
Spaulding further suggest that Holocene cli-
matic fluctuations have resulted as much from
seasonal change in distribution and type of
moisture as from change in temperature or
in total moisture amounts. This suggests that
the Altithermal age ofAntevs was a time when
temperatures were only slightly warmer than
during the preceding and following intervals,
but this increase was sufficient to shift the
maximum incidence of precipitation to the
summer months; thus, the Altithermal was a
time of seasonal dryness but not of annual
aridity. The Van Devender-Spaulding argu-
ments, supported by a wealth of data, are
impressive and convincing.

If the preceding assumptions are retained,
Gatecliffdeposits ofthe Early Colluvial (Stage
IV) phase suggest a relatively cool, moist pe-
riod of winter-dominant precipitation in
which snowfall was relatively abundant but
summer moisture was deficient. Mechanical
breakdown through frost-riving and wedging
accompanied by solifluction and dry sliding
was the dominant process in the canyon; flu-
vial and debris flow processes were singularly
lacking or at least did not significantly affect
the shelter. Glacial or periglacial processes
may have been active on Mt. Jefferson and
the adjacent upland surfaces (the "Late Angel
Lake" of table 8). Stage III may have been a
time of gradual climatic transition when
somewhat warmer temperatures were ac-
companied by increased effective precipita-
tion in the sense that a more even seasonal
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distribution of moisture and stream runoff
was attained and there was occasional minor
flooding; frost-riving may have somewhat
lessened but was seasonally active and con-
tinued to contribute loose regolith along the
valley walls and could enter the shelter by
creep or sliding.

Stage II time seems to continue the trend
toward summer-wet conditions and recur-
rent floods or debris flows at intervals of 150-
250 years which repeatedly entered the shel-
ter. Presumably the graded beds of this stage
were deposited by floods that occurred during
warm season convective storms; frost-riving
and mechanical breakdown was minimal as
shown by the thin and discontinuous nature
of the rubble units. Thus during most of the
"Altithermal" time in table 8 the overall cli-
mate was dry but not excessively so. How-
ever, late in this stage there is the approxi-
mately 250 year interval of Stratum 19 and
the 650 year interval ofStratum 13 that lacks
flood deposits; these may represent the local
version ofAntevs's "long drought," which he
thought characterized all ofAltithermal time
but is considered an inaccurate climatic de-
scriptor by other workers. Furthermore, ca-
liche is abundant either as nodules or con-
tinuous bands in most Stage II units and many
of the polygonal desiccation markings are
clearly not just short-lived mud cracks in a
drying pond; they are strong, broad, deep,
and in some instances penetrate the strata to
a depth of a meter or more, suggesting that
desiccation was intense and oflong duration.
The onslaught of Stage I, locally marking

the beginning of Neoglacial time, was rather
more abrupt than the earlier climatic shifts.
It apparently was marked by a sudden re-
version to cooler temperatures with increased
incidence of mechanical breakdown of rock
accompanied by talus creep and dry sliding.
This time also marks the commencement of
Neoglacial rock glaciation on Mt. Jefferson,
suggesting that colder temperatures were ac-
companied by an increase in winter snowfall
that provided interstitial water for the rock
glaciers. Although from regional evidence it
can be inferred that there have been minor
temperature variations during the Neogla-
cial, this evidence appears only in the cirque
basins and is not readily apparent at Gatecliff.

This simple climatic interpretation is full

of assumptions and pitfalls. What, for ex-
ample, is "moist," "dry," "cool," and
"warm"? There is little to provide a relative
or standard baseline, and the only universal
agreement likely would be that most or all of
the Holocene is "warm" in comparison to
the preceding glacial age; yet the meager evi-
dence from the Monitor Valley area accords
with conclusions reached elsewhere that early
post-Wisconsinan time was not significantly
different climatically from the Ice Age itself.
Somewhat more faith perhaps may be placed
in the belief that seasonal distribution and
type of precipitation is more important than
total annual moisture. Moreover, Gatecliff is
an isolated site and thus reflects only the net
end products of interaction between climatic
settings and physical geologic processes in a
single, small geographic basin. There is no
conclusive or complete body of supportive
biotic or palynological evidence to support
our assumptions about the meaning of the
observed stratigraphic phenomena. How-
ever, the presence of a very complete sedi-
mentary record for a time span that is equiv-
alent to the so-called Altithermal age is
unusual, as this age is recorded nearly every-
where only by patterns of net channel ero-
sion, arroyo cutting, wind erosion, and low
lake levels. Thus, at Gatecliff it may be pos-
sible to put to final rest the belief that little
depositional record of the Altithermal re-
mains anywhere; this site provides important
data which fill a major stratigraphic hiatus in
the Desert West. If, as anticipated, Gatecliff
is not unique even to Mill Canyon, there is
the distinct possibility that an even better or
at least complementary record of mid-Ho-
locene events can be compiled from the study
of other sites.

EVIDENCE FROM GLACIATION

Late Tertiary (Miocene and Pliocene) cli-
mate of the Great Basin has been considered
humid (25-30 in. [63-76 cm.] annual precip-
itation). The present desert climate began at
the start of the Pleistocene, based on botan-
ical evidence (Axelrod, 1950, p. 266). Pre-
sumably this new aridity was caused by a
rainshadow effect created by block uplift of
the Sierra Nevada and the desert ranges by a
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TABLE 9
Tentative Time-Stratigraphic Correlation of Basin and Range Glacial Deposits with Those from

Other Areas in the Western United Statesa

Approximate Sierra Lake Lahontan Rocky
Epoch-Stage Years B.P. Nevada Basin & Range Basin Mountains

Holocene 0-600± Matthes Late Neoglacial Fallon Gannett Peak
950-1900 Unnamed LaeNolca alnAudubon

2700-4500 Recess Peak Early Neoglacial Early Neoglacial
90200-10500

or 12,000-14,000 Hilgard Pinedale IV
Pleistocene 14,000-25,000 Tioga Angel Lake Sehoo-Toyeh Pinedale III
Wisconsin 25,000-28,000 Tenaya

40,000-60,000 Tahoe Lamoille Eetza-Churchill Bull Lake

a Data from: Blackwelder, 1915, 1931; Birman, 1964; Morrison and Frye, 1965; Benedict, 1968; Birkeland, Crandell,
and Richmond, 1971; Mahaney, 1972; Curry, 1973.

minimum of 610 m. (2000 ft.) during Pleis-
tocene time. Glaciation in the Great Basin,
however, apparently was confined to the later
Pleistocene, because until a sufficiently large
area ofthe major ranges (20% or more oftotal
range area above orographic snowline, ac-
cording to Piegat, 1980) was at an elevation
sufficient to retain permanent snowfields, no
glacial activity could occur. No investiga-
tions, including our own recent studies of al-
pine glaciation across central Nevada, have
revealed any conclusive evidence ofpre-Wis-
consinan stage glaciation though in some
ranges there are basins which appear to be
badly degraded cirques that predate the La-
moille (Blackwelder, 1931) stade (see table
9), and these may be vestigial remnants of
older glacial events.

Glacial and periglacial activity did not cease
in the interior ranges of the Great Basin at
the close of Wisconsinan time, for many
mountain chains have evidence of two or
more episodes of Neoglacial climatic flux,
when existing cirques were reoccupied by ice
which at some localities advanced a short
distance down-valley from the cirque thresh-
old. Locally, rock glaciers followed the Neo-
glacial advances and these either were re-
cently stabilized or are still active. Since
waxing and waning of glaciers are clear in-
dicators ofclimatic pulsations, it is significant
to correlate them with the physical succession
seen at Gatecliff.

On Mt. Jefferson there are late Wisconsin-
an deposits in the valleys ofAnderson Creek,
Moores Creek, Bucks Creek, and the North,
South, and South Summit forks ofPine Creek
(see Thomas, 1982a, 1983). These glaciers
were 1.6 to 4.1 km. long and extended down
the valleys to elevations that range from 2427
to 2695 m. (7960 to 8840 ft.); they are as-
signed by us to the Angel Lake (equivalent
to the Pinedale III of the Rocky Mountains
and Tioga of the Sierra Nevada), and if this
correlation is correct, they should be from
14,000 to 25,000 years old. However, vari-
ations in the general freshness and relief of
debris surfaces, strength and length of end
and recessional moraines, abundance and
depth of unfilled surface depressions, and in-
tensity of cover vegetation suggest that the
deposits are not all the same age. Some, such
as on Anderson Creek, are so well developed
and strongly preserved that they may be
equivalent to the Hilgard (Birman, 1964) of
the Sierra Nevada (Pinedale IV of the Rocky
Mountains), and thus may be no older than
9000 to 10,500 years (Sheridan, 1971). Fur-
thermore, there is increasing evidence in the
western United States that minor glacial
advances, or at least a sort of steady-state
cirque glaciation, transcend any arbitrary
Pleistocene-Holocene boundary and, in fact,
locally may be less than 10,000 years old. The
significance in reference to Gatecliff is that
glacial or periglacial climates may have per-
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sisted locally to a time that only slightly an-

tedates the oldest deposits excavated at the
site.
Nested behind Angel Lake stade moraines

or within the cirque basins on Mt. Jefferson
is evidence of two sets of terminal mo-
raines or protalus ramparts ofNeoglacial age,

several inactive or stabilized rock glaciers,
and on Moores Creek and South Fork Pine
Creek, active rock glaciers. The older Neo-
glacial deposits are assumed to correlate with

the Recess Peak stade of the Sierra Nevada,
ca. 2700-4500 years B.P. (Curry, 1973) or
2000-2600 years B.P. (Sheridan, 1971), and
the younger with the Matthes stade (<600
years B.P.), though we cannot as yet docu-
ment this equivalency on the basis of soil
morphology, weathering rinds, or lichenom-
etry. Nevertheless, their mere presence is suf-
ficient to explain the sudden change in cli-
matic controls that affected Gatecliff Shelter
after about 3400 years B.P.
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CHAPTER 6. THE PALEONTOLOGY OF GATECLIFF SHELTER

SMALL MAMMALS

DONALD K. GRAYSON

The caves and rock-shelters of the western
United States have provided a unique source
of information regarding the late Pleistocene
and Holocene zoogeography of this region.
From the late Pleistocene large mammal ac-
cumulations of Samwel, Potter Creek, and
Hawver caves in central and northern Cali-
fornia (Furlong, 1906; Graham, 1959; Sin-
clair, 1904; Stock, 1918), through the sloth
dung deposits of Gypsum, Rampart, and
Muav caves in the southwest (Thompson et
al., 1981), to the small mammal faunas of
Hogup Cave in eastern Utah (Aikens, 1970)
and the Connley Caves in southcentral Or-
egon (Grayson, 1977a, 1979a), such sites have
provided data on the ecology and historic
biogeography of western vertebrates obtain-
able in no other way. Unlike the situation in
many other parts of North America, numer-
ous western caves and rock-shelters are char-
acterized by well-stratified deposits from
which solid depositional chronologies may be
derived. Often seen as an irreplaceable ar-
chaeological resource, such sites also repre-
sent a zoological resource of at least equal
value.

Gatecliff Shelter provides an excellent ex-
ample ofthe paleozoological value ofwestern
rock-shelters. The deep, tightly stratified and
well-dated deposits in this rock-shelter yield-
ed a large number of vertebrate remains, in-
cluding the approximately 13,000 identifi-
able bones and teeth of small mammals I
discuss in this section. No other Great Basin
paleontological or archaeological site has
provided such an abundant and, as shall be
seen, diverse set of small mammal remains.
The archaeological nature of the Gatecliff

deposits probably has little to do with the
small mammal fauna that the site contains.
Unfortunately, the depositional processes re-
sponsible for the majority of the Gatecliff
bones are unknown. It is reasonable to con-
clude that the butchered mountain sheep (Ovis
canadensis) in Horizon 2 accumulated as a
result of human activity (see chap. 18), just
as it is reasonable to conclude that the oc-
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casional bones embedded in owl pellets ac-
cumulated as a result ofavian predation. But
nothing precise can be determined of the
mechanisms responsible for the deposition of
most of the Gatecliff mammals, and this is
especially true for the Gatecliff small mam-
mals. Some may have accumulated as a result
of human activities; some may have simply
died on the site; some, perhaps many, may
have been brought to the site by wood rats
(Neotoma sp.); some, probably many, may
have been deposited in Gatecliff by raptors.
Unfortunately, we cannot distinguish which
of these biotic mechanisms accumulated
which of the identified small mammal ele-
ments at Gatecliff. Our lack of taphonomic
knowledge defines and limits the scope of
analyses that can be securely applied to these
materials. It is worth noting that the mech-
anisms of deposition do appear to have been
biotic: the bones themselves bear no evidence
of having been transported to the site as a
result of the fluvial and colluvial processes
that deposited the Gatecliff sediments. I also
note that the Gatecliff small mammals con-
stitute an "archaeological fauna" only in the
sense that the bones come from an archae-
ological site; the fauna probably would have
been much the same had no human ever set
foot on the site.

I describe the Gatecliff small mammal
fauna and present two analyses in this sec-
tion-a nominal scale analysis that is depen-
dent only on the taxa present in the site, and
an analysis more heavily dependent on the
frequencies of those taxa. In order to provide
the rationale for these studies, however, it is
first necessary to briefly review relevant as-
pects of faunal analytic method and theory.

PALEOENVIRONMENTAL
ANALYSIS OF

ARCHAEOLOGICAL FAUNAS
Although approaches to the paleonenvi-

ronmental analysis of archaeological and pa-
leontological faunas are diverse, most such
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studies have been oftwo types. In the simpler
of these approaches, the taxa present are
treated as attributes, as nominal scale data
that can be either present or absent, and the
pattern of taxonomic presences is analyzed.
These studies have been done to analyze the
history of given taxa (e.g., Grayson, 1977a),
or to detect environmental-and often cli-
matic-change (e.g., Graham, 1976), or both
(e.g., Guilday et al., 1978). These studies are
usually asymmetrical. While a taxonomic
presence usually implies that the animal was
living somewhere in the vicinity of the site
at the time of deposition, a taxonomic ab-
sence does not necessarily mean that the an-
imal was absent from the surrounding envi-
ronment. The power of these studies lies in
the fact that they make few interpretive de-
mands on faunal data; the analytic unit is the
taxon, not taxonomic frequency. Although
the paleoenvironmental interpretation of the
taxa involved may be difficult (Findley, 1964;
Grayson, 1981 a), the basic unit of analysis-
the presence ofa taxon-is generally straight-
forward.

In the second kind of study, the identifi-
cation of the taxa present in a given faunal
collection forms only the first step in analysis.
Subsequent to identification, the abundances
of those taxa are calculated, and changing
taxonomic abundances through time then be-
come the target of investigation. In these
studies, taxa are treated as variables whose
abundances can vary discretely, rather than
simply as nominal attributes that can be either
present or absent. The power ofthese studies
lies in the fact that ratio measurement scales
can carry much more information than nom-
inal ones. As a result, more finely tuned state-
ments are possible regarding taxonomic his-
tories and paleoenvironmental change in
general.

It often happens that increased power brings
increased problems, and this is certainly true
in the case of ratio scale paleoenvironmental
analyses of archaeological and paleontologi-
cal faunas. I have discussed the two major
sources of such problems elsewhere (Gray-
son, 1979b, 1981a) and will briefly summa-
rize those discussions here.
The first of these difficulties is basically a

sampling problem. In the paleoenvironmen-
tal setting, the analyst is not interested in the

sample of bones retrieved from the site per
se, but instead in the vertebrate populations
existing in the region surrounding the site at
the time the fauna accumulated. That is, there
are two very different sampling relationships
with which a paleoenvironmental faunal an-
alyst must be concerned: 1) the relationship
between the set of bones retrieved from the
site and those that were actually deposited in
the site, and, 2) the relationship between that
set of deposited bones and the actual popu-
lation about which the analyst wishes to make
inferences-the set of living animals from
which the archaeological sample was drawn.
This nested series of samples brings about
serious interpretive problems. The analyst
must have some means of determining that
the set of bones retrieved is representative of
the set of bones deposited, and, that the set
of bones deposited was representative of the
set of animals about which inferences are to
be made. Failing that, the analyst must know
the ways in which the samples are biased.

Unfortunately, there is no known way of
relating a sample of animals deposited in a
site to the population of animals that con-
tributed that sample. Treating taxa as vari-
ables assumes knowledge of the relationship
between taxonomic abundances and the
abundances of those animals in the area at
the time the fauna accumulated. But not only
is this knowledge lacking, the truth may even
be that this relationship is unknowable. If so,
then the meaning of changing taxonomic
abundances through time also becomes un-
knowable. Perhaps these changes are mea-
suring some variable of interest; perhaps,
however, they are only recording changes in
accumulation mechanism (Grayson, 1981 a).

In short, as long as the relationship be-
tween the abundances of taxa in an accu-
mulating fauna and the abundances of taxa
in the surrounding environment is unknown,
analyses that treat taxa as variables must rec-
ognize that changes in taxonomic abundance
through time may not be measuring what the
analyst wishes to measure. In this situation,
changing taxonomic abundances may or may
not be a valid measure of some known en-
vironmental parameter. Such changes are re-
flecting something; the problem is knowing
what they reflect.

Elsewhere, I have suggested a number of
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ways by which a faunal analyst can improve
the chances that changing taxonomic abun-
dances are measuring a paleoenvironmental
parameter of interest (Grayson, 1979a,
1981a). One can, for instance, analyze the
abundances ofsuites oftaxa ofwidely varying
sizes, all of which have the same paleoenvi-
ronmental significance (e.g., a set of large and
small animals all adapted to xeric habitats).
Such approaches improve the odds of mea-
suring what one is attempting to measure but
cannot fully control for the ambiguity caused
by the operation ofunknown mechanisms of
deposition. Clearly, lacking knowledge of the
effects ofaccumulation mechanisms on taxo-
nomic abundances, the best way to control
for these effects in paleoenvironmental anal-
yses is through the use of multiple, indepen-
dent records of environmental change from
different locales within the same region-
multiple pollen records, multiple faunal rec-
ords, multiple sedimentation records, and so
on.
The reasons for preferring multiple records

from different locales within the same region
is perhaps evident. Multiple records from the
same locale-the same site-may simply be
measuring the same process multiple times,
thus providing a test of reliability ("if I mea-
sure it again, do I get the same answer?"),
rather than a test ofvalidity ("am I measuring
what I think I am measuring?"). It is true that
multiple tests from different locales may be
affected by the same difficulty of distinguish-
ing a test of reliability from a test of validity.
However, the chances of testing validity are
increased when the sites from which paleoen-
vironmental data are derived are sufficiently
different so that identical sets of accumula-
tion mechanisms are unlikely to have pro-
duced the records they contain.
Such multiple records are not available in

the Gatecliff setting. There are three sets of
paleoenvironmental data for Mill Canyon-
paleontological, palynological, and sedimen-
tological-but all three are from Gatecliff
Shelter itself. Concordance between the pa-
lynological and sedimentological records
would probably best be seen as a test of re-
liability, since similar deposition mecha-
nisms may have been involved in the for-
mation of these two records. Concordance
between these records and the faunal se-

quence is probably better seen as a test of
validity, since it does not seem likely that the
same mechanisms that accumulated the fau-
na accumulated the palynological and sedi-
mentological records as well. Discordance
among the three records would best be treat-
ed as reflecting the overriding influence of
different accumulation mechanisms among
the records at any one point in time and with-
in the records through time. I shall return to
this issue below.

In sum, paleoenvironmental analyses of
taxonomic abundances are clouded by the
fact that one cannot be sure that one is mea-
suring what one is attempting to measure.
Only concordance among different records
from different locales within a region seems
likely to solve this problem. Such multiple
records are unavailable in the Gatecliff set-
ting; indeed, they are rarely available in any
setting.
The second problem in conducting analy-

ses of taxonomic abundances concerns the
measures available for counting those abun-
dances. I have examined this problem in
depth elsewhere (Grayson, 1973, 1978,
1979b) and will simply summarize those ar-
guments here. Of the two measures of taxo-
nomic abundance available for use in the pa-
leoenvironmental setting, minimum numbers
of individuals (MNI) and numbers of iden-
tified specimens (NISP):

(1) Minimum number values are a function
of the technique used to form the specimen
clusters from which they are defined, and of
the numbers of identified specimens them-
selves;

(2) the number of identified specimens car-
ries virtually all ofthe information embodied
by minimum numbers; and,

(3) because of the problem of interdepen-
dence ofspecimens, and because ofthe effects
of clustering on minimum number values,
both ofthese measurements generally should
be seen as ordinal scale measures of taxo-
nomic abundance.
While both MNI and NISP counts may, in

fact, convey more than ordinal scale infor-
mation, a demonstration of this cannot be
made from the numbers themselves. As far
as most single site analyses are concerned,
only ordinal level analyses are statistically
valid. This is true for a simple reason: inter-
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val and ratio scale measurements require that
the distances between counts be isomorphic
with the distances between the variables being
measured, and that equivalent distances be-
tween different parts ofthe measurement scale
stand for distances that are equivalent in terms
ofthe underlying variable ofinterest. Neither
minimum numbers nor specimen counts gen-
erally meet these criteria. As a result, neither
can be routinely treated as providing greater
than ordinal scale measures (Grayson, 1979b).

This situation does not mean that such
counts cannot be ratio scale measures; un-
fortunately, within any given fauna, they can
rarely be shown to meet the requirements of
that scale (Grayson, 1979b). Is there a way
out of this apparent difficulty?
There would, in fact, appear to be at least

an empirical way out, one that employs the
same solution suggested above for assessing
the validity of taxonomic abundances as
measures of environmental change. If mul-
tiple measures of faunal change from a series
of sites in a given region all indicate the same
direction and magnitude of changes in taxo-
nomic abundances, it would be difficult to
argue that some real difference in the mag-
nitudes of the variables of interest was not
being measured. Such intersite similarity in
taxonomic abundances would strongly sup-
port the argument that the numbers counted
provide more than ordinal scale information
on population numbers. As with the test of
validity, lack of congruence means little, be-
cause the reasons for the discrepancy will
probably not be known.

Unfortunately, opportunities for cross-
checking faunal sequences in this fashion are
exceedingly rare. Nonetheless, barring some
methodological innovation in the analysis of
paleontological and archaeological faunas, the
comparison of faunal sequences from within
a given region seems the only way to ensure
that counts of taxonomic abundance have
achieved anything above ordinal scale indi-
cations of those abundances.

In sum, the problems of validity and of
measurement scale that I have discussed here
seem best solved through multiple assess-
ments of paleoenvironmental data from dif-
ferent sites within a given region, including
multiple assessments of faunal sequences
from that region. Such a goal is not unat-

tainable, as can be seen from the exacting
study conducted by Guilday et al. (1978) of
late Pleistocene and early Holocene mammal
faunas from the Appalachian Mountain re-
gion of the eastern United States. Multiple
faunal sequences are available from this re-
gion, primarily as the result of work con-
ducted by Guilday and his colleagues, and
changing taxonomic abundances through time
within these sequences are remarkably con-
gruent. There seems little reason to doubt
that in this instance changing taxonomic
abundances are measuring what Guilday et
al. (1978) believe they are measuring, and
that greater than ordinal scale measurement
has been achieved.
For these reasons, then, this chapter pro-

vides two separate analyses of the Gatecliff
small mammals. The first of these analyses
treats taxa as attributes, and the second cau-
tiously treats taxa as variables. The counting
unit employed in the second of these studies
is the number of identified specimens. Al-
though minimum numbers solve the prob-
lem of element interdependence, they can
nonetheless be predicted from specimen
counts (Casteel, n.d.; Grayson, 1979b), and
are in part determined by the decisions made
concerning the initial clustering ofthose spec-
imens (Grayson, 1978, 1979b). Since it is not
clustering techniques that I want to measure,
minimum numbers have not been used in
this section.

DESCRIPTIVE SUMMARY

Table 10 presents the number of identified
elements per small mammal taxon by stra-
tum at Gatecliff Shelter. The following sec-
tion presents information concerning the cri-
teria used to identify these elements, as well
as comments on the local distribution of the
taxa involved, including the results ofa small
mammal survey (506 trap nights) conducted
in the Monitor Valley and Toquima Range
during July and August 1978.

Order Insectivora-Insectivores
Family Soricidae- Shrews

Sorex cf. vagrans-Wandering Shrew

MATERIAL: Two mandibles.
REMARKS: All previously published rec-

ords for shrews in the Toquima-Monitor area
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are for the water shrew, Sorex palustris (Hall,
1946). The Gatecliff specimens, however, are
markedly smaller than water shrew mandi-
bles; they are morphologically identical with
Sorex vagrans, including the presence of a
postmandibular foramen (Findley, 1953;
Diersing and Hoffmeister, 1977). While there
are no published records for the wandering
shrew from the Toquima Range, I caught
three individuals of this shrew in a grassy
meadow near the head of Stoneberger Creek,
Stoneberger Canyon at an elevation of ca.
2375 m. (7800 ft.). The presence of Sorex
vagrans at Gatecliff, then, is not unexpected.

Order Lagomorpha- Rabbits,
Hares, and Pikas

Family Ochotonidae-Pikas
Ochotona princeps- Pika

MATERIAL: One maxilla, 12 mandibles, one
scapula, 12 humeri, two radii, eight ulnae,
two innominates, two sacra, 10 femora, seven
tibiae, one calcaneus.
REMARKS: Pikas have been recorded in the

Toquima Range at elevations ranging from
2650 m. to 3355 m. (8700 ft. to 11,000 ft.)
(Hall, 1946). The lowest record for pikas in
this range is thus some 300 m. (1000 ft.) above
the elevation of Gatecliff Shelter. Although I
observed no sign of pika in the vicinity of
Gatecliff Shelter in 1978, the animals may
extend this low in the Toquima Range today.
They have been reported at elevations as low
as 2225 m. (7300 ft.) in the Shoshone Moun-
tains and 2285 m. (7500 ft.) in the Desatoya
Mountains, northwest ofthe Toquima Range
(Hall, 1946). As I discuss below, however,
the decreasing abundance of pika elements
through time at Gatecliff is consistent with
an increase in the lower elevational limits of,
this animal in the Toquima Range during the
Holocene.

Family Leporidae-Rabbits and Hares
Sylvilagus sp. -Rabbits

MATERIAL: 263 skull fragments, 125 man-
dibles, 368 isolated teeth, 160 scapulae, 39
humeri, 35 radii, 34 ulnae, 42 innominates,
40 femora, one patella, 104 tibiae, two as-
tragali, 12 calcanea, two miscellaneous tar-
sals.

Sylvilagus cf. idahoensis-Pygmy Rabbit

MATERIAL: One mandible, four isolated
teeth, one tibia.

Sylvilagus idahoensis-Pygmy Rabbit

MATERIAL: 93 skull fragments, 54 mandi-
bles, 23 isolated teeth, 17 scapulae, 69 hu-
meri, 30 radii, 34 ulnae, 43 innominates, four
sacra, 83 femora, one patella, 73 tibiae, 98
astragali, 74 calcanea, 40 miscellaneous tar-
sals.
REMARKS: The identification of elements

ofS. idahoensis from GatecliffShelter is based
both on qualitative variables (e.g., Orr, 1940),
and, for postcranial materials, size: the pyg-
my rabbit is, as its name suggests, a dimin-
utive rabbit. Although I saw no pygmy rab-
bits during 1978, specimens have been
recorded from the western edge of the Mon-
itor Valley at elevations of approximately
2135 m. (7000 ft.) (Hall, 1946).

Sylvilagus cf. nuttallii-Nuttall's
Cottontail

MATERIAL: 624 skull fragments, 292 man-
dibles, 1075 isolated teeth, 328 scapulae, 253
humeri, 205 radii, 159 ulnae, two carpals,
125 innominates, five sacra, seven patellae,
146 femora, 627 tibiae, 65 astragali, 136 cal-
canea, 56 miscellaneous tarsals.

Sylvilagus nuttallii-Nuttall's
Cottontail

MATERIAL: 86 mandibles, 438 isolated
teeth.
REMARKS: Sylvilagus nuttalli is the only

large rabbit currently found in the Toquima-
Monitor area, and is presently common in
Mill Valley. It is possible that the desert cot-
tontail, S. audubonii, now found no closer
than about 160 km. south of the Toquima
Range, once ranged this far north. Distin-
guishing fragmentary remains of S. nuttallii
from those of S. audubonii is difficult, but,
with the exception of M3, the mandibular
molars and premolars of these species can be
identified (Findley et al., 1975; Orr, 1940).
In addition, the ratio of the alveolar length
of the lower cheekteeth to the height of the
mandible at the lateral anterior notch of the
alveolus of P4, as well as the ratio of the al-
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veolar length of P3-M1 to this height, allows
mandibles of these taxa to be distinguished
(Findley et al., 1975). Using these criteria, 86
mandibles and mandible fragments and 438
isolated lower premolars and molars of Syl-
vilagus have been assigned to S. nuttallii; no
mandibles or teeth ofS. audubonii were iden-
tified. Given that 524, or 11 percent, of the
4629 elements which might have been either
ofthese two cottontails were S. nuttallii, while
none were S. audubonii, I have assigned the
remaining material in this category to S. cf.
nuttallii. The possibility remains, of course,
that some of this material may be from a
different species of Sylvilagus.

Lepus sp.-Hares

MATERIAL: 136 skull fragments, 86 man-
dibles, 203 isolated teeth, 24 scapulae, 25
humeri, 33 radii, 29 ulnae, 11 carpals, five
innominates, three sacra, five patellae, 28
femora, 37 tibiae, 16 astragali, 14 calcanea,
12 miscellaneous other tarsals, three sesa-
moids.

Lepus cf. townsendii-White-tailed
Jack Rabbit

MATERIAL: Two astragali.

Lepus cf. californicus-Black-tailed
Jack Rabbit

MATERIAL: 17 scapulae, 15 humeri, five ul-
nae, seven femora, one astragalus, four cal-
canea.
REMARKS: There are two species of Lepus

found in central Nevada today: L. townsendii
and L. californicus. Lepus townsendii has not
been reported for the Toquima Range; the
nearest published record is for the Desatoya
Range, some 90 km. to the northwest (Hall,
1946). Lepus californicus, on the other hand,
is common in the Toquima-Monitor area;
published records place it at elevations as
high as 3565 m. (1 1,700 ft.) within the To-
quima Range (Hall, 1946).

Unfortunately, Lepus remains from Gate-
cliff Shelter are highly fragmented and such
fragmentary remains are notoriously difficult
to identify. Indeed, even entire skulls at times
may be difficult to assign to species with cer-
tainty (Hoffmann and Pattie, 1968). Al-

though L. townsendii tends to be a larger an-
imal than L. californicus, measurements of
any single osteological variable for these taxa
overlap extensively, precluding the assign-
ment of single specimens on this basis (see,
for instance, the discussion of mandibular
measurements in Grayson, 1977a). In an at-
tempt to identify fragmentary postcranial ele-
ments of Lepus from Gatecliff Shelter, I con-
structed bivariate plots from measurements
of24 variables for seven postcranial elements
of Lepus represented in the excavated col-
lection (scapula, humerus, ulna, femur, tibia,
astragalus, and calcaneus). Measurements of
modem materials were taken from a series
of postcranial skeletons of L. townsendii and
L. californicus available at the Museum of
Vertebrate Zoology, University ofCalifornia.
Unfortunately, although 17 skeletons of L.
californicus were available for study, only five
L. townsendii skeletons could be measured.
Even though the resultant bivariate plots do
allow identification ofmany of the measured
elements, the security of these identifications
is greatly diminished by the small series of
L. townsendii that was available.

Eighty-four Lepus elements from the Gate-
cliff collection were sufficiently complete to
allow assessment of their taxonomic affinity
with these measurements. Bivariate plots
placed 49 of these elements with L. califor-
nicus (see fig. 53 for an example of one of
these plots) and two with L. townsendii (fig.
53). The remaining 33 elements fell within
areas of overlap between the two species. Be-
cause of the small sample of modern post-
cranial materials used in this analysis, these
identifications arc tentative. However, the
separation indicated by the bivariate plots
indicates that secure identification to species
of highly fragmented postcranial elements of
Lepus may be possible through simple bi-
variate analysis.

Order Rodentia- Rodents
Family Sciuridae-Squirrels
Eutamias sp.-Chipmunks

MATERIAL: 41 skull fragments, 19 mandi-
bles, 13 isolated teeth, 13 scapulae, 18 hu-
meri, seven radii, 14 ulnae, 20 innominates,
43 femora, 34 tibiae, two fibulae, one astrag-
alus, three calcanea, one other tarsal.
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FIG. 53. Maximum width versus maximum length of head of femur: modern Lepus townsendii (o),
modem L. californicus (x), and Gatecliff Lepus (numerals). Specimens 1-7 were assigned to L. cf.
californicus, specimens 8 and 9 to Lepus sp.)

Eutamias cf. minimus-Least Chipmunk
MATERIAL: Three scapulae, humeri, one

radius, one ulna, 11 innominates, 11 femora,
six tibiae.

Eutamias minimus-Least Chipmunk
MATERIAL: Seven skull fragments, 14 man-

dibles, six isolated teeth.
REMARKS: This small chipmunk is cur-

rently common in the Toquima-Monitor area.
Published records document the presence of
E. minimus at elevations ranging from 2135
m. (7000 ft.) in Monitor Valley to 2865 m.
(9400 ft.) in the Toquima Range (Hall, 1946);
Hall (1946) noted that, throughout Nevada,
this chipmunk has been most commonly

found in habitats in which big sage (Artemisia
tridentata) is the most abundant or the only
shrub. During 1978, I collected only two E.
minimus. One was collected just south of
Gatecliff Shelter, in Mill Canyon, at an ele-
vation of approximately 2300 m. (7550 ft.)
in vegetation characterized by big sage, green
rabbitbrush (Chrysothamnus viscidiflorus),
single-needle pinion (Pinus monophylla), Utah
juniper (Juniperus osteosperma), and scat-
tered grasses. The second specimen was taken
in a vole (Microtus) runway in a grassy mead-
ow near the head of Stoneberger Creek at an
elevation of approximately 2375 m. (7800
ft.). Vegetation adjacent to this meadow in-
cluded big sage, green rabbitbrush, single-
needle pifion, and Utah juniper, while roses
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FIG. 54. Minimum width of neck versus length (head to distal termination of extension of trochlea,
measured along the plantar surface) of astragalus: modern Lepus townsendii (o), modem L. californicus
(x), and Gatecliff Lepus (numerals). Specimens 1 and 2 were assigned to L. cf. townsendii, specimen 3
to L. cf. californicus, and specimens 4-6 to Lepus sp.

(Rosa sp.), currants (Ribes sp.), and willows
(Salix sp.) were adjacent to the stream that
supported the meadow itself. Sorex vagrans,
deer mice (Peromyscus maniculatus), and
long-tailed voles (Microtus longicaudus) were
also collected in this meadow.
The least chipmunk is the smallest chip-

munk now found in the Toquima-Monitor
area; the postcranial material assigned to E.
cf. minimus was referred on the basis of size.

Eutamias cf. dorsalis-Cliff Chipmunk
MATERIAL: 22 mandibles.

Eutamias dorsalis-Cliff Chipmunk
MATERIAL: 20 skull fragments, 10 mandi-

bles.

Eutamias cf. umbrinus-Uinta Chipmunk
MATERIAL: Nine mandibles.

Eutamias umbrinus-Uinta Chipmunk

MATERIAL: One maxilla.
REMARKS: Both of these medium-sized

chipmunks are presently found in the To-
quima-Monitor area. Eutamias dorsalis has
been reported for elevations ranging from
2135 m. (7000 ft.) in Monitor Valley to 2375
m. (7800 ft.) in the Toquima Range, while
published records (Hall, 1946) of E. umbri-
nus have shown it to occur from 2135 m.

(7000 ft.) in Monitor Valley to 2865 m. (9400
ft.) in the Toquima Range. I collected spec-
imens of both species in the Toquima Range
during 1978, but saw none in the valley itself.
Of the 13 individuals collected, however, 12
were E. dorsalis. The single E. umbrinus was

taken in Mill Canyon at an elevation of ap-
proximately 2285 m. (7500 ft.) in vegetation
characterized by big sage, single-needle pi-
non, Utah juniper, and scattered green rab-
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bitbrush and Mormon tea (Ephedra viridis).
Specimens of E. dorsalis were collected as
follows: 1) two individuals along the rock rim
just northeast of Gatecliff Shelter, elevation
approximately 2335 m. (7660 ft.), in vege-
tation characterized by big sage and scattered
green rabbitbrush, single-needle piiion, Utah
juniper, and Mormon tea; 2) one at the mouth
of Gatecliff Shelter itself; 3) two adjacent to
Mill Creek just west of Gatecliff Shelter, el-
evation approximately 2320 m. (7610 ft.), in
vegetation similar to that described for the
rock rim above Gatecliff, with the addition
of mountain-mahogany (Cercocarpus ledi-
folius) and occasional snowberry (Symphori-
carpos sp.); and, 4) seven in Stoneberger Can-
yon adjacent to Stoneberger Creek, elevation
approximately 2285 m. (7500 ft.), in vege-
tation ranging from quaking aspen (Populus
tremuloides), roses (Rosa sp.), and willows
(Salix sp.) adjacent to the creek, to big sage,
green rabbitbrush, single-needle pi-non, and
Utah juniper away from the creek. The con-
centration of cliff chipmunks at this locale
resulted from the temporary attraction of-
fered by the Gatecliff camp kitchen facilities.

I am unable to distinguish postcranial ma-
terials ofthese two chipmunks, or from other
similarly sized species of Eutamias. Only
skulls and mandibles, therefore, have been
assigned to these taxa. In addition to previ-
ously described characters that allow iden-
tification of these elements (e.g., Hall and
Kelson, 1959), I have also employed the mor-
phology ofthe lateral surface ofthe mandible.
In specimens I have examined, the ventral
masseteric ridge of E. dorsalis is less massive
than that of E. umbrinus. I have used this
difference to assign mandibles to E. cf. dor-
salis and to E. cf. umbrinus. Specimens that
could not be evaluated with these characters
were assigned to Eutamias sp.-all are from
medium-sized chipmunks.

Marmota flaviventris-Yellow-bellied
Marmot

MATERIAL: Three mandibles, two isolated
teeth, one humerus, one innominate.
REMARKS: The only published record ofthe

yellow-bellied marmot in the Toquima Range
of which I am aware is for a single specimen
from the west slope of Toquima Peak, ele-

vation 3050 m. (10,000 ft.) (Hall, 1946). Al-
though I observed no sign of marmots in the
Toquima Range in 1978, I was not in the
area at the time of year when marmots are
normally active.

Ammospermophilus leucurus-White-tailed
Antelope Squirrel

MATERIAL: Two maxillae, one mandible.
REMARKS: Although I know of no pub-

lished records for the white-tailed antelope
squirrel in the Toquima Range or Monitor
Valley, I collected three A. leucurus during
1978. All were taken near the eastern end of
Mill Canyon, at an elevation of approxi-
mately 2285 m. (7500 ft.), in vegetation char-
acterized by big sage, green rabbitbrush, and
scattered single-needle pifion and Utah ju-
niper.

Spermophilus sp.-Ground Squirrels
MATERIAL: 46 skull fragments, 61 mandi-

bles, three isolated teeth, 14 scapulae, 49 hu-
meri, eight radii, 25 ulnae, 22 innominates,
26 femora, 22 tibiae, three astragali, eight
calcanea.

Spermophilus townsendii-Townsend's
Ground Squirrel

MATERIAL: 38 skull fragments, 69 mandi-
bles, 25 isolated teeth.

Spermophilus beldingi- Belding's
Ground Squirrel

MATERIAL: Three isolated teeth.

Spermophilus lateralis-Golden-mantled
Ground Squirrel

MATERIAL: 11 skull fragments, 50 mandi-
bles, 10 isolated teeth.
REMARKS: This ground squirrel is wide-

spread and often abundant at lower eleva-
tions (beneath 2135 m. [7005 ft.]) in central
Nevada; nonetheless, I am aware of no pub-
lished records for S. townsendii in the To-
quima-Monitor area (Hall, 1946). There is a
single published record for S. beldingi in the
Toquima Range (Hall, 1946: elevation not
given). Hall (1946) provided records for S.
lateralis in the Toquima Range that range
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TABLE 11
Maxillary and Mandibular Alveolar Lengths
(Measurements in Millimeters) for Modern
Thomomys bottae, Thomomys townsendii, and

Thomomys talpoides

n Range X S

Thomomys bottae
P4-M2 54 4.7-7.0 5.7 .48
P4_M3 34 6.8-8.1 7.5 .31

Thomomys townsendii
P4-M2 67 5.7-7.8 7.1 .39
P4_M3 37 8.2-10.4 9.7 .44

Thomomys talpoides
P4-M2 25 4.4-6.3 5.2 .45

from 2285 m. to 3050 m. (7500 ft. to 10,000
ft.) in elevation. The only member of this
genus that I collected in 1978 was S. lateralis.
Two individuals of this species were taken in
Mill Canyon, at elevations of approximately
2315 m. and 2300 m. (7600 ft. and 7550 ft.),
in vegetation dominated by big sage, green
rabbitbrush, single-needle pinon, and Utah
juniper.

Family Geomyidae-Pocket Gophers
Thomomys sp.-Smooth-toothed

Pocket Gophers

MATERIAL: Five skull fragments, 67 man-
dibles, seven isolated teeth, 12 scapulae, 53
humeri, six radii, 28 ulnae, 17 innominates,
one sacrum, 32 femora, 40 tibiae, nine cal-
canea.

Thomomys cf. bottae-Botta Pocket Gopher

MATERIAL: Six skull fragments, two man-
dibles, two isolated P4.
Thomomys bottae-Botta Pocket Gopher

MATERIAL: Two skull fragments, eight
mandibles.
REMARKS: Hall (1946) provided a detailed

discussion of pocket gophers in Nevada. As
he noted, Thomomys bottae has been col-
lected in the Toquima Range at elevations
between 2315 m. and 2990 m. (7600 ft. and
9800 ft.), and in Monitor Valley at an ele-
vation of 2100 m. (7000 ft.). The northern
pocket gopher (Thomomys talpoides) has also
been reported from the Monitor Valley, with

TABLE 12
Alveolar Lengths (Measurements in Millimeters)
of Gatecliff Specimens Assigned to Thomomys

bottae

Alveolar
Length:

Catalogue Number P4-M3 Stratum

GA-6805 8.0 1
GA-6678 7.4 24/25

Alveolar Length: P4-M2
GA-3752 6.4 2
GA-3890 6.4 5
GA-4590 6.4 20
GA-XXIII 6.4 31/32
GA-4441 6.1 1
GA-4510 5.8 1
GA-6749 5.6 1
GA-B73 5.4 19

a single record at an elevation of 2195 m.
(7200 ft.). No other pocket gophers have been
recorded for the Toquima-Monitor area. In
addition, Hall (1946) pointed out that while
T. talpoides is apparently absent from the
Toquima Range, it is the only member of the
genus present in the Toiyabe Range to the
west and the Monitor Range to the east. As
a result, he hypothesized that the absence of
T. talpoides in the Toquima Range "has per-
mitted T. bottae to invade the area from the
two adjacent valleys and from territory to the
southward" (Hall, 1946, p. 468). Although
the Gatecliff Thomomys do not shed any light
on this specific hypothesis, they do document
the presence of T. bottae in the Toquima
Range through much of the Holocene. The
oldest specimen of T. bottae is from Stratum
31/32, deposited at approximately 5700 B.P.,
whereas the oldest specimen referred to Tho-
momys cf. bottae was deposited prior to the
deposition of Mazama ash in the shelter (ca.
6900 B.P.). Assuming that these specimens
represent animals living in the Toquima
Range itself, T. bottae has great time depth
in this area. In addition, no specimens of T.
talpoides were identified from the Gatecliff
materials. Thus, the modern situation de-
scribed by Hall (1946) for the Toquima Range
may have characterized this area for much
or all of the Holocene.
The identification of the Gatecliff Tho-
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momys requires comment. The morphology
of the rostrum and of P4 allow the separation
of skulls and mandibles of T. talpoides from
those of T. bottae and Townsend's pocket
gopher (T. townsendil) (Bailey, 1915; Thae-
ler, 1980). In addition, T. bottae tends to be
larger than T. talpoides and smaller than T.
townsendii. Table 11 presents maxillary and
mandibular alveolar measurements for a
modern series of these three species of go-
phers from Oregon, Idaho, California, Ne-
vada, and Arizona. Measurements of Gate-
cliff specimens with T. bottae/T. townsendii
P4 or rostral morphology are presented in
table 12. In six cases, t-tests indicate place-
ment with T. bottae. Four additional but
edentulous mandibles with P4-M2 alveolar
lengths of 6.4 mm. have been assigned to T.
bottae because they are significantly larger
than T. talpoides and significantly smaller
than T. townsendii, but do not differ signifi-
cantly from T. bottae (table 12).

In addition to these specimens, 10 others
have been assigned to Thomomys cf. bottae.
Of these, nine show T. bottae/T. townsendii
P4 or rostral morphology, but measurements
of the sort employed above could not be tak-
en. Instead, these specimens were referred to
Thomomys cf. bottae because they appeared
to be insufficiently robust to be T. townsendii.
An additional edentulous mandible has a P4-
M2 alveolar length of 6.5 mm.; t-tests indi-
cated that this specimen is significantly larger
than T. talpoides but does not differ signifi-
cantly from either T. bottae or T. townsendii.
As with the unmeasured specimens, I as-
signed this element to Thomomys cf. bottae
because it appeared insufficiently robust to
represent T. townsendii.

Family Heteromyidae-Pocket Mice,
Kangaroo Mice, Kangaroo Rats
Perognathus sp.-Pocket Mice

MATERIAL: Five skull fragments, 14 man-
dibles, three isolated teeth, five scapulae, 29
humeri, two radii, three ulnae, 34 innomi-
nates, four sacra, 60 femora, 49 tibiae.

Perognathus parvus-Great Basin
Pocket Mouse

MATERIAL: 33 skull fragments, 35 mandi-
bles.

REMARKS: There are currently two species
ofPerognathus in the Toquima-Monitor area:
the diminutive little pocket mouse (P. Ion-
gimembris), the smallest rodent in Nevada,
and P. parvus. Published records for P. par-
vus in this area range from elevations as high
as 2650 m. (8700 ft.) in the Toquima Range
to as low as 2135 m. (7000 ft.) in the Monitor
Valley (Hall, 1946). In 1978, I collected a
single specimen of P. parvusjust east ofMon-
itor Lake, elevation approximately 2090 m.,
in sandy soil that supported green rabbit-
brush and black greasewood (Sarcobatus ver-
miculatus). Perognathus parvus is the only
pocket mouse demonstrably present in the
Gatecliff fauna (Hall, 1946; Merriam, 1889;
and Osgood, 1900 provide valuable discus-
sions ofthe cranial and dental characters that
allow identification of species of Perognath-
us).

Microdipodops megacephalus-Dark
Kangaroo Mouse

MATERIAL: One mandible.
REMARKS: Microdipodops megacephalus is

the only kangaroo mouse in the Toquima-
Monitor region; Hall (1946) reported speci-
mens from the Monitor Valley at elevations
of 2105 m. and 2315 m. (6900 ft. and 7600
ft.). The single specimen from Gatecliff Shel-
ter is a right mandible retaining P4-M2.

Dipodomys sp.-Kangaroo Rats
MATERIAL: One skull fragment, two man-

dibles, one scapula, two humeri, one innom-
inate, 11 femora, five tibiae, four calcanea.
REMARKS: Two species ofkangaroo rats are

now found in the Toquima-Monitor area. Hall
(1946) provided records for Ord's kangaroo
rat (Dipodomys ordiz) in the Toquima Range,
elevation approximately 2455 m. (8050 ft.)
(Meadow Creek Ranger Station), and in
Monitor Valley, at elevations of 2105 and
2135 m. (6900 and 7000 ft.). In 1978, I col-
lected a single chisel-toothed kangaroo rat (D.
microps) in the same set of traps that took
Perognathus parvus, just east ofMonitor Lake
(see above), and four D. ordii from areas im-
mediately north and east of Monitor Lake,
elevation approximately 2105 m. (6900 ft.).
In addition, I caught two D. ordii in Stone-
berger Canyon, in a sandy bank bordering the
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Stoneberger Canyon road, elevation approx-
imately 2375 m. (7790 ft.); adjacent vegeta-
tion was dominated by big sage and green
rabbitbrush. Unfortunately, none of the
Gatecliff Shelter Dipodomys could be iden-
tified beneath the generic level.

Family Cricetidae-New World
Rats and Mice

Peromyscus sp.-White-footed Mice
Subgenus indeterminate

Peromyscus sp.-White-footed Mice

MATERIAL: Eight skull fragments, 80 man-
dibles.

Subgenus Peromyscus
Peromyscus sp.-White-footed Mice

MATERIAL: 12 skull fragments, 38 mandi-
bles.

Peromyscus crinitus-Canyon Mouse

MATERIAL: Three skull fragments, nine
mandibles, 1 M'.
REMARKS: Two species of white-footed

mice have been reported for the Toquima-
Monitor area. Peromyscus crinitus has been
taken in the Monitor Valley at an elevation
of 2165 m. (7100 ft.) and in the Toquima
Range at an elevation ofapproximately 2315
m. (7600 ft.). The deer mouse (Peromyscus
maniculatus) has also been taken in the Mon-
itor Valley, at 2135 m. (7000 ft.) and as high
as 3110 m. (10,200 ft.) in the Toquima Range
(Hall, 1946). Although the pifion mouse (P.
truel) may occur in the Toquima Range, I am
aware of no records for it. It has, however,
been taken in the Monitor Range to the east
(Hall, 1946; Hoffmeister, 1951). The canyon
mouse was not particularly abundant during
the summer of 1978. I collected only two
specimens of it, both from the rock rim im-
mediately above Gatecliff Shelter at an ele-
vation of approximately 2335 m. (7660 ft.).
Although it is possible that P. crinitus is less
abundant in its preferred habitat-rock rims
and other rocky areas-in the Toquima Range
than it is in similar habitats elsewhere in the
northern halfofthe Great Basin, the apparent
low densities may have been due to the re-
markable abundance ofP. maniculatus at that
time. This amazing little generalist was vir-

tually everywhere. I trapped a total of 249
individuals (including 56 taken in Sherman
live traps and released) as follows:

(1) Ikes Canyon, Toquima Range: 12 spec-
imens from two separate locales adjacent to
Ikes Creek (ca. 2300 and 2375 m. [7550 and
7790 ft.]);

(2) Stoneberger Canyon, Toquima Range:
49 specimens adjacent to Stoneberger Creek
(ca. 2375 m. [7790 ft.]), and 13 specimens in
the grassy meadow near the head ofthis creek
(ca. 2375 m. [7800 ft.]);

(3) Mill Canyon, Toquima Range: 11 spec-
imens in the rock rim just northeast of Gate-
cliff Shelter (ca. 2335 m. [7660 ft.]); 23 spec-
imens adjacent to the bank of Mill Creek just
west of Gatecliff Shelter (ca. 2320 m. [7610
ft.]); 25 specimens adjacent to the small, un-
named stream which flows into Mill Creek
just south of Gatecliff(ca. 2320 m. [7610 ft.]);
and, 14 specimens from two locales on the
canyon floor east of Gatecliff (ca. 2285 m.
[7500 ft.] and 2310 m. [7580 ft.]).

(4) Water Canyon, Toquima Range: 13
specimens adjacent to the spring on the north
side of the mouth of this canyon (ca. 2190
m. [7180 ft.]); and,

(5) Monitor Lake area, Monitor Valley: 76
specimens from three separate locales just
north and east ofMonitor Lake (ca. 2909 and
2100 m. [6860 and 6890 ft.]), and 13 speci-
mens just east of the mouth of Mill Canyon
(ca. 2135 m. [7000 ft.]).

Vegetation of the areas in which P.
maniculatus was collected ranged from the
scattered green rabbitbrush and black grease-
wood of the Monitor Valley stations to the
dense complex ofbig sage, green rabbitbrush,
single-needle pifion, limber pine (Pinus flex-
ilis), Utah juniper, Rocky Mountain juniper
(Juniperus scopulorum), quaking aspen, water
birch (Betula occidentalis), willows, currants
(Ribes aureum and R. cereum), and other trees
and shrubs adjacent to the small, unnamed
tributary just south of Gatecliff Shelter. The
abundance of P. maniculatus during 1978
made it difficult to collect other small mam-
mals. Deer mice were taken in traps, whether
baited or not, set adjacent to streams for the
western jumping mouse (Zapus princeps),
along rocky rims for P. crinitus, at the mouths
of heteromyid burrows, in Microtus run-
ways-in a word, everywhere I trapped.
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TABLE 13
Mandibular Alveolar Lengths (Measurements in
Millimeters) for Modern Neotoma cinerea and
Neotoma lepida and for Gatecliff Shelter Neotoma

Mandibles

n Range X S

A. Modem Neotoma cinerea
and Neotoma lepida
Neotoma cinerea 125 9.3-11.5 10.07 .39
Neotoma lepida 28 7.6-8.6 8.18 .27

B. Gatecliff Neotoma
Neotoma cinerea 134 9.3-10.7 9.81 .32
Neotoma lepida 34 7.5-8.7 8.24 .33
Neotoma sp. 1 8.9 - -

The relatively simple construction of the
upper and lower first and second molars of
P. crinitus is distinctive. The usual absence
of accessory styles and stylids and lophs and
lophids, combined with the weak develop-
ment of those that are present, allow iden-
tification ofthese teeth (see Hooper, 1957 for
a full discussion of these structures). The rel-
atively shallow fold that separates the inner
anteroconid and the metaconid of the M, of
this species, compared with that of other
members of the subgenus Peromyscus that
may have occurred in central Nevada since
the end of the Pleistocene, is also distinctive.
Identification of the Gatecliff P. crinitus was
based upon these criteria.
The identification of those members of the

subgenus (including P. maniculatus, P. truei,
and the brush mouse [P. boylif]), however, is
another matter. The tremendous variability
of the dental morphology of the species in
this group, and my lack of access to suffi-
ciently large comparative series ofthese taxa,
leads me to identify the Gatecliff specimens
to subgenus only. Multivariate statistical
analysis would likely provide finer taxonom-
ic resolution (see Holbrook, 1975 for a suc-
cessful application of such an analysis to
southwestern archaeological materials).

Onychomys sp.- Grasshopper Mice

MATERIAL: One skull fragment, two man-

dibles.
REMARKS: The only grasshopper mouse in

central Nevada is the northern grasshopper
mouse, 0. leucogaster (Hall, 1946). How-

ever, I am aware of only a single published
record for this mouse in the Toquima-Mon-
itor area: that provided by Hollister (1914)
for the Monitor Valley. With the exception
of a single upper incisor, the fragmentary
maxilla and two mandibles from Gatecliffare
edentulous.

Neotoma sp.- Woodrats

MATERIAL: 89 skull fragments, 125 man-
dibles, 131 isolated teeth, 22 humeri, one ra-
dius, five ulnae, seven innominates, 28 fem-
ora, 51 tibiae, three astragali, six calcanea.

Neotoma cf. lepida-Desert Woodrat

MATERIAL: One scapula, five humeri, three
radii, two ulnae, three innominates, 21 fem-
ora, 13 tibiae, eight calcanea.

Neotoma lepida-Desert Woodrat

MATERIAL: 26 skull fragments, 46 mandi-
bles, 49 isolated teeth.

Neotoma cf. cinerea-Bushy-tailed Woodrat

MATERIAL: One isolated tooth, 76 scapu-
lae, 211 humeri, 28 radii, 131 ulnae, 93 in-
nominates, one sacrum, 252 femora, 233 tib-
iae, 125 astragali, 157 calcanea.

Neotoma cinerea-Bushy-tailed Woodrat

MATERIAL: 279 skull fragments, 276 mnan-
dibles, 1057 isolated teeth.
REMARKS: Neotoma lepida and N. cinerea

are the only two species of this genus now
found in Nevada. Both have been reported
from the Toquima-Monitor area. Published
records for N. lepida range from 2135 m.
(7000 ft.) in the Monitor Valley to 2650 m.
(8700 ft.) in the Toquima Range; those for
N. cinerea range from 2135 m. (7000 ft.) in
the Monitor Valley to 2500 m. (8200 ft.) in
the Toquima Range (Hall, 1946).
The morphology of M' allows separation

of these two species: the re-entrant angle of
the anterior prism of this tooth is deep in N.
cinerea but shallow in N. lepida. Numerous
other cranial and postcranial characters also
allow separation of N. lepida and N. cinerea,
but most of these may be a function of size,
since N. lepida is much smaller than N. ci-
nerea.
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FIG. 55. Distribution of alveolar lengths, Gatecliff Neotoma mandibles. Specimens lying to the left
of line A were assigned to N. lepida; specimens lying to the right of line B were assigned to N. cinerea.
The single specimen lying between lines A and B was assigned to Neotoma sp.

Some specific attributes of the Neotoma
assemblage require comment. Table 13 pre-
sents alveolar lengths ofthe mandibular tooth
row for 28 modern specimens of N. lepida
(subspecies represented are N. 1. gilva, N. 1.
lepida, N. 1. nevadensis, and N. 1. stephensi)
and for 125 modern specimens of N. cinerea
(N. c. alticola, N. c. fusca, N. c. occidentalis,
N. c. orolestes, N. c. pulla, and N. c. saxa-

mans). The distribution ofthe alveolar lengths
ofthe 169 Neotoma mandibles from Gatecliff
that were sufficiently complete to provide this
measurement is shown in figure 55. Speci-
mens with alveolar lengths of 8.7 mm. or less
were assigned to N. lepida; those with lengths
of 9.3 mm. or greater were assigned to N.
cinerea. A t-test was used to assign the single
mandible with an alveolar length of 8.7 mm.
to N. lepida (t = 1.95, p < 0.05); the single
specimen with an alveolar length of 8.9 mm
was assigned to Neotoma sp. because the re-

sults of statistical analysis were ambiguous
(with modem N. cinerea, t = -3.02, p < 0.01;
with modem N. lepida, t = 2.69, 0.05 > p >

0.01).
Inspection of figure 55 shows that the dis-

tribution of Gatecliff N. cinerea mandibles is
positively skewed; this distribution is not
characteristic of the sample of measured
modem N. cinerea mandibles (fig. 56). Why
is this the case? It is possible that the Gatecliff
sample contains more females than males. In
the sample of modem N. cinerea, the man-

dibular alveolar length of females averages
smaller (X = 10.02 mm., S = 0.03 mm.,
n = 58) than that of males (X = 10.13 mm.,
S = 0.04 mm., n = 65; two specimens in my
modern sample were unsexed). Behavioral
considerations, however, lead me to expect
that, if anything, more males than females
should have been incorporated into the col-
lection, a situation mirrored in modern mu-

seum collections (Trivers, 1972).
The distribution of N. cinerea alveolar

lengths through time at Gatecliff also makes
me doubt such an explanation (table 14, fig.
57). Clearly, there is a continuous size de-
crease in these lengths through time, but the
meaning of this decrease is not clear. On the
one hand, it might represent evolutionary de-
crease in alveolar lengths during the Holo-
cene, perhaps in response to environmental
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FIG. 56. Distribution of alveolar lengths, modem Neotoma cinerea mandibles.

warming. On the other hand, it might rep-
resent sample size effects: as the size of the
measured sample increases, alveolar length
decreases (R = -0.86, p < .10). Either one or
both of these effects can account for this pat-

:
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tern, though I argue below that sample size
effects represent the more likely cause. No
matter which is involved, the pattern itself
accounts for the skewed distribution of Gate-
cliff N. cinerea mandibular lengths, since the
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FIG. 57. Change in alveolar lengths of Gatecliff Neotoma cinerea mandibles through time. The
number of measured mandibles per stratigraphic block (n) is also shown.
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I TABLE 14
2 m m. 3 Alveolar Lengths (Measurements in Millimeters)

of Gatecliff Neotoma cinerea Mandibles by
Aggregated Strata

Radiocarbon
Years B.P. Stratum n Range X S

0-1250 1 37 9.3-10.6 9.71 .29
1250-3200 2-5 50 9.3-10.6 9.79 .31
3200-5100 6-21 22 9.3-10.6 9.88 .34
5100-6250 22-53 15 9.4-10.7 9.91 .32
pre-6250 54-56 7 9.7-10.6 10.04 .36

FIG. 58. Right M, of Phenacomys cf. inter-
medius from Gatecliff Shelter (specimen AMNH
NY301:6678).

largest GatecliffN. cinerea mandibles are from
strata characterized by the smallest alveolar
lengths.

Phenacomys cf. intermedius- Heather Vole

MATERIAL: One mandible, one M1.
REMARKS: The heather vole is known only

from the westernmost (Carson Range, Ne-
vada: Johnson, 1954) and eastemmost (Uin-
ta and Wasatch ranges, Utah: Durrant, 1952)
reaches of the Great Basin; the modern dis-

tribution of this vole is discussed in detail in
the next section. The two specimens referred
to Phenacomys cf. intermedius from Gatecliff
are the right half of a mandible and a right
M1 (fig. 58). These specimens came from the
same excavation unit, the molar fits securely
in the corresponding alveolus of the mandi-
ble, and it is reasonable to assume that the
two elements came from the same animal.
Identification of the cheekteeth of Phenaco-
mys is straightforward. Only three genera of
New World microtine rodents have rooted
molars: Clethrionomys (red-backed voles),
Phenacomys (heather vole, red tree vole, and
white-footed vole: I follow Hall and Kelson,
1959, and Jones, Carter, and Genoways, 1975,
by including Arborimus in Phenacomys), and
Ondatra (muskrats). Clethrionomys and
Phenacomys are readily distinguishable from
Ondatra on the basis of size alone. Cleth-
rionomys and Phenacomys may in turn be
distinguished by molar occlusal patterns. Un-
like Clethrionomys, the inner re-entrants of
the lower molars of Phenocomys are deeper
than the outer re-entrants. Although Ml oc-

clusal patterns among species ofPhenacomys
are too variable to allow the assignment of a
single tooth to a given species of that genus
(Howell, 1926; Guilday and Parmalee, 1972),
I have referred the two specimens ofGatecliff
Phenacomys to P. cf. intermedius. All other
species ofPhenacomys are confined to coastal
and near-coastal settings in northwestern
California and western Oregon. Only Phe-
nacomys intermedius shows a distribution and
an adaptational plasticity consistent with the
presence of Phenacomys at Gatecliff Shelter.
I note, however, that the biogeographic sig-
nificance of these specimens would not be

0
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weakened were another species of Phenaco-
mys involved.

Microtus sp.-Meadow Voles

MATERIAL: 11 skull fragments, 95 mandi-
bles, 77 isolated teeth.

Microtus cf. montanus-Montane Vole

MATERIAL: Three skull fragments.

Microtus cf. longicaudus-Long-tailed Vole

MATERIAL: 12 skull fragments.
REMARKS: Two species of Microtus, M.

montanus and M. longicaudus, are known
from the Toquima-Monitor area. Published
records for the montane vole are available
from the Monitor Valley, elevations between
2135 m. and 2165 m. (7000 ft. and 7100 ft.),
and for the long-tailed vole from both the
Monitor Valley, between 2135 m. and 2165
m. (7000 ft. and 7100 ft.), and in the Toquima
Range as high as 2370 m. (7780 ft.) (Hall,
1946). During the summer of 1978, I col-
lected eight M. montanus in the grasses sur-
rounding the spring at the mouth of Water
Canyon (ca. 2190 m. [7180 ft.]), and five M.
longicaudus in the meadow near the head of
Stoneberger Creek (ca. 2375 m. [7800 ft.]).
In that meadow, traps set crosswise in Mi-
crotus runways took Sorex vagrans, Euta-
mias minimus, Peromyscus maniculatus, and
Microtus longicaudus.

Identification of Microtus from the Gate-
cliff fauna is based on cranial characters.
Specimens referred to M. cf. montanus pos-
sessed ridged interorbital regions and con-
stricted incisive foramina; those attributed to
M. cf. longicaudus possessed lightly or un-
ridged interorbital regions and gradually ta-
pered or parallel-bordered incisive foramina
(Anderson, 1959; Maser and Storm, 1970).
Relatively few ofthe GatecliffMicrotus could
be identified in this fashion.

Lagurus curtatus-Sage Vole

MATERIAL: Four skull fragments, 110 man-
dibles, 82 isolated teeth.
REMARKS: The sage vole has been reported

for the Monitor Range (2285 m. [7500 ft.]),
but not for the Monitor Valley or the To-
quima Range (Hall, 1946). Nonetheless, these

areas are well within the species' range, and
there is no reason to think that the sage vole
is absent from the region. I trapped no sage
voles here during 1978, and saw none oftheir
distinctive signs (Maser et al., 1974; Maser
and Strickler, 1978). Sage vole teeth, and even
edentulous mandibles, are not difficult to
identify. The morphology ofthe occlusal sur-
face ofthe M3 ofLagurus is distinctive (Mas-
er and Storm, 1970), as is the width of the
re-entrant angles ofLagurus cheekteeth (Mil-
ler, 1896). In addition, the location of the
mandibular foramen serves to distinguish
mandibles of Lagurus and Microtus (J. C.
Chatters, personal commun.). In Microtus,
this foramen is on or adjacent to the ridge of
bone that encapsulates the base ofthe incisor
and can be seen when the disarticulated half
of the mandible is laid on its buccal surface;
in Lagurus, the mandibular foramen is on
the anterocranial wall of this ridge, and can-
not be readily seen in this position. I have
found this character to be ofinfallible generic
value in over 100 specimens each ofMicrotus
and Lagurus and have used it to assign eden-
tulous mandibles ofthese taxa from the Gate-
cliff collections to genus. In those cases in
which assigned mandibles were not edentu-
lous, dental morphology agreed with identi-
fications based on the location of the man-
dibular foramen.
Although there are no records for the sage

vole from the Toquima-Monitor Valley area,
the abundance of Lagurus in the Gatecliff
sediments is not surprising. Sage voles are
colonial and are often abundant in acceptable
habitat (Maser et al., 1974).

Family Zapodidae-Jumping Mice
Zapus cf. princeps-Western

Jumping Mouse

MATERIAL: One femur.
REMARKS: Although found in the central

Great Basin (Krutzsch, 1954) there are no
published records for Zapus princeps in the
Toquima-Monitor area (Brown, 1971, 1978;
Hall, 1946), and I did not trap any specimens
here during 1978 despite great effort to do
so. However, J. R. Alcorn collected four spec-
imens along Stoneberger Creek at an eleva-
tion of 2285 m. (7500 ft.) in 1969 (J. R. Al-
corn, personal commun.), a record whose
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significance will be discussed in the next sec-
tion.
The record ofZapus from Gatecliffis based

on a single femur. The morphology of the
proximal end of this element is distinctive.
Of all western rodents, only Zapus possesses
a femur with a relatively small femoral head
set well beneath the apex of the greater tro-
chanter at the end of a long and slender fem-
oral neck. Presumably, this distinctive mor-
phology is related to the equally distinctive
means of locomotion employed by these ro-
dents. The specimen has been referred to Z.
cf. princeps on geographic grounds. Zapus
trinotatus occurs from coastal California north
to southwestern British Columbia, while Z.
hudsonius is not found south ofthe Canadian
border west of the Rocky Mountains. Only
Z. princeps is currently found in the Great
Basin (Krutzsch, 1954).

Family Erethizontidae-New World
Porcupine

Erethizon dorsatum-Porcupine
MATERIAL: Eight skull fragments, eight

mandibles, 34 isolated teeth, one humerus,
three radii, five ulnae, one femur.
REMARKS: Porcupines are widespread and

often common in the Great Basin; Hall (1946)
provided two records for the Toquima Range,
at 2315 m. and 2455 m. (7600 ft. and 8050
ft.).

Family Canidae-Wolves, Dogs, and Foxes
Canis sp.-Wolf or Dog

MATERIAL: Two isolated teeth.
REMARKS: Both of these teeth were from

the same excavation unit and probably rep-
resent a single animal. Both are well worn
and robust. One, a left M2 with large and
partly fused roots, has a crown length of 1 1.1
mm.; the other, a right PI, has a crown length
of 5.7 mm.

Canis latrans-Coyote
MATERIAL: Two isolated teeth, one verte-

bra.
REMARKS: Coyotes are common Great Ba-

sin carnivores, and I find it surprising that
the total sample of coyote remains from
Gatecliff consists of a right M2, a right P3,

and a first cervical vertebra. Carnivores as a
whole, however, were uncommon in the Ga-
tecliff sediments.

Vulpes vulpes-Red Fox

MATERIAL: One mandible.
REMARKS: There are scattered records of

red foxes in central Nevada, although I am
not aware ofany from the Toquima-Monitor
area (Hall, 1946; Hall and Kelson, 1959).

Family Mustelidae-Weasels, Skunks,
and Allies

Spilogale putorius- Spotted Skunk

MATERIAL: Three mandibles, one M3.

Mephitis mephitis-Striped Skunk

MATERIAL: Four mandibles.
REMARKS: Although I know of no records

for either spotted or striped skunks in the
Toquima-Monitor area, both are common
Nevada mustelids.

Family Felidae- Cats
Lynx rufus-Bobcat

MATERIAL: Four skull fragments, one MI,
one humerus.
REMARKS: The bobcat was once a common

animal in Nevada; Hall (1946) provides a
single record, without elevation, for the Mon-
itor Valley.

GATECLIFF SHELTER AND
HISTORIC BIOGEOGRAPHY OF

THE GREAT BASIN

As I argued earlier, the analysis of archae-
ological and paleontological faunas at a nom-
inal level avoids the methodological difficul-
ties associated with the analysis of counts of
taxonomic abundance. This section presents
a nominal scale examination of a hypothesis
that attempts to account for the distribution
of boreal mammals on Great Basin moun-
taintops. The opportunity provided by the
Gatecliffmammals to test this hypothesis was,
in fact, a major reason for studying those
mammals.

In 1971 J. H. Brown presented an analysis
of the distribution of 13 boreal mammals
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across 17 isolated mountain ranges in the
Great Basin, ranges biogeographically iso-
lated for boreal mammals by the "vast sea
of sagebrush desert" (Brown, 1971, p. 467)
that separates them. Defining boreal mam-
mals as those that "inhabit juniper-pifion
woodlands or habitats of higher elevation"
(Brown, 1978, p. 215), Brown noted that
"there is no correlation between numbers of
species of boreal mammals and variables
which are likely to affect the probability of
colonization, such as distance between island
and mainland, distance between islands, and
elevation of intervening passes" (Brown,
1971, p. 477). Brown concluded that the dis-
tribution of boreal mammals on mountain-
ous islands within the Great Basin today can-
not be accounted for by equilibria between
rates of extinction and rates of colonization
(MacArthur and Wilson, 1967), but is instead
to be explained by initial Pleistocene colo-
nization followed by extinction of geograph-
ically intermediate populations. Thus, in
Brown's model, immigration ofboreal mam-
mals to isolated mountains within the Great
Basin is not occurring today, and the boreal
mammalian faunas of these mountains are
true relicts from Pleistocene times.
Brown's arguments were based entirely on

modem distributions of mammals. If his hy-
pothesis is correct, there are numerous im-
plications that must be supported by the pa-
leontological record. For instance, (1) boreal
mammals present on only some ofthe moun-
tains today should have been present in the
past on those mountains from which they are
currently absent; (2) no colonization by bo-
real mammals can have occurred during the
Holocene; and (3) the boreal mammals in-
volved must have been present in the inter-
vening lowlands where today they are absent,
since the lowlands provided the corridor for
access to the mountains during the Pleisto-
cene.

In addition, the model predicts that (4) there
were species of boreal mammals on isolated
mountains in the past that are on none of the
mountains today. The number of mountains
on which a given boreal mammal is found in
the Great Basin today is shown in figure 59.
This figure employs the initial sample of 17
mountainous islands and 13 boreal taxa in-
cluded by Brown (1971), updated by addi-

FIG. 59. Distribution ofboreal mammals across

a sample of isolated Great Basin mountains (after
Brown, 1971). Eu = Eutamias umbrinus; Nc =

Neotoma cinerea; SI = Spermophilus lateralis;
Ml = Microtus longicaudus; Mf= Marmota fla-
viventris; Tt= Thomomys talpoides; Sv = Sorex
vagrans; Sp= Sorex palustris; Zp= Zapus prin-
ceps; Op = Ochotona princeps; Me = Mustela er-
minea; Sb = Spermophilus beldingi; Lt = Lepus
townsendii.

tional distributional records from Brown
(1978) and further updated by the records of
Sorex vagrans and Zapus princeps for the
Toquima Range reported above. The number
of mountains on which a given boreal taxon
is found today varies evenly from 15 down
to one, implying that there are likely to be
boreal mammals that occur on none of these
mountains today, but which occurred there
in the past.

Prediction (3) has gained support from the
presence of Ochotona princeps at the Connley
Caves, in the Fort Rock Basin ofsouth central
Oregon (1310 m., 4300 ft.), between 1 1,000
and 7000 B.P., but not after that time-bo-
real mammals in a lowland setting in which
they no longer exist, as the model predicts
(Grayson, 1977a, 1979a).

Gatecliff Shelter is in a highland setting in
one of the mountain ranges that Brown used
in the initial development ofhis model. Thus,
the Gatecliff fauna provides an opportunity
to test the first and fourth implications of his
model listed above. Initially, implication (1)
seemed the most hopeful target of investi-
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FIG. 60. The distribution of Phenacomys in-
termedius (after Hall and Kelson, 1959). Note ab-
sence of P. intermedius from the area surrounding
Gatecliff Shelter.

gation. Ofthe 13 boreal mammals employed
in Brown's initial sample, four had not been
reported from the Toquima Range: Sorex va-

grans, Lepus towsendii, Zapus princeps, and
the ermine (Mustela erminea). Ofthese, three,
Sorex vagrans, Lepus cf. townsendii, and Za-
pus cf. princeps proved to be present in the
Gatecliff fauna. However, subsequent trap-
ping in the Toquima Range and the unpub-
lished records provided by J. R. Alcorn dem-
onstrated that both the wandering shrew and
western jumping mouse are present in this
range today. This demonstration indicated
not only the importance ofcarrying out small
mammal surveys in conjunction with ex-

amination of Brown's model, but it also re-

moved prime support from test implication
(1). The apparent presence of Lepus town-
sendii in the Gatecliff fauna remains as sup-
port. The nearest modern records for this hare
are from the Desatoya Range, some 90 km.
to the northwest, and from the White Pine
Range, some 130 km. to the northeast. The
Gatecliffrecords thus fill a sizeable gap in the
distribution of L. townsendii, and this record
is not likely to represent long distance trans-
port of L. townsendii from locales in which
it currently occurs. However, the identifica-
tion of this hare in the Gateclifffauna cannot
be seen as secure. The identification of species
of Lepus in this fauna are based upon bivar-

iate size analyses of an unfortunately small
number of modern specimens, and the iden-
tification of L. cf. townsendii from Gatecliff
Shelter must accordingly be treated with cau-
tion.
The same, however, cannot be said of the

presence of Phenacomys at Gatecliff. Phe-
nacomys intermedius is widely distributed
across the boreal forests ofCanada and across
much ofthe northwestern United States, with
populations extending south along the Cas-
cade and Sierra Nevada mountain ranges into
southern California as well as south along the
Rocky Mountains and other highlands into
northern New Mexico. Isolated populations
also occur in the Sierra Nevada along the
California-Nevada border (fig. 60).
The heather vole is primarily an alpine and

subalpine animal in the United States (Foster,
1961; Maser and Storm, 1970). Nonetheless,
it is found in a wide variety of settings, rang-
ing from alpine heather (Edwards, 1955) to
well-drained sagebrush flatlands in the vicin-
ity ofJackson Hole, Wyoming (Negus, 1950).
As Negus (1950) noted, P. intermedius seems
adaptable to a wider range of habitats than
many other voles, and apparently survives
well in moist or xeric conditions. Although
the heather vole is found in the Sierra Nevada
of California and Nevada and in the high
altitude mountains ofcentral Utah, it has been
reported only for the westernmost and east-
ernmost reaches of the Great Basin, as noted
above. The nearest modern records for the
heather vole are no closer than some 300 km.
west of the Toquima Range.
There is little doubt that the sediments in

which the two specimens of Phenacomys cf.
intermedius were found were deposited at
about 5300 B.P. (see chap. 3). Since neither
specimen shows any of the distinctive attri-
butes of having been rolled (fig. 58; see also
the photograph in Grayson, 1981b), trans-
port by water from upstream or by move-
ment downslope with the talus of Stratum 24
seems highly unlikely. Similarly, it is unlikely
that these specimens were redeposited from
significantly older-early Holocene or late
Pleistocene-sediments within the site itself.
The maximum depth of Stratum 24 is 6.1 m.
from the surface; Stratum 55, which contains
Mazama tephra and dates to ca. 6900 B.P.
is a full 3 m. lower than the base of Stratum
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24, and deposits older than 7000 years deeper
yet. It does not seem likely that the two spec-
imens of Phenacomys from Gatecliff could
have been derived from pre-Mazama sedi-
ments 3 m. below, and through 10 interven-
ing rubble layers and the graded alluvial beds
between those layers. In short, there are no
stratigraphic problems to be resolved regard-
ing the Gatecliff Phenacomys. These speci-
mens clearly represent primary deposition of
a Phenacomys cf. intermedius tooth and
mandible.
The pollen counts from Gatecliffsediments

are discussed in chapter 7. The pollen spectra
for these sediments at approximately 5300
B.P. are dominated by Pinus, Juniperus, and
Artemisia, a situation not unlike that ofmod-
em times. However, as Thompson and Kautz
(chap. 7) note, the vegetation surrounding
GatecliffShelter at about 5300 B.P. may have
been characterized by a greater abundance of
juniper, and a somewhat different under-
story, than has characterized the area in mod-
ern times. This picture is slightly different
from that presented in Grayson (1981b),
which was based on Kautz's initial analysis
of the Gatecliff pollen.
The roughly modern appearance of the

vegetation in the Gatecliff area at this time
bears on a related issue: might the presence
of the heather vole on the Toquima Range
at ca. 5300 B.P. represent Holocene coloni-
zation of the range by this vole? If this is the
case, then Brown's model is refuted, since the
model requires no post-Pleistocene coloni-
zation of isolated Great Basin mountains by
boreal taxa during the last 10,000 years.
Even though the posssibility of sweep-

stakes dispersal (Simpson, 1965) cannot be
eliminated, such dispersal seems unlikely. The
nearest modem records for heather voles are
from about 300 km. west of the Toquima
Range; no prehistoric geographically inter-
mediate records are known. In addition, the
Holocene vegetation record for the Great Ba-
sin clearly shows that at no time during the
past 10,000 years have the intervening low-
lands between the Toquima Range and the
Sierra Nevada and Rocky Mountains sup-
ported the alpine and subalpine vegetation in
which heather voles thrive (Mehringer, 1977).
The sheer distance involved coupled with the
nature of the intervening environment and

the lack of any intervening lowland record
for Phenacomys renders hypotheses of Ho-
locene dispersal of this animal to the Toqui-
ma Range highly unlikely. It is much more
probable that the specimens recovered from
Gatecliff Shelter represent a population of
heather voles that had been isolated on the
Toquima Range since the end of the Pleis-
tocene or beginning of the Holocene, and are
thus consistent with Brown's model.

If this view is correct, other Holocene and
late Pleistocene faunas in the Great Basin
should contain Phenacomys intermedius.
Upland Holocene faunas should provide rec-
ords of this animal, while both lowland and
upland late Pleistocene faunas should contain
heather voles. In fact, Phenacomys cf. inter-
medius has been identified from late Wis-
consin age deposits in Smith Creek Cave in
the Snake Range of eastem Nevada, at an
elevation ofapproximately 1950 m. (6400 ft.)
(J. I. Mead and R. S. Thompson, personal
commun.).

Thus, the Gatecliff Phenacomys provide
strong support for the fourth implication of
Brown's model that I noted above-a boreal
mammal on a Great Basin mountain range
that is apparently extinct on all these ranges
today. It is, in fact, reasonable to speculate
that heather voles were widespread, though
not necessarily abundant, in the Great Basin
during late Pleistocene and early Holocene
times, with the chronology of local extinction
dependent on the size and distribution of
suitable blocks of habitat, initial population
sizes, and the nature of local climates and
climatic change through time. It is also rea-
sonable to speculate that records for the
heather vole on isolated mountain ranges in
the Great Basin that are much more recent
than that provided by Gatecliff Shelter will
be discovered in the future. It is even possible
that the vole may yet exist on such a range.
If so, the Gatecliff Phenacomys provides a
test of the first, and not the fourth, implica-
tion of Brown's model discussed above.

Accordingly, the Gatecliff small mammal
fauna supports Brown's model ofGreat Basin
small mammal biogeography in two ways.
First, it provides this support by suggesting
the presence of Lepus townsendii in the To-
quima-Monitor area during the Holocene.
Second, and more impressively, it provides
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TABLE 15
Relative Abundances of Sylvilagus nuttallii
(Sylvilagus nuttaliii and Sylvilagus cf. nuttallilt)

Through Time at Gatecliff Shelter

Relative
Abundance
(NISP/Total

NISP, Stratum
Stratum S. nuttallii NISP)

1 1444 .41
2 64 .39

3-5 1725 .48
6/7 142 .53
8 29 .36
9 328 .52
10 6 .21
11/12 210 .38
13 18 .08

14-16 1 1.00
17 13 .25
18 0 .00
19 50 .17
20 15 .33
21 0 .00
22 20 .21
23 9 .22
24/25 46 .10
26-30 8 .08
31/32 38 .15
33 132 .23
37 46 .17
54 87 .18
55 0 .00
56 147 .12

this support by documenting the presence of
heather voles here during the Holocene. The
Gatecliff Shelter fauna thus joins other Great
Basin late Pleistocene and Holocene mam-
malian faunas-for instance, those from the
Connley Caves (Grayson, 1977a, 1979a),
Hidden Cave (Grayson, unpublished), and
Smith Creek Cave (J. I. Mead and R. S.
Thompson, personal commun.)-in dem-
onstrating the predictive power ofthis model.

CHANGING ABUNDANCES:
COMMENTS ON SELECTED TAXA

Looking only at the taxa present in the
Gatecliff fauna, the overriding impression is
one of great stability during the last 7000
years. Only two taxa present at Gatecliff are
currently absent from the Toquima-Monitor

area (Lepus cf. townsendii and Phenacomys
cf. intermedius), and the identification of
Lepus cf. townsendii is not secure. In addi-
tion, most of the small mammals reported
historically for the area are also present in
the Gatecliff faunal assemblage.

This section briefly examines changing fre-
quencies through time of some of the Gate-
clifftaxa. As noted above, paleoenvironmen-
tal interpretation of taxonomic frequencies
from single archaeological and paleontolog-
ical sites is made extremely difficult by a host
of measurement and taphonomic problems.
Although the work ofGuilday, Parmalee, and
others in the eastern United States (e.g., Guil-
day et al., 1978) has shown that taxonomic
frequency data can be of great value when
placed in wide geographic and temporal con-
text, such context is not yet available in the
Great Basin. My comments will, therefore,
be cautious.

Ochotona princeps

At the Connley Caves, southcentral Ore-
gon, pikas were present prior to 7000 B.P.,
but not after that time (Grayson, 1977a,
1979a). While pikas are apparently still pres-
ent in the Toquima Range (Hall, 1946), the
Gatecliff data suggest that a similar phenom-
enon may be at work here. Of the 58 pika
elements present in the fauna, 95 percent (55)
were deposited prior to 5100 years ago; dur-
ing the last 5100 years, while 73 percent (9507)
of the identified Gatecliff small mammal ele-
ments were being deposited, only three ele-
ments of pika were incorporated into the
Gatecliff sediments. There are, of course,
many reasons why this change may have oc-
curred. It is possible that the numbers of pi-
kas in the area remained unchanged, while
talus slopes near Gatecliff became choked,
removing pika habitat, or while accumula-
tion mechanisms ceased sampling these an-
imals. The disappearance of pikas at the
Connley Caves, however, as well as the local
absence ofpikas on many Great Basin moun-
tain ranges (Brown, 1971, 1978), suggests that
the decreasing frequencies of pika elements
through time at Gatecliff may reflect an in-
crease in the lower elevational limits ofpikas
in the Toquima Range (the lowest modern
record placed pikas some 300 m. above the
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elevation of Gatecliff), and may also reflect
a real decrease in pika abundance in the To-:
quima Range during the Holocene. The
Gatecliff fauna may be showing the process
of pikas becoming extinct in the Toquima
Range, as they have become extinct in the
Fort Rock Basin of southcentral Oregon
(Grayson, 1977a, 1979a), the Jarbridge
Mountains of northeastern Nevada (Ziegler,
1963), and in the Sheep Range of southern
Nevada (Spaulding and Grayson, unpub-
lished). Implications for the management of
pika habitat seem clear.

Sylvilagus nuttallii
At the Connley Caves, Sylvilagus nuttallii

increased in abundance just after 7000 B.P.
At Gatecliff, however, the major increase in
S. nuttallii (including S. cf. nuttallii) abun-
dance occurs after ca. 3000 B.P. (above Stra-
tum 10: see table 15).

Elsewhere, I have noted that relative abun-
dances of the sort presented in table 15 are
often highly correlated with sample size
(Grayson, 1981c), and that the presence of
such correlations greatly clouds the meaning
of the relative abundances involved. Fortu-
nately, the number of identified elements per
stratum (total stratum NISP) and the percent
of those elements that are S. nuttallii are' not
significantly correlated across all Gatecliff
strata (Spearman's rho, rs = 0.29, p = 0.17).
This is not to say that sample size effects
cannot be seen in table 15. Strata 14-16 alone
demonstrate that they are present. It is in-
stead to say that the overall pattern ofrelative
abundance of S. nuttallii through time at
Gatecliff cannot be accounted for by the dif-
fering numbers of identified elements per
stratum. In the absence of more detailed
taphonomic information, however, I cannot
account for the increase in relative abun-
dance of S. nuttalli in GatecliffShelter above
Stratum 10.

Sylvilagus idahoensis
The relative abundance of pygmy rabbits

decreased greatly after 7000 B.P. at the Conn-
ley Caves (Grayson, 1979a). Does the Gate-
cliff fauna show a similar decrease? Exami-
nation ofchanging relative abundances of this
animal in the Gatecliff deposits cannot be as

TABLE 16
Relative Abundances of Sylvilagus idahoensis
(Sylvilagus idahoensis and Sylvilagus cf.
idahoensis) Through Time at Gatecliff Shelter: All

Strata

Stratum

2
3-5
6/7
8
9
10

11/12
13

14-16
17
18
19
20
21
22
23
24/25
26-30
31/32
33
37
54
55
56

NISP,
S. idahoensis

86
4

63
6
7

10
0

23
3
0
0
0
7
2
0
8
0

47
0

35
41
63
69
0

268

Relative
Abundance
(NISP/Total
Stratum
NISP)
.02
.02
.02
.02
.09
.02
.00
.04
.01
.00
.00
.00
.02
.04
.00
.09
.00
.11
.00
.14
.07
.23
.14
.00
.22

straightforward as that presented for S. nut-
tall/i since there is a significant correlation
between total stratum NISP and the percent
of those elements that are S. idahoensis (in-
cluding S. cf. idahoensis) in that stratum
(r, = 0.60, p < 0.01; see table 16). This cor-
relation is due to the effects of strata with
very small total NISP values; removing strata
with NISP values of less than 150 from anal-
ysis also removes the significant correlation
(r, = 0.01, p > 0.50; see table 17). Inspection
of S. idahoensis relative abundances in those
strata with total NISP values of more than
150 reveals decreasing S. idahoensis abun-
dances through time in the Gatecliff fauna.
Relative abundances of 7 percent and higher
characterize strata deposited prior to ca. 5300
B.P., whereas relative abundances of 4 per-
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TABLE 17
Relative Abundances of Sylvilagus idahoensis
(Sylvilagus idahoensis and Sylvilagus cf.
idahoensis) Through Time at Gatecliff Shelter:
Strata with More than 150 Total Identified

Elements

Relative
Abundance
(NISP/Total

NISP, Stratum
Stratum S. idahoensis NISP)

1 86 .02
2 4 .02

3-5 63 .02
6/7 6 .02
9 10 .02

11/12 23 .04
13 3 .01
19 7 .02

24/25 47 .11
31/32 35 .14
33 41 .07
37 63 .23
54 69 .14
56 268 .22

cent and lower characterize strata deposited
after this time.
Although habitat requirements of pygmy

rabbits are not well known, these animals are
typically associated with dense stands of tall
sagebrush (Orr, 1940). For the Connley Caves,
I suggested that the decrease of S. idahoensis
after 7000 B.P. might have been due to de-
creased effective precipitation, which in turn
reduced the abundance ofpygmy rabbit hab-
itat. However, the Gatecliff pollen record
seems to indicate more arid conditions in the
Gatecliff area between about 7000 and 6000
B.P. than after that time (see chap. 7), so the
decreased abundances of S. idahoensis in the
Gatecliff fauna after ca. 5300 B.P. cannot be
attributed to decreased effective precipitation
at this time. Instead, the decrease in pygmy
rabbit abundance may have been due to the
expansion of pifnon-juniper woodland here,
and the associated diminution of sagebrush-
dominated steppe vegetation.

Lepus spp.

The Connley Caves also revealed a large
decrease in the abundance ofLepus spp. after
7000 B.P., a decrease that I did not attempt

TABLE 18
Relative Abundances of Lepus spp. (Lepus sp.,
Lepus townsendii, and Lepus cf. californicus)
Through Time at Gatecliff Shelter: All Strata

Relative
Abundance
(NISP/Total

NISP, Stratum
Stratum Lepus spp. NISP)

1 134 .04
2 6 .04

3-5 121 .03
6/7 4 .02
8 2 .03
9 32 .05

10 17 .59
11/12 0 .00
13 1 .00

14-16 0 .00
17 1 .02
18 0 .00
19 4 .01
20 3 .07
21 0 .00
22 10 .11
23 5 .12
24/25 33 .08
26-30 0 .00
31/32 25 .10
33 28 .05
37 37 .14
54 67 .14
55 0 .00
56 186 .15

to explain (Grayson, 1977a, 1979a). The
Gatecliff fauna shows a similar decrease.
The correlation (r.) between total stratum

NISP and the relative abundance of Lepus
spp. (Lepus sp., Lepus cf. townsendii, and
Lepus cf. californicus) in that stratum is 0.33
(p = 0.1 1; see table 18). Removing strata with
less than 150 total identified elements re-
duces this coefficient to r, = 0.18 (p > 0.50;
see table 19). The most recent stratum with
more than 150 identified elements and with
relative abundances of Lepus spp. of greater
than 5 percent is 24/25 (ca. 5300 B.P.). With
the exception ofStratum 33, earlier strata are
characterized by yet higher abundances of
hares. I cannot account for the decreasing
relative abundances of hares in the Gatecliff
fauna through time; the situation is not made
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TABLE 19
Relative Abundances of Lepus spp. (Lepus sp.,
Lepus cf. townsendii, and Lepus cf. californicus)
Through Time at Gatecliff Shelter: Strata with

More than 150 Total Identified Elements

Relative
Abundance
(NISP/Total

NISP, Stratum
Stratum Lepus spp. NISP)

1 134 .04
2 6 .04

3-5 121 .03
6/7 4 .02
9 32 .05

11/12 0 .00
13 1 .00
19 4 .01

24/25 33 .08
31/32 25 .10
33 28 .05
37 37 .14
54 67 .14
56 186 .15

easier by the fact that the species of Lepus
that contribute to these abundances are un-
known. I note simply that the Gatecliff and
Connley Caves faunas agree: more elements
ofLepus were being deposited during the ear-
lier Holocene than during later times.

TABLE 20
Relative Abundances of Neotoma cinerea
(Neotoma cinerea and Neotoma cf. cinerea)
Through Time at Gatecliff Shelter: All Strata

Relative
Abundance
(NISP/Total

NISP, Stratum
Stratum N. cinerea NISP)

1 762 .22
2 38 .23

3-5 581 .16
6/7 46 .17
8 16 .20
9 115 .18
10 3 .10
11/12 128 .23
13 67 .29

14-16 0 .00
17 5 .09
18 1 .25
19 78 .27
20 8 .18
21 0 .00
22 29 .31
23 18 .44
24/25 78 .18
26-30 48 .45
31/32 78 .31
33 249 .44
37 80 .29
54 154 .32
55 0 .00
56 321 .27

Neotoma cinerea

Table 20 displays the relative abundances
of Neotoma cinerea (including N. cf. cinerea)
by stratum at Gatecliff Shelter. The correla-
tion (rj) between total stratum NISP and the
relative abundance of N. cinerea in that stra-
tum is 0.31 (p = 0. 13). Removing strata with
less than 150 total identified elements re-
duces that correlation to -0.27 (p > 0.20; see
table 21). Table 21 may contain a hint that
the nearly straightline decrease in mandibu-
lar alveolar lengths of N. cinerea (fig. 57) is,
in fact, caused by changing sample sizes. The
most reasonable non-sample size explanation
for this decrease would call on Bergmann's
response-decreasing sizes of N. cinerea in
response to environmental warming. Envi-
ronmental warming, in turn, should decrease
the abundance of N. cinerea since these an-
imals are boreal in habitat preference (e.g.,

Hall, 1946). The abundances in table 21 show
no such decrease (I employ the strata shown
in table 21, rather than the aggregated strata
employed in fig. 57, because the relationship
between sample size and N. cinerea relative
abundance in those aggregated blocks is high-
ly significant: r, = 0.80, p = 0.05). While ear-
lier Gatecliff strata tend to have greater num-
bers of N. cinerea elements, there is no
reduction in the abundance ofthese elements
comparable to the decrease seen in N. cinerea
alveolar lengths. It is not known, of course,
if these element counts are reflecting abun-
dances of N. cinerea in the surrounding en-
vironment, and non-sample size explana-
tions other than Bergmann's response could
account for the decrease in mandibular
lengths. As a result, these numbers provide
no critical test of the cause of the decrease.
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TABLE 21
Relative Abundances of Neotoma cinerea (Neo-
toma cinerea and Neotoma cf. cinerea) Through
Time at Gatecliff Shelter: Strata with More than

150 Total Identified Elements

Relative
Abundance
(NISP/Total

NISP, Stratum
Stratum N. cinerea NISP)

1 762 .22
2 38 .23

3-5 581 .16
6/7 46 .17
9 115 .18

11/12 128 .23
13 67 .29
19 78 .27

24/25 78 .18
31/32 78 .31
33 249 .44
37 80 .29
54 154 .32
56 321 .27

However, at the moment, the most satisfying
explanation for the decrease in N. cinerea
alveolar lengths through time at Gatecliff sees
this decrease as a result of the increasing size
of the sample of measured mandibles.

CONCLUSIONS
The full value of the Gatecliff small mam-

mals will not be realized until a greater num-
ber of Holocene small mammal faunas from
the Great Basin have been excavated and
analyzed. Only then will it be possible to make
more meaningful statements about the
changing taxonomic frequencies within
Gatecliff, and only then will more complete
tests of Brown's model of Great Basin boreal
mammal biogeography be possible. None-
theless, even without this broader context,
the Gatecliffmammals are extremely instruc-
tive.

The presence of Phenacomys cf. interme-
dius, for instance, provides strong support for
Brown's argument that boreal mammals
reached Great Basin mountains during the
Pleistocene, and that since that time there
have been extinctions but no colonizations
(Brown, 1971, 1978). The decreasing abun-
dance of Ochotona princeps through time at
Gatecliff may shed light on the process of
local extinction itself, for here we may be
seeing this process under way. If my inter-
pretation of this decreasing abundance is
correct-and here the broader context is
available-the Gatecliff fauna has clear im-
plications for land managers as well, since
pika populations in the Toquima Range may
be fragile indeed.
The changing abundances ofleporids in the

Gateclifffauna is difficult to interpret without
a larger sample of Holocene small mammal
faunas from the Great Basin. The decreases
seen in relative abundances of Sylvilagus ida-
hoensis and Lepus through time at Gatecliff
are consistent with those seen at the Connley
Caves, though the temporal correlations are
not exact. Whether these similarities are for-
tuitous, or whether they really reflect the his-
tories of the abundances of these animals in
the northern half ofthe Great Basin, remains
to be seen. If they do reflect decreasing abun-
dances ofthese animals during the Holocene,
the causes of these changes must still be
sought.

Finally, I note that the Gatecliff small
mammal fauna is sizeable not only because
ofthe nature ofthe Gatecliffsediments them-
selves but also because of the care taken to
retrieve that fauna. The nature of the Gate-
cliff fauna again emphasizes the information
that can be lost if fine screening, or some
other fine-grained recovery technique, is not
used to retrieve such material (Thomas,
1969). Although such a point would now seem
trivial if raised in paleontological contexts, it
is certainly not so for archaeological ones.

LARGE MAMMALS

DAVID HURST THOMAS

We describe in this section the large mam-
mal remains recovered from Gatecliff Shel-

ter. Following the discussion by Grayson, we
think that taphonomic problems greatly limit
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TABLE 22
Distribution of Identifiable Large Mammal Bones at Gatecliff Shelter

Ovis Antilocapra Ovisl Odocoileus Bison Cervus Bison/
canadensis americana Antilocapra hemionus bison elaphus Cervus

Horizon 1 14 2 2 - - 1 1
Horizon 2 500+ - - - 1
Horizon 3 99 7 - 5 - - 1
Horizon 4 75 1 3 2 - - -
Horizon 5 64 4 - 2 1
Horizon 6 23 3 18 2 1
Horizon 7 41 4 - - -

(Stratum 8) 1 - - -

Horizon 8 48 3 2 6
Horizon 9 10 1 - -

Stratum 13 1 - 1 - - -

Horizon 12 7 - 2 - - -

Horizon 14 4 - - - - -

Horizon 15 2 - - - - -

(Stratum 38) 1 - 1 - - -

No provenience - - 1 - 1 -

Totals 890+ 25 30 17 4 1 2

the scope of cultural inferences that can be
drawn from these remains.

DESCRIPTIVE SUMMARY

Table 22 presents the stratigraphic distri-
bution of the number of identified elements
per large mammal taxon at Gatecliff Shelter.
Vertical provenience is provided by cultural
horizon (rather than by geological stratum)
because most of the large mammal bones oc-
curred in cultural contexts (see chap. 8 for a
summary of the Gatecliff horizons). Other
than this, table 22 is equivalent to table 10
of the preceding section. Table 23 presents
the distribution of the identifiable elements
per large mammal taxon.

Order Artiodactyla-Artiodactyls
Family Cervidae

Cervus elaphus-Elk
MATERIAL: One horn core.
REMARKS: Elk formerly inhabited most of

central North America. They have since be-
come locally extinct in many areas, but have
been widely reintroduced. Historic records
for elk are generally restricted to the north-

eastern half of the Great Basin (Hall, 1946;
Hall and Kelson, 1959).

Elk bones are reported prehistorically in
the central Great Basin from South Fork
Shelter (Heizer, Baumhoff, and Clewlow,
1968, pp. 20-21) and possibly from Deer
Creek Cave (Ziegler, 1963, table 1) and the
Barrel Springs site (Thomas, 1972c, table 2).

Family Antilocapridae
Antilocapra americana-Pronghorn

MATERIAL: A total of 25 elements could be
assigned to anatomical body part (table 23).
REMARKS: The pronghorn is widely dis-

tributed throughout the western United
States, including the entire State of Nevada
(Hall, 1946; Hall and Kelson, 1959). These
animals are not present in large numbers in
Monitor Valley today. During the 10 years
of archaeological fieldwork in Monitor Val-
ley, I saw only a single individual in 1975
near the mouth of Stoneberger Canyon, and
a group of four in the Hunts Canyon area,
approximately 3 km. northwest of Hunts
Canyon Ranch, in the summer of 1980.
Grayson spotted a group of 10 in Monitor
Valley at the base ofIkes Canyon, in scattered
cover of Juniperus osteosperma, in the sum-
mer of 1978.
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TABLE 23
Distribution by Anatomical Part of Identifiable Large Mammal Bones at Gatecliff Shelter

(Counts do not include the Horizon 2 Ovis canadensis.)

Ovis Antilocapra Ovisl Odocoileus Bison Cervus Bison!
canadensis americana Antilocapra hemionus bison elaphus Cervus

Horn core 8 - - - - 1
Cranium 25 1 3 2 -

Mandible 84 6 6 3 1
Hyoid 23 3 - 3 - - -
Atlas - -

Axis - - -

Pelvis 16 2 - 1
Sacrum - -

Rib - - - - - 1

Scapula 9 - - 1
Humerus 10 2
Radius & ulna 26 -

Radius 2 1 - 3
Carpal - - -

Metacarpal 17 1 - - 1
Femur 1 - -

Tibia 16 - - 1
Tarsal - - - - - -
Astragalus 9 - -

Calcaneus 3 1 - - 1
Metatarsal 27 7 -

Other metapodials 17 - -

Phalanx - - - - 1
Teeth 86 1 21 3 - - -

Totals 379 25 30 17 4 1 2

Family Bovidae
Bison bison-Bison

MATERIAL: One calcaneus, one phalanx, one
metapodial, one mandible.
REMARKS: The bison bones at Gatecliff are

rare, but have been found in archaeological
contexts from other parts of the state of Ne-
vada; Grayson has recently reviewed the evi-
dence for bison in this area (1982). The rec-
ord provided by Hall (196 1) from the
Simpson Park Mountains is for an area not
far north of the Monitor Valley study area.

Ovis canadensis-Mountain Sheep
MATERIAL: A total of 890 elements (listed

in table 22).
REMARKS: There are three named subspe-

cies of mountain sheep in the Great Basin
(Cowan, 1940; Hall, 1946, pp. 634-642;
Buechner, 1960; see also chap. 18, this part).

The desert mountain sheep (0. c. nelsoni)
was common in southern and central Ne-
vada; the Rocky Mountain mountain sheep
(0. c. canadensis) in northeastern Nevada;
and the California mountain sheep (0. c. cal-
iforniana) in western and northwestern Ne-
vada. Although Cowan (1940) suggests that
subspecific differences in mountain sheep can
be recognized on the basis of cranial mea-
surements, Bradley and Baker (1967) caution
against the use of such measurements, and I
follow that caution here. It is worthwhile to
note, however, that the historic subspecies of
mountain sheep in Monitor Valley seems to
have been 0. c. nelsoni (Hall, 1946), and it
is likely that the prehistoric Gatecliff speci-
mens were also of that subspecies.
The more than 800 mountain sheep ele-

ments identified from Gatecliff Shelter rep-
resent nearly 92 percent of the identifiable
large mammal elements recovered. The dom-
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ination ofthe Gatecliff large mammal assem-
blage by mountain sheep is in line with
previous observation of comparable archae-
ological faunas (Thomas, 1970b; McQuivey,
1978; Pippin, 1979; see also Grayson, 1982).
It is, however, of some importance to note
that roughly two thirds ofthe mountain sheep
remains at Gatecliffoccurred on Horizon 2-
the "bone bed"-and a full discussion of the
cultural significance of this horizon is pre-
sented in chapter 18.

CONCLUSIONS

Because the large mammal fauna is so
dominated by the presence of bighorn sheep
bones, little can be said about the changing
distribution or frequencies ofMonitor Valley
large mammals based on the Gatecliff evi-
dence. As will be considered in chapter 18,
a number ofbiological and cultural inferences
can, however, be derived from the bighorn
remains found on Horizon 2.

FISH, AMPHIBIANS, REPTILES, AND BIRDS

JIM I. MEAD, DONALD K. GRAYSON, AND RICHARD W. CASTEEL

Although the Gatecliff vertebrate fauna
consisted primarily of mammals, small sam-
ples of fish, amphibians, reptiles, and birds
were also recovered. These are the subjects
of this section (see tables 24, 25, and 26 for
distributional information). All fish remains
were identified by Casteel, amphibians and
reptiles by Mead, and birds by Grayson.

Class Osteichthyes-Bony Fishes
Order Salmoniformes

Family Salmonidae-Salmonids
cf. Salmo clarkii-Cutthroat Trout

MATERIAL: 14 thoracic vertebrae, four cau-
dal vertebrae.
REMARKS: There are no known native pop-

ulations ofcutthroat trout in either Big Smoky
or Monitor valleys (Hubbs, Miller, and
Hubbs, 1974; Smith, 1978). If truly Salmo,
it is possible that the specimens identified as
cf. Salmo clarkii by Casteel represent indi-
viduals introduced from the Reese River Val-
ley (see Thomas, 1983; chap. 7).

Order Cypriniformes
Family Cyprinidae or Catostomidae-

Minnows or Suckers

MATERIAL: Five thoracic vertebrae, one
caudal vertebra.
REMARKS: Native populations of speckled

dace (Rhinichthys osculus) exist in both Big
Smoky and Monitor valleys (Hubbs, Miller,
and Hubbs, 1974).

Class Amphibia-Amphibians
Order Anura-Frogs and Toads
cf. Scaphiopus-Spadefoot Toad

MATERIAL: One femur.

Scaphiopus cf. intermontanus-Great
Basin Spadefoot Toad

MATERIAL: One right maxilla, eight scap-
ulae, nine humeri, two radioulnae, five fem-
ora, 22 tibiofibulae, two calcanium-astragu-
lae, seven urostyle-sacral vertebrae, four ilia,
11 vertebrae, one centrum.
REMARKS: Of the few species of amphibi-

ans that occur in central Nevada in the region
of Gatecliff Shelter (Bufo boreas, Hyla regil-
la, the introduced Rana catesbeiana, Rana
pipiens, Rana pretiosa, and Scaphiopus in-
termontanus), only the spadefoot was iden-
tified from the Gatecliff deposits. Although
S. intermontanus is the only species of Sca-
phiopus currently present in the Great Basin,
it is possible that S. hammondi existed in this
region in the past.

Class Reptilia-Reptiles
Order Squamata-Lizards and Snakes
Family Iguanidae-Iguanid Lizards

Crotaphytus sp.-Collared and
Leopard Lizards

MATERIAL: One parietal.

Crotaphytus collaris-Collared Lizard
MATERIAL: One parietal.
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TABLE 24
Numbers of Identified Fish Elements per Taxon

by Stratum at Gatecliff Shelter

Cyprinidae
Salmo cf. or Cato-
clarkii stomidae Totals

Strata 3-5
Horizon 5 1 -
Horizon 6 2 - 2

Strata 11/12 2 - 2
Strata 24/25 - 1 I
Strata 31/32 4 1 5
Stratum 37 2 1 3
Stratum 54 1 2 3
Stratum 56 6 1 7

Totals 18 6 24

REMARKS: No attempt was made to sepa-
rate C. collaris from the more southerly C.
insularis (see Smith and Tanner, 1972 and
Montanucci, Axtel, and Dessauer, 1975 for
discussions of this species).

Crotaphytus cf. wislizenii-
Leopard Lizard

MATERIAL: One parietal.

Crotaphytus wislizenii-Leopard Lizard

MATERIAL: One left maxilla, one right den-
tary, one left dentary, two frontals.
REMARKS: Crotaphytus wislizenii is a high-

ly predaceous, diurnal lizard that can be dif-
ferentiated from other species of Crotaphytus
by its sharper, more recurved teeth and the
shape of the parietal. The leopard lizard oc-

curs throughout the non-rocky, desert scrub
habitats of the Great Basin (Tanner, 1978).

cf. Phrynosoma-Horned Lizard

MATERIAL: Two right dentaries.

Phrynosoma sp.-Horned Lizard

MATERIAL: One left dentary.

Phrynosoma platyrhinos- Desert
Horned Lizard

MATERIAL: One left maxilla, two parietals,
two squamosals.

REMARKS: Two species ofhorned lizard live
in the Great Basin: Phrynosoma douglassi and
P. platyrhinos. The short-horned lizard, P.
douglassi, occurs in restricted upland habitats
in the higher mountains of eastern Nevada
and along the entire northern edge ofthe Great
Basin. In contrast, P. platyrhinos occurs
throughout the Great Basin, from valley bot-
toms to well into the higher mountain ranges.

Sceloporus sp. -Spiny Lizard

MATERIAL: Four right maxillae, three right
dentaries, four left dentaries.

Sceloporus graciosus- Sagebrush Lizard

MATERIAL: Three right dentaries.
REMARKS: Four species of Sceloporus cur-

rently live in or adjacent to the Great Basin:
S. graciosus, S. magister, S. occidentalis, and
S. undulatus. The small size of adult S. gra-
ciosus distinguishes it from other sceloporine
lizards.

Sceloporus cf. magister-Desert
Spiny Lizard

MATERIAL: Four right maxillae, four left
maxillae, five right dentaries, four left den-
taries.

Sceloporus magister-Desert Spiny Lizard
MATERIAL: Five right maxillae, four left

maxillae, three right dentaries, four left den-
taries.
REMARKS: Elements of S. magister are dif-

ficult to distinguish from those of S. clarkii,
which currently occupies woodland and sub-
tropical short-tree forest south of the Great
Basin. Sceloporus magister occurs in the area
of Gatecliff Shelter today.

Sceloporus occidentalis-Western
Fence Lizard

MATERIAL: One complete skeleton with
scales.
REMARKS: Isolated skeletal elements of S.

occidentalis and S. undulatus are difficult to
distinguish. However, the recovery ofthis en-
tire skeleton allowed identification to species.
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TABLE 26
Numbers of Identified Avian Elements per Taxon by Stratum at Gatecliff Shelter

c z } E U i | E-

mC; m u Q mmaa

Stratum 1
Horizon 1
Horizon 2
Horizon 3
Horizons 1/3

Stratum 2
Strata 3-5
Horizon 4
Horizon 5
Horizon 6
Horizons 4/6

Stratum 8
Stratum 9
Strata 1 1/12
Stratum 13
Stratum 19
Stratum 20
Stratum 23
Strata 24/25
Strata 31/32
Stratum 37
Stratum 54
Stratum 56
Mixed Strata 3-7

Totals

2
5

2

4

3

3

2
4
2
3
2

2

2

2

2 6 2 6 1 36

Sceloporus occidentalis or S. undulatus-
Western or Eastern Fence Lizard

MATERIAL: 12 right maxillae, 16 left max-
illae, 24 right dentaries, 16 left dentaries, 21
frontals, one frontal with maxillae, 13 pari-
etals, one parasphenoid.
REMARKS: These specimens, from a small-

er species of Sceloporus similar to both S.
occidentalis and S. undulatus, represent the
most abundant reptile in the Gatecliff de-
posits. Only S. occidentalis occurs in the
physiographic Great Basin; S. undulatus oc-

cupies the Colorado Plateau and Rocky
Mountains.

Uta stansburiana-Side-blotched Lizard

MATERIAL: One skull with scales.
REMARKS: The side-blotched lizard is com-

mon in the Great Basin, and is found in the
Gatecliff area today.

Family Colubridae-Colubrid Snakes

MATERIAL: 25 vertebrae.
REMARKS: The most abundant North

American snakes belong to the Colubridae.
Details of the haemal keel-hypapophysis,
among others, allow the Colubridae, Viper-
idae (=Crotalidae), Elapidae, and Boidae to

2
1 1 7

2
2

4
1
4

1 4

3
1 5

5
4
2

1 1
1 4

1
2
2
2

1 1 ~~5 60
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I
I
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be distinguished. The criteria provided by
Auffenberg (1963), Rogers (1976), Van De-
vender and Mead ( 1978) and Holman (1979)
have been used to identify genera and species
within the Colubridae.

cf. Coluber constrictor- Racer

MATERIAL: One vertebra.
REMARKS: Coluber constrictor is widely

distributed in the northern half of the Great
Basin and occurs in restricted areas to the
south. No records of Coluber from the To-
quima-Monitor area are known to us.

cf. Lampropeltis-Common Kingsnake

MATERIAL: Three vertebrae.

Lampropeltis cf. getulus-Kingsnake

MATERIAL: 30 vertebrae.
REMARKS: This moderate-sized snake lives

within riparian habitats bordered by desert.
The vertebrae of Lampropeltis getulus are
typical of kingsnakes, with well-developed
subcentrum ridges. L. getulus can usually be
distinguished from the two smaller species of
kingsnakes (L. pyromelana and L. triangu-
lum) by its greater overall adult size dimen-
sions; the smaller kingsnakes occur along the
eastern reaches of the Great Basin.

cf. Masticophis-Coachwhip Snake

MATERIAL: Six vertebrae.

Masticophis sp.-Coachwhip Snake

MATERIAL: 19 vertebrae.
REMARKS: Vertebrae of the genera Masti-

cophis and Coluber are very similar. The for-
mer genus has a PR-PR/PO-PR ratio of0. 87-
1.00; this ratio for Coluber is 0.98-1.25 (Auf-
fenberg, 1963; see also K. L. Rogers, 1976).
Both Masticophus flagellum and M. taenia-
tus live in the Great Basin with the latter
species restricted to the western and southern
regions of this area.

cf. Pituophis melanoleucus-Bull
Snake or Gopher Snake

MATERIAL: Five vertebrae.

Pituophis melanoleucus-Bull Snake or
Gopher Snake

MATERIAL: One left maxilla, 30 vertebrae.
REMARKS: Vertebrae of Pituophis are most

similar to those of the genus Elaphe, which
does not currently occur in the Great Basin.
Pituophis melanoleucus is a widespread North
American snake that occupies diverse habi-
tats.

cf. Salvadora-Patch-nosed Snake

MATERIAL: Nine vertebrae.

Salvadora cf. hexalepis-Western
Patch-nosed Snake

MATERIAL: 13 vertebrae.
REMARKS: There do not appear to be any

skeletal characters that allow Salvadora hex-
alepis to be distinguished from S. grahamiae;
only the former species occurs in the Great
Basin, including central Nevada.

cf. Thamnophis-Garter Snake

MATERIAL: One vertebra.
REMARKS: Only a single species of Tham-

nophis, T. elegans, occurs in the Great Basin
today, although T. sirtalis is found adjacent
to all but the southern border of the inter-
montane region. The vertebrae of Thamno-
phis are typical ofthe natricine snakes in hav-
ing a short S-shaped haemal keel. Although
the anterior vertebrae of most non-natricine
colubrid snakes have a similar S-shaped hae-
mal keel, the single Gatecliff specimen is a
mid-dorsal vertebra.

Family Viperidae (=Crotalidae)-
Pit Vipers

Crotalus sp. -Rattlesnake

MATERIAL: Four vertebrae.

Crotalus cf. viridis-Western
Rattlesnake

MATERIAL: 17 vertebrae.
REMARKS: Crotalus viridis is the only

species of Crotalus that occupies the entire
Great Basin. The smaller C. cerastes and the
C. viridis-sized C. mitchelli, however, enter
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the southern portion of the intermontane re-
gion. There are no known osteological char-
acters that allow C. viridis to be reliably dis-
tinguished from C. mitchelli.

Class Aves- Birds
Order Anseriformes-Swans, Geese,

Ducks, and Allies
Family Anatidae-Swans, Geese, and Ducks
Anas sp.-Green-winged Teal, Blue-winged

Teal, and/or Cinnamon Teal

MATERIAL: Two scapulae.
REMARKS: One or more species of teal may

be found in central Nevada at any time of
year, although they are least common during
the winter months (Linsdale, 1936; all gen-
eral distributional information on birds pre-
sented here is taken from this source). Mon-
itor Lake currently provides suitable habitat
for at least transient individuals of these
species.

Order Falconiformes-Vultures, Hawks,
and Falcons

Family Accipitridae-Hawks, Old World
Vultures, and Falcons
Buteo sp. -Hawks

MATERIAL: Six phalanges.

Aquila chrysaetos-Golden Eagle
MATERIAL: Two tibiotarsi.
REMARKS: The golden eagle is a common

resident of central Nevada.

Family Falconidae-Caracaras and Falcons
Falco sparverius-American Kestrel

MATERIAL: Three tarsometatarsi, one cor-
acoid, one femur, one tibiotarsus.

Falco cf. mexicanus-Prairie Falcon

MATERIAL: One coracoid.
REMARKS: Both of these falcons are resi-

dent in the Toquima-Monitor area.

Order Galliformes-Grouse, Quails,
and Allies

Family Phasianidae-Grouse, Ptarmigan,
Turkey, and Quails

cf. Dendragapus obscurus-Blue Grouse

MATERIAL: One premaxilla, two mandi-
bles, two sterna, seven coracoids, two scap-
ulae, one articulated coracoid and scapula,
one furculum, six humeri, one ulna, two car-
pometacarpi, three pelvis fragments, four
femora, two tibiotarsi, two tarsometatarsi.
REMARKS: Blue grouse are currently resi-

dent on the Toiyabe, Toquima, and Monitor
ranges; published Toquima Range records fall
between 2620 and 3050 m. (8500 and 10,000
ft.) (Linsdale, 1936). It is possible that some
of the elements assigned to cf. Dendragapus
obscurus here pertain to Pediocetes phasi-
anellus, as Paul W. Parmalee has suggested
from inspection of some of the specimens
(Parmalee, personal commun.), but the Gate-
cliff specimens referred to blue grouse are
more robust than available comparative
specimens of male sharp-tailed grouse. A
number of fragmentary grouse elements re-
main unidentified.

Order Strigiformes-Owls
Family Strigidae-Typical Owls

Asio cf. flammeus-Short-eared Owl

MATERIAL: One coracoid.

Aegolius acadicus-Northern
Saw-whet Owl

MATERIAL: One tarsometatarsus.
REMARKS: Published records for these birds

in northern Nevada appear to be scarce, al-
though they are both recorded in the Lahon-
tan Valley to the west during the fall and
winter months (Alcorn, 1946; Linsdale, 1936,
1951).

Order Piciformes-Woodpeckers
Family Picidae-Woodpeckers

Colaptes auratus-Northern Flicker

MATERIAL: One humerus, one ulna, one
carpometacarpus, one femur, one tarsometa-
tarsus.
REMARKS: The northern flicker is both res-

ident and abundant in Nevada; it currently
occurs in the area immediately surrounding
Gatecliff Shelter.

DISCUSSION

Of the approximately 500 elements ofam-
phibians and reptiles recovered from Gate-
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cliffShelter, 406 were identified. All elements
were well preserved; some showed evidence
of digestion. It is possible that the entire am-
phibian and reptile assemblage from this site
resulted from the activities of raptors.
With one possible exception, all the am-

phibians and reptiles from Gatecliffare likely
to be constituents of the modern herpeto-
fauna of the Monitor Valley or Toquima
Range. Unfortunately, we know of no exten-
sive survey of the amphibians and reptiles of
this region, nor was such a survey conducted
in conjunction with the Gatecliff project. The
single possible extralimital amphibian or rep-
tile from the Gatecliff deposits is Coluber
constrictor; as discussed, one vertebra was as-
signed to this taxon. The remaining amphib-
ian and reptile taxa could have been sampled
from the lower portion of Mill Canyon, the

immediately adjacent mountain ranges, and
the nearby bajadas. Although the sample is
small, the absence of such anurans as Hyla
regilla and Rana pretiosa may indicate the
absence of permanent wet areas in the im-
mediate vicinity of the shelter.
A smaller proportion ofthe total avian col-

lection from Gatecliffwas identified. Because
adequate comparative collections were not
available, a fairly sizeable series of passerine
elements remains unstudied. Nonetheless, the
high proportion of raptors in the collection
is notable, whereas documentation of the
presence of blue grouse (cf. Dendragapus ob-
scurus) on the Toquima Range as early as
6000 B.P. suggests that this bird may have
become established here during the Pleisto-
cene.
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CHAPTER 7. PALEOBOTANY OF GATECLIFF SHELTER

We present in this chapter the results and
implications ofthree separate paleobotanical
studies conducted at Gatecliff Shelter: pollen
analysis, flotation analysis of selected hearths,
and packrat midden analysis. In addition,

Lanner synthesizes the Gatecliff data with
other information bearing on the Holocene
expansion of singleleaf pi-non northward in
the Great Basin.

POLLEN ANALYSIS

ROBERT S. THOMPSON AND ROBERT R. KAUTZ

The analysis of fossil pollen from sedi-
mentary deposits has been a major tool for
reconstructing past vegetation and climate.
Palynology has been successfully applied in
the temperate regions ofnorthern Europe and
eastern North America where large numbers
of lakes and bogs provide ideal situations for
the preservation of stratigraphic pollen rec-
ords. In the semiarid Great Basin ofthe west-
ern United States there are relatively few such
opportunities for pollen preservation, though
lake sediment pollen records have been ob-
tained from southeastern Idaho (Bright,
1966), northwestern Utah (Mehringer, 1977)
and eastern California (Batchelder, 1970).
Pollen sequences have also been obtained
from dry cave fill in western Nevada (Sears
and Roosma, 1961) and in central Nevada
(Kautz and Thomas, 1972). The last report
was the first published pollen diagram from
the central Great Basin, and unfortunate
errors in pollen identification severely limit
its usefulness.1
At the outset, we must stress a number of

potential causes of error in the interpretation
of pollen diagrams from this and other ar-
chaeological sites. We review these potential
problems both to inform the reader of their
existence and to urge a measure of caution
when considering our interpretations. De-
spite these interpretative problems, we be-
lieve that the pollen diagram, when taken in
conjunction with the other paleoenviron-

Pollen counts used in this chapter from the upper
levels of the Gatecliff Shelter deposits differ from those
presented in Kautz and Thomas (1972); we believe that
the pollen of Cupressaceae, Gramineae, and Cyperaceae
may have been improperly identified in the earlier re-
port.

mental studies from Gatecliff Shelter, pro-
vides an adequate baseline for the reconstruc-
tion of past environmental changes and their
potential effects on human societies.

MODERN ENVIRONMENT

The modern vegetational and climatic set-
ting of Gatecliff Shelter is presented in detail
in Part 1 of this series (Thomas, 1983). Gate-
cliffShelter is situated at approximately 2319
m. (7607 ft.) elevation in a pifion-juniper (Pi-
nus monophylla-Juniperus osteosperma)
woodland. Other common woody species
growing near the site includejoint-fir (Ephed-
ra viridis), mountain mahogany (Cercocarpus
ledifolius), big sagebrush (Artemisia triden-
tata), and snowberry (Symphoricarpos spp.).
Although the vegetation of the eastern slope
of the Toquimas is, in a broad sense, zoned
elevationally, the elevational distribution of
plant species varies greatly in the area around
Gatecliff Shelter with substrate, slope, and
exposure. The overall pattern is a mosaic of
co-occurring species, with small differences
in topography and substrate creating a variety
of microhabitats in a relatively small area.
Because of this mosaic patterning, plants
characteristic of higher elevations, such as
limber pine (Pinus flexilis), and those char-
acteristic oflower elevations, such as saltbush
and shadscale (Atriplex canescens and A.
confertifolia), grow in proximity to the "pi-
fnon-juniper woodland" surrounding Gate-
cliff Shelter.

SAMPLING AND METHODS

Sediment samples for pollen analysis were
collected from every stratum identified in the
Gatecliff Shelter deposits; in strata thicker
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than 10 cm. we collected pollen samples in
alternating 5 cm. increments throughout the
unit. Pollen samples nos. 44 through 8 were
collected from the Master Profile and sam-
ples nos. 7 through 1 were collected from the
south wall of Unit 24 (fig. 22). These pollen
samples are plotted by time, not depth, in the
Gatecliff Shelter pollen diagram (fig. 61), and
in some cases (table 27) the samples pre-
sented in figure 61 are mean values obtained
from several field samples. These mean val-
ues were employed when the depositional
units were judged to be the results of events
(such as floods) rather than long term pro-
cesses. The use of these mean values poses
many problems and these are discussed in a
following section.

Sediment samples for pollen analysis were
collected with a clean trowel and packaged
in sterile plastic bags. Pollen extraction pro-
cedures, in general, followed Mehringer
(1967). Hydrochloric and hydrofluoric acids
were used to remove carbonates and silicates.
Nitric acid, potassium hydroxide, and an ac-
etolysis mixture (Faegri and Iversen, 1975)
were employed to remove unwanted organic
material. Sample residues were stained,
mounted in glycerine, and analyzed at a mag-
nification of440X. A minimum of200 grains
were counted per sample, and in most cases
both authors counted a separate slide of each
sample. Pollen grains were identified by com-
parison with type material collected from the
Bailey Herbarium at Cornell University and
by reference to published pollen keys. The
pollen data are presented as relative per-
centages ofeach sample. We did not calculate
pollen per unit weight or volume due to the
great variations in sediment texture and rates
of sedimentation in the Gatecliff Shelter de-
posits.

POLLEN AND VEGETATION

Eight pollen types dominate the Gatecliff
Shelter pollen diagram. Unfortunately, none
of these types identifies an individual plant
species. Instead these pollen types represent
various levels of taxonomic abstraction: a
group of species (Ephedra viridis-type), a ge-
nus (Pinus, Juniperus, Artemisia), a group of
genera (Ambrosia-type), a subfamily (Tubu-
lifloreae), a family (Gramineae) or species in

TABLE 27
Gatecliff Shelter Pollen Samples with

Waterlaid Origins

Diagram Number of Field
Sample Number Samples Included

37 1
36 1
22 1
21 7
19 2
18 3
16 1
15 4
12 8
11 7
10 2
9 3
8 3

more than one family (Chenopodiaceae and
Amaranthus). To confuse matters further,
each one of these pollen types, with the ex-
ception of Chenopodiaceae-Amaranthus,
contains species that belong in different plant
communities along the elevational gradient.
Big sagebrush (Artemisia tridentata), a pro-
lific pollinator, is present along the entire el-
evational gradient from 1830 m. (6000 ft.) to
over 3050 m. (I10,000 ft.). The range ofspecies
covered by each pollen type, coupled with
the mosaic patterning in the vegetation, make
it difficult to identify any given vegetation
zone on the basis of its pollen rain. As noted
by Kautz (1983), broad-scale features ofvari-
ation in the modern pollen rain roughly cor-
respond with changes in vegetational asso-
ciations, and we are optimistic that large-scale
changes in the vegetation surrounding Gate-
cliff Shelter are apparent in the pollen dia-
gram.
The following sections review the taxo-

nomic composition and potential ecological
meaning of the major pollen types.

PINUS (PINACEAE)

Pines are prodigious producers of large bi-
saccate pollen. The pollen of this genus is
notoriously difficult to identify at the species
level, though in rare cases this has been pos-
sible (Hansen and Cushing, 1973). There are
two species of pines in the Toquima Range-
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the single-needle pinon (Pinus monophylla)
of the lower mountain slopes and the limber
pine (P. flexilis) of generally higher eleva-
tions. Both species are in the subgenus Hap-
loxylon and their pollen have similar mor-
phological characteristics, though they may
differ somewhat in size. Given the generally
fragmentary correlation of pine pollen in the
Gatecliff deposits, we did not attempt to seg-
regate the pollen of the two species. Pine pol-
len may be transported over great distances
and thus pine may be greatly over-repre-
sented in low pollen-producing communities
(Martin, 1963; Byrne, Busby, and Heizer,
1979).

JUNIPER US (CUPRESSACEAE)

Junipers also produce relatively large
amounts of pollen, though not as much as
pines. Two species ofjuniper grow in the To-
quima Range today and their pollen is in-
distinguishable. Utah juniper (Juniperus os-
teosperma) is the common species in the
pifion-juniper woodland, while Rocky
Mountain juniper (J. scopulorum) occurs less
frequently and is restricted to higher eleva-
tions or riparian habitats.

EPHEDRA VIRIDIS-TYPE
(EPHEDRACEAE)

Two species of Ephedra grow in the To-
quima Range, and both produce pollen ofthis
type. Mormon tea (Ephedra nevadensis) grows
in Monitor Valley and in dry habitats on the
lower mountain slopes. Joint-fir (E. viridis)
is common in the pifion-juniper woodland
and is the dominant species on the talus slopes
around Gatecliff Shelter. Ephedra produces
abundant wind-borne pollen that may be
transported over great distances (Maher,
1964; Markgraf, 1980).

ARTEMISIA (COMPOSITAE)

Sagebrush and its relatives produce abun-
dant wind-borne pollen. At least four species
may be included under this pollen type in the
Gatecliff region-big sagebrush (Artemisia
tridentata), bud sage (A. spinescens), black
sage (A. arbuscula var. nova) and Louisiana
sage (A. ludoviciana). Bud sage and black sage
grow in relatively xeric environments, Lou-

isiana sage grows in somewhat mesic habi-
tats, and big sage grows in a wide variety of
situations.

TUBULIFLOREAE (COMPOSITAE)

Although members ofthis group are insect-
pollinated, their pollen is common in pollen
diagrams. This pollen type includes species
of rabbitbrush (Chrysothamnus), and horse-
brush (Tetradymia), both common in lower
elevational communities, as well as a wide
range of annuals and dwarfed perennials
present in all communities.

AMBROSIA-TYPE (COMPOSITAE)

This pollen type includes the wind-polli-
nated ragweeds (Ambrosia and Franseria).
Martin (1963) and Mehringer (1967) used the
term "low-spine composites" for this group.
In the Gatecliffarea these plants would prob-
ably be annuals common in disturbed areas.

CHENOPODIACEAE/AMARANTHUS
(AMARANTHACEAE)

Species of the goosefoot family (Cheno-
podiaceae) and the related genus of pigweed
(Amaranthus) produce periporate pollen that
can only be segregated with great difficulty.
Martin (1963) and Mehringer (1967) use the
term "cheno-am" for this pollen type. Unlike
the other pollen types, this group has a con-
temporary ecological referent; species within
it being confined to alkaline soils or disturbed
ground in valleys or on the lower mountain
slopes. The xerophytic shrubs, saltbush (Atri-
plex canescens), shadscale (A. confertifolia),
hopsage (Grayia spinosa) and winterfat (Eu-
rotia lanata) are included under this pollen
type. Greasewood (Sarcobatus vermiculatus),
a halophyte that grows on the Monitor Lake
playa, is a species in the Chenopodiaceae
whose pollen can be easily distinguished from
that of other members of the family.

GRAMINEAE

With the exceptions of corn (Zea) and ce-
reals, the pollens of grass species cannot be
readily distinguished from one another. The
Gramineae pollen type includes a great num-
ber of species growing in a wide variety of
habitats along the entire elevational gradient.
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"INVISIBLE" POLLEN TAXA

Many of the important woody species
growing near Gatecliff Shelter, e.g., snowber-
ry (Symphoricarpos) and mountain mahog-
any (Cercocarpus), are insect-pollinated.
These plants produce only small quantities
of pollen, little of which makes its way into
sedimentary deposits. Other species, notably
quaking aspen (Populus tremuloides), pro-
duce pollen that is not readily preserved in
fossil deposits. These plant species are more
or less invisible in the fossil pollen record,
and though they may have been important
in past vegetational communities, their im-
portance cannot be assessed on the basis of
the pollen diagram.

POTENTIAL PROBLEMS WITH GATECLIFF
SHELTER POLLEN PROFILE

The theory and techniques of pollen anal-
ysis were developed for sediment cores from
lakes and bogs in forested temperate regions.
Paleoenvironmental research based on a pol-
len profile from an archaeological site in a
semiarid region may not meet the assump-
tions upon which pollen analysis is based.
These conditions must be met to obtain a
record ofHolocene vegetational change from
the pollen content of Gatecliff Shelter: 1)
changes in pollen frequencies must be due to
changes in vegetation and not to changes in
depositional regimes or other external fac-
tors, and 2) the pollen record must reflect
regional vegetational change and not merely
the conditions at the mouth of the shelter.
Before discussing the Gatecliff Shelter pollen
record in more detail, we explore some ofthe
factors that may obscure the record of vege-
tational history in the Gatecliff Shelter dia-
gram.

LONG-DISTANCE TRANSPORT

As we noted above, the pollen of many of
the taxa represented in figure 61 may be
transported over great distances. This is es-
pecially true with pine, and numerous studies
have documented high relative representa-
tions of pine pollen far from any potential
sources (Potter, 1964; Martin, 1963; Mehrin-
ger, 1967). One problem with using relative
percentage data is that as the local production

of pollen changes, the long distance compo-
nent may become more or less important due
to statistical constraints (Martin and Gray,
1962; Mehringer, 1967).

WIND FLOW IN MOUNTAIN RANGES

Markgraf (1980) has shown that in some
mountainous situations prevailing winds car-
ry pollen upslope from the lower elevational
plant communities. As a result, higher ele-
vational sites may reflect a more regional pol-
len assemblage while lower sites may reflect
only local conditions. This effect may be off-
set at Gatecliff Shelter by down-canyon cold
air drainage in Mill Canyon, but we cannot
assess either the relative effects ofthe upslope
winds and cold air drainage or how these pat-
terns may have changed through time.

CHANGING DEPOSITIONAL REGIMES

Several preceding chapters have docu-
mented the changing sedimentary facies in the
Gatecliff Shelter column. Each sedimentary
change may alter the fossil pollen record by
influencing the relative amount of long-dis-
tance vs. local pollen expressed in the pollen
diagram, and by selecting some pollen types
over others.
WATER TRANSPORTED SEDIMENTS: Pollen

samples from fluvial samples or from inter-
stitial water from mud flows present unique
problems. Most ofthe deposition in Gatecliff
Shelter between roughly 6000 to 4000 B.P.
involved water transported sediments, and
nearly one-quarter of the pollen samples in
the Gatecliffcolumn are from these sediment
types (table 27). Graded beds up to 80 cm.
thick comprise the bulk of the Gatecliff Shel-
ter sediments from this period. Each of these
beds was deposited in very short time inter-
vals (hours to days) and contains material
derived from upslope colluvium or upcan-
yon alluvium. Pollen samples were taken at
5 cm. intervals through some of these graded
beds and the results from three of these are
shown in table 28. Although the pollen in
each bed was deposited more or less instan-
taneously, the relative representations of the
pollen taxa vary considerably through the
thickness of each bed. The velocity and tur-
bulence of the water flow probably had a ma-
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TABLE 28
Relative Pollen Percentages Through Graded
Bed Sedimentary Units from Gatecliff Shelter

Field Sample Junip- Arte-
Number Pinus erus misia Other

Stratum 8
44 61 13 24 2
43 63 11 27 1
42 44 12 37 8
41 68 12 20 10
40 49 21 22 8
39 67 12 21 10
38 35 26 20 19
X 55 15 24 8

Stratum 21
22 40 24 25 11
21 55 21 19 5
20 30 33 25 12
19 40 30 22 8
18 30 30 16 14
17 30 32 16 12
16 25 41 21 13
15 16 53 23 8
X 33 33 23 10

Stratum 23
14 16 62 16 6
13 24 37 26 13
12 40 34 14 12
11 47 31 14 8
10 51 32 13 4
9 50 32 13 5
8 50 33 12 5
7 17 68 11 4
X 37 41 15 7

jor effect on pollen deposition in these graded
beds.
Other studies of the pollen content of wa-

terlaid sediments have demonstrated some
ofthe inherent problems. In a study ofdeltaic
sediments off the coast of Venezuela, Muller
(1959) demonstrated that lighter pollen grains
are transported farther from the source and
settle with finer-grained sediments. Traverse
and Ginsburg (1966) found that the deposi-
tion of pine pollen in oceanic sediments off
the Bahamas was affected by the turbulence
of the water. In a laboratory study of the
pollen content of sediments deposited by an

artificial stream, Brush and Brush (1972)
found that while all pollen types show some
selectivity in suspension, pine and other bi-
saccate coniferous pollen are especially af-

fected. Dry pine pollen tends to float and be
deposited with the finer-grained sediments,
whereas wetted pine pollen travels with the
bed load and is deposited with the coarse
fraction. Brush and Brush (1972, p. 380) con-
cluded that "equal amounts ofdifferent types
ofpollen in a suspended sample do not reflect
equal amounts of input. Obviously, there-
fore, a profile constructed from suspended
load samples would not yield a realistic ap-
praisal of the flora contributing pollen to a
stream."

In addition to the problems caused by se-
lectivity of pollen types in these sediments,
the water deposited pollen samples may con-
tain rebedded pollen derived from the source
colluvium or alluvium. In analogous situa-
tions Davis (1961) and Cushing (1964) have
found microfossils of Tertiary and Creta-
ceous age in Late Glacial sediments. Davis
and Cushing were able to segregate the rebed-
ded pollen because ofobvious morphological
differences from Wisconsinan and Holocene
pollen types. Rebedded pollen, if present at
Gatecliff Shelter, probably would be derived
from sediments deposited earlier in the Ho-
locene; these pollens would be morphologi-
cally similar to those we are attempting to
monitor. Thus, we are unable to segregate
these rebedded microfossils or to assess the
magnitude of this potential problem.
The pollen diagram (fig. 6 1) shows the mean

values of the relative pollen representations
from the samples from each graded bed. Be-
cause of the variability throughout each bed,
we have no way ofknowing the "true" values
of the pollen composition at the time of de-
position or how well the mean value approx-
imates the "true" value. We are encouraged
that the pollen representations in these sam-
ples do not vary greatly from those in adja-
cent samples from different sediment types.
MUDFLOWS AND SLOPE WASH SEDIMENTS:

These sediments form a continuum with those
discussed in the preceding section and are
subject to some of the same problems in that
the rebedding of older pollen may occur in
these slope wash sediments. At different times
slope wash may have been derived from the
north-facing slope across from GatecliffShel-
ter or from the south-facing slope adjacent to
the shelter. The modern plant communities
differ on these opposing slopes and the rel-
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ative representations ofthe pollen taxa might
have varied through time as the source of
sheet wash or mudflow sediments varied.
ROOFSPALL AND EOLIAN SEDIMENTS: Some

strata were deposited relatively slowly by
roofspall or wind-blown fine sediments and
they contain little or no water-laid or mud-
flow sediment. These strata probably have
the greatest potential for expressing the re-
gional pollen rain at the time of deposition.
It is possible, however, that as the configu-
ration of Gatecliff Shelter changed through
time, its efficiency as a trap for the regional
pollen rain may have been altered; this might
affect the relative representations of local vs.
regional components in the pollen deposition
and cause shifts in the pollen diagram, un-
related to the regional pollen rain.
DEPOSITIONAL HIATUSES: Melhorn and

Trexler (chap. 5) and Davis (chap. 4) have
inferred the occurrence of depositional hia-
tuses during the period between roughly 6000
and 4000 B.P. While these stratigraphic
breaks do not directly affect the depositional
regimes of the pollen assemblages, they do
represent intervals of unknown duration for
which we have no pollen evidence.

DIFFERENTIAL DESTRUCTION OF
POLLEN GRAINS

Once the pollen has been deposited, the
relative frequencies may be modified through
the differential destruction of the grains by
oxidation and microbial digestion. The gen-
eral absence of preserved organic materials
in the Gatecliff Shelter sediments, except for
carbonized plant macrofossils from hearths,
suggests an oxidizing environment unfavor-
able to pollen preservation. Indeed, much of
the pollen from the Gatecliff Shelter deposits
was relatively poorly preserved. Studies of
the differential susceptibility of pollen taxa
to corrosion have shown that while most co-
nifers and some angiosperms have thick-
walled pollen that is resistant to decay, other
angiosperms produce pollen that is readily
destroyed (Sangster and Dale, 1961; Havin-
ga, 1964). The differential destruction of rel-
atively thin-walled, sporopollenin-deficient
angiosperm pollen has been called upon to
explain low pollen concentrations and high
pine percentages in records from Quaternary

alluvium (S. A. Hall, 1977) and a dry lake
bed (Batchelder, 1970). Episodes ofintensive
pollen corrosion in the Gatecliff Shelter sed-
imentary sequence might thus be expected to
inflate the relative representations ofpine and
other conifers. We see no place in the Gate-
cliff pollen diagram where this effect is ob-
vious, but we cannot dismiss the possibility.
Populus tremuloides (quaking aspen) is an

important high-elevation and streamside tree
in the Toquima Range. In spite of its wide-
spread occurrence, we did not observe any
pollen grains of this taxon. This may be due
to the difficulty of identifying this nonde-
script pollen grain (Mott, 1978) or, more like-
ly, the thin-walled Populus pollen (Tschudy,
1969, p. 87) was not preserved in the Gatecliff
sediments.

HUMAN IMPACT ON THE POLLEN RECORD

Gatecliff Shelter initially attracted interest
because of its long stratigraphic record of hu-
man occupation; unfortunately, these same
human activities may have affected the pol-
len record from this site. Analysis of carbon-
ized plant macrofossils (this chapter) dem-
onstrates some of the human activities
involving plant materials in Gatecliff Shelter.
Pine, juniper and sagebrush were apparently
used for firewood throughout the record, and
Mormon tea was also employed after about
3200 B.P. Chenopodium (goosefoot) was
widely used in the past as a foodstuff (Stew-
ard, 1938, p. 23) and is present in the Gate-
cliff Shelter macrofossil records throughout
the entire record. There are undoubtedly
many more archaeological uses of plants
which we cannot document. While there is
the potential for contamination of the pollen
records by human transported pollen, we do
not believe this contamination to be a major
problem because of the well-spaced and rel-
atively short occupation times at Gatecliff
Shelter.
The problems enumerated above demon-

strate potential difficulties in interpreting the
Gatecliff Shelter pollen record. A parallel col-
umn from another part of the shelter would
enable us to better deal with these problems,
but a second column is not available, al-
though replicate samples were analyzed from
the basal rubble units (Strata 52-54) and sim-

1 983 141



0%O

Pinus

60 0
Lf.i L

Juniperus

60 0

142 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

Gymnospermae

01)
-0
E
}

m.s-
44-

40-

30-

20 -

10-

1.S-

Ephedra

40

-26 -30 v 537 - - waterlaid sediments
-31-32 vv 218

777 207

a1678

aa385

524
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ilar results were obtained. Kautz attempted
to obtain an independent pollen record from
Monitor Playa, but these sediments were ox-
idized and contained no pollen. The pollen
record from nearby Triple T Shelter does,
however, provide an independent check on
the Gatecliff pollen record and will be dis-
cussed in a following section.

THE POLLEN DIAGRAM AND ITS
PALEOENVIRONMENTAL INTERPRETATION

In light of the problems listed, it seems
unwise to attempt to interpret every "wiggle"

in the pollen diagram. We focus instead on
the major trends or events apparent in the
data (fig. 61).
From pre-Mazama times (ca. 7000 B.P.)

until 6000 B.P. (samples 1-7, Strata 56-54,
43), the pollen diagram is dominated by non-
arboreal pollen. Sagebrush and Chenopodi-
aceae/Amaranthus pollen are dominant and
pine and juniper pollen are at relatively low
levels. Juniper pollen increases through this
period, perhaps reflecting the establishment
of Utah juniper in the Gatecliff vicinity. Al-
though we cannot know which pine species
was contributing pollen to the Gatecliff Shel-
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FIG. 61. Continued.

ter record during this period, the relatively
low levels ofpine pollen probably reflect long-
distance transport, suggesting that this pollen
came primarily from the higher elevation
limber pines. Pteridophyte spores are at rel-
atively high levels during this period.
Between 6000 and 5600 B.P. there is a rap-

id increase in the representation of arboreal
pollen, especially juniper, and a decrease in
nonarboreal pollen. Pinion pine macrofossils
appear in the hearths from Gatecliff Shelter
shortly after this time, ca. 5300 B.P., and the
increase in pine pollen during this period may
reflect its establishment in this part of the
Great Basin. Pinions were apparently absent
from the Great Basin during the late Pleis-

tocene (Wells, 1977; Thompson and Mead,
1982) and it is conceivable that pinions did
not arrive in central Nevada until about 6000
B.P. (see Thompson and Hattori, this chap-
ter).

Relatively high levels of juniper and pine
pollen are present in the Gatecliff Shelter de-
posits dating between 5600 and 3400 B.P.
(samples 8-18, Strata 32-13). Chenopodi-
aceae/Amaranthus pollen has lower levels of
representation during this period than in the
modern period, and joint-fir (Ephedra) was
apparently absent. The vegetation near Gate-
cliff Shelter during this period may have been
a pifion-juniper woodland with perhaps more
juniper and a different understory composi-
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TABLE 29
Mean Pollen Representations in Geological Units with Slow Deposition and Relatively High

Amounts of Eolian Input

Arboreal/ Chenopodi-
Total Non- aceae/

No. of Arboreal arboreal Amaran-
Stratum Age (B.P.) Samples Pinus Juniperus Pollen Ratio Artemisia thus Ephedra Other

1 0-1250 7 18% 46% 64% 1.78 19% 5% 9% 3%
3-5 1350-3200 14 31 33 64 1.78 19 4 10 3

54-56 6250-7100 6 12 11 23 .30 49 8 0 20

tion than the modern woodland. The packrat
midden record (Thompson and Hattori, this
chapter) reveals that Rocky Mountain juni-
per, as well as Utah juniper, was common at
the Shelter during this period.

Juniper pollen declined and pine pollen in-
creased during the period 3400 to 2800 B.P.
(samples 19-25, Strata 12-5). Nonarboreal
pollen, especially Ambrosia-type and Che-
nopodiaceae-A maranthus, also increased
during this brief period. Among the riparian
trees, alder (Alnus) pollen is present before
roughly 3000 B.P. and birch (Betula) pollen
is present after that time. This pattern is not
present in the Alnus and Betula pollen from
the Triple T pollen record and may not have
any paleoenvironmental meaning. Alders ap-
parently occur no closer than 240 km. to
Gatecliff Shelter today (Little, 1976, map 15-
2) and its pollen may reflect the presence of
a local population that has gone undetected
or become extinct. Alternatively the presence
ofalder pollen and ofsingle grains ofEphedra
pollen (such as those present prior to 3000
B.P.) may be due to long distance transport.

After 2800 B.P. juniper pollen once again
increases and a new pollen taxon, Ephedra,
appears and rapidly increases in representa-
tion. The fluctuations in this new taxon im-
pose statistical constraints that make it dif-
ficult to interpret changes in the relative
abundances of the other pollen taxa in the
period following 3000 B.P. However, in gen-
eral, as can be seen in the ratios on the ex-
treme right in figure 61, pine pollen declines
and juniper and NAP increase during the pe-
riod from 2800-0 B.P. (samples 26-44, Strata
5-1). Juniper pollen reaches very high levels
between 1500 and 800 B.P. (samples 35-40),
whereas joint-fir, Ambrosia-type and Che-

nopodiaceae-Amaranthus pollen decline.
Following 800 B.P. these latter taxa increase,
juniper pollen declines, and pteridophyte
spores become common.
The sudden dramatic increase in Ephedra

pollen ca. 3000 B.P. seems to reflect a real
increase in the frequency of the plant itself.
Ephedra macrofossils are not present prior
to roughly 3250 B.P. and although they are
also uncommon in the hearth records after-
ward, this may be an indication of the first
appearance of the plant at the site (Thomas
and Rhode, this chapter). Similarly the pack-
rat midden record indicates that joint-fir was
absent from Mill Canyon until after 3740 B.P.
(Thompson and Hattori, this chapter). The
earlier absence of Ephedra may be due to: 1)
delayed migration into the area in the post-
pluvial period; 2) the lack of suitable talus
substrates near the shelter; 3) a climatic re-
gime unfavorable to the growth of this plant;
or 4) any combination of the preceding caus-
es.
The great variations through time in de-

positional regimes at Gatecliff Shelter may
mask real changes in pollen frequencies or
create apparent changes that are not due to
real changes in the plant community. We
stated previously our belief that the slowly
forming roofspall and aeolian silt units held
the greatest potential for accurately repre-
senting the contemporary plant communities
outside Gatecliff Shelter. Table 29 illustrates
the comparison of the mean pollen content
of three such units: Stratum 1 (0-1250 B.P.),
Strata 3-5 (1350-3200 B.P.), and Strata 54-
56 (6250-7 100 B.P.). This comparison dem-
onstrates that there are apparently real shifts
in the pollen diagram through time, and the
pollen content of the basal strata (54-56) dif-
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fers greatly from that of the uppermost strata
(1 and 3-5). The fluctuations in pine and ju-
niper pollen in the latter strata may reflect
environmental change, such as a shift in the
seasonality of precipitation or may be due to
minor differences in depositional regimes or
other factors.

CORRELATION WITH THE TRIPLE T
POLLEN DIAGRAM

Although we lack replicate sampling col-
umns for pollen analysis from GatecliffShel-
ter, a comparative column is available from
Triple T Shelter (discussed in Part 3 of this
series). This pollen diagram covers almost as
much time as that from Gatecliff Shelter and
provides an important check on the validity
of our interpretations of changes in regional
vegetation from the Gatecliff Shelter pollen
diagram.

Triple T Shelter is at an elevation of 2024
m. (6640 ft.), approximately 12 km. west of
Gatecliff Shelter on the west slope of the To-
quima Range. Because Triple T is at a lower
elevation and in a more xeric setting, the Tri-
ple T Shelter pollen diagram consistently has
higher representations of nonarboreal pollen
(especially Chenopodiaceae/Amaranthus)
than the diagram from Gatecliff Shelter. De-
spite these minor differences, the two pollen
diagrams are amazingly similar (figs. 62, 63).
The Gatecliff Shelter and Triple T Shelter

pollen diagrams both have: 1) an initial pe-
riod ofnonarboreal pollen dominance; 2) fol-
lowed by a rapid increase in arboreal pollen
with juniper pollen at relatively high levels
until approximately 3500 B.P; 3) pine pollen
reaching a maximum between 3000 and 2000
B.P.; 4) joint-fir pollen appearing and rapidly
increasing after 3000 B.P.; and 5) a brief pe-
riod of juniper pollen dominance centered
around 1000 B.P. The dating of these similar
events at the two shelters is slightly discor-
dant, perhaps because of less firm dating con-
trols at Triple T Shelter, or these events may
be somewhat time-transgressive with respect
to elevation or setting. It is also possible of
course, that no correlations exist between the
two pollen records. We believe, however, that
the similarities between these records sup-
port our inference that we are indeed, to some
degree, monitoring regional, climatically

controlled vegetational change in the Gate-
cliff Shelter pollen record.

CORRELATION WITH THE
GATECLIFF/MILL CANYON
PACKRAT MIDDEN SERIES

An additional check on the validity of our
interpretations of the pollen diagram is pro-
vided by the packrat midden sequence from
Gatecliff Shelter and Mill Canyon (Thomp-
son and Hattori, this chapter). This series
consists of eight packrat middens ranging
from 9520 B.P. to the present. Midden as-
semblages do not provide the continuous time
series of pollen records, but do provide in-
formation on the species present and a rough
estimate of their relative abundance at cer-
tain points in time.

Three packrat middens from Gatecliff
Shelter date from a period before the begin-
ning of the pollen diagram. These midden
assemblages are dominated by sagebrush (Ar-
temisia tridentata-type), quaking aspen (Pop-
ulus tremuloides), willow (Salix cf. exigua),
and wild rose (Rosa cf. woodsii), and lack
woodland plants such as pifion pine and ju-
niper. As discussed by Thompson and Hat-
tori (this chapter), these midden assemblages
probably reflect the same vegetation as is seen
in the pollen diagram before roughly 6000
B.P.
The five other packrat middens, ranging in

age from 4790 B.P. to the present, contain
woodland plant assemblages dominated by
pinion pine and juniper. These data confirm
the interpretation from the pollen diagram
that woodland vegetation has been present at
Gatecliff Shelter through the late Holocene.
The packrat middens do provide some in-
formation that is not discernible from pollen
analysis; the middens indicate that Rocky
Mountain juniper (Juniperus scopulorum) was
abundant at Gatecliff Shelter from 4790 B.P.
to perhaps as late as 2380 B.P. This species
is generally more mesophytic than the Utah
juniper (J. osteosperma) that is common near
Gatecliff Shelter today, and the presence of
Rocky Mountain juniper may have paleocli-
matic meaning (Thompson and Hattori, this
chapter).
The packrat midden series also provides a
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verification of the interpretation that joint-
fir was uncommon or absent from the site
until relatively recently. Ephedra macrofos-

sils are absent from middens radiocarbon
dated at 3740 B.P. and older, and are present
in samples dated at 2380 B.P. and younger.
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FIG. 63. Abstracted pollen profile from Triple T
discussion of the palynology of Triple T Shelter.

SPECULATIONS ON PALEOCLIMATIC
MEANING OF SHIFrS

The three oldest packrat middens predate
the base of the Gatecliff Shelter pollen dia-
gram by roughly 2000 years. These early Ho-
locene midden assemblages contain plants
that imply more effective moisture than to-
day (quaking aspen, willow, and rose) as well

see Part 3 of this series for a complete

as plants that imply relative aridity (sage-
brush, rabbitbrush). These assemblages have
been interpreted as reflecting cool-dry cli-
matic conditions (Thompson and Hattori, this
chapter). Unfortunately, the plants that im-
ply cool temperatures are generally not well
represented in pollen records and the "pa-
lynological signature" ofthis vegetation would
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probably be high levels of sagebrush pollen.
The base of the Gatecliff Shelter pollen dia-
gram is indeed dominated by sagebrush pol-
len, and this may indicate vegetational and
climatic conditions similar to those repre-
sented by the early Holocene packrat mid-
dens. However, since aspen, willow, and rose
would likely be poorly represented in the pol-
len record, it is not possible to effectively
monitor their presence with the Gatecliff
Shelter diagram. In other words, we cannot
assess the temperature regime represented by
the basal samples of the pollen diagram with
the same criteria used in interpreting the early
Holocene packrat middens. Relatively arid
conditions probably continued to prevail be-
tween 6000 and 7000 B.P. as reflected in the
sagebrush pollen maximum, while tempera-
tures may have been similar to, or somewhat
warmer, than in the early Holocene.
As discussed earlier, the rapid increase in

conifer pollen after 6000 B.P. probably re-
flects the establishment of a pifion-juniper
woodland in Mill Canyon. We believe the
suddeness of the decline in sagebrush pollen
as coniferous pollen increased is an artifact
of statistical constraint. This sudden increase
in woodland plants may be a reflection of
rapid climatic change, if those species were
already present to profit from this change.
Alternatively, the appearance of woodland
plants may be due to delayed migration fol-
lowing an earlier period of climatic change
(see Lanner, and Thompson and Hattori, this
chapter).
The possible climatic parameters control-

ling woodland migration are discussed fur-
ther by Thompson and Hattori (this chapter).
One possibility is that the increases in pine
and juniper pollen reflect higher levels of ef-
fective moisture than in the period before
6000 B.P. The pollen record from 6000 B.P.
to the present indicates that woodland vege-
tation has been present at Gatecliff through-
out this period. Fluctuations do occur in the
pollen diagram through the middle and late
Holocene and probably reflect shifts in dom-
inance and composition within the wood-
lands. These shifts probably resulted from
changes in temperature regimes and/or vari-
ations in the amount or seasonality of pre-
cipitation. In the following text we speculate

on the possible shifts in climate reflected in
the pollen record for the last 6000 years.
The dominance of juniper pollen until

roughly 3500 B.P. may reflect a lower level
of effective moisture than during the follow-
ing period and/or relatively high levels of
summer precipitation. Gatecliff Shelter lies
roughly 400 km. west-northwest of the mod-
em region of southwestern summer "mon-
soonal" precipitation, and geographic vari-
ations in the amount ofsummer precipitation
have had major effects on plant distributions
in the Great Basin. Some taxa [ponderosa
pine (Pinus ponderosa), Colorado pi-non pine
(P. edulis) and Douglas fir (Pseudotsuga men-
ziesii), for example] appear to be restricted
to the areas of the eastern and southeastern
Great Basin where there are significant
amounts of summer precipitation. Asch-
mann (1958) noted that the lower elevational
limits ofponderosa pine and Douglas fir seem
to be related to the amount of summer rain-
fall, and a similar relationship holds for the
lower elevational limits of pinion-juniper
woodlands in the Mojave Desert (Wells and
Berger, 1967). There are also indications that
the relative percentage of juniper in these
woodlands increases as summer precipitation
increases (Tueller et al., 1979). Holocene fluc-
tuations of the northern and western limits
ofsummer convective storms may have thus
affected the elevational limits and composi-
tion of pifion-juniper woodlands in the cen-
tral Great Basin.

Ifhigher levels ofjuniper pollen relative to
pine do reflect higher levels of summer pre-
cipitation, then the relative increase in pine
pollen and decrease in juniper pollen between
3400 and 2800 B.P. may reflect an end to
frequent incursions of summer storms and a
shift to a winter-spring dominant precipita-
tion pattern. The warmest summer temper-
atures in Nevada are associated with the sub-
tropical air that accompanies summer
convective storms (Aschmann, 1958) and a
reduction in the amount of summer precip-
itation would probably, in general, be asso-
ciated with lower summer temperatures.
There is one problem with the interpreta-

tion that the high levels ofjuniper pollen re-
flect more summer precipitation and warmer
temperatures than today. Packrat middens
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from in and near Gatecliff indicate that Rocky
Mountain juniper was abundant in the wood-
land at 4790 and 3740 B.P. As discussed later
in this chapter (Thompson and Hattori) this
juniper is generally restricted to cooler higher
elevational settings or to riparian habitats,
and its presence seems somewhat incompat-
ible with a warmer climatic regime with more
summer precipitation than today.
The pollen record from the period since

2800 B.P. is somewhat difficult to interpret
due to the addition of and fluctuations in a

new major pollen taxon (Ephedra). The fluc-
tuations of this pollen type are, in general,
negatively correlated with those in pine, and
this may suggest that these plants were com-

peting for habitat space near GatecliffShelter.
Despite the interpretative problems caused
by Ephedra, it seems clear that juniper pollen
does have higher representations than during
the preceding period. For a briefperiod (1500
to 800 B.P.) juniper dominates the pollen dia-
gram and then decreases again over the last
800 years. It may be that the shifts in the
pollen diagram since 2800 B.P. also reflect
changes in the seasonal distribution of pre-

cipitation, with a period of summer domi-
nance from 1500 to 800 B.P. favoring juniper
over pine and joint-fir. If this is true then the
periods 2800 to 1500 B.P. and 800 B.P. to
the present are probably times of more effec-
tive moisture, with cool-season precipitation
and cooler summer temperatures.

It must be pointed out that these rumi-
nations on Holocene climates are entirely
speculative in nature and based on data that
are somewhat minimal for the task at hand.

CORRELATION WITH OTHER
PALEOENVIRONMENTAL STUDIES

FROM GATECLIFF SHELTER

Our interpretations of the pollen data are

in general agreement with the results of the
paleontological and sedimentological studies
from Gatecliff Shelter. Grayson (chap. 6)
found relatively higher abundances of pikas,
pygmy rabbits, and hares in the lower Gate-
cliff Shelter deposits. The decrease in pika
abundance after ca. 5500 B.P. is consistent
with an increase in summer temperatures at
this time, whereas the decreases in the abun-

dance of both pygmy cottontails and hares is
consistent with the reduction in sagebrush
and chenopod pollen that begins at about
6000 B.P.
Davis (chap. 4) interprets the changes in

depositional regimes in Gatecliff Shelter as
evidence of change in the seasonality and
amount of precipitation. According to Davis,
the period prior to 6500 B.P. was relatively
moist with winter precipitation dominance.
Summer precipitation increased during the
following period and was dominant until
around 5000 B.P. After a period of greater
aridity (5000-4250 B.P.) precipitation in-
creased to modern levels with cool-season
precipitation dominant. Davis does not de-
tect any significant depositional changes dur-
ing the period 3400 to 2800 B.P. when pine
pollen increases greatly in representation.
However, from 1500 to 800 B.P. when ju-
niper pollen increased, there were debris flows
deposited at GatecliffShelter (Stratum 2). This
co-ocurrence of a juniper pcl en increase and
debris flows may strengthe' the interpreta-
tion of increased summer precipitation dur-
ing this period.
Melhorn and Trexler (chap. 5) defined a

series of four climatic stages from the Gate-
cliff Shelter sedimentary sequence and ob-
tained results similar to Davis's. The "Early
Colluvial" stage lasted from approximately
7500 to 6300 B.P. and was marked by a dom-
inance of winter precipitation. The following
"Early Fluvial" stage (6300-5700 B.P.) was
a time of warming conditions and increased
summer precipitation. The "Late Fluvial"
stage (5700-3200 B.P.) had high levels of
summer precipitation with several interven-
ing periods of aridity. The "Late Colluvial"
stage (3200 B.P. to the present) witnessed a
shift back to cooler conditions and winter
precipitation dominance.
Taken together, the pollen, packrat mid-

den, small mammal, and sedimentological
studies give a fairly consistent paleoenviron-
mental sequence. The basal units at Gatecliff
Shelter are colluvial deposits with nonarbo-
real pollen dominance in the pollen record
and a predominance of boreal small mam-
mals in the paleontological record. These
conditions probably reflect a cool-dry climate
with winter precipitation dominance prior to

1491983



150 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

6300 B.P. Over the next millennium the de-
positional regimes changed in Gatecliff Shel-
ter and large floods occurred. Arboreal pol-
len, especially that ofjuniper, increased and
the boreal small mammals decreased in the
faunal assemblages. Temperature and sum-
mer precipitation probably increased during
this period. Summer precipitation domi-
nance may have continued until roughly 3400
B.P. when the depositional regime switched
back to primarily colluvial sources and the
pollen diagram records shifts in the arboreal
pollen and the occurrence of a major new
pollen taxon, Ephedra. Since 3400 B.P. con-
ditions may have been cooler and there has
probably been less summer precipitation than
in the two millenia preceding that time. The
period 3400 to 2800 B.P. may have been
cooler and moister than at any other time
after 6000 B.P. and the period 1500 to 800
B.P. may have witnessed a brief return to
summer precipitation dominance.

SPECULATIONS ON CORRELATIONS WITH
OTHER REGIONAL

PALEOENVIRONMENTAL RECORDS

The Great Basin is a large region with con-
siderable geographic variability in the sea-
sonal distribution oftemperature and precip-
itation. Environmental changes have occurred
across this region during the Holocene, but
it cannot be inferred that these changes oc-
curred synchronously, or in the same fashion,
throughout the Great Basin. Other authors
have stressed the difficulties inherent in the
long distance correlation of paleoenviron-
mental records (Wright, 1976; Mehringer,
1977), and we share their concern. In this
section we review the large scale changes ap-
parent in the Great Basin paleoenvironmen-
tal records and speculate how the Gatecliff
Shelter pollen sequence relates to these
changes.
Mid-Holocene episodes of greater warmth

and aridity have been identified over much
of the Northern Hemisphere (Wright, 1976).
In the western United States, Antevs (1948,
1955) proposed the term "Altithermal" for
such an episode and imposed rigid time-par-
allel boundaries (7500-4000 B.P.) on this pe-
riod. Aschmann (1958) and Mehringer (1977)
have argued that the modern year-to-year and

geographic variability in climate across the
Great Basin makes it highly unlikely that the
concept of the "Altithermal" as a regional
warm-dry period with time-parallel bound-
aries could be upheld.
Although the "Altithermal" appears

doomed, there is evidence across the Great
Basin of periods of more arid conditions of
varying durations and intensities. The onset
of such conditions may have been responsi-
ble for the demise oflow elevation woodlands
in the Southwest (Van Devender and Spauld-
ing, 1979) ca. 8000 B.P. and shifts in small
mammal distributions in the northern Great
Basin at approximately 7000 B.P. (Grayson,
1977b). A mid-Holocene interval of gener-
ally warm and dry conditions has been iden-
tified in the northeastern Great Basin from
8000 to 3000 B.P., with a brief period of
moist conditions at 6000 B.P. (Mehringer,
1977). The western Great Basin may also have
been quite arid and warm from some time
before 7500 B.P. to 4000 B.P. (Batchelder,
1970; LaMarche, 1973; Davis, Elston, and
Townsend, 1976; Benson, 1978; Byrne, Bus-
by, and Heizer, 1979).
On the eastern rim of the Great Basin,

Madsen and Currey (1979) postulate warmer
than present temperature from 8000 to 5200
B.P., with the period from roughly 6000 to
5200 B.P. being moister than the Holocene
average. A sequence of cool-wet, warm-wet
and cool-dry phases followed in the period
5200 to 1800 B.P. The southeastern Great
Basin may have experienced a relatively short
period of aridity (5200-3900 B.P.; Madsen,
1973) while the rest of the Southwest may
have been relatively moist throughout the
mid-Holocene (Martin, 1963).
The Gatecliff Shelter pollen sequence dif-

fers from many of the records listed above
in that the period 5700 to 3400 B.P., which
appears to be arid at most other sites in the
Great Basin, may have been relatively moist
at Gatecliff. We have suggested that this pe-
riod was a time of greater summer precipi-
tation than today, though this interpretation
may not be supported by the packrat midden
data (this chapter). The clockwise rotation of
moist subtropical air around the Bermuda
High Pressure Cell brings summer "mon-
soonal" precipitation into the eastern and
southeastern Great Basin today (Houghton,
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1969; Houghton, Sakamoto, and Gifford,
1975). GatecliffShelter, Meadow Valley Wash
(Madsen, 1972), and Snowbird Bog (Madsen
and Currey, 1979) all liejust outside the mod-
ern boundary of effective summer precipi-
tation (see Part 1 this series, fig. 16), and these
three sites had relatively short periods of
aridity in the mid-Holocene. GatecliffShelter
and Snowbird Bog both had a mid-Holo-
cene period of relatively high levels of mois-
ture (ca. 6000-3000 B.P.), and we suggest
that both sites received more summer pre-
cipitation than today.

If the source of subtropical moisture shift-
ed farther north in the mid-Holocene, the
winter and spring storm tracks that provide
moisture to the northern and western Great
Basin (Part 1 this series) may also have been
shifted northward, depriving these areas of
much of their modern precipitation compo-
nent. As suggested by Martin (1963), it would
follow that greater summer precipitation in
the more southerly and easterly parts of the
Great Basin could be correlated with greater
total aridity in the north and west.
A pine pollen increase occurs in the Gate-

cliff Shelter pollen sequence between 3400
and 2800 B.P., and we interpret this increase

as indicative of cooler and/or moister envi-
ronmental conditions. To the northeast, a
similar increase in pine pollen, dating be-
tween 3000 and 1700 B.P., occurs in the Swan
Lake pollen diagram (Bright, 1966). The Great
Salt Lake Desert apparently flooded in the
period between 3500 and 2200 B.P., and this
may also be a reflection ofcooler and moister
conditions (Mehringer, 1977). The elevation-
al lowering of the upper treeline between ca.
3500 to 2500 B.P. in the White Mountains
to the west of Gatecliff Shelter (LaMarche,
1973) gives a further indication ofcool-moist
conditions during this period. Since the evi-
dence for cool-moist conditions from roughly
3000 to 2000 B.P. comes from sites to the
north, west, and east ofGatecliff Shelter, areas
of winter and spring precipitation domi-
nance, we suggest that a southward shift of
the northern Great Basin storm tracks may
have been responsible for this moist period.
The Gatecliff Shelter pollen sequence is

difficult to interpret over the period of the
last 2800 years. Other regional records show
generally cool-moist conditions, though some
researchers believe that the last 600 to 1000
years have been quite dry (Harper and Alder,
1970, 1972; Bright, 1966).

FLOTATION ANALYSIS OF SELECTED HEARTHS

DAVID RHODE AND DAVID HURST THOMAS

The isolation and identification of plant
macrofossils from prehistoric sites offer ex-
cellent potential for determining ancient sub-
sistence patterns and Quaternary plant dis-
tributions. This research is especially inviting
within the Great Basin for two reasons. First,
the native inhabitants of the area were classic
hunter-gatherers who relied mostly on plant
foods and materials for their survival; sec-
ond, the semiarid conditions prevalent in the
Basin allow preservation of materials other-
wise lost through decomposition. Advances
in recovery techniques of floral remains (e.g.,
flotation) and a reappraisal of the value of
dietary information have aided researchers
in other regions in maximizing this potential.
Conclusions drawn from applying these tech-

niques to a series of samples from the Gate-
cliff strata are presented here.

Plant macrofossil evidence in Great Basin
archaeological sites is generally derived from
four sources: dry cave fill, preserved copro-
lites, wood or fibrous artifacts, and hearths.
The bulk of the samples studied here is from
hearths at Gatecliff Shelter. Gatecliff is not a
dry cave, and consequently, preservation of
the other sources is poor. Hearths have been
curiously neglected in Great Basin literature,
yet in many cases they prove to be a most
productive information source. Hearths are
composed of carbonized plant remains, and
as such are remarkably stable, whereas other
sources depend on good preservation con-
ditions. Since hearths are discrete features,
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the problem ofoutside contamination is min-
imized. Finally, they represent relatively
short-term profiles of prehistoric activity, in
a way somewhat analogous to coprolites (see
also chaps. 20-23).

METHODS

Flotation was still largely unproved as a
standardized field technique in the Great Ba-
sin when we began excavations at Gatecliff
in 1970. Hearths were of interest primarily
as charcoal sources for radiocarbon dating
during those first few years. Gradually we
became increasingly aware of the additional
potential of hearths and began gathering flo-
tation samples during the 1974 field season.
Most ofthese samples came from hearths per
se, although a number of samples were also
taken from various burnt or oxidized zones,
particularly from horizons located between
sterile sand and silt units. We occasionally
samplP- areas of ash scatter, which had ap-
parently blown out from nearby hearths and
also areas beneath grinding stones. Unfor-
tunately, this capricious sampling scheme re-
flects our inexperience with flotation analysis
on Great Basin sites. If we could excavate
Gatecliff over again, we would continue to
sample the most obvious burnt areas, but we
would also initiate a plan to sample other
areas systematically in order to establish con-
trolled comparative samples.

Nevertheless, we determined that the 58
flotation samples available from Gatecliff
Shelter had potential, and we proceeded to
analyze the available materials. The samples
themselves ranged in weight from 40 grams
to nearly 40 kilograms. Each sample was
shaken dry or washed through a set ofgraded
screens (2.0 mm. and 0.3 mm. mesh). Most
of the organic debris floated in water and
some fractions sank. Since both fractions were
sorted anyway, little actual water separation
flotation was undertaken (cf. Struever, 1968).
The coarse fraction of each sample was
scanned through a low-power desk magni-
fying lens, and the finer fraction was scanned
through a IOX-50X dissecting scope. This
method provided rapid and efficient pro-
cessing and productive sorting: pifion cone
fragments, juniper seeds, bone chippage, and
identifiable charcoal were easily retrieved

from the coarse fraction, and the fine fraction
yielded numerous snails, insect parts, and
grass and Chenopodium seeds.

Charcoal was identified by comparison with
modern field material and descriptive keys
developed by Saul (1955) and Dale (1968),
employing a method similar to that described
by Leney and Casteel (1975). Seeds and other
botanical remains were identified on the ba-
sis of field collections, with aid from Martin
and Barkley (1961) and also with the gener-
ous assistance of Norah van Kleeck of the
State of California Seed Laboratory.

Several samples were obviously the burnt
remains from the nests of packrats which co-
habited the shelter with prehistoric man. Since
the nests of these creatures abound in seeds,
bone, and wood collected by the rats them-
selves, these were not sorted for signs ofman's
activities. Although such samples have po-
tential for paleoenvironmental reconstruc-
tion, they were omitted from the present study
(see discussion of Neotoma middens in next
section).

RESULTS

The data resulting from this analysis are
presented on table 30. The number of seeds
in each sample has been noted; many seeds
were fragmentary, so these numbers are ap-
proximate. Charcoal has been tabulated ac-
cording to presence/absence. No single sam-
ple contained very many seeds; presumably
because the intrusion of seeds into hearths is
largely accidental and subsequent preserva-
tion hazardous. The flotation samples from
any single horizon were usually too small for
statistical manipulation; moreover, the sta-
tistical requirements ofindependence are not
necessarily met for the samples within living
floors. Therefore, statistical similarity oper-
ations were not performed on the data; rath-
er, general trends of collection and dietary
practices as reflected in the hearths were
sought, more or less subjectively.
A very limited range of materials was found

in the samples; only four woody plant species,
all of which are abundant locally today. Less
than 10 plant food species were recorded. This
consistency in part reflects a relatively stable
floristic environment surrounding the shelter
and also indicates that many subsistence
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practices recorded for ethnographic popula-
tions have a very long history.

It is true, of course, that much of the eth-
nobotanical residue never made it into the
hearth and disappeared long ago. Ethno-
graphic food plants found in the region render
the actual range ofplant remains found at the
site meager by comparison. Many of these
useful plants, particularly tubers, greens, and
berries would have left little residue in the
hearths. The "specialized" spectrum found
at Gatecliff is clearly a poor indicator of
broader-based subsistence patterns.
CHARCOAL: All hearths encountered, ex-

cept those fueled by packrat nests, contained
wood from either pifion pine (Pinus mono-

phylla) or Utah juniper (Juniperus osteosper-
ma), rarely both. Pifion occurs more often
than juniper in lower strata and juniper is
dominant in upper strata. This shift may in-
dicate a change in abundance of these trees
in the immediate vicinity of the shelter, or a

change in collection preferences, or merely
chance. It is also true that juniper goes to ash
more completely than pifion and may have
less charcoal.2

2 We are especially concerned with establishing the
presence of pifion in the early strata of Gatecliff, and for
this reason we asked Ronald Lanner, Professor of For-
estry at Utah State University and a specialist in pifion
morphology and genetics, to verify our identifications
for a few of the most ancient pine samples at Gatecliff.
Lanner (personal commun.) writes:

Hori- Sample
zon No. Comments

15 1 "charcoal fragments, definitely a soft
pine. Density of resin canal concentra-
tion, inconspicuousness of rays, and
poor annual ring definition rules out
limber pine, so it must be P. mono-
phylla"

12 1 & 3 "good seed-coat material of mono-
phylla in terms ofcurvature ofboth sur-
faces, thickness (.15 mm. -about l/2 to
2/3 the thickness of uncharred material)
and outer surface character"

12 2 "definitely cone parts (apophyses) of P.
monophylla... [charcoal] also consis-
tent with monophylla wood"

9 1 "monophylla wood charcoal with high
concentration of resin canals"

Sagebrush (Artemisia tridentata) and Mor-
mon tea (Ephedra nevadensis) sometimes co-
occur with pifion or juniper but are never
found in isolation. Charcoal from Ephedra is
restricted to three samples, one each from
Horizons 2, 4, and 9, corresponding to a tem-
poral span from about 1300 B.C. to A.D. 1300.
This is of interest because the presence of
Mormon tea in hearths corresponds almost
precisely to the large increase in Ephedra-
type pollen in the Gatecliffsequence. Thomp-
son and Kautz (this chapter) suggest that this
Ephedra increase is due to local occurrence
of plants growing on newly deposited talus
near the Shelter. It seems probable that the
Gatecliff inhabitants during the later hori-
zons were using whatever firewood was lo-
cally available, which seems to have included
Ephedra during the last three millennia.

SEEDS: The seeds afforded limited infor-
mation for dietary and seasonality inferences
based on flotation analysis. Five types play a
dominant role in these interpretations. First,
several seed species of grasses and related
plants are represented. Wild rye (Elymus ci-
nereus) is the most common type recorded.
This species grows today in extensive stands
in meadows and along water courses south
of Gatecliff, locally at the bases of rock out-
crops where moisture collects due to runoff,
and sporadically throughout the pi-non-juni-
per woodland. Wild rye typically seeds during
August and was collected then by the eth-
nographic inhabitants of the area (Steward,
1938). Red fescue (Festuca rubra), also pres-
ent in the samples, grows scattered through-
out the pinion-juniper woodland and sage-
brush scrub communities, but never in large
stands. Red fescue also seeds during mid- to
late-summer. A species of rush (Juncus) is
present in one sample. Juncus currently in-
habits moist areas around several springs near
Gatecliff. Steward (1938, p. 25) records rush
as a food species for the Great Smoky Valley
Shoshone, but its use as food is not wide-
spread in the Basin.

Lanner continues: "I also looked at a sample labeled as
a monophylla needle fragment from a younger stratum.
It was definitely as labeled, so I think you can rely on
other such identifications .... In conclusion, I would
agree that singleleaf pifion has been in the Basin at least
5350 years [the age of the sample from Horizon 15]."

1531 983



154 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

TABLE 30
Flotation Analysis for Gatecliff Shelter

Pifion

Sample Charcoal Seeds Parts

Horizon Number Provenience A B C D E F G H I J Other

1 1 Hearth (E6:+23-20) X 1 1 1 a, b, g

2 1 Hearth (F6:30-40 X X

2 2 Charcoal scatter
(G7:+95)

2 3 Charcoal scatter
(Cl0:90-100)

3 1 Hearth (D9:90-l 00)

4 1 Hearth
(E8:100- 130)

4 2 Hearth
(E6: 10-20)

4 3 Burnt zone
(E6:0-1 0)

4 4 Charcoal scatter
(D5: I00-1 10)

4 5 Charcoal scatter
(F8:1 15-118)

4 6 Charcoal scatter
(G6:30-40)

4 7 Charcoal scatter
(N:0-20)

6 1 Hearth
(F8: 150-160)

6 2 Hearth
(C5: 150-160)

6 3 Hearth
(C9: 170)

6 4 Hearth beneath
grinding stone
(C10: 1 80-190)

6 5 Charcoal scatter
(E8: 158-170)

6 6 Charcoal scatter
(B8: 180-190)

6 7 Burnt zone
beneath
grinding stone
(C5:180-190)

4-6 1 Charcoal scatter
(M)

4-6 2 Charcoal scatter
(F1l)

7 1 Hearths A & B
7 2 Hearth G

a, b, c, unburnt
grass floret

ax

x

x x
x x x

x x

x x x x

x x x

1 1 c,d,e,f

1 1
(Wyethia)

a, b, c, d, e
(fly)

a

a, b

x

x

x

x

x x

x x

2

1 3 1

x

x x

x

x

a

a, b

a

1 1 a,b

a, b

a, 1
(Juncus)

x

x

x
x x

3 5

a, b, shell

a
a

I

I



THOMAS: GATECLIFF SHELTER

TABLE 30-(Continued)

Pifion

Sample Charcoal Seeds Parts

Horizon Number Provenience A B C D E F G H I J Other

7 3 Hearth H X
7 4 Hearth I X
7 5 Charcoal scatter X

beneath grinding
stone (C8:210-220)

7 6 Charcoal scatter X
beneath grinding
stone (A6:210-220)

7 7 Charcoal scatter
(G7:110-120)

8 1 Hearth A X
8 2 Hearth C
8 3 Hearth D
8 4 Hearth E

8 5 Hearth G

9 1 Hearth B X
9 2 Hearth C X
9 3 Hearth D X
9 4 Charcoal scatter X

(B9:300-3 10)
10 1 Charcoal scatter

(504)
10 2 Charcoal scatter

(525)
11 1 Hearth 4 X
11 2 Hearth3

12 1 Hearth A X
12 2 Hearth B X
12 3 Hearth C
12 4 Hearth D X
12 5 Charcoal scatter

(514)
13 1 Hearth A X
13 2 Hearth B X
13 3 Charcoal scatter

1 m. east of
Hearth B

x x
b, i

a, b

a, b

1 1 1

x
(A maranthus)

10 3
(Amaranthus)
30

1 1

x x
x
x

x
x

x x
x

x

a, b, d

a, d

a, b, c

I a,b,c,d
15 b, d

a, b, d, f

a, b, f

a, c, d, f
a

a, d
3

a, c

a

1 1
x

x

a, c, h
a, c

5 a,b
2 a,b,c

5 a

a, c

c

x
c

14 1 Charcoal scatter
14 2 Charcoal scatter

beneath grinding
stone (D7:520-530)

14 3 Ash concentration
(C5:530-540)

x x
x

a, b, c

3 a

a, b
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TABLE 30-(Continued)

Pinion

Sample Charcoal Seeds Parts
Horizon Number Provenience A B C D E F G H I J Other

14 4 Charcoal scatter X a, b, c

15 1 Hearth A X X a
15 2 Hearth B X
15 3 HearthC X a, b, c, f, e

(ants)
16 1 Charcoal scatter X c

Charcoal from Feature 1, GU 1-74 X g

KEY: Other:
A
B
C
D
E
F
G
H
I
J

Pinus sp. charcoal
Juniperus sp. charcoal
Artemisia sp. charcoal
Ephedra sp. charcoal
Gramineae (Elymus, Festuca) seeds
Juniperus seeds
Chenopodium atrovirens seeds
other seeds
Pinus monophylla cone scales and fragments
Pinus monophylla seeds and seed coat fragments

Second in frequency are the seeds of the
Utah juniper. This tree-shrub is a subdomi-
nant to dominant element of the vegetation
surrounding Gatecliff. Its berries and seeds
ripen in the autumn of their second year.
Steward (1938) does not mention their use
as food, and Zigmond notes that "throughout
Nevada and adjacent California areas to the
south the fruit is either not eaten or consti-
tutes an insignificant item in the aboriginal
diet. It is more extensively used in the South-
west" (Zigmond, 1941, p. 98). Chamberlin
(191 1, p. 372) said the Gosiute sometimes
ate them boiled during fall and winter. E. W.
Gifford (1936) records the use ofjuniper fruit
among the Yavapai, but it appears to be a
famine food rather than a major dietary item.
Train, Henrichs, and Archer (1941) describe
the use ofjuniper as medicine, in which case
the berries were burned as a fumigant. Their
function at Gatecliffremains unclear, though
they are obviously common in the assem-
blage. It may be that juniper was used in
neither dietary nor hygienic practices, but
rather was deposited (perhaps accidentally)

a
b
c

d
e
f
g
h
i

bone
chippage
snails
juniper parts
insect parts
pine needle (P. monophylla)
rat scat
feather
grinding stone flakes

with firewood. If this were so, a high corre-
lation would be expected between juniper
berries and juniper charcoal; this correlation
is not found in the Gatecliff samples.

Third, and numerically most important in
the assemblage, are the seeds of goosefoot
(Chenopodium atrovirens) and amaranth
(Amaranthus sp.). Chenopodium occurs scat-
tered in the pi-non-juniper woodland in dis-
turbed areas and is presently rare around
Gatecliff (only one small specimen was un-
covered in two years of sporadic searching).
Both Chenopodium and Amaranthus fruit in
late summer; the latter differs from the for-
mer mostly in a few botanical technicalities.
These seeds may have formed an important
component of the Gatecliff diet. Chenopo-
dium was a major food source for many ab-
original groups, attaining almost ritual sig-
nificance in some areas. It is notable in the
central Great Basin as one of the few plants
which were semicultivated (Steward, 1938,
pp. 103-104).
One specimen of Wyethia, commonly

called mule-ears, was found. Mule-ears,
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closely related to sunflowers, frequently grow
scattered or in small clumps throughout the
pifion-juniper woodland, especially near in-
termittent drainages. The seed heads can be
collected during June and July.

Finally, fragments of pifion pine are rep-
resented in two forms: charred seeds and seed
coats, and strobilus fragments. Pifion is the
dominant species in much ofthe forests com-
mon throughout the area, and extensive lit-
erature recounts the importance of pine nuts
as the staple food in the Great Basin (Steward,

1938; Zigmond, 1941; Thomas, 1973, 1983;
Bettinger, 1976). Pi-non remains occur in the
Gatecliff record from almost the earliest
strata. The seeds are available to collectors
for a short period from late September
through October.
Grayson and Thomas (chap. 20) consider

the question ofseasonality at Gatecliffin some
detail, concluding that the flotation results
reported here must be treated with extreme
caution, and should not be instantly con-
verted to seasonality or dietary estimates.

PACKRAT (NEOTOMA) MIDDENS FROM GATECLIFF SHELTER AND
HOLOCENE MIGRATIONS OF WOODLAND PLANTS

ROBERT S. THOMPSON AND EUGENE M. HATTORI

Rodents of the genus Neotoma are com-
monly known as packrats, woodrats, or
traderats. These animals collect items from
their immediate environment and transport
them to their nesting area where they are used
for nest construction or eaten. In the dry re-
gions of western North America packrat as-
semblages containing plant and animal re-
mains are often incorporated into rock-hard
urine-impregnated "middens." It is generally
believed that packrats do not usually travel
more than 100 m. from their nest (Bleich and
Schwartz, 1975; Stones and Hayward, 1968),
and thus their middens provide detailed bi-
ological inventories from relatively small
areas. Over the last 20 years researchers have
investigated the floral and faunal remains
preserved in ancient packrat middens in dry
caves and rock-shelters (Wells and Jorgensen,
1964; Van Devender, 1973, 1977; Wells,
1976). By radiocarbon dating middens, these
investigators have constructed detailed
chronologies of Pleistocene and Holocene
biotic change in the American Southwest (Van
Devender and Spaulding, 1979). Packrat
middens have been studied from the south-
ern periphery of the Great Basin (Mehringer
and Ferguson, 1969; Madsen, 1976; Spauld-
ing, 1981) and in eastern Nevada and western
Utah (Thompson, 1979; Wells, 1980;
Thompson and Mead, 1982). The Gatecliff
Shelter and Mill Canyon packrat middens are

the first published samples from central Ne-
vada.
We collected and analyzed packrat mid-

dens from Gatecliff Shelter and Mill Canyon
in an attempt to verify the paleoenviron-
mental reconstruction based on pollen anal-
ysis (this chapter). The analysis of these mid-
dens has also allowed us to extend our
reconstruction farther back in time and to
obtain information on plants not represented
or discernible in the pollen diagram.
The combined pollen and packrat midden

data provide a detailed picture of vegetation
change at GatecliffShelter. In the second por-
tion of this section we discuss these data and
other paleobotanical records from the eastern
Great Basin and put forward hypotheses on
the nature and timing of the Holocene mi-
grations of woodland plants.

GATECLIFF SHELTER PACKRAT
MIDDEN RECORD

MIDDEN COLLECTION AND ANALYSIS

The packrat middens studied were collect-
ed from the back wall of Gatecliff Shelter and
from two small shelters in the Gatecliff For-
mation within 30 m. distance east ofthe shel-
ter. Assemblages (stratigraphic units) were
identified in the field and removed and pack-
aged separately. Eight midden assemblages
(Gatecliff 1B, 2, 3, 5, 81B, and 81C; Mill
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Canyon 1A and 2) were selected for analysis
from the 20 assemblages that were collected.
In the laboratory these midden units were
examined, the external weathering rinds re-
moved, and the remainder soaked in water
until the urine matrices dissolved. The mid-
den samples were then poured through
screens, the residue dried and hand-sorted to
retrieve the botanical and faunal remains.
Plant specimens were identified through
comparison with type materials at the Lab-
oratory of Paleoenvironmental Studies and
the Herbarium at the University of Arizona.
Animal bones from the middens were ana-
lyzed by Donald K. Grayson and David W.
Steadman.

After the packrat midden assemblages were
sorted, plant remains were selected for ra-
diocarbon dating. Twigs ofUtah juniper (Ju-
niperus osteosperma) were dated from four
of the assemblages, and the following tadio-
carbon determinations were obtained: Gate-
cliff 3, 3740 ± 140 B.P. (A-2733); Gatecliff
2, 2380 ± 100 B.P. (A-2435); Mill Canyon
1A 1720 + 180 B.P. (A-2730); and Gatecliff
5, 0 ± 26 B.P. (A-2433). This last determi-
nation places the age ofGatecliff 5 in the early
part of this century or near the end of the
nineteenth century (A. Long, personal com-
mun.). Leaves of single-needle pifion pine
(Pinus monophylla) were dated from Mill
Canyon 2 and yielded a radiocarbon date of
4790 ± 170 B.P. (A-2781). Twigs and winter
buds of quaking aspen (Populus tremuloides)
were radiocarbon dated from Gatecliff 81C
(9460 ± 250 B.P., A-2731) and Gatecliff81 B
(9000 ± 150 B.P., A-2732). Aspen twigs and
buds were combined with wild rose (Rosa cf.
woodsii) twigs to provide a date of 9520 +
480 B.P. (A-2434) on Gatecliff lB.

Following the identification of the plant
remains from each midden, the total number
of specimens of such taxon was tallied and
the taxon was assigned a qualitative abun-
dance score of between one and five (Van
Devender, 1973). In the present study an
abundance score of 1 (rare) denotes the oc-
currence of a single specimen of the taxon in
the midden. A score of 2 (uncommon) rep-
resents between 2 and 35 specimens; 3 (com-
mon) represents 35 to 99 specimens; 4 (very
common) represents from 100 to several
hundred specimens; and 5 (abundant) de-

notes the presence of more than 500 speci-
mens ofthe taxon in the midden. The packrat
middens in this study varied slightly in size,
in the amount ofurine matrix, and in number
of fecal pellets. These factors present diffi-
culties in the comparison of midden assem-
blages, whether the five-point abundance
scales or any other qualitative or quantitative
ranking is employed.
The modern vegetation of the Gatecliff

Shelter region is reviewed in Part 1 of this
series. In addition to that material, we have
attempted to quantify the abundances of the
plant species surrounding GatecliffShelter by
the line-intercept method (Canfield, 1941; ta-
ble 31). This process was somewhat hindered
by the total removal ofthe vegetation in front
of this shelter during the excavation and
backfilling of the shelter's deposits. In the
absence ofthis information we collected cov-
erage data from the immediately adjacent
areas to the east and west of Gatecliff Shelter
and averaged the results (table 31). These data
provide us with a rough approximation of
the natural vegetation of Mill Canyon, though
we must be aware that the historic activities
of miners, ranchers, foresters, archaeologists,
and others have to some degree altered the
vegetational composition of this canyon.
Historic vegetation change is well docu-
mented throughout the eastern Great Basin
(Rogers, 1982) and in central Nevada (Thom-
as, 1971c). The modern vegetation of Mill
Canyon is discussed in greater detail in
Thompson (1983).

RESULTS

Table 32 lists the plant taxa and their abun-
dance scores for each midden. For compar-
ative purposes the plant transect data from
the modern vegetation have been converted
to the same qualitative abundance scale as
the packrat midden data (table 31). The Gate-
cliff 5 midden, dated at 0 ± 26 B.P., contains
almost all the woody plant species recorded
in the plant transects, and these plants have
very similar qualitative abundance scores in
the modem vegetation and this midden.
The other four middle and late Holocene

packrat middens (Mill Canyon 2, Gatecliff 3,
Gatecliff 2, and Mill Canyon 1A) all have
plant assemblages that are broadly similar to
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the modem vegetation and the Gatecliff 5
assemblage. However, trends are apparent in
the representations of two major woody
species. Rocky Mountain juniper (Juniperus
scopulorum), abundant in Mill Canyon 2
(4790 B.P.) and Gatecliff 3 (3740 B.P.), is
reduced to being present but uncommon in
Gatecliff 2 (2380 B.P.), and is absent in Mill
Canyon IA (1720 B.P.), Gatecliff 5 (0 ± 26
B.P.), and the modern vegetation. This ju-
niper is present today in the Toquima Range
in riparian settings and at higher elevations,
but does not occur within the foraging dis-
tance of a packrat from the midden sites.

Joint-fir (Ephedra viridis) is very common
today on the talus slopes of Mill Canyon and
is common in the Gatecliff 5 midden assem-
blage. Remains ofEphedra cf. viridis are pres-
ent, though uncommon, in the Mill Canyon
IA assemblage (1720 B.P.), and this plant is
represented by a single specimen in the Gate-
cliff 2 midden assemblage (2380 B.P.). The
occurrence of this single fruit fragment may
very likely be a contaminant from younger
material, and Ephedra is not represented in
any of the packrat middens older than Gate-
cliff 2.
The three oldest packrat middens (Gate-

cliff 1 B, Gatecliff 81 C, and Gatecliff 81 B)
date between 9520 and 9000 B.P. These mid-
dens contain plant assemblages that differ
greatly from the middle and late Holocene
assemblages and the modem vegetation. The
early Holocene assemblages are dominated
by sagebrush (Artemisia tridentata-type) and
contain several plants that are absent in the
more recent packrat middens. These plants
include quaking aspen (Populus tremuloides),
wild rose (Rosa cf. woodsii), and willow (Sa-
lix cf. exigua). These species grow in Mill
Canyon today, but are generally restricted to
riparian habitats farther up canyon. The early
Holocene middens also lack the remains of
several woodland plants that are present in
the younger middens and modem vegetation.
These woodland plants include Utah juniper
(Juniperus osteosperma), single-needle pifion
pine (Pinus monophylla), and joint-fir
(Ephedra viridis).

Simpson's Index (SI, Cheetham and Hazel,
1969) provides a measure of the similarity
between the different packrat middens and
between the middens and the modem vege-

TABLE 31
Plant Transect Data from Vegetation Adjacent

to Gatecliff Sheltera

% of
Total Abundance

Species Cover Scale

Artemisia tridentata 39.8 5
Ephedra viridis 17.2 4
Juniperus osteosperma 14.0 4
Pinus monophylla 10.6 4
Chrysothamnus viscidiflorus 6.6 3
Oryzopsis hymenoides 3.5 2
Phlox multiflora 2.6 2
Symphoricarpus sp. 2.0 2
Elymus cinereus 1.4 2
Cercocarpos ledifolius .8 1
Other taxa 1.4 -

aAbundance scale derived from these percentage val-
ues is: 5 = abundant (>20% total coverage); 4 = very
common (10-20%); 3 = common (5-10%); 2 = uncom-
mon (1-5%); 1 = rare (< 1%). See table 32 for compar-
ison with packrat midden contents.

tation (table 33). The three early Holocene
assemblages are shown to be quite similar (SI
of 75 to 100 with each other) and dissimilar
to the younger assemblages (SI of 25 to 50
with the younger samples). The middle and
late Holocene assemblages are similar to each
other and the modem vegetation (SI of 70 to
100), and dissimilar to the early Holocene
assemblages. The Simpson's Index values of
the middens compared with the modern
vegetation illustrates a general trend toward
modernity in the time series.
Faunal remains were not abundant in the

Gatecliff Shelter packrat middens (table 34),
and most of the identifiable bones were from
cottontail rabbits (Sylvilagus spp.) or pack-
rats (Neotoma spp.). Midden assemblage lB
did contain two fish vertebrae, possibly in-
dicating permanent water near GatecliffShel-
ter at that time (9520 B.P.).

VEGETATION HISTORY

Packrat middens Gatecliff 1 B, Gatecliff
8 1 C, and Gatecliff 8 1 B predate the basal por-
tion of the Gatecliff Shelter pollen diagram
(fig. 61, this chapter) by 1500 to 2000 radio-
carbon years. Despite this age difference, these
midden plant assemblages reflect a vegeta-
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TABLE 32
Plant Remains from Neotoma Middens from Gatecliff Shelter and Mill Canyona

a; 94~~~~~. a.; 14

o o o e 0 0 -o
0 Q 0 'm == - 0o oo

m'O -e -n- o- - - o-mo

t+1 t +1 +1 +1o1+,°1xd s CZ

or 0
Q 000 C_1

0 0 Z CZ 0 _.>

Trees, Shrubs, and Succulents
Amelanchier utahensis
Artemisia tridentata-type
Atriplex confertifolia
Brickellia sp.

Ceratuides lanata
Cercocarpus ledifolius
Chrysothamnus cf. viscidiflorus
Echinocereus sp.

Ephedra cf. viridis
Gutierrezia sp.

Jamesia sp.

Juniperus osteosperma
Juniperus scopulorum
Opuntia cf. polycantha
Pinus flexilis
Pinus monophylla
Populus tremuloides
Prunus virginiana
Rosa cf. woodsii
Salix cf. exigua
Symphoricarpos sp.

Subtotal no. of taxa

Herbs
Argemone sp.

Astragalus sp.

Chenopodium sp.
Cirsium sp.

Corydalis aurea

Elymus cinereus
Lappula redowskii
Lepidium sp.

Lithospermum sp.

Oenothera sp.

Oryzopsis hymenoides
Phlox multiflora
Selaginella sp.
Sphaeralcea sp.

Subtotal
Total

2 2 2 - - - - - -

5 5 5 4 4 5 4 5 5

_ _ _ - - 3 -

- 2 2 1 - - - - -

- - - - - - 3 2 -

- - - 2 - - 3 2 -

3 4 4 3 2 2 4 2 3

_ _ _ _ - 1 - -

- - - - - 1 2 3 4

_ _ _ _ _ - - 2 -

1 - - _ _ _ _ _
- - - 4 5 5 5 5 4

- - 2 5 5 2 - - -

- - - 2 2 2 2 1 -

- - - 1 - - 1 - -

- - - 5 4 3 4 3 4

4 4 4 - - - - - -

- - - 2 - - - 1 -

4 4 4 - - - - - -

2 3 2 - - - - - -

2 - - - - 2 2 2 2

8 7 8 10 6 8 1 1 12 7

- - - 1 2 - - - -

- 2 1 - 2 - - - -

2 2 2 1 3 - 2 2 -

- 1 1 - - - - - -

- - - 2 2 - - - -

- - 1 - - - - - 2

- 1 - - - - - 1 -

- 1 - - _ _
_ _ _ _ _ - - - 1

1 1 - - - - - - -

2 - - 3 2 2 2 - 2

_ _ _ - - 2

- 1 - _ _ _ _
_ _ 2 - - -

7 4 4 5 2 2 24_

1 1 14 12 14 1 1 10 13 14 1 1

a Abundance scale is: 5 = abundant, 4 = very common, 3 = common, 2 = uncommon, 1 = rare (see text for more
detail). Modem vegetation shown on extreme right; see table 31 for derivation of abundance scale for modem
vegetation.
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TABLE 33
Simpson's Index Comparing Midden Assemblages with Each Other and with the

Modern Vegetationa

Number of Taxa in Common
Simpson's Index:

Number of Taxa in the Smaller Assemblagex 100

GC1B GC81C GC81B MC2 GC3 GC2 MC1A GC5 MOD

MOD 43 29 29 72 66 86 100 100 X
GC5 (0 ± 26 B.P.) 38 29 25 70 83 89 90 x 100
MC1A (1720 ± 180 B.P.) 38 29 25 70 83 89 X 90 100
GC2 (2380 + 100 B.P.) 38 29 38 75 100 X 89 89 86
GC3 (3740 ± 140 B.P.) 33 33 50 100 x 100 83 83 66
MC2 (4790 + 170 B.P.) 25 43 50 X 100 75 70 70 72
GC81B (9000 + 150 B.P.) 75 100 x 50 50 38 25 25 29
GC81C (9460 ± 250 B.P.) 86 x 100 43 33 29 29 29 29
GC1B (9520 ± 480 B.P.) x 86 75 25 33 38 38 38 43

a Only woody perennials were used in this comparison. Higher indices reflect greater similarities. GC = Gatecliff,
MC = Mill Canyon, MOD = modem vegetation.

tional community that was probably quite
similar to that represented in the pollen dia-
gram prior to about 6000 B.P. These early
Holocene middens contain several plants that
either produce little pollen (Rosa, Amelan-
chier), or produce pollen that is relatively thin-
walled and does not preserve well (Populus).
As illustrated by the early Holocene midden
assemblages, these plants may have been im-
portant elements in the vegetation surround-
ing GatecliffShelter before 6000 B.P., though
they are not well represented in the pollen
diagram. The absence ofpiiion pine and Utah
juniper from the early Holocene samples pro-
vides additional evidence that woodland
plants were not present at this site during this
period. On the basis of the Gatecliff Shelter
pollen diagram we suggest that these wood-
land plants were absent from this area until
at least 6000 B.P. (see the next section of this
chapter for further discussion of this point).
The transition from the early to middle

Holocene vegetational regime is not repre-
sented in the Gatecliff/Mill Canyon packrat
midden series. Mill Canyon 2 (4790 B.P.),
the oldest midden assemblage with woodland
species represented, contains most of the
woody plants that grow around Gatecliff
Shelter today. The presence of Rocky Moun-
tain juniper (Juniperus scopulorum) and the
absence of joint-fir (Ephedra viridis) in the

Mill Canyon 2 and Gatecliff 3 (3740 B.P.)
assemblages indicate that there were some
differences in composition between the
woodland of that time and the modern vege-
tation.
The pollen of Juniperus cannot be differ-

entiated at the species level and Utah juniper

TABLE 34
Faunal Remains in Packrat Middens from

Gatecliff Sheltera

Midden Taxa

Gatecliff 5 * Sylvilagus sp. (cf. audu-
bonii or nuttallii)

* 2 reptiles
Gatecliff 2 * Sylvilagus sp.
Gatecliff lB * Sylvilagus sp. (audubonji

or nuttallii)
* Sylvilagus nuttallii
(lower P3)

* Neotoma sp.
* Neotoma cf. cinerea
* 2 fish vertebrae
t Loxia sp.

Gatecliff 8 IC * Sylvilagus idahoensis
(M2)

* Peromyscus sp.
* Neotoma cinerea

a Identified by Donald K. Grayson (*) and David W.
Steadman (t).
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TABLE 35
Known Fossil Occurrences of Pinus monophylla and Other Sites Discussed in Text

(See fig. 64 for a plot of these sites.)

Site Reference

Pleistocene Sites
Kings Canyon
McKittrick Tar Pits
Robber's Roost
Ord Mountain
Spotted Range
Blue Diamond Road
Sheep Range
Rampart Cave
Newberry Mountains
Clark Mountain
Turtle Mountains
Whipple Mountains
Artillery Mountains
New Water Mountains
Kofa Mountains
Montezuma's Head
Picacho Peak
Pontatoc Ridge
Silverbell Mountains
Tucson Mountains

Swallow Shelter
Ruby Marshes
Gatecliff Shelter
Schell Creek Range
Smith Creek Canyon
Meadow Valley Wash
Spotted Range
Sheep Range

Cole, 1982
Mason, 1944
Van Devender and Spaulding, 1979
King, 1976
Wells and Jorgensen, 1964
Van Devender and Spaulding, 1979
Spaulding, 1981
Phillips, 1977
Leskinen, 1975
Mehringer and Ferguson, 1969
Wells and Berger, 1967
Van Devender and Spaulding, 1979
Van Devender, 1973
Van Devender, 1973
Van Devender, 1973
Van Devender and Spaulding, 1979
Van Devender and Spaulding, 1979
Van Devender and Spaulding, 1979
Van Devender, 1973
Van Devender, 1973

Dalley, 1976
This volume
This volume
This volume
Thompson, 1979
Madsen, 1973, 1976
Wells and Berger, 1967
Spaulding, 1981

pollen cannot be separated from that ofRocky
Mountain juniper. The Gatecliff Shelter pol-
len diagram does have very high levels of
juniper during the period represented by Mill
Canyon 2 and Gatecliff 3, and this may reflect
the co-dominance of Juniperus scopulorum
and J. osteosperma in the vegetation.
The Gatecliff Shelter and Triple T Shelter

(this chapter, figs. 62, 63) pollen diagrams
have very low representations of Ephedra
pollen prior to 2500 B.P. The packrat midden
series also lacks Ephedra, suggesting that this
plant was absent or extremely rare in the To-
quima Range until the late Holocene.
The youngest packrat midden assemblages

(Gatecliff 2, Mill Canyon 1A, and Gatecliff
5) are very similar to the modem vegetation

and there is little evidence of major vegeta-
tional change over the last 2500 radiocarbon
years at Gatecliff Shelter.

CLIMATE HISTORY

The early Holocene midden assemblages
are dominated by steppe plants (Artemisia,
Chrysothamnus) and riparian taxa (Populus,
Salix, Rosa). The former plants imply arid-
ity, while the latter plants imply more effec-
tive moisture (i.e., more moisture and/or
cooler temperatures) than today. We infer
from the composition of these assemblages
that the early Holocene climate was cool and
dry. The transition from this regime to the
warmer climate of the middle Holocene is

A
B
C
D
E
F
G
H
I
J
K
L
M
N
0
p
Q
R
S
T

Holocene Sites

2
3
4
5
6
7
8
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not represented in the packrat midden series,
but it may have occurred between 7000 and
6000 B.P. when there was a rapid decline in
sagebrush (Artemisia) pollen in the Gatecliff
Shelter pollen diagram (Thompson and
Kautz, this chapter). Alternatively, this de-
cline in sagebrush pollen may be the result
of statistical constraint imposed by the in-
crease in juniper and pine pollen. These in-
creases in conifer pollen may reflect the es-
tablishment of pygmy conifer woodlands in
Mill Canyon. As discussed in the following
section on woodland migration, the appear-
ance ofwoodland species at Gatecliff Shelter
may signal a climatic event or may be the
result of the delayed migration of woodland
plants from their Pleistocene range.
There are no packrat middens in the Gate-

cliff/Mill Canyon series from the middle Ho-
locene period of maximum warmth and/or
aridity. The Mill Canyon 2 (4790 B.P.) and
Gatecliff 3 (3740 B.P.) packrat middens ap-
parently post-date this period and contain
plant assemblages very similar to the modern
plant cover near Gatecliff Shelter. However,
both of these middens contain significant
amounts ofRocky Mountain juniper (Junip-
erus scopulorum), a plant that does not grow
in proximity to the Shelter. This juniper is
generally restricted to riparian or higher el-
evational settings and its presence at Gatecliff
Shelter may indicate growing season temper-
atures that were cooler than those of today.
The Gatecliff 2 midden assemblage also con-
tains a small amount of this taxon, perhaps
indicating that cooler summer temperatures
persisted until 2380 B.P. at Gatecliff Shelter.
Other paleoenvironmental records from the

western United States also indicate periods
of cooler than present temperatures between
5000 and 2000 B.P. "Neoglacial" alpine gla-
cier advances apparently occurred at various
times during this period from Alaska to Col-
orado, Utah, and California (Porter and Den-
ton, 1967; Curry, 1969; Benedict, 1973; Den-
ton and Karlen, 1973). A high elevation pollen
record from Utah indicates at least two cool
climatic phases between 5000 and 2000 B.P.
(Madsen and Currey, 1979), while at low el-
evations in the same region the Great Salt
Lake Desert apparently flooded between 3500
and 2200 B.P. (Mehringer, 1977). The low
elevation pollen record from Swan Lake, Ida-

ho also registers a cool climatic phase be-
tween roughly 3100 and 1700 B.P. (Bright,
1966).

It must be pointed out, however, that there
are almost an equal number of paleoenvi-
ronmental records that indicate warmer than
present temperatures in the Great Basin re-
gion for various intervals between 5000 and
2000 B.P. Studies of long tree-ring series and
ofremnants ofsubalpine conifers found above
modern tree line in the Great Basin indicate
that growing season temperatures were
warmer than those of today until 3000 to
2000 B.P. (LaMarche and Mooney, 1967,
1972; LaMarche, 1973, 1974). Similarly a
pollen diagram from near Lake Tahoe (Adam,
1967) and a record of growth rates in fish
scales from Clear Lake, California (Casteel,
Adam, and Sims, 1977) both indicate very
warm conditions until roughly 3000 B.P.
The youngest packrat middens (Mill Can-

yon 1 A, Gatecliff 5) contain vegetational as-
semblages that are virtually identical with the
modern vegetation surrounding Gatecliff
Shelter. These middens provide no evidence
of significant climatic change at the Shelter
over the last two millennia.

HOLOCENE MIGRATIONS OF GREAT
BASIN WOODLAND PLANTS

Pygmy conifers today form woodlands on
the lower slopes of most of the Great Basin
mountain ranges. Junipers (J. osteosperma,
J. occidentalis, J. scopulorum) are present
throughout this region (Lanner, 1975),
whereas pii-non pine (Pinus monophylla) is re-
stricted to the southern and eastern Great
Basin (fig. 64). Paleobotanical records indi-
cate that these and other woodland genera
were present in the Great Basin during the
late Tertiary (Axelrod, 1950, 1976). How-
ever, packrat middens of Late Wisconsin age
suggest that these plants were absent from
this region during the late Pleistocene glacial
periods (Wells, 1980; Thompson and Mead,
1982). It has been debated whether pifion
pine and other woodland plants invaded the
Great Basin rapidly after the Pleistocene
(Lanner, this chapter), or whether these plants
attained their modern distributions or den-
sities only in the late Holocene (Madsen and
Berry, 1975; Madsen, n.d.). Radiocarbon-
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FIG. 64. Known Pleistocene and Holocene occurrences of Pinus monophylla. Pleistocene contexts
are denoted by letters, Holocene finds by numbers; see table 35 for key to individual sites. Shaded area
represents approximate modem distribution of the species in California, Nevada, Utah, and Arizona.

dated plant macrofossils from packrat mid-
dens, in conjunction with dated pollen pro-
files, now provide evidence for the timing of

the apparent Holocene migrations of pifion
and other woodland plants across the Great
Basin (table 36).
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TABLE 36
Holocene Packrat Middens from Modern Piiion-Juniper Woodlands North of 37°N Latitude in the

Great Basina

Radio-
carbon Age Material Lab. Calibrated Age Pifion

Site Sample (years B.P.) Dated Number (A.D./B.C.) Reference Present

Gatecliff 5 0 + 26 Jo. A-2433 - TR Yes
Brown's Hole 2 270 + 120 J.o. A-2725 A.D. 1950-1420 TR Yes
Mill Canyon IA 1720 + 180 J.o. A-2730 A.D.615-140B.C. TR Yes
Stine 3 1770 + 90 Dung RL-223 A.D. 445-20 Madsen, 1973 Yes
Stine 2 2170 + 120 Dung RL-120 10-410 B.C. Madsen, 1973 Yes
Gatecliff 2 2380 + 100 J.o. A-2435 195-780 B.C. TR Yes
Bronco Charlie IH 3050 ± 130 J.o. A-2726 925-1565 B.C. TR Yes
Gatecliff 3 3740 + 140 Jo. A-2733 1775-2620 B.C. TR Yes
Council Hall lB 4220 + 60 Jo. Wk-158 3035-2650 B.C. Thompson, 1979 Yes
Mill Canyon 2 4790 + 170 P.m. A-2781 3180-3875 B.C. TR Yes
Council Hall IA 6120 + 80 Jo. Wk-157 4890-5295 B.C. Thompson, 1979 Yes
Valleyview 3 6250 + 150 P.m. A-2430 4985-5380 B.C. TR Yes
Valleyview 1 6250 + 330b P.m. A-2438 4565-5650 B.C. TR Yes
Streamview 3 6490 ± 190 Jo. Gx-5867 5065-5775 B.C. Thompson & Mead, No

1982
Etna 5 6590 + 130 Dung RL-294 5220-5835 B.C. Madsen, 1973 Yes
Arch Cave 8 7350 + 250 J.s. A-2728 - TR No
Etna 6 8430 + 230 Dung RL-295 - Madsen, 1973 No
Etna 7 8930 + 220 Dung RL-296 - Madsen, 1973 No
Gatecliff 81B 9000 + 150 P.t. A-2732 - TR No
Gatecliff 81C 9460 + 250 P.t. A-2731 - TR No
Gatecliff lB 9520 + 480 P.t./R.s. A-2434 - TR No
Bloody Arm 1 9680 ± 700 P.l. A-2431 - TR No
Smith Creek Cave 2 10,450 + 290 J.o./A.t. Wk-159 - Thompson, 1979 No

a The far right-hand column indicates whether Pinus monophylla is present in the midden assemblage. The packrat
midden sites are in the following areas of Nevada: Toquima Range (Gatecliff and Mill Canyon), Ruby Mountains
(Brown's Hole and Bronco Charlie), Meadow Valley Wash (Stine and Etna), Snake Range (Council Hall, Streamview,
Arch Cave, Bloody Arm, Smith Creek Cave), and the Schell Creek Range (Valleyview). TR = this report. Calibrated
calendric ages derived from tables in Klein et al. (1982); the calendric use ranges represent 95 percent confidence
intervals for each date.
bA radiocarbon determination of 6670 + 160 B.P. on P.f (A-2529) was also obtained from this midden. The

averaged date (Long and Rippetau, 1974) for this midden is 6590 + 140 B.P.
KEY TO MATERIAL DATED:

At. = Artemisia tridentata-type P.m. = Pinus monophylla
J.o. = Juniperus osteosperma P.t. = Populus tremuloides
J.s. = Juniperus scopulorum R.s. =Rosa sp.
P.f = Pinusflexilis P.l. = Pinus longaeva

Note added in proof: Six additional radiocarbon determinations have been obtained on Holocene packrat middens
from pifion-juniper woodlands in the Great Basin. All of these new middens contain Pinus monophylla. The samples
and their radiocarbon ages are: Brown's Hole 3A: 0 + 90 (A-2786); Bronco Charlie ID: 940 + 100 (A-2787); Bronco
Charlie IF: 1530 ± 90 (A-2788); Brown's Hole 1: 1770 + 120 (A-2785); Arch Cave 4: 2400 + 100 (A-2783); and
Arch Cave 9: 3510 ± 230 (A-2784).

LATE PLEISTOCENE AND EARLY
HOLOCENE DISTRIBUTIONS

Packrat midden records demonstrate that
the lower mountain slopes of the southern
and eastern Great Basin were covered with

subalpine conifers and shrub communities,
not pifion-juniper woodlands, during the late
Pleistocene (Thompson, 1979; Wells, 1980;
Spaulding, 1981; Thompson and Mead,
1982). Single-needle pinon pine was absent
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north ofthe Sheep Range ofsouthern Nevada
during the late Wisconsin or was limited to
isolated refugia. Packrat midden assemblages
of late Pleistocene age from the Mojave and
Sonoran deserts (fig. 64) disclose the presence
ofpinion, juniper, and other Great Basin plants
at relatively low elevations until at least
11,000 B.P. (Van Devender, 1977; Van De-
vender and Spaulding, 1979; Spaulding,
1981). Other records indicate that these plants
were also present in the southern Sierra Ne-
vada (Cole, 1982) and the southern San Joa-
quin Valley (Mason, 1944; Berger and Libby,
1966) during the late Pleistocene.
After 11,000 B.P. pi-non disappeared from

the woodlands ofthe low elevation warm des-
erts, while juniper (Juniperus osteosperma
and/or J. californica) remained displaced
southward and at lower elevations (Van De-
vender and Spaulding, 1979). In the Great
Basin subalpine conifers were probably less
common on the lower mountain slopes after
11,000 B.P. (Thompson, 1979; Thompson
and Mead, 1982), though they remained be-
low their general modern lower limits until
approximately 7000 B.P.

In southern Nevada, packrat midden rec-
ords indicate that pinion-juniper woodlands
were present in the Sheep Range (Spaulding,
1981) and the Spotted Range (Wells and Ber-
ger, 1967) in the early Holocene. No records
from this period of single-needle pinfon pine
have yet been found north of the Spotted
Range.

HOLOCENE MIGRATIONS

Utah juniper (Juniperus osteosperma) ap-
parently remained in the low elevation warm
deserts of southern California, southern Ne-
vada, and Arizona until approximately 8000
B.P. (Van Devender and Spaulding, 1979),
3000 years after the extirpation ofpinion from
these desert localities. Thisjuniper also seem-
ingly migrated north into the Great Basin in
advance of pif-non. Utah juniper was present
at Meadow Valley Wash (approximately
37030'N, Madsen, 1973; fig. 64) and the
northern Snake Range (39°20'N, Thompson,
1979) by the end ofthe Pleistocene (ca. 11,000
B.P.). Packrat midden fossils from the Pyror
Mountains, Montana, indicate that Utah ju-
niper was present at its far northeastern limits
by approximately 10,000 B.P. (Mead, 1982).
At Gatecliff Shelter (390N), however, this ju-

niper is absent from three packrat middens
dated between 9520 and 9000 B.P. and its
arrival is probably reflected in an increase in
juniper pollen slightly before 6000 B.P.
(Thompson and Kautz, this chapter). These
data suggest that Juniperus osteosperma mi-
grated into the Great Basin from the south
and east and attained its modern distribution
after 6000 B.P.

Single-needle pifion pine (Pinus mono-
phylla), apparently absent from the Great Ba-
sin in the early Holocene, reached Meadow
Valley Wash by at least 6590 B.P. (table 36;
Madsen, 1973). At Smith Creek Canyon, in
the northern Snake Range, pifion is absent
from one packrat midden assemblage
(Streamview 3), dated at 6490 B.P., but is
present in another midden from the same
slope (Council Hall Cave la) dated at 6120
B.P. At Valleyview Cave, in the adjacent
Schell Creek Range, pinion is present by at
least 6250 B.P. An increase in pine pollen in
the Gatecliff Shelter record (Thompson and
Kautz, this chapter) suggests that pinon ar-
rived at the Toquima Range soon after 6000
B.P. This interpretation is strengthened by
the discovery of carbonized pifnon macrofos-
sils from a hearth in the shelter's sediments,
dated at roughly 5400 B.P. (Rhode and
Thomas, this chapter).

In the pollen diagram from the Ruby
Marshes, to the north and east of Gatecliff
Shelter, pine pollen does not significantly in-
crease until after 4000 B.P. (Thompson,
1983). The pollen diagrams from Swallow
Shelter (Dalley, 1976) and Saval Ranch
(Madsen, 1982), from near the northeastern
limits of pinion, show similar late Holocene
increases in pine pollen. While it is possible
that pinion did not reach these sites near its
northern boundary until the late Holocene,
it has also been suggested (Madsen, n.d.) that
these pine pollen increases represent an in-
crease in pinion density within the woodlands.
This interpretation may be supported by the
late Holocene rise in pine pollen in the pollen
diagrams from Meadow Valley Wash (Mad-
sen, 1973), where pifion had been present
since at least 6590 B.P.

PINON MIGRATION AND SPECULATIONS ON
CLIMATIC CHANGE

Researchers in the eastern United States
have used a regional network of pollen dia-
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grams to construct detailed maps of the Ho-
locene migrations of forest trees (Davis, 1976;
Webb, 198 1). Unfortunately, a similar net-
work of paleovegetational records does not
yet exist for the western part of the country.
There is also little information available on
the climatic and environmental parameters
that control the geographic and elevational
ranges ofmost western plants. Consequently,
it is very difficult to predict how quickly
woodland species will migrate following cli-
matic change or how long it would take for
a relatively dense woodland to form after the
species arrive at a site. These uncertainties,
among others, make it difficult to infer the
timing of climatic changes from plant migra-
tions.

Despite the inherent difficulties, it is pos-
sible to speculate on the paleoclimatic mean-
ing of the apparent mid-Holocene migration
of pinon pine. Three hypotheses have been
advanced concerning which environmental
factors control the northern boundary of the
distribution ofPinus monophylla. West et al.
(1978) suggest that extremely cold winter
temperatures limit the range of this pifion,
and that the presence ofwinter inversion lay-
ers on the lower mountain slopes are neces-
sary for its survival. In the northwestern Great
Basin the passage of storms associated with
the westerlies dispel these inversions and, ac-
cording to these authors, pifnon cannot sur-
vive. As noted by Thompson and Kautz in
this chapter, there is general correspondence
between the extreme northern limits of ex-
cursions of summer precipitation and the
northern boundary of single-needle pi-non
pine. Similarly, Axelrod (1976) has argued
that the eastern and southern portions of the
Great Basin experience higher summer tem-
peratures than the northwestern sector, and
that these elevated temperatures are respon-
sible for pifion's survival in the south and

east. As Aschmann (1958) noted, both sum-
mer precipitation and elevated summer tem-
peratures in the Great Basin are the result of
incursions of moist tropical air masses from
the south.
The distributions of all three of these phe-

nomena (winter inversions, summer precip-
itation, and elevated summer temperatures)
are influenced by the locations of the major
features of atmospheric circulation in the
western interior, such as the jet stream and
the Bermuda High Pressure Cell. If pi-non
pine's northern limit is controlled by any of
the above factors, and if pinion did not mi-
grate northward from its Pleistocene refugia
until the middle Holocene, then this migra-
tion may reflect a general northward shift of
air mass boundaries at this time. This shift
would necessarily have occurred some time
before pinion pine reached any of our study
sites, since migration is not instantaneous (see
Lanner, this chapter). It has been suggested
that a major change in atmospheric circula-
tion occurred in the southwestern deserts
around 8000 B.P. (Van Devender and
Spaulding, 1979), when junipers were extir-
pated from the low elevation plant commu-
nities. This climatic change apparently in-
volved a northward shift in the path of the
westerlies in winter, and Martin (1963) has
suggested that summer monsoonal flow in the
Southwest increased after this time. Both of
these changes probably affected the climate
of the Great Basin as well, and could have
provided the impetus for the northward mi-
gration of pinion pine. Axelrod (1981) has
similarly suggested that a northward shift in
climatic circulation during the middle Ho-
locene may account for the presence of iso-
lated populations of pinion pine (north of the
main portion of its range) along the western
slope of the Sierra Nevada.

THE EXPANSION OF SINGLELEAF PINON IN THE GREAT BASIN

RONALD M. LANNER

In this chapter investigators have raised
the interesting possibility of a significant Ho-
locene expansion of the range of pinion pine
throughout the Great Basin. Specifically,

Rhode and Thomas (this chapter) report re-
covery of remains of singleleaf pi-non (Pinus
monophylla [Torr. and Frem.]), as well as
juniper seeds (J. osteosperma [Torr.] Little),

1671983



168 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

and wood charcoal. Similarly, both pollen
and packrat midden analyses (Thompson,
Kautz, and Hattori, this chapter) indicate that
the piiion and juniper appear in the Gatecliff
Shelter archaeological record only within the
last 6000 years. Since it is unlikely that the
wood and cones would have been transported
very long distances, one may surmise that the
pifion-juniper woodland grew in the vicinity
of Gatecliff Shelter 6000 years ago as it con-
tinues to do today.
But how old are the woodlands? How long

has there been a pifion resource in the Great
Basin? Fragmentary evidence that has accu-
mulated in the past two decades suggests a
"relatively recent" spread ofpifion across the
Great Basin from the south since the Pleis-
tocene (Mehringer, 1977). The best direct
evidence of pifion presence is its occurrence
as macrofossils in preserved middens of
woodrats (Neotoma sp.). Woodrat middens
contain only local materials, and these ma-
terials can be radiocarbon dated. Thus a
species ofplant can be definitely identified as
having been present at a given time and place,
within limits of dating accuracy (Wells and
Jorgensen, 1964; Van Devender and Spauld-
ing, 1979; Thompson and Hattori, this
chapter). Midden data collected by Wells
(1977, 1980) from a large number of Great
Basin locations indicate clearly that between
at least 40,000 B.P. to about 12,000 B.P. the
present elevational zone ofthe pifion-juniper
woodland was occupied by extensive wood-
lands of limber pine (P. flexilis James). Mixed
with this five-needle pine were local popu-
lations of another five-needle species, inter-
mountain bristlecone pine (P. longaeva D. K.
Bailey). Thus the late Pleistocene ofthe Great
Basin was characterized by subalpine wood-
lands in the relatively cool, xeric conditions
of the higher valleys and on the lower moun-
tain slopes. No evidence of singleleaf pifion
for the Pleistocene or earlier in the Holocene
than 6000 B.P. has yet been found in the
Great Basin.
There is abundant evidence, however, that

singleleaf pifion occupied sites in the Mojave
and Sonoran deserts during the late Pleisto-
cene (Lanner and Van Devender, 1974; Van
Devender and Spaulding, 1979). The most
northerly such sites in the Mojave, those clos-
est to the Great Basin, have been found in

the Sheep Range, Clark County, Nevada. Here
singleleaf pifnon has been found in a variety
of sites at elevations of 1580-2035 m. (5183-
6676 ft.), often in association with limber
pine and in one case with intermountain bris-
tlecone pine (Van Devender and Spaulding,
1979). One of these assemblages has been
radiocarbon dated at 1 1,550 B.P. ± 150. This
date is significant because the transition from
the cool, moist climate of the Wisconsinan
and glacial to the warmer drier climate of the
Holocene, is placed at about 12,000 to 8000
B.P. (Wells, 1977). Thus the Sheep Range
pinion date, along with several other Mojave
dates between 21,000 and 12,000 B.P. (Van
Devender and Spaulding, 1979), suggests the
presence of Mojavean pifnon-juniper wood-
lands poised to expand northward into the
Great Basin with the advent ofthe Holocene.
As Wells (1980) has expressed this concept,
"From their Mohavean refugium, where they
coexisted, the woodland conifers and desert
shrubs expanded northward en masse with a
latitudinal shift of 60 or more across the Great
Basin during the Holocene."
Ofcourse, such an expansion is conditional

upon the dispersal ability ofthe plant species
involved, and the existence of possible mi-
gration routes between the original refugia
and the present distribution area. The pur-
pose here is to examine the possibility that
an expanding singleleaf pifion population
could have moved into the central Great Ba-
sin rapidly enough during the Pleistocene-
Holocene transition to sustain hunter-gath-
erers as early as 6000 B.P.

PINON DISPERSAL CAPABILITIES
The 11 species of pifion pine currently rec-

ognized all have wingless seeds that cannot
be dispersed by wind (Lanner, 198 1). Studies
of Colorado pinion (P. edulis Engelm.) have
shown that its major seed dispersers are the
Pi-non Jay (Gymnorhinus cyanocephalus)
(Balda and Bateman, 1971; Ligon, 1978) and
Clark's Nutcracker (Vander Wall and Balda,
1977). Of lesser importance are the Scrub Jay
(Aphelocoma coerulescens) and Steller's Jay
(Cyanocitta stellerl) (Vander Wall and Balda,
1977). Dispersal of singleleaf pinion seeds has
been attributed primarily to Clark's Nut-
cracker (Tomback, 1977; Lanner and Vander
Wall, 1980), though the presence of Pifion,
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TABLE 37
Some Seed Transporting Characteristics of the Corvids Known to Harvest and Cache

Colorado Pifnon Seedsa

Capacity of Food Maximum
Transporting Structure Seed

Transport
Flight Speed Type of Food No. Weight Distance

Species (km./hr.) Transporting Structure Seeds (grams) (km.)

Clark's Nutcracker 47 Sublingual pouch 90 31 22
Pifion Jay 42 Distensible esophagus 56 17 10
Steller's Jay 36 Distensible esophagus 18 5 3
Scrub Jay 28 Mouth 5 2 1

a Data supplied by S. B. Vander Wall.

Steller's, and Scrub Jays in singleleaf pifnon
woodlands indicates these species are also in-
volved. All of these birds are members ofthe
family Corvidae. All harvest pifion seeds di-
rectly from the cones, carry them some dis-
tance, and cache them in the upper soil profile
for subsequent retrieval as a winter or spring
food. Unretrieved seeds-ofwhich there may
be many following a mast year-frequently
germinate to establish new stands of trees or
increase the density of existing stands (Lan-
ner, 1980).
The varying capabilities ofthe four corvids

are presented in table 37. The corvids dis-
perse and cache seeds in different ways.
Clark's Nutcracker and Steller's Jay tend to
cache seeds upslope from the harvest area.
Scrub Jays cache their seeds within or down-
slope from the harvest area. Pifion Jays may
cache their seeds upslope, within, or down-
slope from the harvest area. Clark's Nut-
cracker is the premier long-distance disperser
and is able to transport the largest number
of seeds at the greatest speed (table 37). The
Pifion Jay's long-distance capabilities are
more modest than those of the nutcracker,
but it can establish new stands at some dis-
tance, as well as locally. The short transport
flights of Steller's and Scrub Jays would tend
to establish new stands mainly at the periph-
ery of the harvest area, as well as increasing
stand density at the seed source.

It therefore appears that the diversity of its
seed cachers allows pi-non pine growing in an
area of varied topography to respond rapidly
to changing climatic conditions.
The importance of Clark's Nutcracker in

the expansion of singleleaf pifion could only
have been enhanced by its ability to utilize
the wingless seeds of limber pine as well as
those ofpinion. Vander Wall and Balda (1977)
have reported occasional harvesting and
caching of limber pine seeds by Pifion Jays
in Arizona, but it is clear that in the central
and northern Rockies, and in the Great Ba-
sin, the major disperser of limber pine seeds
is Clark's Nutcracker (Lanner, 1980; Lanner
and Vander Wall, 1980). Thus if limber pine
woodlands were widespread across the Great
Basin during the late Pleistocene, as Wells
(1977, 1980) suggests, there would have been
an enormous resident population of nut-
crackers. Even today, nutcrackers are known
to transport singleleaf pinon seeds as much
as 579 m. (1900 ft.) upslope in limber pine
areas (Lanner and Vander Wall, 1980).
Therefore, it is reasonable to assume that as
a moderating climate allowed singleleaf pi-
nion to be dispersed into subalpine limber
pine areas, the resident flocks of nutcrackers
would have participated in the further dis-
persal of the pinion. Singleleaf pi-non is not
restricted to low areas of relatively mild cli-
mate. It can be found now in association with
intermountain bristlecone pine as high as
2930 m. (9600 ft.) on Frisco Peak, Utah (Lan-
ner and Warnick, 1971); and at about 3000
m. (10,000 ft.) in the White Mountains, Cal-
ifornia, in close proximity to both bristlecone
and limber pines. So the climate in limber-
bristlecone woodlands need not have changed
very much to allow the establishment of the
forerunners of an expanding pifion popula-
tion.
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SINGLELEAF PINON FRUITING
ABILITY

Singleleaf pinion is a relatively slow-grow-
ing tree that often produces its first cone crop
at between 20 and 50 years of age, reaches
heavy production between 75 and 100 years,
and continues to produce past the age of 200.
In the Raft River Mountains of northern
Utah, just outside the Great Basin and near
the northern limits of the species, a sample
group offour trees, 72-7 7 years ofage, ranged
in height from 3.7-6.1 m., X = 4.42 m. (12-
20 ft., X = 14.5 ft.), and all were moderate
cone producers. Although cone production is
often said to be cyclic in pifnons, with good
crops at long intervals, a one-fifth acre study
plot in the Raft River Mountains had eight
of its 16 trees bearing in four of five years,
and six bearing in three of five years. Per-
acre cone production on that plot was as fol-
lows during the five-year study: 1975, 765
cones; 1976,0 cones; 1977, 2560 cones; 1978,
2325 cones; 1979, 585 cones.
When cone production fails over a large

area (as in 1976), Pi-non Jays do not breed
(Ligon, 1978), and nutcrackers temporarily
emigrate (Vander Wall, Hoffman, and Potts,
1981). In very productive years, such as 1977
and 1978, seed production may satiate the
available consumers, and surplus seeds may
litter the ground the following year (Lanner,
1981).

MIGRATION ROUTES ACROSS THE
GREAT BASIN

The Great Basin contains a large number
ofshort fault-block mountain ranges oriented
north-south, and separated by flat valleys.
The valleys tend to be narrow, and the ranges
are often separated from each other at their
ends by low passes. This results in nearly
continuous migration routes, at some ele-
vations, across broad areas of the Great Ba-
sin. This is illustrated by starting at the north
end of the Sheep Range (Clark Co., Nevada)
and proceeding northward along the 1980 m.
(6500 ft.) contour, whenever possible, for the
459 km. distance to the Humboldt River, the
present northern limit of singleleaf pifion in
Nevada (Critchfield and Allenbaugh, 1969).
Such a journey would require crossing only
five gaps of 3-32 km. width, X = 13.52 km.

TABLE 38
Distance Between Gaps in 1980 m. (6500 ft.) Con-
tours Encountered in a North-South Transect

Across Nevada

Distance
From To (km.)

Sheep Range Pahranagat Range 32
Pahranagat Range Timpahute Range 0
Timpahute Range Groom Range 13
Groom Range Belted Range 19
Belted Range Kawich Range 18
Kawich Range Hot Creek Range 3

No further gaps below 1980 m. (6500 ft.)
north to Humboldt River.

(table 38). An alternate route from the Tim-
pahute Mountains to the Worthington
Mountains, the Quinn Canyon Range, Grant
Range, White Pine Range, Buck Mountain,
Ruby Mountains, and East Humboldt Range,
to the Humboldt River has only four gaps
totaling 64 km. where elevation falls below
1980 m. (6500 ft.).
Another illustration is provided by an east-

west transect along the 40th parallel of lati-
tude in Nevada. There are 13 gaps of 5-105
km. width, X = 26.36 km.

Excluding the wide gap across the Carson
and Humboldt sinks, the mean gap is only
19.84 km. wide (table 39). The 1980 m. (6500
ft.) elevation is chosen somewhat arbitrarily.
Actual singleleaf pinion migration probably
occurred within a broad elevational zone
whose base fluctuated above and below 1980
m. (6500 ft.), which is at or below base level
in many Great Basin valleys. Singleleaf piiion
today occurs as low as 1040 m. (3400 ft.)
(personal commun., Russ Guyman, Snow
Canyon State Park, Utah) and as high as 3000
m. (10,000 ft.), and must be considered a
species of great ecological amplitude.

ESTIMATED MIGRATION RATES

Assume that it takes 100 years, on average,
for a group of newly dispersed singleleaf pi-
nion seeds to germinate, become established
trees, produce cones, and have their seeds
dispersed into a suitable habitat. This accom-
modates the estimated 75-year maturation
period, a one-year lag between dispersal and
germination, and the likelihood that only in
one year of five will enough seeds be pro-
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TABLE 39
Distance Between Gaps in 1980 m. (6500 ft.) Contours Encountered in an East-West Transect

Across Nevada Along Latitude 40°N

From To Distance (km.)

Virginia Mountains Nightingale Mountains 39
Nightingale Mountains Stillwater Range 105a
Stillwater Range Clan Alpine Mountains 26
Clan Alpine Mountains Shoshone Mountains 35
Shoshone Mountains Toiyabe Range 23
Toiyabe Range Simpson Park Mountains 16
Simpson Park Mountains Fish Creek Mountains 24
Fish Creek Mountains Diamond Mountains 16
Diamond Mountains Ruby Mountains 16
Ruby Mountains Maverick Spring Range 10
Maverick Spring Range Butte Mountains 5
Butte Mountains Cherry Creek Range 13
Cherry Creek Range Schell Creek Range 16

a Gap includes Carson and Humboldt Sinks.

duced to allow corvids to cache a surplus
beyond their food needs. It also allows for
the possibility that seeds will need to be dis-
persed to a new habitat four times before
becoming established. It is therefore a con-
servative estimate. Assume also that seeds
are dispersed by Clark's Nutcrackers into
suitable habitats constantly becoming avail-
able to the north, and that the mean maxi-
mum dispersal distance is 13 km. (8 miles).
Under these assumptions, the migration rate
would be 13 km. per 100 years, or 0.13 km./
year. Pifion spreading northward from the
Sheep Range would arrive at the Humboldt
River East Fork, west of Wells, Nevada (306
km.) in about 2354 years. A piinion population
would become established in the vicinity of
Austin, Nevada (362 km.) in about 2813
years.
Under more favorable circumstances, yet

within the biological capacities ofpifions and
nutcrackers, a more rapid advance might have
occurred. Using a generation time of 80 years
and a mean maximum dispersal flight of 19
km. (0.24 km./year) the 467 km. to the Hum-
boldt would have been covered in 1933 years,
and the 362 km. to Austin in 1500 years.
These times would have been much shorter

if pinons had occupied one or more Great
Basin refugia north of 39°N lat. The possi-
bility of such refugia cannot be entirely dis-
counted for the following reasons: (a) single-
leaf pinion has a broad ecological tolerance

and is capable of associating with limber and
bristlecone pines; (b) rain shadows, and ex-
posures of some ranges to westerly winds
create considerable climatic variability in the
Great Basin (West et al., 1978); and (c) the
woodrat middens that have so far failed to
disclose Great Basin pinion (Wells, 1977,
1980) are, for practical purposes, point sam-
ples, that could easily have missed refugia of
limited area and unknown location. Using
the rates derived above, pifion starting from
a refugium around Tonopah could have
reached Austin in 640 to 1200 years. Pi-non
from a refugium in the climatically diverse
area of the Sulphur Spring Range (West et
al., 1978) could have reached Austin in 480
to 900 years.
Assuming a migration starting from the

Sheep Range about 11,000 B.P., a northward
moving pifion "front" could have arrived at
the 38th parallel between 10,600-10,250 B.P.;
and at the 39th parallel between 10,135-9375
B.P. The 40th parallel, well north of Gatecliff
Shelter, could have been reached between
9670-8910 B.P., predating by two or three
millennia the radiocarbon-dated pifion re-
mains at that site. It therefore appears that,
in principle, the singleleaf pinion could have
crossed the Great Basin during the first half
of the Holocene and could have become es-
tablished in the vicinity of Gatecliff Shelter
20-30 centuries before the oldest document-
ed human use of the cave.
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CHAPTER 8. CULTURAL STRATIGRAPHY
OF GATECLIFF SHELTER

Previous chapters detailed the geological
stratigraphy at Gatecliff and suggested some
processes which seem to have been respon-
sible for the deposition of these sediments.
Although the cultural debris at GatecliffShel-
ter occurs in a geological matrix, the rela-
tionship between natural and cultural is by
no means one to one (Binford, 1982). Dis-
tinct cultural occupations are sometimes rec-
ognizable within a single geological stratum
(e.g., Strata 1 and 5); in other cases, multiple
geological events are recognizable within a
single cultural unit (e.g., Strata 6 and 7). For
this reason, it becomes necessary to outline
a cultural stratigraphy recognizable at Gate-
cliff Shelter. The content and patterning of
each of these cultural units are discussed in
detail in subsequent chapters. We are at pres-
ent concerned with how the bands ofcultural
debris interleafed with the purely geological
strata.

Sixteen distinct cultural occupations have
been defined in the Gatecliff sequence. Each
occupation will be termed a cultural hori-
zon.I The Gatecliff horizons range in mag-
nitude from a stratigraphically distinct flake
scatter to a massive artifact-rich rubble unit
up to 50 cm. thick.
We also recognize a series of distinct cul-

tural components following the standard def-
inition by Willey and Phillips (1958, p. 21).
The component is the local manifestation of
a cultural phase, defined previously for this
region by Thomas (1971 b). The Gatecliff
components correspond, in some cases, to a
single cultural horizon (e.g., Horizon 1 rep-
resents the entire Yankee Blade component
at Gatecliff). But in several cases the strati-
graphic separation is sufficient so that a given
component may be subdivided into several
horizons; the Reveille phase, for instance, is
represented by Horizons 4, 5, 6, 7, and part
of 8. Table 40 summarizes the cultural se-
quence at Gatecliff Shelter.
The earliest occupational unit at Gatecliff,

'Our descriptive usage ofthe term horizon differs from
the integrative concept defined by Willey and Phillips
(1958, pp. 29-34).

designated as Horizon 16, occurred at a depth
of about 7 m. below datum in square Beta
(see fig. 65). Horizon 16 consisted merely of
two brown chert artifact fragments and ap-
proximately three dozen flakes found in close
proximity within the rubble of Stratum 26.
Not far from this concentration was a rain-
drop feature which was preserved on the top
of Stratum 33; but the complex nature of the
basal rubble stratigraphy prevents us from
making any precise correlation between the
artifact concentration and the raindrop fea-
ture. A single radiocarbon date was processed
on charcoal near this scatter: 5300 B.P. +
170 (UCLA- 1 989B). Based on this single date
and the available geological evidence, we es-
timate that Horizon 16 was probably occu-
pied between 3550 B.C. and 3400 B.C. Because
of the few artifacts found, we are unable to
assign Horizon 16 to a cultural component.
Horizon 15 is a very thin occupational sur-

face, which occurred atop a thin silt lens de-
noted as Stratum 25. The occupation was a
manifestation ofthe Clipper Gap phase. Three
distinct hearths were present in Horizon 15,
associated with a sparse, yet patterned arti-
fact concentration. Three radiocarbon dates
are available from these hearths (see table 2).
We estimate that Horizon 15 was occupied
between approximately 3400 B.C. and 3300
B.C.
Horizon 14 is another Clipper Gap com-

ponent, deposited between the sterile Strata
21 and 23. The living surface was only a few
centimeters thick on the western margin of
the site and sloped upward to the southwest.
The surface was littered with a light scatter
of chert roof fall, and mudcracking was pres-
ent over much of the occupational surface.
Three prominent hearths were excavated on
Horizon 14, but most of the artifacts were
associated with only two of these. Four ra-
diocarbon dates were processed from these
hearths and we estimate that the surface was
probably occupied between about 3300 B.C.
and 3150 B.C.
Horizon 13 is a sparse artifact scatter sand-

wiched between the rubble ofStratum 19 and
the underlying silt of Stratum 21. Although
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-A.D. 1300

A.D. 700

1250 B.C.

1300 B.C.

1400 B.C.

2100-1450 B.C.

2300-2150 B.C.

3300-3150 B.C.

FIG. 65. Gatecliff Shelter Master Profile, showing placement and dating of the 16 cultural horizons.
Standing figure is exactly 6 ft. (1.83 m.) tall; each grid square is 1 m. across.

it was possible in cross section to distinguish
two occupational surfaces superimposed
within Horizon 13, this distinction proved

impossible for excavators to follow with ac-

curacy, especially when they were forced to
work on a horizontal plane rather than from

Cultural'
Horizons

/ 1
32
3/,/
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TABLE 40
Cultural Occupations at Gatecliff Shelter

Field Age
Horizon Componenta Stratum Designation (B.P.) Date

1 Yankee Blade 1 GU Upper 14 650-450 B.P. A.D. 1300-A.D. 1500
2 Underdown 1 Bone Bed 650 B.P. A.D. 1300
3 Underdown 1 GU Lower 14 1250-650 B.P. A.D.700-A.D. 1300
4 Reveille 3,5 GU Upper 12 )
5 Reveille 3, 5 GU Lower 12 3 3200-1250 B.P. 1250 B.C.-A.D. 700
6 Reveille 3, 5 GU 12 Living Floor
7 Reveille 6, 7 GU1l 3250-3200 B.P. 1300 B.C.-1250 B.C.
8 Reveille/ 9 GU 9 3300-3250 B.P. 1350 B.C.-1300 B.C.

Devils Gate
9 Devils Gate 11 GU 7 3400-3300 B.P. 1450 B.C.-1350 B.C.
10 Devils Gate (?) 13 GU 6 4050-3400 B.P. 2100 B.C.-1450 B.C.
11 Devils Gate (?) 17 GU 4 4250-4100 B.P. 2300 B.C.-2150 B.C.
12 ? 19 GU 2 5000-4250 B.P. 3050 B.c.-2300 B.C.
13 Clipper Gap 20 GU IA 5100-5000 B.P. 3150 B.C.-3050 B.C.
14 Clipper Gap 22 GU 6-74 5250-5100 B.P. 3300 B.C.-3150 B.C.
15 Clipper Gap 24 GU 4-74 5350-5250 B.P. 3400 B.C.-3300 B.C.
16 Clipper Gap 26 Square Beta, 5500-5350 B.P. 3550 B.C.-3400 B.C.

685-700 cm.

a These phases were defined by Thomas (1971 b) except for the newly recognized Clipper Gap phase discussed in
this volume.

a distinct vertical sidewall. Consequently, for
our analysis, we must lump these two minor
living surfaces into the single Horizon 13.
Two hearths were excavated in Horizon 13,
but no radiocarbon dates were processed. We
estimate that Horizon 13 was occupied be-
tween about 3150 B.C. and 3050 B.C.
Horizon 12 also consists of two very thin

living surfaces. This time the excavators were
only partially successful in separating the two
occupations, so that, once again, we are forced
to combine two distinct surfaces into a single
cultural horizon. The western surface of Ho-
rizon 12 was nearly flat, roughly 4.45 m. be-
low datum. The eastern portion of the floor
was littered with roof fall and sloped steeply
into a niche ofdolomite bedrock which proj-
ects due east. Four hearths were evident in
Horizon 12, along with a fairly abundant con-
centration of artifacts, debitage, and bone.
Three consistent radiocarbon dates processed
from hearth A suggest a mean date of 3200
B.C., a date we think slightly too ancient for
that hearth. The geological evidence suggests
that the Horizon 12 surface was exposed for
approximately 700 years, from about 3050
B.C. to 2300 B.C. The human habitation was
only sporadic during this interval.
Horizon 11, occurring between sterile sand

and silt Strata 18 and 20, varied in thickness
from 15 to 35 cm. The surface consisted of
two burnt hearth areas and a very sparse con-
centration of debitage. A single radiocarbon
date is available from Horizon 11 and we
estimate the duration ofoccupation to be be-
tween about 2300 B.C. and 2150 B.C. Horizon
11 probably contains cultural remains from
a Devils Gate component.
Horizon 10, another thin artifact scatter,

occurs atop Stratum 14, a thin, compact sand
and silt layer. Nowhere is the debris of Ho-
rizon 10 more than 10 cm. thick. The major
artifact and midden scatter occurred toward
the northwestern corner of the site and over-
lapped the rear cave wall where the massive
dolomite block juts out from beneath the
overlying Gatecliff chert formation (see fig.
65). Two hearths occurred in Horizon 10,
along with scattered debitage and broken ar-
tifacts. Two radiocarbon dates are available
and we estimate that the surface was occupied
sometime between 2100 B.C. and 1450 B.C.
Horizon 10 is probably a Devils Gate com-
ponent, but validation is sparse and diag-
nostic artifacts are lacking.
Horizon 9 is an uncontaminated manifes-

tation ofthe Devils Gate phase, deposited on
the top of sterile Stratum 12. The living sur-
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face itself varied in thickness from 1 cm. to
roughly 25 cm. The cultural debris was par-
ticularly thick and dense in the rear of the
shelter and also immediately outside the drip
line. The eastern surface exhibited distinct
polygonal cracking, probably due to combi-
nation of root action and desiccation. Four
hearths were excavated in Horizon 9, and in
some areas there were as many as three dis-
crete occupations, each separated by a narrow
silt band. Dense artifact and chippage con-
centrations occurred on this floor, and par-
ticularly striking is the concentration ofham-
merstones and large limestone flakes near the
rear of the shelter. Three radiocarbon dates
were processed on charcoal from hearths C
and D, and we estimate that Horizon 9 was
occupied between 1450 B.C. and 1350 B.C.

Horizon 8 is a Devils Gate/Reveille com-
ponent which occurred on a densely packed
silt (Stratum 10). The occupational surface
was relatively flat, but sloped slightly upward
to the east. The western margin of the ex-
cavated portion ofHorizon 8 was punctuated
by a number of large pieces of roof fall. The
occupational debris varied in thickness from
2 cm. to a dense, artifact-rich rubble of 25
cm. As was the case with Horizon 9, the east-
ern margin of the living surface was charac-
terized by a complex series ofpolygonal mud
cracks and root casts. Four radiocarbon dates,
which were discussed in the previous chapter,
are available from Horizon 8. We think that
Horizon 8 was occupied between 1350 B.C.
and 1300 B.C.
Horizon 7 is an extremely complex living

surface that was occupied during the early
Reveille phase approximately 1300 B.C. At
least two distinct occupational surfaces were
present within Horizon 7, separated in places
by a minute band ofsterile silt. In some places
on this horizon the silt was absent and these
two occupations were operationally indistin-
guishable for the excavators. It is apparent
that several distinct activities which over-
lapped one another spatially and yielded an
abundant artifact inventory were represent-
ed. At least nine hearths were excavated from
Horizon 7 and there are four consistent ra-
diocarbon dates available.
To summarize briefly, Horizons 16 through

7 were intermixed with a complex series of
sterile sand and silt units (Strata 6-27), many
ofwhich were deposited as single, short-term

debris flows. This situation is ideal archae-
ologically because it allows minute separa-
tions between distinct cultural surfaces and
completely eliminates the possibility of mix-
ture between horizons. Horizons 7 through
16 were occupied between about 3500 B.C.
and 1300 B.C.
The depositional contexts ofGatecliffShel-

ter changed radically about 1250 B.C. Over
the last 3200 years Gatecliff had been inun-
dated by talus rubble and, with the exception
ofcertain localized ponding events, the upper
rubble unit has been relatively undifferen-
tiated. Due to this shift in depositional ma-
trix, over the last three millennia human hab-
itation at Gatecliff was largely contained in
undifferentiated rubbles, and therefore few
distinct occupational surfaces were apparent
in the upper six cultural horizons.

Despite this depositional dilemma in the
upper strata, we needed to derive more
fine-grained chronological controls, defining
intra-component stratigraphic divisions
where possible. In effect, we defined an ar-
bitrary three-part division for what had been
previously described as Stratum 5. In our field
terminology, this thick rubble unit was termed
"GU 12"; we, in turn, divided it into three
discretionary excavational units: Upper GU
12, Lower GU 12, and GU 12 Living Floor.
These field designations correspond to rough-
ly perceived cultural divisions within the rel-
atively uniform rubble ofStratum 5. We have
retained this analytical division in this report
because it allows us to subdivide the cultural
inventories from the middle and late Reveille
phase.2
Horizon 6 consists of approximately the

lower 30 cm. ofgeological Stratum 5, evident
in figure 65. A dense concentration of incised
limestone slates occurred in the northwest
portion of Horizon 6 (see chaps. 11 and 23).
No radiocarbon dates are available from Ho-
rizon 6, but we think it was probably occu-
pied shortly after 1250 B.C., the terminal date
for Horizon 7.
Horizon 5 is the arbitrarily defined middle

portion of undifferentiated Stratum 5. The
actual boundaries between the underlying and

2 More precisely, the rubble of Stratum 5 was exca-
vated in arbitrary 10 cm. levels which were then split
and/or grouped according to the three arbitrary cultural
divisions, further designated as Horizons 4, 5, and 6.
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overlying horizons are arbitrary, the artifact
of both excavation and analysis.
Horizon 4 comprises the remainder of the

occupational debris contained within Stra-
tum 5, and it was operationally impractical
for us to attempt a chronological separation
for Horizons 4 and 5. Eight radiocarbon dates
are available from these two horizons. One
ofthese dates (GAK-3613) seems to be about
400 years too ancient when compared with
the dates from stratigraphically older hori-
zons. The remaining seven dates seem to be
acceptable, ranging in age from about 1250
B.C. to A.D. 400. We think Horizons 4-6 were
occupied between about 1250 B.C. and A.D.
700.
Horizon 3 could readily be separated in the

field from the underlying Horizon 4 rubble
by the presence of a distinct sand and silt
facies (Stratum 2). Horizon 3 contained cul-
tural remains from the early Underdown
phase. The matrix consisted mostly ofrubble.
Artifacts and bones were also common, but
internal patterning ofthese materials was ap-
parently lacking within Horizon 3. A single
radiocarbon date is available from this unit,
and we suggest that Horizon 3 was occupied
from about A.D. 700 to A.D. 1300.3
Horizon 2 is a readily recognizable cultural

unit within the rubble ofStratum 1. The dense
concentration of bighorn sheep bones al-
lowed excavators to easily define this living
surface. In-depth analysis has revealed that
nearly two dozen bighorn sheep were butch-
ered at Gatecliff(see chap. 18); the entire bone
bed was apparently burnt, but distinguishable
hearths were not evident. Two radiocarbon
dates from this charcoal scatter provide a
mean date ofabout A.D. 1300, which we think
an adequate estimate of the age of Horizon
2, a late Underdown manifestation.
The upper margin of Horizon 2 is clearly

defined by two indisputable stratigraphic in-
dicators: a sagebrush mat which extended

3Of course our division between Horizons 3 and 4 is
purely arbitrary, due to a gap ofnearly 500 years between
radiocarbon dates in Horizons 4/5 and 3. The actual
4/3 contact could date anytime between A.D. 400 and
A.D. 1000. Although one could interpret this as a "hia-
tus," the 500-year gap may also be an artifact of our
sampling of available charcoal.

over most of the northern half of the site and
a dramatic episode of roof fall. Shortly after
the bighorn butchering event, apparently a
very short visitation occurred during the
Yankee Blade phase. At that time a sagebrush
mat was laid over the rear of the shelter.
Traces of the mat were found in squares C6,
D10, D9, E1, E12, plus the 13 and 14 series
squares. It is purely arbitrary to which ho-
rizon we assign the sagebrush mat, since it
provided the operational boundary in the
field.
Soon thereafter, a major portion of the

shelter's roof caved in and covered the east-
ern half of the site with several tons of chert
rubble up to 2 m. thick. This roof fall was
clearly evident when Gatecliff was rediscov-
ered in 1970, and one can easily trace its
outline in the existing roof of Gatecliff Shel-
ter. Two radiocarbon dates were processed
on charcoal removed from immediately be-
neath the roof fall. We estimate the age of the
cave-in to be about A.D. 1450 to A.D. 1500
(see table 3). This entire roof fall mass was
removed during excavation, and several
pieces of crushed rock art were found on the
blackened faces ofthe boulders (see chap. 15).
The strata immediately beneath the fallen
rocks were compressed somewhat, and a cer-
tain degree of artifact mixture between Ho-
rizons 1 and 2 was inevitable: most likely the
greatest amount of cultural debris present in
the Gatecliff sequence.

In other words, the upper boundary of Ho-
rizon 2 is defined by the extensive sagebrush
mat. The roof fall episode actually occurred
during earliest Horizon 1 times. Unfortu-
nately for the people of the Yankee Blade
phase, the roof fall buried more than half the
available living surface inside -the dripline of
Gatecliff Shelter, and this explains, we think,
the paucity ofYankee Blade occupation. Only
a single historic period aboriginal artifact (a
glass bead) was discovered at Gatecliff, so we
suggest that Horizon 1 represents the time
from about A.D. 1300 to A.D. 1500.4

4 One could just as easily make the case on the strength
of the one bead that Gatecliffwas sporadically occupied
into the early nineteenth century. The decision is arbi-
trary.



CHAPTER 9. MATERIAL CULTURE OF GATECLIFF
SHELTER: PROJECTILE POINTS

DAVID HURST THOMAS AND SUSAN L. BIERWIRTH

More than 400 typable projectile points
were recovered in excavations at Gatecliff
Shelter. We describe these artifacts in addi-
tion to several projectile point preforms in
this chapter. The provenience of these arti-
facts is listed on table 41, and the stratigraph-
ic distribution of typable points appears on
figure 66.
The Gatecliff projectile points have been

classified into a typological scheme devel-
oped specifically for the Monitor Valley re-
search (Thomas, 198 la). In many ways, the

Monitor Valley classification represents a re-
finement ofthe typology developed by Heizer
and his colleagues working at Berkeley (Clew-
low, 1967; O'Connell, 1967; Heizer and Hes-
ter, 1978). But in this chapter emphasis is
squarely on description, rather than on the
theoretical or empirical bases of the revised
classification; these aspects have been con-
sidered by Thomas (1981 a).

It should also be emphasized that the in-
dividual projectile points have been grouped
in this chapter into temporal types designed

Ulphase|ageloi5 ; t X t v 1 t t [) Q) | t-0)C 0) (I)(CCZ00M -o 0 " ~ ~ ~ 0

P --O- - -a - - --E E C- oUdro H E3CR E
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phase age _L _

Rankee Blade A 1300

Reveille 50 70 2

Reveifle A.D.1300B.C 36 2821
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13_______3150BC._____-_
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Gap 3400B C- 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

16

3550B.C.- l
tOtal 15 9 47 211 59 24 21 11 4

FIG. 66. Stratigraphic distribution oftypable projectile points from Gatecliff Shelter. The horizontal
dimension (frequency) is plotted on a logarithmic scale, which dampens the effiect of diffierential sample
size.
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FIG. 67. Desert Side-notched (a-o) and Cottonwood Triangular (p-w) projectile points from Gatecliff
Shelter. a. 20.3/3569; b. 20.3/2714; c. 20.3/2797; d. RR2784; e. RR2817; f. 20.3/2619; g. 20.2/8177;
h. 20.3/1879; i. RR9985; j. 20.3/3798; k. RR2592; 1. 20.3/2924; m. RR2827; n. 20.2/8112; o. 20.3/
3850. p. 20.3/2925; q. RR2828; r. RR2637; s. RR2610; t. 20.3/2944; u. 20.3/2730; v. 20.3/301; w.

20.3/3869. Provenience: All points from Horizon 1 except n, v. Horizon 2 and o, w. Horizon 3.

specifically for chronological purposes. This
approach contrasts markedly with the use of
technological types (see next chapter) to clas-
sify the remaining bifacial tools. A third mode
of classification (usingfunctional types) is also
considered later in this volume. The point
here is to emphasize the different typological
methods that are required to achieve differing
substantive ends.

DESERT SERIES

The Desert series is diagnostic of the Yan-
kee Blade phase, dating from ca. A.D. 1300-
1850. The two projectile point types con-

tained therein, Desert Side-notched and Cot-
tonwood Triangular, have been defined ear-

lier. Note, however, that Thomas (1970a) and
Thomas and Bettinger (1976) previously used
a maximum weight of 2.0 grams for Desert
Side-notched points and 3.0 grams for Cot-
tonwood Triangular points; both critical
weights should now be reduced to 1.5 grams.

This slight refinement is discussed in more

detail by Thomas (198 la).

DESERT SIDE-NOTCHED

Fifteen Desert Side-notched points were

recovered at Gatecliff Shelter (fig. 67 and ta-
ble 42). With only three exceptions, the bases

are notched in the "Sierran" style initially
described by Baumhoff and Byrne (1959).

Nearly all (80%) the Desert Side-notched
points were recovered in Horizon 1, as ex-

pected. Two Desert Side-notched points oc-

curred in Horizon 2 near the rear of the shel-
ter and one specimen (20.3/3850) was found
in Horizon 3, directly beneath the massive
roof fall (discussed in chap. 8). Apparently,
specimen 20.3/3850 was introduced from
Horizon 1 into Horizon 3 when the roofcaved
in.

COTTONWOOD TRIANGULAR

Nine Cottonwood Triangular points were

recovered at Gatecliff Shelter (see fig. 67 and
table 43); one of these specimens (from Ho-
rizon 1) was lost in the field and cannot be
described.
Seven ofthe Cottonwood Triangular points

were found, as expected, in Horizon 1. Single
examples also occurred in Horizons 2 and 3,
but in both cases they were beneath the mas-

sive roof fall, apparently displaced when the
roof caved in.

ROSEGATE SERIES

As detailed by Thomas (1981 a), points pre-
viously defined as "Rose Spring Corner-
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FIG. 68. Rosegate series projectile points from
Horizons 1 and 2 at GatecliffShelter. a. 20.2/8139;
b. 20.3/3886; c. 20.3/1359; d. 20.3/2648; e. 20.3/
1468; f. 20.3/3858; g. 20.3/1628; h. RR2667; i.
20.3/1337; j. 20.3/2795; k. RR2627; 1. RR2050;
m. 20.3/1335; n. 20.3/530; o. 20.3/300; p. 20.3/
1362; q. 20.3/1621; r. 20.3/1627; s. 20.3/3049.
Provenience: All points from Horizon 2, except s.

which is from Horizon 1 or 2.

notched" and "Eastgate Expanding Stem"
have been grouped into the Rosegate series.
The formal definition of the series has also

been modified. In the previous definition
(Thomas, 1 970a; Thomas and Bettinger,
1976), Rose Spring and Eastgate points were

distinguished from the more ancient Elko se-
ries on the basis of absolute weight. We now
think it better to replace weight as a criterion,
where possible, with linear basal measure-
ments; in this case, we have substituted basal
width for weight. By this new definition,
Rosegate points have a basal width less than
or equal to 10 mm., whereas the basal width
of Elko series points is greater than 10 mm.
The significance of this redefinition is con-
sidered by Thomas (1981 a).
A sample of 47 Rosegate points was re-

covered from Gatecliff Shelter (see figs. 68
and 69 and table 44). Nearly all (91%) of the
Rosegate points occurred in Horizons 2 and
3, as expected, and they are diagnostic of the
Underdown phase, ca. A.D. 700-1300.

ELKO SERIES

The Elko series is restricted to two time-
sensitive types: Elko Corner-notched and Elko
Eared. We reject the previously defined Elko
Side-notched and Elko Contracting Stem
types for reasons discussed by Thomas
(198 la).
The Elko series thus comprises corner-

notched points with a basal width greater than
10 mm. While this distinction may seem ar-
bitrary, a glance at table 41 dramatically
shows how efficiently this single criterion sep-
arates points stratigraphically at Gatecliff. In
fact, basal width separates the Elko and
Rosegate points so well that less than a 3
percent overlap exists between the two series.
This separation is far superior to that ob-
tained from any other attribute with which
we are familiar.
We reluctantly retain, throughout this vol-

ume, the conventional distinction between
Elko Eared and Elko Corner-notched types
previously discussed in terms of the Basal
Indention Ratio (Thomas, 1970a). This dis-
tinction, indicated by the ratio between axial
and total lengths, defines Elko Eared as those
points with a Basal Indention Ratio of less
than or equal to 0.93. Elko Corner-notched
points have a ratio greater than 0.93. We have
found this to be a replicable method for dis-
tinguishing these morphological types, es-
pecially for complete points.
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FIG. 69. Rosegate series projectile points from Gatecliff Shelter. a. 20.3/3885; b. 20.2/9618; c. 20.3/
2226; d. 20.2/8172; e. 20.3/2747; f. 20.3/2937; g. 20.3/3848; h. RR2820; i. 20.2/8166; j. 20.3/2932; k.
20.3/3860; 1. 20.3/3891; m. RR2633; n. 20.3/3865; o. 20.3/2865; p. 20.3/566; q. 20.3/648; r. 20.3/3893;
s. RR2487; t. 20.3/3861; u. 20.3/3852; v. 20.3/2650; w. RR2639; x. 20.3/3870; y. 20.3/3060; z. 20.3/
3239; aa. 20.3/2111; bb. 20.3/1559. Provenience: All points from Horizon 3, except y. Horizon 4, and
z, aa, bb. Horizon 5.

Fragmentary specimens create a classifi-
catory problem because axial and total lengths
can only be estimated. Although there is a

buffering effect which operates here (dis-
cussed in Thomas, 1970a), a certain degree
of error is nevertheless introduced. After ex-

amining the nearly 300 Elko series points re-

covered at Gatecliff, we think the Eared/Cor-
ner-notched differentiation for fragmentary
specimens remains cloudy. This difficulty
causes no particular problem, however, be-
cause all the measurements and estimates
have been provided, and all specimens have
been illustrated. A certain degree of subjec-
tivity is undoubtedly involved in separating
these two types, but we still think this ap-

proach is preferable to lumping them into one
larger Elko series category.

ELKO CORNER-NOTCHED

A total of 211 Elko Corner-notched points
was recovered at Gatecliff Shelter (see figs.
70, 71, 72, 73, 74, 75a-n, 76, 77, 80a-d, and
table 45).
More than half of all typable points re-

covered at Gatecliffare Elko Corner-notched,
and their distribution is of some interest.
Nearly 92 percent ofthe Elko Corner-notched
points occurred in the Reveille component
(Horizons 4-7), as expected (see table 41 and
fig. 66). Twelve Elko Corner-notched points
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FIG. 70. Elko Corner-notched projectile points from Horizon 4 at Gatecliff Shelter. a. 20.2/9357; b.
20.3/1405; c. 20.3/2642; d. 20.3/1876; e. 20.3/1871; f. 20.3/1344; g. 20.3/2319; h. 20.3/2611; i. 20.3/
2613; j. 20.3/1466; k. 20.2/95 10; 1. 20.2/9516; m. RR2731; n. 20.3/583; o. 20.3/1518; p. 20.3/1499; q.

20.3/1372; r. RR2679; s. 20.2/9364; t. 20.3/1565; u. 20.3/3170; v. 20.3/599; w. 20.3/4050; x. 20.3/98;
y. 20.3/1594; z. 20.3/1465.

were found in Horizon 8, which is interpreted
as an occupation transitional in time between
the Reveille and Devils Gate components.
Three Elko Corner-notched points also oc-
curred in the Underdown component, and
single examples were recovered in Horizon 1

and Horizon 9. This distribution confirms
the adequacy of Elko Corner-notched points

as Reveille phase time-markers, implying an
age of ca. 1300 B.C. to A.D. 700 (in uncor-
rected radiocarbon years). One could hardly
imagine a more perfect correspondence be-
tween a morphological artifact category and
its stratigraphic association. The Basin-wide
significance of this distribution was consid-
ered in detail in Thomas (198 la).
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FIG. 71. Elko Corner-notched projectile points from Horizon 4 at Gatecliff Shelter. a. RR2779; b.
20.3/3584; c. 20.3/2825; d. 20.3/3296; e. 20.3/2664; f. RR2686; g. 20.3/9759; h. 20.3/9758; i. 20.3/
9757; j. RR2059; k. 20.3/3628; 1. 20.3/3086; m. 20.3/3290, 20.3/8700; n. 20.3/3061; o. 20.3/1562; p.

20.3/3075; q. RR2590; r. 20.3/3087.

ELKO EARED

Fifty-nine Elko Eared points were re-

covered at Gatecliff Shelter (see figs. 78, 79,
75o-aa, 80e, and table 46).

Elko Eared points are also diagnostic ofthe
Reveille component at Gatecliff. In fact, only
one of the 59 specimens was found outside
Horizons 4-7, illustrating once again the re-

markable stratigraphic distribution of time-
markers at Gatecliff.

Is it possible to delineate finer temporal
differences within the Reveille component?
A cursory examination oftable 41 might sug-
gest that Elko Corner-notched points may be
somewhat earlier, and that Elko Eared points
are slightly more restricted in time. A Kol-
mogorov-Smimov two-sample test shows
that this impression may be false (Thomas,
1976, pp. 322-326). The critical value of D
is significant at the 0.05 level, but not at 0.01;

there may or may not be a temporal differ-
ence between Elko Corner-notched and Elko
Eared points.

GATECLIFF SERIES
The Gatecliff series is defined and justified

by Thomas (1981a). At present we recom-
mend that two new types, within the Gatecliff
series, be created to replace a number ofcon-
flicting and amorphous terms commonly used
in Great Basin archaeology. Gatecliff Con-
tracting Stem points are roughly equivalent
to those previously called "Elko Contracting
Stem" and "Gypsum Cave." Gatecliff Split
Stem points have been previously termed
"Pinto," "Little Lake," and "Bare Creek
Eared," among other names. Although we
hesitate to coin new terms and add to the
typological muddle in the Great Basin, the
new data available from Gatecliff and other
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FIG. 72. Elko Corner-notched projectile points from Horizon S at Gatecliff Shelter. a. 20.3/2875; b.
20.3/1860; c. 20.3/2667; d. 20.3/3676; e. 20.3/2844; f. 20.3/2543; g. 20.3/6377; h. 20.3/1319; i. 20.2/
9369; j. RR2775; k. 20.3/3707; 1. 20.3/129; m. 20.3/2553; n. 20.3/3818; o. 20.3/3306; p. 20.3/3556; q.
20.3/3124; r. 20.3/2569; s. RR2773; t. 20.3/6376; u. 20.3/2960; v. 20.3/3584A; w. 20.3/3541; x. 20.3/
3125; y. 20.3/3519; z. 20.3/111; aa. 20.3/3672; bb. 20.3/636; cc. 20.3/3235; dd. 20.3/3510; ee. 20.3/
3822; ff. 20.3/3392; gg. 20.3/3134; hh. 20.3/2954; ii. 20.3/3678; jj. 20.3/3236; kk. 20.3/3677.

sites is sufficient to warrant the proposed ter-
minological shift.

GATECLIFF CONTRACTING STEM

Twenty-four Gatecliff Contracting Stem
points were recovered at GatecliffShelter (see
figure 81 and table 48). All but two of these
were found in Horizons 8 and 9 (table 41);

on this basis, we propose that this type be
considered a time-marker for the Devils Gate
phase. This suggestion is reinforced with ad-
ditional data in Thomas (198 la).

GATECLIFF SPLIT STEM
Twenty-one Gatecliff Split Stem points

were found at Gatecliff (see fig. 82 and table
49).
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FIG. 73. Elko Corner-notched projectile points from Horizon 5 at Gatecliff Shelter. a. 20.3/3329; b.
20.3/2617; c. 20.3/3464; d. 20.3/3694; e. 20.3/2673; f. 20.3/3130; g. 20.3/3241; h. 20.3/3159; i. 20.3/
3496; j. 20.3/3462; k. 20.3/3494; 1. 20.2/9368; m. 20.3/3625; n. 20.3/1557; o. 20.3/1909; p. 20.3/3823;
q. 20.3/36 10; r. RR2772; s. 20.3/2876; t. 20.3/2087; u. 20.3/2959; v. 20.3/2952; w. 20.3/2949; x. 20.3/
3689; y. 20.3/3331; z. 20.3/3498; aa. 20.3/3128; bb. 20.3/3540; cc. 20.3/3539; dd. 20.3/3635; ee. 20.3/
1556; if. 20.3/2557; gg. 20.3/3482.

The Gatecliff Split Stem points are also sample test shows no significant difference in
diagnostic of the Devils Gate component, al- the distribution between the Split Stem and
though two were found in overlying Reveille Contracting Stem types.
contexts. The Kolmogorov-Smirnov two- Horizons 9, 10, and 11 belong to the Devils
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FIG. 74. Elko Corner-notched projectile points from Horizon 6 at Gatecliff Shelter. a. 20.3/1584,
1835; b. 20.3/2220; c. 20.3/3414,3474; d. 20.3/3517; e. 20.3/3471; f. 20.3/144; g. 20.3/3449; h. RR2756;
i. 20.3/3814, j. 20.3/1523; k. 20.3/3729; 1. 20.3/1847; m. 20.3/3784; n. 20.3/1809; o. RR2675; p. 20.3/
2677; q. 20.3/3476; r. 20.3/2510; s. 20.3/1856; t. 20.3/1522; u. 20.3/1316; v. 20.3/1586; w. 20.3/3743;
x. 20.3/1322; y. 20.3/6414; z. 20.3/2669; aa. 20.3/1883; bb. 20.2/9610; cc. 20.3/1524; dd. 20.3/6412.

Gate component, with a terminal date of
about 1300 B.C. (uncorrected radiocarbon
years). Unfortunately, the artifact inventory
of Horizons 12 and 13 is so sparse that it is
difficult to determine which phase it repre-
sents. For this reason, we can only suggest an
interpolated beginning date of about 3000
B.C. to 2500 B.C. for the Devils Gate phase.

As discussed in Part 3 ofthis series, data from
other Monitor Valley sites clarify the tem-
poral issue somewhat.

CONCAVE BASE POINTS

Only 18 concave base points were re-
covered from Gatecliff Shelter (fig. 83 and
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FIG. 75. Elko Corner-notched (a-n) and Elko Eared (o-aa) projectile points from Horizons 6 and 7
at Gatecliff Shelter. a. 20.3/1400; b. RR2754; c. 20.3/3663; d. 20.3/1857; e. 20.3/2592; f. 20.2/9609; g.
20.3/2675; h. 20.3/3590; i. 20.3/2834; j. 20.3/3693; k. 20.3/1355; 1. 20.3/3596; m. 20.3/3472; n. 20.3/
2112; o. 20.3/2140; p. RR2442; q. 20.3/4046; r. 20.3/2120; s. 20.3/3705; t. 20.3/3781; u. RR2483; v.

20.3/1392; w. 20.3/1852; x. 20.3/1819; y. 20.3/3902; z. 20.3/2837; aa. 20.3/2903. Provenience: All
points from Horizon 6 except r and aa, which are from Horizon 7.

table 50). In view of the large sample of other
types found at Gatecliff, it seems puzzling
why so few concave base points were found.
We think that the ratio between stemmed and
concave base points is probably due to func-
tional variability, and this idea is pursued
later in this series. For now, we are interested
strictly in the significance of these points as

time-markers. Simply put: how well do con-

cave base points predict radiocarbon dates?
The Gatecliff data suggest concave base

points may at times be used as temporal in-
dicators, but the precision is considerably less
specific than for stemmed points. Figure 83
plots the concave base points from Gatecliff
in stratigraphic order, arranged in the follow-
ing categories.

HUMBOLDT CONCAVE BASE

With only a single exception (20.3/3172),
all the concave base points from Horizon 12
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FIG. 76. Elko Corner-notched projectile points from Horizon 7 at Gatecliff Shelter. a. 20.3/550,
2058; b. 20.3/2128; c. 20.3/2096, 623; d. 20.3/1575; e. 20.3/3347; f. 20.3/2888; g. 20.3/1383; h. 20.3/
3175; i. 20.3/3249;j. 20.3/3340; k. 20.3/580; 1. 20.3/1941, 2204; m. 20.3/3369; n. 20.3/2068; o. 20.3/
2519; p. 20.3/3214; q. 20.3/2105; r. 20.3/2059; s. 20.3/3215; t. 20.3/1932; u. 20.3/563; v. 20.3/633; w.

20.3/3178; x. 20.3/2206; y. 20.3/2630; z. 20.3/2895; aa. 20.3/2863; bb. 20.3/3349; cc. 20.3/187; dd.
20.3/2130; ee. 20.3/3348; if. 20.3/3272; gg. 20.3/3273; hh. 20.3/1936; ii. 20.3/2109; jj. 20.3/2070.

and above fit comfortably within the con-

ventional Humboldt series. Heizer and Hes-
ter (1978) assign a 6000-year time span to
the Humboldt series, and this estimate con-

forms to the Gatecliffdata (although we think

that this estimate will be badly blurred due
to the functional implications of this series).
The Humboldt series at Gatecliff Shelter

comprise a more or less uniform series span-

ning the last 5000 years, and internal differ-
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FIG. 77. Misc. Elko Corner-notched projectile points from Gatecliff Shelter. a. 20.3/6417; b. 20.3/
6367; c. 20.3/2546; d. 20.3/6357; e. 20.3/3661; f. 20.3/6406; g. 20.3/6674; h. 20.3/592; i. 20.3/7119; j.
20.3/6336; k. 20.3/6447; 1. 20.3/6351; m. 20.3/7360. Provenience: All points from Horizon 8; except
m. Horizon 9.

entiation between subtypes (such as Hum-
boldt Concave Base A, B and Basal-notched)
is difficult. Further data discussed in subse-
quent chapters substantiate this view.

TRIPLE T CONCAVE BASE

Seven concave base points occurred in Ho-
rizons 14 and 15, dating between about 3400
B.C. and 3150 B.C. Four large, finished con-
cave base point fragments found in Horizon
14 (see fig. 83 l-o) are quite distinct from the
three earlier concave base points (fig. 83p-r)
which have pointed bases (Thomas, 1981 a).

All of these points seem similar to those
referred to as "Black Rock Concave Base"
by Clewlow (1968). Unfortunately, all of
Clewlow's points were surface specimens,
lacking stratigraphic context. Those illustrat-
ed by Clewlow (particularly those of his pl.
2) have sharply pointed bases, rather than the
rounded kind apparent on figure 83 l-o). We
think that Clewlow's definition ofa new type,
based strictly on surface associations, is ten-
uous, and we shall not follow his usage.

Considering the relative scarcity of simi-
larly excavated specimens and the rather tight
temporal controls in Gatecliff Shelter, we have
chosen to call these points Triple T Concave

Base, named after a nearby site in North-
umberland Canyon and discussed in Part 3
of this series.

UNNAMED CONCAVE BASE

Finally, we are left with the three concave
base points found in Horizons 14 and 15 at
Gatecliff (fig. 83p-r). These points are thin
but the flaking is rough and it is unclear to
us whether or not these specimens are fin-
ished points or merely preforms. The asso-

ciations of individual specimens are dis-
cussed in the section on spatial analysis (chap.
21). For now, we do not consider them to be
sufficiently diagnostic to warrant typological
separation.

STEMMED POINTS FROM
BASAL HORIZONS

Two unusual points were found in the basal
levels at Gatecliff (fig. 84b-c). One of these
(20.3/2331), a stemmed point from Horizon
15, was found in approximate rough associ-
ation with one of the concave base points
discussed above. Although manufactured
from a high quality, opaque, pink chert, the
point has an imperfection on one side, which
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FIG. 78. Elko Eared projectile points from Ho-
rizon 4 at Gatecliff Shelter. a. 20.3/3685; b. 20.3/
3291; c. 20.3/2822; d. 20.3/3557; e. RR2613; f.
20.3/3760; g. RR2759; h. 20.3/1345; i. 20.3/3896;
j. 20.3/3084; k. 20.3/3302; 1. 20.3/3295; m. 20.2/
8705; n. 20.2/8708; o. 20.3/3638; p. 20.3/3641;
q. 20.3/3168; r. 20.3/3554; s. RR2053; t. 20.3/
3303.

obviously inhibited flaking across the sur-
face. The base has been broken so it is im-
possible to tell the actual form of the projec-

tile point. Although the final product may
have been corner-notched, it is also conceiv-
able that this was a side-notched projectile

-:_1 point. At any rate, the breakage of the base
'~ precludes further speculation.

i.fAj~ The second point (20.3/7485) was re-
"._;4 covered from Horizon 16. Manufactured of

a poor quality brown chert, the specimen ap-
d pears to be the broken blade element of a

point which was reworked into another style.
cm. 4 An unusual lip fracture occurs in the basal

concavity. While it is possible that this frac-
ture is a remnant from the original flake scar,
it seems more likely that the base has been
broken from this specimen.
We are unable to make any further typo-

$,:~ ~ logical distinctions for the two most ancient
projectile points found at Gatecliff Shelter.

h Both specimens seem "late" in overall ap-
pearance, but there can be no question of
their stratigraphic associations. Specimen
20.3/2331 came from a stratum dating be-
tween 3400 and 3300 B.C. and specimen 20.3/
7485 was found on a floor dating from 3550
to 3400 B.C.

PROJECTILE POINT PREFORMS

Bifacial lithic technology is discussed in
detail in chapter 20, particularly with refer-
ence to the blank-preform-product contin-
uum. We include projectile point preforms
in this chapter only to facilitate comparison
with the finished products; a formal defini-
tion of "preform" appears in chapter 10.
Two preforms are especially interesting be-

cause they had been broken during the notch-
ing process (fig. 85). Both are made ofa nearly
identical dull yellow chert. The lateral mar-
gins of one (20.3/7196, 1921) were carefully
pressure flaked to a fine edge, and the tip was
pointed. Corner notches were then added. The
point was apparently broken during the pro-
cess of adding corner notches. The base re-
mained unfinished, suggesting that basal fin-
ishing would have occurred as the final stage
of manufacture. Specimen 20.3/532 was also
broken while being notched, but the blade of
this artifact had been only roughly finished.
The point was made on a fairly flat flake,
which had been roughly shaped by percus-
sion; only the tip had been pressure flaked.
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FIG. 79. Elko Eared projectile points from Horizon 5 at Gatecliff Shelter. a. 20.3/3608; b. 20.3/3578;
c. 20.3/3458; d. RR2763; e. 20.3/3234; f. 20.3/3672A; g. 20.3/2586; h. 20.3/3577; i. 20.3/3725;j. 20.3/
3233; k. 20.3/3758; 1. 20.3/2086; m. 20.3/3228; n. 20.3/3126; o. 20.3/3320; p. 20.3/1501; q. 20.3/2568;
r. 20.3/3444; s. 20.3/1520; t. 20.3/1346; u. 20.3/3602; v. 20.3/3536; w. 20.3/3502; x. 20.3/3460; y.
20.3/3603.

The ventral surface of the flake was virtually
unmodified; except for the tip, the preform
is almost unifacial. Notching was added by
fairly uniform pressure flaking, and this is
apparently when it was broken.
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FIG. 80. Misc. Elko projectile points from
Gatecliff Shelter. a-d. Elko Corner-notched; e. Elko
Eared; f-i. unidentified Elko Series. a. RR282 1; b.
20.3/2602; c. RR2490; d. 20.3/2801; e. 20.3/1480;
f. 20.3/3757; g. 20.3/3445; h. 20.3/2576; i. 20.3/
2828. Provenience: a. Horizon 1; e. Horizon 2; b-
d Horizon 3; f-i Horizon 5.
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Three somewhat similar artifacts, termed
''single notch points," were found at Swallow
Shelter, Utah (Dalley, 1976, p. 26, fig. 14e,
f). The two illustrated pieces from this site
seem to be crude and unfinished, probably
discarded during the finishing process. Four
very similar specimens, called "corner-
notched blades" were also found at Wagon
Jack Shelter, Nevada (Heizer and Baumhoff,
1961, fig. 7a-d). Although the excavators
considered the Wagon Jack Shelter examples
to be finished artifacts prepared for lateral
hafting, it seems equally possible that these
are preforms, perhaps ultimately intended to
be finished into Elko projectile points, with
which they co-occur (see also Bard, Busby,
and Kobori, 1980, pp. 41-46).
The Gatecliff preforms are remarkably in-

consistent (fig. 85). In some cases, the mar-
gins of the blade are carefully finished and
fashioned with pressure flaking prior to
notching; other examples have only basal re-

FIG. 81. Gatecliff Contracting Stem projectile
points from GatecliffShelter. a. 20.3/6400; b. 20.3/
6383, 7212; c. 20.3/2545; d. 20.3/6403; e. 20.3/
6397; f. 20.3/6444; g. 20.3/3659; h. 20.3/6670; i.
20.3/7286;j. 20.3/6664; k. 20.3/2338; 1. 20.3/3316;
m. 20.3/7356; n. 20.3/1640; o. 20.3/3735; p. 20.3/
7348; q. 20.3/2077; r. 20.3/2110; s. 20.3/6409; t.
20.3/6392; u. 20.3/6339; v. 20.3/6573; w. 20.3/
7335; x. 20.3/2115. Provenience: All from Hori-
zon 8; except k. Horizon 6; 1. Horizon 7; and h,
m, p, and w. Horizon 9.

FIG. 82. Gatecliff Split Stem projectile points
from Gatecliff Shelter. a. 20.3/1554; b. 20.3/7352;
c. 20.3/2121; d. 20.3/6585; e. 20.3/1554; f. 20.3/
7352; g. 20.3/7334; h. 20.3/3660; i. 20.3/2664; j.
20.3/7291; k. 20.3/557; 1.20.3/7378; m. 20.3/6652;
n. 20.3/7374; o. 20.3/533; p. 20.3/7486; q. 20.3/
7314; r. 20.3/6458; s. 20.3/1641; t. 20.3/591; u.
20.3/6576. Provenience: a, e, i. Horizon 5; c, d,
h, k, r-u. Horizon 8; b, f, g, j, 1, m-q. Horizon 9.

FIG. 83. Concave base projectile points from
Gatecliff Shelter (ordered stratigraphically). a-k.
Humboldt Concave Base; l-o. Triple T Concave
Base; p-r. unnamed concave base points. Pro-
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venience: a. 20.3/4049, b. 20.3/3172, c. 20.3/3094.
Horizon 4; d. 20.3/3492. Horizon 5; e. 20.3/7294.
Horizon 9; f. 20.3/7476. Horizon 10; g. 20.3/9618,
h. 20.3/9614, i. 20.3/7480, j. 20.3/7467, k. 20.3/
7466. Horizon 12; 1. 20.3/7471, m. 20.3/9612, n.
20.3/9606, o. 20.3/9628, p. 20.3/9607, q. 20.3/
7484. Horizon 14; r. 20.3/9605. Horizon 15.
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touch added to the relatively rough blanks.
Such variability in the manufacture stages
suggests that a great deal of latitude was per-
mitted in projectile point technology.

PROJECTILE POINT FRAGMENTS
Literally hundreds of projectile point frag-

ments were also recovered in the Gatecliff
excavations. A number of these pieces were
badly broken basal fragments and, although
they were too broken up to allow classifica-
tion into the Monitor Valley typology, it was
nevertheless clear that they were indeed pro-
jectile point fragments. The provenience of
these "untypable points" is listed on table 41.
The residual projectile points posed more

ofa problem. Since it is difficult to distinguish
point fragments from other broken bifaces
(such as knives, drills, gravers, etc.), we adopt
a conservative approach. The acute angles of
the distal fragments ("tips") are distinctive,
and we feel confident in assigning them to
the general projectile point category (see table
41). But the midsections could readily have

0 1 2 cm.4

b'
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FIG. 84. Misc. projectile points from Gatecliff
Shelter. a. 20.3/2065; b. 20.3/7485; c. 20.3/2331;
d. 20.3/3232; e. 20.3/3853; f. 20.3/564. Proveni-
ence: a. Horizon 9; b. isolated find below Horizon
16; c. Horizon 15; d. Horizon 5; e. Horizon 3; f.
Horizon 7.

come from several different bifacial tool cat-
egories, and we have not attempted to classify
them into the projectile point typology; for
this reason, the residual pressure-flaked scrap
will be placed into the technological cate-
gories discussed in the next chapter.

/

t ./ .t
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e f
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g h

FIG. 85. Projectile point preforms from Gatecliff Shelter. a. 20.3/2796; b. 20.3/3224; c. 20.3/1921,
7196; d. 20.3/532; e. 20.3/7474; f. 20.3/1804; g. 20.3/1393; h. 20.3/1890, 1384. Provenience: a. Horizon
1; b, c. Horizon 5; g, h. Horizon 6; d, f. Horizon 9; e. Horizon 12.
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CHAPTER 10. MATERIAL CULTURE OF GATECLIFF
SHELTER: ADDITIONAL STONE TOOLS

DAVID HURST THOMAS AND SUSAN L. BIERWIRTH

The remaining lithics from Gatecliff Shel-
ter are discussed in this chapter. We should
emphasize that the purpose of this and the
preceding chapter is to present detailed ar-
tifact description. In the previous chapter,
temporal types were employed to stress the
manner in which the various projectile point
forms change through time. In this chapter,
we find it useful to present the remaining bi-
faces in terms of technological types, empha-
sizing the lithic reduction sequence evident
in the Gatecliff collection. Finally, a number
of strictly morphological types have been em-
ployed to classify residual artifacts such as
drills, unifacial tools, and grinding stones.
These morphological categories are purely
descriptive, and imply neither temporal,
technological, nor functional significance.
We note further that all the chipped stone

artifacts have been examined microscopical-
ly for evidence of edge wear damage. The
results, presented in chapter 16, describe yet
another way of classifying stone tools, name-
ly, by employing functional types. In chapter
16, we will be considering questions such as:
Were the Gatecliff "knives" used for cutting?
Were the Gatecliff "drills" used for drilling?
Were the Gatecliff "scrapers" used for scrap-
ing? And so on. At this point, we wish to
stress once again the importance of matching
classification strategies with the questions
being raised about the objects.

ADDITIONAL BIFACIAL TOOLS

Archaeologists have disagreed for nearly a
century on how to distinguish finished bifa-
cially flaked artifacts from progressive stages
of manufacture. Much research has accu-
mulated on the topic, but the basic issue has
changed little since the pioneering work of
Holmes (1890, 1919): Is a given artifact a
finished tool or a preliminary stage of man-
ufacture?

Recent experiments in lithic technology in-
dicate progress, and a number of fairly stan-
dardized terms have been defined. Muto

(1971) has discussed the issue in some depth
and his conclusions are relevant here. The
basic problem is how to segment the so-called
blank-preform-product continuum. Muto
(1971, p. 109) correctly stresses the impor-
tance of "intent" in recognizing these stages;
one cannot define stages of manufacture
without knowing what the flintknapper "in-
tended" as a finished product. "Intent" is
simply a given in modern experimental stud-
ies, and a number of terms have been coined
for the controlled situation (see especially
Muto, 1971; and Crabtree, 1972). "Intent"
can also be reasonably inferred from certain
archaeological sites, such as caches, where
major segments ofthe manufacturing contin-
uum are present (e.g., Muto, 197 1; Pavesic,
1966; Weide and Weide, 1969). Quarries and
workshops are also effectively studied using
the "blank-preform-product" concept (e.g.,
see Holmes, 1890, 1919; Bryan, 1938, 1950;
Bryan and Tuohy, 1960; Sharrock, 1966;
Cowan, 1972; Bucy, 1974; and Womack,
1977).
But realistic analysis of the stages of man-

ufacture is exceedingly difficult in the case of
habitation sites, because the inference of"in-
tent" is clouded. One is tempted when study-
ing complex sites such as Gatecliff Shelter to
resort either to unsatisfactory "implied func-
tional" categories (such as "skinning knives"
and "hide scrapers") or else to throw one's
hands up in frustration with the numerous
uncontrollable variables.
We have adopted an ad hoc position in our

analysis, in which technological categories are
used as a foundation for descriptive group-
ings. The blank-preform-product continuum
is unquestionably represented in the Gatecliff
collection, but intent is impossible to deter-
mine in such a large assemblage. We chose a
fairly cautious, even conservative approach
with the analysis. Specific technological-
functional distinctions will be more appro-
priate when dealing with the smaller and more
homogeneous contextual units (see chaps. 20-
23).
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THOMAS: GATECLIFF SHELTER

TABLE 51
Provenience of Various Bifacially Chipped Stone Artifacts at Gatecliff Shelter

Rough Fine
Per- Per- Pressure Per-

Rough- cussion cussion Flaked Finished cussion Pressure Perfora- Backed
Horizon outs Blanks Blanks Bifaces "Knives" Scrap Scrap Drills tors Gravers Nubbins Blade

I - 5 1 2 - - 2 2 1 - - -
2 - 8 8 10 2 9 3 1 - - - -
3 1 8 10 12 - 13 16 3 - - - -
4 4 22 25 17 2 18 10 1 2 - - -
5 5 38 36 22 4 22 17 1 1 - - -
6 8 27 23 11 2 15 13 2 - - - -

4-6 - - 3 - - 5 2 - - - - -

7 13 55 9 16 - - 4 - - 1 - -
8 2 10 13 20 2 8 14 2 - 1 - -
9 - 4 4 6 2 - 2 - - - - -
10 - 1 1 - - 1 - - - - - -

11 _ - _ _ _
12 - - 2 - - 1 - - - - 2 1
13 3 - - - - - - - - - - -

14 - 2 - - 2 2 1 - - - - -

15 - - - 2 - 1 - - - - - -

16 - - - - - 1 - - - - - -

No pro-
venience 2 5 2 2 - - - - - - - -
Totals 38 185 137 120 16 96 84 12 4 2 2 1

At present, our objective is largely descrip-
tive: To report what we found at Gatecliff
and where these items occurred. But the
problem of defining terms, quite naturally,
remains critical. The following sections con-
sider a series of lithic reduction stages, be-
ginning with rudely shaped implements and
ending with finished tools. This technological
continuum has been subdivided into ordinal
categories which are descriptively useful and
quite replicable.
The initial category in this analysis is the

"roughout," a term which appears through-
out the literature, but generally remains un-
clarified (e.g., Cowan, 1972, pp. 12-17). By
roughout, we mean a bifacially flaked stone
tool in the initial stage of manufacture. Re-
moving flakes from roughouts functions to
trim the tool rather than to impart a definite
form. Roughouts are much larger and heavier
than artifacts at the later stages of manufac-
ture. The attributes "length," "width,"
"thickness," and "weight" are taken as in-
dicators of absolute size (see table 52).

A major purpose of a lithic reduction se-
quence is to initiate the progressive thinning
from blank to finished form. The relative de-
gree of thinness indicates where in the se-
quence the biface belongs and, consequently,
the ratio ofthickness to width is used to mea-
sure this characteristic (e.g., Sharrock, 1966;
Womack, 1977). The principle here is simple:
earlier reduction stages tend to be relatively
thicker than later ones.
The thickness/width ratio is defined here

to measure the degree of bifacial thinning. In
general, the smaller the ratio is between the
two attributes, the more finished is the biface,
a tendency clear in the Gatecliff data (see ta-
bles 52-55).

In the next stage of manufacture, the
"blank," the shape of the final product still
remains undefined (Crabtree, 1972, p. 42; see
also Wormington, 1957, p. 274). The term
roughout (defined as the initial stage ofman-
ufacture) is merely the most primitive form
of blank. Progressive reduction stages are
termed rough percussion blanks and fine per-
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cussion blanks. These sequential stages are
characterized by a general decrease in abso-
lute size (as measured by length, width, thick-
ness, and weight), progressive thinning (as
indicated by the thickness/width ratio), more
refined percussion of flaking, more regular
and less sinuous lateral margins, increasing
symmetry, and a more defined outline.
"Blank" is thus a general term referring to
any preliminary stage of manufacture during
which the finished form of the tool is unde-
fined.
The "preform" is the next stage of man-

ufacture. The term is used in a more restrict-
ed sense as the preform is our first indication
of the shape of the intended finished tool.
Crabtree (1972, p. 85) defined the term like
this: "Preforming denotes the first shaping.
Preform is an unfinished, unused form of the
proposed artifact. It is larger than, and with-
out the refinement of, the completed tool. It
is thick, with deep bulbar scars, has irregular
edges, and no means of hafting. Generally
made by direct percussion. Not to be con-
fused with a 'blank'."
While we recognize the strength of Crab-

tree's definition, we think it may be more
applicable to the actual process of flintknap-
ping than to the products produced. That is,
a contemporary flintknapper is certainly ca-
pable of discussing a pressure flaked preform
as an interim step toward a finished product.
Archaeological materials, however, particu-
larly in such diverse contexts as those exhib-
ited at GatecliffShelter create a problem. With
respect to the Gatecliff materials, it is im-
possible to determine the end product of the
percussion flaked stages; the "intent" is sim-
ply unclear. For this reason the term "pre-
form" is used only when the artifact is clearly
an unfinished projectile point, knife, or drill,
that is, only when the final product is clearly
indicated. Because of the diversity of artifact
forms at this site, "preform" is thus used in
a very restricted sense. We shall employ the
more general term "pressure flaked biface"
for those artifacts which remain unfinished,
and for which the ultimate form is still un-
defined.
Our terminology differs from Crabtree's in

another important respect. The Crabtree
(1972, p. 85) definition specifies that the pre-
form is "an unfinished, unused form of the

TABLE 52
Dimensions of Roughouts from Gatecliff Shelter

X S n Range

Length (mm.) 62.71 17.15 20 36.8-109.5
Width (mm.) 43.23 10.65 34 20.7-70.7
Thickness (mm.) 16.12 5.47 35 8.2-31.7
Weight (grams) 57.76 57.50 19 12.4-241.0
Thickness/width 0.381 0.107 34 0.18-0.60

proposed artifact." The term "blank" also
implies that this early stage of manufacture
was not utilized (Crabtree, 1972, p. 42). Here
again we have a problem with "intent." Crab-
tree, working from the perspective of the ex-
perimentalist, is free to specify ultimate in-
tent; a preform is an "unfinished, unused
form" because the flintknapper says so. And
when dealing with prehistoric materials from
rare sites such as quarries, caches, and work-
shops, it is also sometimes possible to make
reasonable inferences about the "intent" of
the prehistoric flintknapper. The complexity
of sites such as Gatecliff precludes such in-
ferences, at least for the site as a whole (se-
lected surfaces are analyzed in more detail in
chaps. 21-23).
We do thus, at this stage of analysis, make

no stipulation about whether or not the ar-
tifacts were utilized. We are simply classi-
fying by recognizing a continuum ranging
from blank to finished product based solely
on technological grounds. It is entirely con-
ceivable that a rejected roughout or fine per-
cussion blank could have been used for nu-
merous functions, even though it is not a
"finished artifact" in a technological sense
(see chap. 16).

ROUGHOUTS

Roughouts are bifacially worked imple-
ments resulting from preliminary staging
(fig. 86). The flaking associated with this ini-
tial stage of tool manufacture is primarily to
trim rather than to shape the artifact into the
roughout form. These artifacts are tool
"blanks" because the shape of the finished
tool cannot be determined at this crude stage
(Crabtree, 1972, p. 42).

MATERIALS: All specimens chert (n = 38).
DIMENSIONS: (See table 52.)
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FIG. 86. Selected roughouts from Gatecliff Shelter. a. 20.3/1598; b. RR2596; c. 20.3/1304; d. 20.3/
1638; e. 20.3/2585; f. 20.3/3217; g. 20.3/9623-20.3/9627. Provenience: c. Horizon 3; a, b. Horizon 4;
e. Horizon 6; f. Horizon 7; d. Horizon 8; g. Horizon 13.

CONDITION: Whole (19), base (1 1), midsec-
tion (5), tip (3).

PLAN VIEW: Margins asymmetrically bicon-
vex; ends almost always rounded, rarely
pointed; occasional tendency toward leaf
shape.

LONGITUDINAL SECTION: Edge markedly sin-
uous; section generally excurvate or bicon-
vex (after Binford, 1963, pp. 202-203).

FLAKE SCAR PATTERN: Flaking highly irreg-
ular, sometimes covering entire surface of
both faces, but often restricted to the mar-
gins of one (or both) faces.

FLAKE SCAR MORPHOLOGY: Relatively deep
and expanding flakes often with deep neg-
ative bulbs of force; when adjacent, flakes
produce a characteristically sinuous edge;
hinge and multiple step fractures common.

c
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FIG. 87. Selected rough percussion blanks from Gatecliff Shelter. a. 20.3/1934, 20.3/1577; b. 20.3/
3345, 20.3/1943; c. 20.3/191, 20.3/3368; d. 20.3/141; e. 20.3/7087; f. 20.3/1919; g. 20.3/2877; h. 20.3/
1924; i. 20.3/1529; j. 20.3/3364; k. 20.3/7306; 1. 20.3/3270; m. 20.3/3077; n. 20.3/2782. Provenience:
h, n. Horizon 3; f, g. Horizon 4; m. Horizon 5; d, i. Horizon 6; a, b, c, j, 1. Horizon 7; e. Horizon 8; k.
Horizon 9.

CORTEX: 42 percent (16 of 38) have cortex
present.

Usually the artifacts found in this stage of
manufacture are not made from high quality
materials. The Gatecliffroughouts were man-
ufactured from low quality chert and there
were no obsidian specimens found at all.
When broken, roughouts are usually frac-
tured along imperfections or inclusions in the
raw material. Nearly half of the Gatecliff
roughouts still have cortex adhering to the
surface. Sometimes the cortex occurs on both
sides, suggesting that tabular-shaped cobbles
were favored as cores. We suspect that most

of the roughouts at this site were made of
stream cobbles, which could be obtained from
nearby washes. The high proportion of un-

broken specimens suggests that most of these
roughouts were rejected as unsuitable for fur-
ther reduction.

Gatecliff roughouts have a relatively high
frequency of large expanding flake scars, sug-
gesting that many ofthem could have served
dual functions (see Womack, 1977, p. 32).
Not only were the roughouts used as blanks
and made progressively thinner into pre-

forms, but the flakes removed at this early
stage could also have been used as blanks for

/b`
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TABLE 53
Dimensions of Rough Percussion Blanks from

Gatecliff Shelter

X S n Range

Length (mm.) 53.28 11.91 41 35.2-79.9
Width (mm.) 33.32 7.49 165 18.4-78.0
Thickness (mm.) 8.59 2.43 174 4.3-18.1
Weight (grams) 19.40 9.21 39 4.8-38.5
Thickness/width 0.262 0.066 165 0.11-0.55

small projectile points and other bifacial ar-
tifacts.
The flake scars also suggest that a hard

hammer was used for this preliminary core
reduction (see Crabtree, 1967, 1972; Bucy,
1974; Womack, 1977); however, this asser-

tion remains tentative, pending replicative
studies on low quality varieties of chert (see
also Henry, Haynes, and Bradley, 1976).
These roughouts are clearly "blanks" in that

it is impossible to determine at this stage of
manufacture the intended form of the final
product (Crabtree, 1972; Muto, 1971).

ROUGH PERCUSSION BLANKS

Blanks at this stage are generally thinner
and more symmetrical than the roughouts.
Rough percussion blanks give some indica-
tion as to the shape of the artifact, but the
nature of the final tool still cannot be deter-
mined (fig. 87).

MATERIALS: Chert (180), quartzite (3), obsi-
dian (2).

DIMENSIONS: (See table 53.)
CONDITION: Whole (39), base (77), midsec-

tion (22), tip (47).
PLAN VIEW: Still asymmetrical in form, but

not nearly as crude as roughouts; most have
biconvex edges, with rounded or squared
off tips.

LONGITUDINAL SECTION: Edges quite sinuous,
but more regular than edges of roughouts.

CROSS SECTION: Generally biconvex, but more
symmetrical and thinner than roughouts.

FLAKE SCAR PATTERN: Flaking irregular and
generally covers entire surface ofboth faces.

FLAKE SCAR MORPHOLOGY: Usually flake
scars on rough percussion blanks are shal-
low, with less pronounced bulbs of per-

cussion, but a number ofdeeper flake scars

.4.
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FIG. 88. Selected fine percussion blanks re-

covered at Gatecliff Shelter. a. 20.3/7206, 20.3/
1920; b. 20.3/3697,20.3/2618; c. 20.3/3179,20.3/
3381; d. 20.3/2631, 20.3/2896; e. 20.3/3516; f.
20.3/3732; g. 20.3/598; h. 20.3/7120; i. 20.3/7287.
Provenience: b, f. Horizon 5; e. Horizon 6; c, d.
Horizon 7; a, h. Horizon 8; g, i. Horizon 9.

also occur. Hinge and step fractures are less
common than on roughouts. No evidence
of pressure flaking.

CORTEX: 4.3 percent (8 of 185) have cortex
present.

Rough percussion blanks are generally
manufactured ofhigher quality chert than are
roughouts. Inclusions and imperfections in
the raw materials are relatively rare at this
stage, implying that the poorest quality stone

a

2171983



218 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

was usually discarded in the roughout stage.
Cortex is also rare, indicating the more fin-
ished quality of the blanks.
Unlike roughouts (which were commonly

rejected as complete specimens), rough per-
cussion blanks were usually broken before
discard. Only about 20 percent (39 of 185)
of the rough percussion blanks were found
unbroken, whereas nearly 60 percent of the
roughouts were unbroken. This difference
must be largely due to the superior quality of
the raw materials used for rough percussion
blanks.

Besides being significantly smaller than the
roughouts in absolute size (compare tables 52
and 53), rough percussion blanks are also
proportionally smaller as evident from the
thickness/width ratio. This ratio reflects the
degree of flattening on the blank; the smaller
the ratio, the finer and thinner the blank. As
a blank progresses from roughout to finished
product, the form becomes thinner relative
to its width.

Flaking on rough percussion blanks varies
from large expanding flakes with deep bulbs
of percussion to fairly shallow and well-con-
trolled flakes. This suggests that both soft and
hard hammers were employed when manu-
facturing rough percussion blanks, although
it could be that the hard hammer scars have
resulted from shaping during the previous
roughout stage. Once again, inferences of this
nature are hampered by the wide variety of
raw materials employed and the lack of rel-
evant replicative studies.

FINE PERCUSSION BLANKS

Generally well-shaped, fine percussion
blanks have a symmetrical outline and
straight margins. Implements at this stage
have no evidence ofpressure flaking (fig. 88).
Although fine percussion blanks have a def-
inite shape, it is still impossible to determine
the final product.

MATERIALS: Chert (131), quartzite (3), obsid-
ian (2), ignumbrite (1).

CONDITION: Whole (1 1), base (27), midsec-
tion (l1), tip (88).

PLAN VIEW: Form generally symmetrical;
mostly biconvex edges, with a roughly tear-
drop shape; occasional parallel sides and a

TABLE 54
Dimensions of Fine Percussion Blanks from

Gatecliff Shelter

X S n Range

Length (mm.) 52.07 8.60 11 35.4-63.2
Width (mm.) 31.52 5.11 65 23.5-49.0
Thickness (mm.) 5.79 1.30 125 3.0-9.7
Weight (grams) 11.78 3.46 11 5.4-16.6
Thickness/width 0.208 0.043 65 0.10-0.30

few with squared offbases; tips are pointed,
but not sharp.

LONGITUDINAL SECTION: Margins fairly
straight and generally parallel to axis of
tool.

CROSS SECTION: Most symmetrically bicon-
vex, although a few remain asymmetrical.

FLAKE SCAR PATTERN: Irregular and generally
covers both faces.

FLAKE SCAR MORPHOLOGY: Flakes generally
shallow and expanding; hinge and step
fractures relatively rare; no evidence of
pressure flaking.

CORTEX: 2.9 percent (4 of 137) have cortex
present.

Fine percussion blanks are significantly
smaller than rough blanks; in particular, these
implements are thinner and lighter. The
thickness/width ratio is also smaller than that
of rough percussion blanks, indicating that
the lithic reduction process has been aimed
at thinning the blanks. The hard hammer
scars, obvious on roughouts, are lacking on
the fine percussion blanks, suggesting that the
reduction at this stage was probably accom-
plished with a soft hammer or antler billet.
The raw materials used in this stage are

superior to those used for rough percussion
blanks. I A few specimens show obvious heat

' The apparent progression of raw material quality
through the various production stages results from the
fact that the better quality lithic raw materials make it
possible for the knapper to proceed further along the
blank-preform continuum with a given core. We do not
intend to imply that poor quality raw materials were
"chosen" to make roughouts, whereas higher quality stone
was used for manufacture of fine percussion blanks. The
correlation seems to be due to the inherent "knapability"
of given raw materials.
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FIG. 89. Selected pressure flaked bifaces from Gatecliff Shelter. a. 20.3/1576; b. 20.3/1464; c. 20.3/
376 1; d. 20.3/6375; e. 20.3/2773; f. 20.3/2901; g. 20.3/1869; h. 20.3/2562; i. 20.3/3271;j. 20.3/3884;
k. 20.3/1593; 1. 20.3/6396; m. 20.3/6382, 20.3/6586; n. 20.3/7216, 20.3/7214 (tip); o. 20.3/6391 (tip),
20.3/6398; p. 20.3/6329; q. 20.3/1622; r. 20.3/1533; s. 20.3/3508; t. 20.3/2056. Provenience: e, q.
Horizon 2; b, i. Horizon 3; c, g, k. Horizon 4; h, s. Horizon 5; a, f, i, r, t. Horizon 7; d, 1, m, n, o, p.
Horizon 8.

treatment and obsidian is used more com-
monly. The high proportion of tips also in-
dicates that the blanks are becoming pro-
gressively finer and hence more susceptible
to breakage.

PRESSURE FLAKED BIFACES

Pressure flaked bifaces are unfinished im-
plements which have been partially shaped
by pressure flaking (fig. 89). They are not
"preforms" because the intended final shape
remains uncertain at this stage; some were
intended apparently for use as projectile
points, while others probably were intended
to be knives or drills.

MATERIALS: Chert (1 13), obsidian (7).

CONDITION OF SPECIMENS: Whole (18), base
(57), midsection (7), tip (38).

PLAN VIEW: Form generally symmetrically
biconvex, although several seem to be de-
liberately asymmetrical (see fig. 89): rough-

TABLE 55
Dimensions of Pressure Flaked Bifaces from

Gatecliff Shelter

X S n Range

Length (mm.) 40.58 10.13 19 27.7-64.3
Width (mm.) 25.29 4.80 78 15.3-37.5
Thickness (mm.) 4.80 1.01 110 2.9-7.8
Weight (grams) 5.14 2.52 18 2.2-10.3
Thickness/width 0.204 0.037 77 0.14-0.30
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FIG. 90. Finished bifacial knives from Gatecliff Shelter. a. 20.3/3480; b. 20.3/9611; c. 20.3/3714; d.
RR2815; e. 20.3/140; f. 20.3/3356; g. 20.3/3456; h. 20.3/1399; i. 20.3/3785;j. 20.3/7327; k. 20.3/2078;
1. 20.3/3396; m. 20.3/2605; n. 20.3/1885. Provenience: d. Horizon 2; h, m. Horizon 4; a, c, i, 1. Horizon
5; e, n. Horizon 6; f. Horizon 7; k. Horizon 8; j. Horizon 9; b, g. Horizon 14.

ly one-third of the bases are squared off,

the rest are rounded.
LONGITUDINAL SECTION: Edges finely flaked,
almost perfectly straight and only slightly
sinuous; in nearly all cases, at least part of
the edge has been finished with pressure
flaking.

CROSS SECTION: Generally symmetrically bi-
convex, although a few are somewhat
asymmetrical.

FLAKE SCAR PATTERN: Varies from irregular
to very fine parallel flaking.

FLAKE SCAR MORPHOLOGY: All edges show
some degree of pressure flaking.

CORTEX: 3.3 percent (4 of 120) have cortex
present.

FINISHED BIFACIAL KNIVES

Finished bifacial knives are characterized
by very straight edges shaped by pressure re-
touch; these finished forms are generally leaf-
shaped and quite symmetrical in outline (fig.
90). Artifacts at this stage have been shaped
by removal of broad, relatively flat flakes,
probably by soft hammer percussion.
The material used for these finished knives

is of some interest. Although several of the
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FIG. 91. Various selected piercing implements
recovered at Gatecliff Shelter. a-c, corner-notched
drills; d-i. drills with rounded bases; j. cylindrical
drill; k-l. gravers; m-p. perforators. A. RR2747;
b. 20.3/6331; c. 20.3/3859; d. 20.3/2775; e. 20.3/
2211; f. 20.3/3857; g. 20.3/1918; h. 20.3/145; i.
RR2748; j. RR2671; k. 20.3/6332; 1. 20.3/2897;
m. RR2606; n. 20.3/3330; o. 20.3/2660; p. 20.3/
3744. Provenience: i, j, m. Horizon 1; c, d, f. Ho-
rizon 2; g, o, p. Horizon 4; n. Horizon 5; a, h.
Horizon 6; 1. Horizon 7; b, e, k. Horizon 8.

knives (fig. 90a and g) are made of typical
local chert, knives (fig. 90h, j, and k) are made
of high-grade quartzite, a material rarely
found at Gatecliff. The quartzite knives are

somewhat thicker and cruder than the other
finished knives, but they appear to be finished
artifacts.
The term knife is used here with caution,

without specific functional interpretation.
Although several of these artifacts probably
served as blades for hafted knives, they differ
in certain respects from hafted knives noted
in other Great Basin sites (see Hester, 1970;
Heizer and Krieger, 1956, figs. 6b, 15; Loud
and Harrington, 1929, fig. 5 b). For one thing,
several artifacts (especially 20.3/3480, 20.3/
3356, 20.3/3456, and probably 20.3/3785)
have rounded distal ends (see fig. 90a, f, g,
and i), rather than the sharp point we com-
monly associate with butchering knives.

In addition, some of the proximal margins
appear to have been fashioned into working
surfaces (see fig. 90 1 and m). The proximal
ends of these knives have a steep edge angle,
quite reminiscent of the edges found on uni-
facial scrapers. Microscopic examination in-
dicates edge damage and polish, implying that
the rounded proximal ends ofthese "knives"
were actually used as scraping tools. In these
cases, the finished implement was a multi-
purpose tool, probably not hafted at all (or
perhaps only wrapped across the midsection,
as illustrated by Strong (1969, fig. 33). The
functional implications ofthese tools are dis-
cussed in chapter 16.

PERCUSSION SCRAP

Unidentifiable percussion shaped frag-
ments are grouped into this category. All the
pieces are chert except for two obsidian scraps
and a single ignumbrite fragment. These ar-
tifacts are too incomplete for further classi-
fication.

PRESSURE FLAKED SCRAP

These fragments are unidentifiable lithic
fragments which have been flaked by pres-
sure; finished and unfinished artifacts cannot
be distinguished because they are so badly
broken. All pressure flaked scraps are chert,
except for a single obsidian specimen.

DRILLS

Three kinds of drills can be recognized in
the Gatecliff collection (see fig. 91 a-j). The
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FIG. 92. Selected scrapers from Gatecliff Shelter. a. 20.3/3177; b. 20.3/1894; c. 20.3/3511; d. 20.3/
1489; e. 20.3/133; f. 20.3/1912; g. 20.3/3424; h. 20.3/2827; i. 20.3/3598; j. 20.3/3096; k. 20.3/7318; 1.
20.3/6584; m. 20.2/9393; n. 20.3/7370. Provenience: g, m. Horizon 4; c, f, i, j. Horizon 5; d, h. Horizon
6; c. Horizons 4-6; a. Horizon 7; 1. Horizon 8; k, n. Horizon 9.

most common form is merely a flake with
one end bifacially retouched into a fine,
rounded beak. The base ofsuch drills is either
rounded or left unmodified, generally assum-
ing the shape of the original flake.
Three drills were found with corner-

notched bases, clearly modified for hafting
(see fig. 91 a, b, c). We cannot tell if the drills
were initially flaked as drills, or if they were
reworked from broken projectile points.
A single specimen, RR267 1, is cylindrical

with one end forming a narrow, sharp, drill

tip (fig. 9 lj). Although this specimen is bro-
ken, it would seem that the small tip was the
working end of the tool.

PERFORATORS

Four artifacts have been termed perfora-
tors (see fig. 91 m-p). These tools are cruder
than drills and the bits are triangular in cross
section. One example (20.3/3330) is made of
high quality chert and was bifacially chipped
by fine percussion. Specimen RR2606 is a
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TABLE 56
Provenience of Miscellaneous Stone Tools at Gatecliff Shelter

Scraper Planes Hammerstones Battered

Horizon Scrapers Large Small Cores Cobble Chert Cobbles

1 5 - - 1 - - -

2 - 1 - - 1 1 -
3 7 - 1 - 5 4 6
4 10 - 1 - 5 9 11
5 14 - 2 3 8 4 6
6 8 - - - 4 3 3

4-6 - - - 1 - - -

7 6 - 1 - 6 3 2
8 4 - - 1 2 8 7
9 4 2 - 1 4 5 6
10 - - - - -

11 - - - - - - -

12 1 - - - 2 - -

13 - - - - - - 2
14 1 - - - - - -

15 - -

16 -

No provenience - - - - - 4 -

Totals 59 3 5 7 36 41 43

small, leaf-shaped chert flake with the distal
end retouched into a sharp projection. This
example was found covered with a thick coat
of red ocher. The other two specimens were
made from flakes with only minimal unifacial
retouch. Perforators lack the fine tips char-
acteristic of gravers.

GRAVERS

Only two gravers were recovered from
Gatecliff Shelter (see fig. 9 1 k, 1). One of these,
20.3/6332, was manufactured on a large tan
chert flake. The edges of this flake have also
been modified and it seems likely that the
graver tip was added to a rejected pressure-
flaked biface. The other graver is merely an
irregular piece of poor quality chert (20.3/
2897); the edges have been slightly modified
and a small spur appears to have been used
for fine graving.

OBSIDIAN "NUBBINS"

This inglorious term, coined by Elston et
al. (1977), refers to small pieces of obsidian

core spall which have been used as incidental,
casual tools. The edge damage ofthese small,
irregular tools is generally confined to one or
two edges, which exhibit inner nibbling and
cracking. Nubbins differ from utilized flakes
in their small size and irregular shape. We
agree with Elston et al. (1977, p. 86) that the
presence of nubbins indicates both the rela-
tive scarcity and value of obsidian as a raw
material. Nubbins were found only on Ho-
rizon 12 at Gatecliff, which consists primarily
of workshop debris from the reduction of
small, locally obtained obsidian cores (see
chaps. 20, 21).

BACKED BLADE

A single intentionally backed blade was re-
covered at Gatecliff (20.3/7478). This spec-
imen is made of a poor grade, grayish chert
flake. The flake is asymmetrical in cross sec-
tion, and the thicker side has been intention-
ally dulled by the removal of a number of
irregular percussion flakes. The sharper edge
has apparently been intentionally retouched
with pressure flaking and shows evidence of
edge damage, presumably from use.
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FIG. 93. Selected scrapers from Gatecliff Shelter. a. 20.3/3600; b. 20.3/3166; c. RR2757; d. 20.3/
3252; e. 20.3/3397; f. 20.2/9506; g. 20.3/2799; h. 20.3/3799; i. RR2619; j. 20.3/1844; Provenience: g,
h. Horizon 2; i. Horizon 3; b. Horizon 4; a, c, e, f. Horizon 5; j. Horizon 6; d. Horizon 7.

UNIFACIAL TOOLS

SCRAPERS

For present descriptive purposes, scraper
(or uniface) is defined as a small- to medium-
sized flake, the margins of which have been
deliberately retouched, predominantly from
a single direction (see figs. 92-93). Although
the term "scraper" has unfortunate function-

al implications (in chapter 16 we return to
address the functional question: "Were the
Gatecliffscrapers used for scraping?"), we will
follow the conventional usage.
Most of the 59 scrapers recovered at Gate-

cliff are made of a fine-grained chert. Unlike
projectile points or drills, unifaces do not
conform to a single set of morphological pat-
terns, so a classification ofmorphological cat-
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FIG. 94. Large scraper planes from Gatecliff Shelter. a. 20.2/8729; b. 20.3/7332; c. 20.3/7333. Pro-
venience: a. Horizon 2; b, c. Horizon 9.

egories ("end-scraper," "side-scraper," and
so forth) is not useful here. We think that

White's (1967, 1969) concept of the "altered
edge" is perhaps a fruitful avenue for more
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FIG. 95. Selected small scraper planes from Gatecliff Shelter. a. 20.3/3522; b. RR2618; c. 20.3/3768;
d. 20.3/3386. Provenience: b. Horizon 3; a. Horizon 5; d. Horizon 7; c. Horizon 4.

study, although we refrain from making fur-
ther divisions at this point. Specific unifaces
will be considered in the spatial analysis of
the various living surfaces.

SCRAPER PLANES

Three large limestone scraper planes were
recovered at Gatecliff Shelter (fig. 94). These
heavy artifacts are roughly circular in plan
view, with a diameter in excess of about 10

cm. The general appearance is plano-convex
and the margins have been trimmed by re-
moval of several large flakes. In most cases,
the lateral edges exhibit steep step fractures
and battering.
The working surface ofone specimen (20.3/

7332) was heavily stained with red pigment.
The margins were then retouched by the re-
moval of several large flakes; clearly this lat-
eral sharpening occurred after the stone was
stained red. The flat surface of the scraper
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FIG. 96. Selected cores from Gatecliff Shelter. a. 20.3/1805; b. 20.3/3158; c. 20.3/3415; d. 20.3/
3791; e. 20.3/3654. Provenience: b, d, e. Horizon 5; c. Horizons 4-6; a. Horizon 8.

planes is generally so severely abraded that
these artifacts were probably manufactured
by reworking expended block milling stones.

If so, then a number of the "milling stone
flakes" could have resulted from manufac-
ture and reuse of scraper planes.
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FIG. 97. Selected hammerstones from Gatecliff Shelter. a-d. chert hammerstones, e-g. cobble ham-
merstones. a. 20.2/9367; b. 20.3/6442; c. 20.3/3206; d. 20.3/7324; e. 20.3/7364; f. 20.3/7296; g. 20.3/
2839. Provenience: a. Horizon 5; g. Horizon 6; c. Horizon 7; b. Horizon 8; d, e, f. Horizon 9.

Seven small scraper planes were also re-
covered at Gatecliff (fig. 95). One ofthese (fig.
95a) is made from basalt; the others are all
chert. These artifacts are more carefully

shaped than large scraper planes and two of
the small planes appear to have been man-
ufactured from exhausted milling stones.
The form of these scraper planes is gen-
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FIG. 98. Selected edge-battered cobbles from Gatecliff Shelter. a. 20.3/6594; b. 20.3/2971; c. 20.3/
3263; d. 20.3/3683; e. 20.3/4048; f. 20.3/3076. Provenience: b, d-f. Horizon 4; c. Horizon 7; a. Hori-
zon 8.

erally oblong and all of them fit comfortably
into the palm of the hand. The extensive lat-
eral edge damage suggests a pushing motion,
and the lower surface is highly polished on
most specimens.

CORES

Only seven cores were recovered at Gate-
cliff, all ofthem made of chert (fig. 96). Three
show signs of battering, probably from sec-
ondary use as hammerstones. It is surprising
that cores are so rare at this site, although it
certainly is true that suitable flakes could be
removed from several other categories of ar-
tifacts, including scraper planes, hammer-
stones, and roughouts.

HAMMERSTONES

The commonest kind of hammerstone at
Gatecliff is merely a stream cobble which has
been battered on one or more edges (see fig.
97). These hammerstones were deliberately
shaped and roughly half of them are broken.
Cobble hammerstones vary greatly in size,

from stones which are easily held between
two fingers to large cobbles which would re-
quire use of two hands. It seems likely that
the larger cobble hammerstones were used for
rough shaping of grinding stones rather than
for flintknapping. Most of the coarse "grind-
ing stone flakes" could have been removed
from the core by battering with large ham-
merstones such as these.

a

d
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FIG. 99. a. metate preform (20.3/1567) from Horizon 4; b. block metate (20.3/1568) from Horizon
6 at Gatecliff Shelter.

A number of distinctive hammerstones at
Gatecliff are manufactured of naturally oc-
curring chert nodules which are characteris-
tically fist-sized and almost spherical. Some
of these hammerstones are manufactured of
the Silurian-age chert from the massive Gate-
cliff Formation which forms the upper part
ofGatecliffShelter (see McKee, 1976, pp. 16-
17). The majority ofthe chert hammerstones,
however, are of Paleozoic chert originating
from the Vinini Formation (McKee, 1976,
pp. 5-7). The Vinini Formation is charac-
teristically deformed and highly fragmented,
and hammerstone-sized fragments occur
more commonly in it than in the Gatecliff
Formation. Most of these hammerstones ex-
hibit drastically battered edges.
A few of the chert hammerstones seem to

have been used as cores before they were bat-
tered, but it is difficult to tell whether the
flakes were removed deliberately or acciden-
tally during use as hammerstones.

EDGE-BATTERED COBBLES

A total of 39 edge-battered cobbles were
recovered at Gatecliff(see fig. 98). These rath-
er nondescript artifacts are merely stream
cobbles which have been battered on one or
more edges. Sometimes this use consisted of
light grinding along a prominent ridge, but
in other cases, the edges have been exten-
sively damaged. Many of these cobbles ap-
pear to have been used for rough battering,
but the wear damage is distinctly less than
on hammerstones.
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TABLE 57
Provenience of Ground Stone Artifacts at Gatecliff Shelter

Metates Shaped Handstones Unshaped
Horizon Block Slab Wedge Keel Breadloaf Discoidal Aberrant stones Palettes

1 - 2 - - - - - 1 -

2 2 - 2 - 1 - - 1 1
3 1 - - - 2 - - - -

4 1 3 - 1 3 - - 2 -
5 1 4 1 1 8 1 2 3 -
6 5 2 3 1 4 - - - 1

4-6 2 - - - 1 - 1 1 1
7 5 - 1 2 5 - 2 7 2
8 23 3 7 1 1 1 2 1 -

9 10 2 4 - 1 - 1 - 1
10 - - - _ _ _ _ -

1 1 - - - _ _ _ _ _ _

12 - - - - - - - - -

13 -

14 - - - 1 - - - - -

15 -

16 - - - - - - - - -

No provenience 3 - 1 1 - - 2 2 -
Totals 53 16 19 8 26 2 10 18 6

UTILIZED FLAKES

There are literally thousands of utilized
flakes in the Gatecliff collection, and we have
made no attempt to describe comprehen-

sively all of these tools, even though all lithic
waste was saved. We discuss some ofthe spe-
cific utilized flakes when considering pattern-
ing on selected living surfaces (chaps. 21-23).

GROUND STONE

KAREN KRAMER AND DAVID HURST THOMAS

METATES

Nearly 100 complete and fragmentary me-
tates were recovered at Gatecliff Shelter. The
distribution of these grinding stones is pre-
sented on table 57 and the attributes have
been assembled on table 58. Four distinct
morphological types ofmetates are described
below.
The collection of grinding stones from

Gatecliff contains a clear-cut continuum from
barely modified specimens to finely finished
grinding stones. A number ofthe metates have
been shaped by percussion flaking, presum-
ably with a large cobble hammerstone. As the

Gatecliff excavations progressed, this man-
ufacturing continuum became increasingly
evident. One of the specimens is apparently
a "metate preform," exhibiting only prelim-
inary shaping on one or both surfaces (see fig.
99a). Other staged grinding stones show con-
trolled and purposeful flaking patterns, with
an obvious attempt to create a flat grinding
surface. Finished metates show definite evi-
dence of abrasion with a mano. Grinding
stones like all lithics can, ofcourse, be utilized
in any stage of manufacture.
We can also recognize the by-products of

grinding stone manufacture; these "metate

1 983 231
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FIG. 100. Selected block metates from Gatecliff Shelter. a. 20.3/760 (Horizon 9); b. 20.3/763 (Hori-
zon 7).

flakes" are quite similar to those produced
in normal lithic reduction, except that flakes
resulting from grinding stone manufacture are
huge and made of coarse raw materials. The
abundance of such flakes leaves little doubt
that milling stone manufacture was an activ-
ity conducted at Gatecliff Shelter, and these
activities are considered in detail in chapters
21-23.
BLOCK METATES: Over half of the Gatecliff

grinding stones can be characterized as block
metates (see figs. 99 and 100), which are fairly
thick grinding stones (greater than 45 mm.)
with roughly parallel faces (within 60). Over
90 percent ofthe block metates are unifacially
ground, the reverse side tending to be spalled
and rather flat.
The grinding surface is, in general, fairly

fresh and unworn. Roughly 35 percent of the
block metates have the high points and ridges
ground and polished, with the crystals trun-
cated and burnished, and about one-quarter
have a concave profile due to grinding. The
depth of these grinding basins ranges from 2
mm. to nearly 12 mm. in depth. The relative
lack of use is somewhat surprising, because,

in many cases, considerable effort must have
been required to transport these stones to the
shelter.
Both the complete and the fragmentary

block metates were examined microscopi-
cally for evidence of use. Seventeen of the
grinding stones displayed striations on the
working face, and it is interesting to note that,
without exception, the striations were linear
rather than circular. This suggests that the
relatively large grinding stones at Gatecliff
were used with a back-and-forth motion,
rather than a circular grinding pattern.
WEDGE-SHAPED METATES: The wedge-

shaped metates are roughly the same size as
block metates; however, the two faces are not
parallel-the degree of slope varies from 60
to 300 (see table 58 and fig. 101a, b). Only
one wedge-shaped metate is bifacially ground;
in all other specimens, the characteristic
wedge-shaped profile has been created by de-
liberate shaping of the unground face. Traces
of pigments were found on only one of the
wedge shaped metates.
The distinctive cross section of these me-

tates suggests that the grinding plane angle

,/// z/
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FIG. 101. Wedge-shaped (a, b), slab (c), and keeled (d, e) metates from Gatecliff Shelter. a. 20.3/
2229; b. 20.3/7109; c. RR2732; d. 20.3/1922; e. 20.3/1571. Provenience: a, e. Horizon 7; b. Horizon
9; c. Horizon 1; d. Horizon 6.

was deliberately controlled, perhaps to in-
crease milling efficiency. One quarter of the
working faces were striated, and all but one

of these were definitely ground in a lateral
(back-and-forth) fashion.
KEELED METATES: Eight of the Gatecliff

/fw
*A',, s !.''

37

;!A ,t

A'-t{
4 A'

II

/1 b

c

XS<.gSXB.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1983 233



234 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

grinding stones are characterized by the dis-
tinctive keel shape of the unground face (see
table 58 and fig. 101d, e). This ridge results
in some cases from the natural configuration
of the stone, but other metates have been
intentionally spalled in order to create the
keel. In either case, the unground surface is
sufficiently ridged to form a triangular cross
section, and the grinding stone would have
required additional support before use. It is
likely that these metates were placed on one's
lap or perhaps wedges were placed beneath
each lateral surface to support the grinding
stone in a horizontal position (see Lowie,
1924, p. 204, fig. 3); a stone supported in just
this manner was found at Alta Toquima on
Mt. Jefferson (Thomas, 1982a).

It seems that this triangular base would
allow one to adjust the angle of the grinding
surface, depending on the nature of the ma-
terials being processed. It may also be that
the keel shape removed some ofthe bulk from
the non-functional surface. Like the block
metates, the keeled metates are rather large
in size and were transported only with some
difficulty.

All the keeled metates are only unifacially
ground, and three of them have traces of red
ocher on the working surface. In only one case
were longitudinal striations present, and one
ofthe working surfaces had been deliberately
pecked.
SLAB METATES: Sixteen slab metates were

found at Gatecliff, but only one of these was
complete (see table 58 and fig. 101 c). All of
the fragments appear to be pieces from dif-
ferent metates. Slab metates have a distinc-
tive, thin profile, which never is thicker than
32 mm.; table 58 indicates that the thickness
in metates is bimodally distributed, with a
void of 15 mm. separating block from slab
metates.
The complete slab metate has been fash-

ioned into a near perfect circle (see fig. 101 c),
but the fragments ofothers show both curved
and straight profiles. Although it is difficult
to tell from metate fragments, it seems that
circular slab metates have been ground more
intensively in the center, whereas the straight-
sided examples retain a tabular cross section.

One-quarter of the slab metates are bifa-
cially ground, a significantly higher propor-
tion than the block metates. In addition, five
of the ground faces show traces of pigment

(also a higher proportion than the block me-
tates).

Microscopic examination has revealed
seven faces with distinctive striations, one of
which has been pecked. It also seems that
slab metates have been considerably more
worn than block grinding stones; it could be
that these lighter weight milling stones were
carried from site to site rather than merely
cached.
PREFORM: The types discussed above have

included manufacturing stages, and it is clear
that grinding stones can be effectively utilized
at any stage in the manufacturing process.
One artifact, however, is so distinctive that
we must call it a metatepreform (see fig. 99a).
This unusually large stone (20.3/1567) has
been carefully prepared by bifacial flaking.
The intended grinding surface was pecked,
but both striations and use patination are ab-
sent. This specimen was never actually used
as a grinding stone.

HANDSTONES

A total of 56 handstones was recovered in
the excavations at Gatecliff Shelter (see table
57 and figs. 102 and 103). These manos have
been deliberately shaped, generally by rough
percussion and pecking, and have parallel or
rounded sides. Several manos appear to have
been used as hammerstones, though it is often
difficult to distinguish use damage from man-
ufacturing evidence. A number of unshaped
pebbles have also been used as handstones;
wear on these specimens is generally restrict-
ed to a single grinding surface.
BREADLOAF MANOS: A total of 26 parallel-

sided manos was recovered at Gatecliff (see
table 57 and fig. 102a-d). All the examples
were purposely shaped by pecking and flaking
to form an elliptical or oblong outline. The
longitudinal margins are relatively parallel,
in many cases bowing slightly at the mid-
section. The ends are shaped as well and form
a symmetrically curved profile.
The working faces of these manos are par-

allel to one another, and each face has a dis-
tinct convex cross section. These carefully
shaped handstones are roughly the same size,
averaging about 1 10 mm. long, 85 mm. wide,
and 45 mm. thick.

Breadloaf manos show the greatest degree
ofuse for any ofthe Gatecliffhandstones. All
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FIG. 102. Selected manos from Gatecliff Shelter: breadloaf (a-d), discoidal (e-f), unshaped (g). a.
20.3/3093; b. 20.3/3687; c. 20.3/7320; d. 20.3/2692; e. 20.3/2699; f. 20.3/3558; g. 20.2/9628. Pro-
venience: g. Horizon 4; a, b, f. Horizon 5; d. Horizon 6; e. Horizon 8; c. Horizon 9.

but one of the breadloaf manos were bifa- smooth and slick; the crystals are truncated
cially ground, and all the surfaces are worn and highly polished. Use striations are ap-
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FIG. 103. Selected manos from Gatecliff Shelter: unshaped (a), aberrant forms (b-d). Provenience:
b. Horizon 4; c. Horizon 5; a. Horizon 7; d. Horizon 8.

parent on many of the faces, indicating that
the grinding technique was uniformly linear
(see discussion below). Complete, or rela-
tively complete, breadloaf manos show a use
patina that ends as far up as the bevel on the
longitudinal shoulder; this suggests that these
were used in a rocking motion so that the
stone was rolled onto its shoulder during
grinding. The cross section suggests that the
greatest pressure was applied along the lon-
gitudinal margins during use.
Nine of the individual ground faces show

resharpening by pecking, although the faces
were often well-ground since the last sharp-
ening. In some cases, there seems to be a
discrepancy in the sharpness of the depres-
sions from face to face, suggesting that a sin-

gle tool may have been differentially sharp-
ened in order to produce surfaces with
different abrasive qualities.

Eight of the ground surfaces had traces of
pigments, primarily red and yellow ocher;
traces of white pigment were also evident.
DISCOIDAL MANOS: Only two round hand-

stones were found at Gatecliff Shelter (see
table 57 and fig. 102e-f). Discoidal manos
are distinctive, not only because of the cir-
cular shape, but also because the grinding pa-
tina is uniformly distributed across the work-
ing surface.
Both specimens are bifacially ground, with

planoid and parallel faces. All four faces show
a distinctive grinding plateau which extends
just to the margin of the mano. The faces

VOL. 59
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slope only when they meet the sides of the
stone; that is, the margins are not beveled to
the shoulders as was the case with breadloaf
manos. This suggests that discoidal manos
were used with a relatively constant, rotating
and grinding motion, without the uneven ex-
ertion on the margins which was so apparent
on the breadloaf specimens.
The sides of the discoidal manos were pre-

pared by pecking, which produced an ex-
tremely regular, round shape, with a distinct-
ly symmetrical cross section.
ABERRANT-SHAPED MANOS: This residual

category includes 10 handstones which have
unique shapes and profiles (see tables 57, 58
and fig. 103b-d). These irregular manos do
not have distinctive striations or wear pat-
terns, and only one shows traces of pigment.
In addition, a significantly higher proportion
of these manos are only unifacially worked.
As a group, this type tends to be about 10

mm. thicker than the other shaped hand-
stones, and the aberrant manos are charac-
terized by somewhat asymmetrical cross sec-
tion. This is probably due to selection of
irregularly shaped cobbles, rather than from
any sort of disconformity resulting from the
milling technique employed.
UNSHAPED HANDSTONES: Eighteen hand-

stones were recovered which show no delib-
erate shaping for use (see table 57 and fig.
1 03a). These handstones lack flaking or peck-
ing on both sides, though, in some cases, they
appear to have been extensively used as ham-
merstones or edge-ground cobbles.

All but one of the unshaped handstones
have been used only unifacially, and this con-
trasts markedly with the shaped manos, which
were almost universally bifacial. In general,
the unshaped handstone has a single, well-
ground face and the profile approximates a
wedge shape. These handstones tend to be
smaller than shaped manos, and several ex-
amples have pecked surfaces. The grinding
patina is usually restricted to a centralized
area and does not extend to the margins.

DISCUSSION

As mentioned above, all the working faces
were examined through low power micros-
copy to reveal use wear patterns. A total of
22 (of 56) manos showed these distinctive
use striations.

Both discoidal manos were used in rotary
fashion, and the ground faces were almost
perfectly parallel and flat. The wear patina
extends uniformly to the perimeter, and the
margins do not show beveling onto the shoul-
der. This suggests a relatively uniform ap-
plication of pressure as the manos were used
in a rotating motion.

Microscopic examination indicates a lat-
eral (back-and-forth) motion for 20 of the
breadloaf and aberrant-shaped manos. This
grinding motion creates a distinctive patina
which bevels slightly onto the two parallel
shoulders. This beveling occurs only along
the longitudinal margins of the mano and
indicates a transverse direction of use.

Several ofthe laterally ground manos have
been used so vigorously that the trailing edge
has been distinctively ground. This damage
probably resulted from the pressure of the
heel of the hand as the mano was pushed
across the milling stone. Not only does the
trailing edge receive heavier pressure, but the
grinding patina extends much further onto
one of the two longitudinal shoulders.

Several well-made metates were manufac-
tured from sandstone, exhibiting a charac-
teristically uniform surface, which is medium
rough and quite resistant. These sandstone
metates are of an identical rock type and
probably come from the same, unidentified
quarry (McKee, personal commun.). Strange-
ly enough, there is no formation like this in
the northern and central Toquima Range
(McKee, 1976). Suitable quartzite and sand-
stone units occur in the neighboring Toiyabe
Range and one formation (the Eureka quartz-
ite) is also known in the Monitor Range
(McKee, personal commun.).
Thus the Gatecliff milling stones pose a

problem. Many are extremely heavy, almost
too heavy for even a strong individual to car-
ry. Several of these same milling stones are
only slightly used, though some appear un-
finished. The abundance of grinding stone
manufacturing flakes also indicates that fin-
ishing was sometimes conducted at Gatecliff,
rather than at the quarry. Although some of
the less common rock types (such as the weld-
ed tuffs) could be procured locally, the sand-
stone grinding stones were apparently quar-
ried at least 16 km. away, then transported
to Gatecliff for manufacture into finished
milling stones.
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FIG. 104. Selected palettes from Gatecliff Shelter. a. 20.3/2968; b. 20.3/7305; c. RR2480. Proveni-
ence: a. Horizons 4-6; b. Horizon 9; c. Horizon 6.

We have no ready explanation for the long-
distance transport of these extremely bulky
items, except that this pattern contradicts the
ethnographic picture of using whatever local
materials were available (see Wheat, 1967, p.
36). The issue will be discussed in more detail
in chapter 22.

MORTAR FRAGMENTS

Two grinding stone fragments, both re-
covered from Horizon 8 at Gatecliff Shelter,
have such deep grinding depressions that we
are inclined to term them mortars. The sides
of both are irregular, from spalling and/or

flaking. The depressions do not appear to be
ground, but rather battered or pecked.

PALETTES

Six small grinding stones, or palettes, were
recovered at Gatecliff Shelter (see table 57
and fig. 104). One complete specimen had
been carefully shaped around the entire mar-
gin and both sides have been worn exten-
sively (see fig. 104). Five of the broken spec-
imens are stained red, and two have
longitudinal grooves running along the work-
ing surface. The fragments are of various
shapes, and most were probably used with a
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FIG. 105. a. Unfinished pipe fragment (20.3/
3793) from Horizon 4; b. shaft smoother (20.2/
9422) from Horizon 3 at Gatecliff Shelter.

pebble-sized handstone; the specific uses are
undetermined.

SHAFT SMOOTHER

A single shaft smoother was recovered in
Horizon 3 at Gatecliff Shelter (see fig. 105b).
Made of coarse sandstone, this artifact was
broken in half and contains a single longi-
tudinal groove down the middle. The op-

posite side is fairly smooth, but lacks signs
of use.

UNFINISHED PIPE FRAGMENT

This unusual porphyry artifact was re-
covered from Horizon 4 at Gatecliff Shelter
(see fig. 105a). The outside has been rounded
and the bottom is flat. A single conically
drilled hole has been started in the top, and
the artifact was broken near the center.

WORKED TURQUOISE

Two small pieces ofworked turquoise were
found at Gatecliff Shelter. One specimen,
from Horizon 1, is a tabular piece of light
greenish turquoise, with straight parallel
abrasions evident on both sides. The outer
edge is semirounded, suggesting that the tur-
quoise was being shaped into a bead; the blank
is 3.1 mm. thick and would probably have
been about 15 mm. in diameter. Another
small turquoise fragment was found in Ho-
rizon 8.

Several turquoise outcrops in the vicinity
have been commercially mined. The best
known, the Indian Blue mine, is situated
about 3 miles south of Toquima Cave. This
mine was apparently used in prehistoric times,
as described in a subsequent volume of this
series. Several other turquoise mines operate
throughout Monitor Valley. We do not know
where the Gatecliffspecimen was mined; oth-
er worked pieces of turquoise were found at
surface sites in Monitor Valley (see Part 3 of
this series).
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CHAPTER 11. MATERIAL CULTURE OF GATECLIFF
SHELTER: INCISED STONES

TRUDY THOMAS

Although incised stones have been re-
covered from throughout the New World,
many authors merely describe and seldom
analyze the technological and stylistic attri-
butes of these problematic artifacts. In fact,
there is little agreement in the literature as to
what to call them; they are variously referred
to as incised tablets (Bennyhoff, 1957), etched
stones (Steward, 1937; Rudy, 1953; O'Con-
nell, 1971), engraved pebbles (Warner, 1979a
and 1979b), engraved slates (Wheeler, 1942),
incised slates (Harrington, 1957), stone tab-
lets (Lanning, 1963), petroglyph slabs (McKee
and Thomas, 1972), and incised stones
(Schuster, 1968; Santini, 1974; T. Thomas,
1978). Terminology aside, it is clear that the
available corpus of material has yet to be
studied on a broadly comparative basis.
For our purposes, an incised stone is de-

fined as an easily portable pebble or flat stone
slab, the surface of which has been purpose-
fully cut by one or more shallow lines. The
raw material might have been preshaped, or
simply decorated in its naturally occurring
form. At times, one or more holes might have
been drilled through the stone, suggesting use
as a pendant, and occasionally an example is
encountered that has been coated with ocher
or painted with colored designs.

Speculations as to function have varied
widely, and include suggestions that they
might have been idle scribblings, pictures of
clothing and jewelry (Schuster, 1968; War-
ner, 1979b), copies of fossils (McKee and
Thomas, 1972), portable trail maps (Coxon,
1964), magical references to aboriginal hunt-
ing activities (McKee and Thomas, 1972), or
perhaps, visual representations of myths re-
ferring to vital aspects of the maker's food
gathering practices (Santini, 1974).

Lithic incising traditions have been estab-
lished in the New World for at least 8000
years, as evidenced by specimens recovered
from archaeological deposits in North Car-
olina (Coe, 1964; Schuster, 1968), and in Ar-
gentina (Gonzales, 1960). Japanese incised

stones have been dated at 8000-10,000 B.C.
(Takayama, 1968), whereas Australian and
Eurasian examples date from 18,000-20,000
B.C. (Dortch, 1975; Marshack, 1972a). Clear-
ly, the incising of mobile lithic materials is
an ancient and widespread cultural manifes-
tation.

TECHNOLOGICAL ATTRIBUTES

The Gatecliff collection of incised artifacts
consists of three fragments of incised bone
artifacts (see chap. 14), two pieces of incised
sun-dried clay (see chap. 14), and 428 incised
stones. The favored lithic material was a
platy limestone from the Roberts Mountains
Formation (McKee, 1976), outcrops ofwhich
cover an area of about 39 sq. km. in the sur-
rounding Toquima Mountains. Most of the
decorated stones are thin slabs, sometimes
only 3.7 mm. thick. The other measurements
are as follows:

S
Max.
Min.

Length
78.3 mm.
30.89 mm.

204.1 mm.
27.6 mm.

Width Thickness
51.2 mm. 9.4 mm.
21.67 mm. 5.38 mm.

138.1 mm. 43.0 mm.
18.2 mm. 3.7 mm.

All the 428 incised stones from Gatecliff
Shelter have been illustrated in figures 112-
136, and the proveniences are provided on
table 59. All stones are illustrated by horizon;
the circled letters denote those stones included
in Sample A. The spatial distribution of in-
cised stones from selected horizons will be
considered in detail in chapter 23.
Beyond providing the basic description, this

chapter presents a detailed technological
analysis of the Gatecliff incised stones (see
also chap. 15). Because of the overwhelming
size of the sample-several times larger than
any other excavated collection of such arti-
facts from anywhere in the New World-it
was necessary for us to select a representative
and random subsample of the Gatecliff in-
cised stones for detailed analysis. This subset,
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THOMAS: GATECLIFF SHELTER

FIG. 106. Incised stone 20.3/6325 illustrates the "rocker" technique, which produces a series of
pivot points connected by "legs" of crushed rock. This surface was incised with at least three different
cutting edges: a double-tipped "rocker" tool; a thin single-tipped tool which produced single tracks;
and a single-tipped tool with a tiny gutter in the cutting edge, producing double-tracked incisions. The
surface was bisected by a straight incised line prior to addition of the other motifs. Length is 17.4 cm.
(photograph courtesy of Alexander Marshack)

designated as Sample A, was selected in order
to include all of the stratigraphically rare in-
cised stones, as well as a representative sam-
ple from the artifact-rich horizons (see table
59). A 100 percent sample was generally used

TABLE 59
Distribution of Incised Stones at Gatecliff Shelter,
Including Composition of the Sample Selected for
Detailed Technological and Stylistic Analysis

Incised Stones Total number
Included in of Incised

Horizon Sample A Stones

I 11 16
2 20 27
3 22 60
4 23 77
5 17 68
6 46 151
7 2 2
8 4 4
9 2 2
10 1 I
11 2 2
14 11

No provenience - 17

Total 151 428

for horizons containing 25 or fewer stones.
For the horizons containing more than 25
incised stones (namely, Horizons 3-6), a ran-
dom sample (30-50%) was selected for fur-
ther analysis (see table 59).

In all, Sample A consists of 165 incised
stones from Gatecliff Shelter. Fourteen of
these were rejected for detailed analysis be-

0 cm. 3

FIG. 107. Incised stone 20.3/1439 depicts a
sequence of rocked lines.
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FIG. 108. Structural elements and motif permutations found in the Sample A incised stones from
Gatecliff Shelter.

cause the incisions were judged to be acci-
dental scrapes or gouges; this left a sample
size of 151 incised stones. Of these 1 11 were

incised on one surface; 39 stones were incised
on two surfaces, and a single specimen was
marked on three sides. Thus, a total of 187
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THOMAS: GATECLIFF SHELTER
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FIG. 109. Stratigraphic distribution of motifs in the Sample A incised stones from Gatecliff Shelter.
The larger numbers in each motif column indicate the number of stones bearing that motif; the smaller
numbers below denote the number of stones bearing that motif made in the "rocker" style of incising.

incised surfaces have been analyzed in the
Sample A corpus.
While marking surfaces are flat overall,

surface textures vary from exceedingly fine
to quite rough and are at times studded with
structural imperfections such as tiny ledges
and natural pits. Incisions were not refur-
bished or deeply carved, the designs having
been simply scratched through the patinated
rind to reveal the lighter hue of the interior
of the stone. Relatively smooth or finely
grained stones were not always the most care-
fully or most elaborately marked, and no
preference was accorded more darkly pati-
nated specimens. It would thus appear that,
in a region of almost limitless raw material,
selection was almost casual, and consider-
ations as to surface quality were not of pri-
mary importance.

Tools were occasionally incised, with the
engraving occurring before and sometimes
after the stone was fashioned into its utili-
tarian form. While incising does sometimes
appear on utilitarian objects, unretouched
limestone slabs were by far the preferred ma-
terials, and for that reason, the term "non-
utilitarian artifacts" might easily be applied
to the incised stones of Gatecliff. An incised
chert pendant (in a private collection) is
known from the Gatecliffvicinity and a single
incised utilized flake (20.3/784, fig. 11 8g) was
excavated; these artifacts are not included in
Sample A.

Superimposition of one incised motif over
another is not uncommon, occurring on 16
percent (30 of 187) of the marked surfaces in
the sample. Overmarking is first seen in Ho-
rizon 9, approximately 1400 B.C., and in-
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FIG. 109. Continued.

volves only unlike motifs, whereas similar
motifs on the same surface are discretely or-
ganized with respect to one another. Nearly
all (92%) the 49 instances ofovermarking (on
30 separate surfaces) involved unlike motifs,
and 60 percent of those surfaces exhibiting
overmarking (18 of 30) also possess blank
spaces large enough to have accommodated
the superimposed motif. Superpositioning
thus appears to have been a conscious objec-
tive rather than the haphazard result of over-
crowding of surface area.
Two incised stones from Sample A have

been painted with designs in black pigment
(20.3/6240 and 20.3/6242, figs. 122e, 1 19v).
In both cases, the incisings were superim-
posed over the painted motifs, but only on
20.3/6240 is there any suggestion of pur-
poseful correspondence between incised and
painted motifs; in this example, a single zig-
zag has been incised along the same course

as the single painted zigzag. Two additional
incised stones (20.3/316, fig. 1 20q; and 20.3/
6241, fig. 121 f) were covered with red ocher.
In one case, the ocher was applied prior to
incising, and in the other instance the reverse
is true. All four of these stones are from Ho-
rizon 4 and probably date after A.D. 1 (see
chap. 15).

Forty-six percent of the incised stones in
Sample A (69 of 151) exhibit a characteristic
wear pattern, and oil stains are common. No
directional abrasion is apparent, only soft
smoothing, suggesting that the wear was
caused by something softer than the stone
itself. Surface wear typically appears on high
spots and along edges and is greater than a
single handling episode would produce. Oc-
casionally stones exhibit wear over the tops
ofcertain motifs, whereas other motifs on the
same surface show no wear at all.
Although the purely mechanical aspect of
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0 cm. 5

/,

FIG. 1 10. Incised stones illustrating the relative complexity of design patterning which first appears
in Horizon 6 at Gatecliff Shelter. a. Incised stone 20.3/291; b. Incised stone 20.3/6254; note that the
stone margin provides the basal datum for a row of marks drawn at the top. The surface is bisected by
a straight, double baseline. The line and circle of small regular dots (a) denote a natural, pre-existing
scratch and depression, respectively.

marking appears rather elementary, the tech-
niques themselves require a somewhat di-
verse skill and technology, as well as at least
a modicum of pre-planning. Three different
marking techniques were employed, the most
common ofwhich is a simple incision formed
by drawing a sharply pointed instrument
across the surface. Occasionally, a double line
will result from a tool that has a tiny groove
in its cutting edge.
A second marking technique (19% of the

incised surfaces in Sample A) does not consist
of incising at all, but rather of crushing the
surface by "rocking" or "walking" a double-
tipped tool to produce a series ofpivot points
connected by "legs" of crushed rock, which
may be either straight or curved (see figs. 106
and 107). Curving legs resulted from rolling
the tool forward in a slightly semicircular mo-
tion between pivot points; straight legs were
produced by a simple sidewise rocking mo-
tion between pivot points, with no corre-
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sponding forward roll. A variation of this
technique produces only a series of dots,
which are, in fact, the pivot points minus the
connecting legs. "Rocking" can only be ac-
complished by a tool with two tips that are
connected by a straight or concave crushing
edge, though an incised line might easily be
produced with one of the tips of the double-
tipped instrument. It is ofinterest to note that
the "rocker" technique for marking stone
produces a line which is virtually indistin-
guishable from the rocker stamping tech-
nique commonly applied to New World ce-
ramics (cf. Griffin, 1952, fig. 74f-j; Ford,
1969, pp. 128-137, chart 18).
A third marking technique is actually an

incision which has been engraved to resemble
a rocked line, but lacks pivot points, and thus
cannot have been produced by the rocker
technique (see, for example, 20.3/2162, fig.
131 i). The production of these sorts of lines
required at least two different kinds of man-
ual manipulation and three different types of
stone tools.

STYLISTIC ATTRIBUTES

In order to minimize ambiguity, we first
explain how designs are constructed in the
Gatecliff incising tradition. The basic unit of
marking was the incised line, usually straight
rather than curving, and tending to be sin-
gular rather than multiple. The simplest units
of design construction can be termed ele-
ments and were formed by combining one or
more straight or curved lines. Motifs are the
visual configurations incisedponto the stone,
formed by combining the elements in char-
acteristic ways.

Variation in design at first appears endless,
but the complexity of motifs incised on the
Gatecliff stones, can be reduced to five core
elements illustrated across the top of figure
108: line, row, chevron, circle, and striations.
In effect, the five elements symbolize prin-
ciples of spatial organization that character-
ize the incising of stone at Gatecliff:

Line is a datum, or a linear boundary.
Row is a sequential arrangement of three

or more elements.
Chevron is the intersection of two or more

elements.

FIG. I 1. Incised stone 20.3/2158-2159, char-
acteristic of the design complexity which first ap-
pears in Horizon 6 at Gatecliff Shelter. Length is
19.2 cm. (photograph courtesy ofAlexander Mar-
shack)

Circle is a curvilinear arrangement of one
or more elements.

Striations refers to a surface area covered,
rather than a line drawn between two
points.

These elements may stand alone, or may be
duplicated, halved, mirrored, or combined
with one another to form more complicated
designs. Sometimes the elements are implied,
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FIG. 112. Incised stones from Horizon 1 at Gatecliff Shelter. a. 20.3/6157; b. 20.3/6151; c. RR2825;
d. 20.3/6197; e. RR2838; f. 20.3/6154; g. 20.3/6153; h. 20.3/6152; i. RR2766; j. 20.3/330; k. 20.3/
6166; 1. 20.2/9407; m. 20.3/6150; n. RR2767, 2768. o. RR4874. Circled letters in figures 112-135
denote stones included in sample A.

not incised into the stone at all. It can be said
that the seemingly endless array of Gatecliff
motifs is fundamentally no more than a series
of permutations of elemental components.

Designs range from the simplest (with only
one or two incised lines) to relatively complex

surface decoration (with up to six different
motifs sharing the same surface). It is rare to
find more than two or three unlike motifs on
a surface, even on the most heavily decorated
stones; fewer than 4 percent of the marked
surfaces in the sample exhibit four or more
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FIG. 113. Incised stones from Horizon 2 at Gatecliff Shelter. a. 20.3/1430; b. 20.2/9403; c. 20.2/
9406; d. 20.3/311; e. 20.3/779; f. 20.3/333; g. 20.3/1437; h. 20.3/1422; i. 20.3/778;j. RR2674; k. 20.2/
9405; 1. 20.3/1409; m. 20.3/1418; n. 20.3/1416; o. 20.3/331.

unlike motifs. Typically, the same motif is
repeated over and over again.

Curvilinearity is an unusual component in
the Gatecliff marking system, characterizing
nine of48 motifs in the sample, but appearing

on only 6 percent (11 of 187) of the marked
surfaces. It is thus apparent that while the
Gatecliff artisans were familiar with the cur-
vilinearity as a design principle, they did not
utilize it to the extent they did the rectilinear
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FiG. 114. Incised stones from Horizon 2 at Gatecliff Shelter. a. 20.3/1434; b. 20.3/776; c. 20.3/141 1;

d. 20.3/332; e. 20.3/777; f. 20.3/2197, 20.3/2174; g. 20.3/1423; h. 20.3/1410; i. 20.3/1066;j. 20.3/313;
k. 20.3/785.

incising mode. Virtually all incised motifs on
the Gatecliff stones conform to Heizer and
Baumhoff's Rectilinear Abstract style desig-
nations of Great Basin rock art (see Heizer
and Baumhoff, 1962).

CHRONOLOGY

The Gatecliff collection is notable not only
for its size, but also for the fact that each
incised stone occurs in dated contexts with
cultural associations. The quantity of incised
stone yielded by this site, along with a second
collection of approximately 70 decorated
stones found by surface survey in the area

(see Part 3 this series), make it clear that in-
cising ofnon-utilitarian material was a major
tradition in the central Great Basin for thou-
sands of years.
At approximately 3300 B.C., shortly after

Gatecliff was first occupied, incised stones
bearing simple double lines were deposited.
Over the following 1500 years or so, the first
truly "constructed" designs appear: chevrons
arranged end to end into zigzag motifs and
rows of straight parallel lines, some of which
are oriented along incised baselines (see fig.
109). Horizons 8-9 witness no new additions
to the motif inventory, but at about 1300 B.C.
(Horizon 7), two new motifs are introduced:
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a row of parallel lines bounded by two base-
lines and a simple crosshatch formed by two
intersecting rows of straight parallel lines.
Thus, during the first two millennia of oc-

cupation, Gatecliffboasted no more than sev-
en motifs, all of which were produced with a
single marking technique. Only eight stones
were deposited throughout that time period,
but those few specimens possess most of the
basic elements comprised within the collec-
tion as a whole, as well as precisely those
motifs which decorate the majority of the
surfaces throughout Gatecliffs history. There
are 48 recognizable motifs in the Gatecliff
sample inventory, but the seven motifs which
appear earliest (prior to 1300 B.C.), continue
to be the most popular and occur on over half
of all the marked surfaces in the sample (112
of 187).
At ca. 1250 B.C., an enormous concentra-

tion of 96 incised stones (nearly one-quarter
ofthe entire collection) was deposited toward
the rear of the cave on Horizon 6 (see chap.
22). The later horizons also contained an in-
crease in sheer numbers of stones, but the
rubble matrix might have been a factor, since
these later horizons contain an increased
number of all artifact types.
Horizon 6 ushers in a qualitative change

in the incising of stone. At this time, the first
curvilinear motifs appear, along with the first
occurrences of striations and the first rocker
motifs. We also see the first unique motifs,

that is motifs which appear once and are nev-
er seen again. Additionally, stones appear
which, for the first time, exhibit a relative
complexity in visual patterning-a complex-
ity characterized by an increase in the variety
of motifs found on each marking surface (see
20.3/291, fig. 1 lOa; 20.3/6254, fig. 1 lOb; 20.3/
2158-2159, fig. 111), as well as by non-rep-
etitious appending or "branching-off' of one
motif from another (see 20.3/377, fig. 125h;
20.3/791, fig. 121a; 20.3/2150, fig. 128g).
These visual complexities, however, never
attained importance in the Gatecliff incising
tradition: Only seven ofa total of 187 incised
surfaces in Sample A (less than 4%) have been
incised with more than three unlike motifs,
whereas only five of 187 (fewer than 3%) ex-
hibit appending or branching. Striations, first
seen in Horizon 6, generally form nothing
more than simple bands (see 20.3/345, fig.
124n; 20.3/347, fig. 128e; and 20.3/1457, fig.
129 1), although occasionally they were used
to fill in a bounded area as part of a more
complex design (see 20.3/939, fig. 131t).

Overall we can say that while the earliest
concepts of repetition and rectilinearity con-
tinue until the end to characterize the bulk
ofthe Gateclifftradition, at ca. 1300 B.C. new
elements, new motifs, new techniques, and
new spatial arrangements make an appear-
ance and, from that time on, play a subsidiary
role in the incising style of Gatecliff Shelter.
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FIG. 115. Incised stones from Horizon 3 at Gatecliff Shelter. a. 20.3/6224; b. 20.3/358; c. 20.3/6204;
d. 20.3/6159; e. 20.3/6195; f. 20.3/37 1; g. 20.3/238 1; h. 20.3/6294; i. RR2786; j. 20.3/6163; k. RR2605;
1. 20.3/902; m. 20.3/6164; n. 20.3/6173; o. 20.3/6174; p. 20.3/6162; q. 20.3/6185; r. 20.3/6253; s. 20.3/
6210; t. 20.3/6252; u. 20.3/359; v. 20.3/1429; w. RR2774; x. 20.3/6208; y. 20.3/2380; z. 20.3/6156.
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FIG. 116. Incised stones from Horizon 3 at Gatecliff Shelter. a. 20.3/6209; b. 20.3/1425; c. 20.3/
6254; d. 20.3/372; e. 20.3/6187; f 20.3/6222; g. 20.2/8720; h. 20.3/376; i. 20.3/6158.
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FIG. 117. Incised stones from Horizon 3 at Gatecliff Shelter. a. 20.2/8161; b. 20.3/6211; c. 20.3/
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20.3/6188; k. 20.3/6199; 1. 20.3/6206; m. RR2588; n. RR2481.
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s. 20.3/326; t. 20.3/6301; u. 20.2/9404; v. 20.3/6242; w. 20.3/6244; x. 20.3/6304.
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FIG. 120. Incised stones from Horizon 4 at Gatecliff Shelter. a. 20.3/6248; b. 20.3/6271; c. RR259 1;
d. 20.3/620 1; e. 20.3/6295; f. 20.2/9511; g. 20.3/6284; h. 20.3/6214; i. 20.3/6212; j. 20.3/6245; k. 20.2/
9513; 1. 20.3/790; m. 20.3/788; n. 20.3/1417; o. 20.3/6221; p. 20.3/373; q. 20.3/316-317; r. 20.3/6285;
s. 20.3/6219; t. 20.3/6286.
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FIG. 121. Incised stones from Horizon 4 at Gatecliff Shelter. a. 20.3/79 1; b. 20.3/318; c. 20.3/2152;
d. 20.3/6160; e. 20.3/6198; f. 20.3/6241; g. 20.3/787; h. 20.3/6175; i. 20.3/6179; j. 20.3/374; k. 20.3/
6218; 1. RR2599; m. 20.3/6182; n. 20.3/2417; o. 20.3/6176; p. 20.3/6220; q. 20.3/6230; r. 20.2/9518;
s. RR2598.
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FIG. 122. InCiSed StOneS frOm HOriZOn 4 at GatecliffShelter. a. 20.3/6213; b. 20.3/6243; C. 20.3/
6223; d. 20.3/6217; e. 20.3/6240; f. 20.3/6275; g. 20.3/6193; h. 20.3/6263; i. 20.3/2157; j. 20.3/6270;
k. 20.3/1431; 1. 20.3/6238-39.
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FIG. 123. Incised stones from Horizon 5 at Gatecliff Shelter. a. 20.3/6236; b. 20.3/6228; c. 20.3/

6306; d. 20.3/325; e. 20.3/6291; f. 20.3/342; g. 20.3/6229; h. 20.3/336; i. 20.3/353; j. 20.3/2172; k.

20.3/6169; 1. 20.3/1426; m. 20.3/321; n. 20.3/338; o. 20.3/2167; p. 20.3/6190; q. 20.3/6167; r. 20.3/

104; s. 20.3/324; t. 20.3/6297.
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FIG. 124. Incised stones from Horizon 5 at Gatecliff Shelter. a. 20.3/6309-10; b. 20.3/6227; c. 20.3/
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20.3/315; 1. 20.3/323; m. 20.3/1427; n. 20.3/345; o. 20.3/6233; p. 20.3/346; q. 20.3/337; r. 20.3/6290.
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FIG. 125. Incised stones from Horizon 5 at Gatecliff Shelter. a. 20.3/1459; b. 20.3/6168; C. 20.3/
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FIG. 126. Incised stones from Horizon 5 at Gatecliff Shelter. a. 20.3/6183, 20.3/6184; b. 20.3/319;
c. 20.3/6192; d. 20.3/6259; e. RR2478; f. 20.3/6274; g. 20.3/6251; h. 20.3/6255; i. 20.3/6299;j. RR2479;
k. 20.3/6279; 1. 20.3/6287; m. 20.3/6272; n. 20.3/6250
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FIG. 127. Incised stones from Horizon 6 at Gatecliff Shelter. a. 20.3/2146; b. 20.3/1408; c. 20.3/
2171; d. 20.3/352, 20.3/356; e. 20.3/904; f RR2788; g. 20.3/1440; h. 20.3/6191; i. 20.3/2394; j. 20.3/
2392; k. 20.3/2386; 1. 20.3/906; m. 20.3/947; n. 20.3/948, 20.3/349; o. 20.3/2401.
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FIG. 129. Incised stones from Horizon 6 at Gatecliff Shelter. a. 20.3/2419; b. 20.3/6324; c. 20.3/
911, 912, 915, 916, 943, 945; d. 20.3/907; e. 20.3/1420; f. 20.3/1458; g. 20.3/2412; h. 20.3/2414; i.
20.3/2164; j. 20.3/2160; k. 20.3/2194; 1. 20.3/1457; m. 20.3/1448-49; n. 20.3/2403; o. 20.3/919.
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FIG. 130. Incised stones from Horizon 6 at Gatecliff Shelter. a. 20.3/2406; b. 20.3/2404; c. 20.3/
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20.3/2177; 1. 20.3/354; m. 20.3/355, 348; n. 20.3/2421; o. 20.3/1441.
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FIG. 131. Incised stones from Horizon 6 at Gatecliff Shelter. a. 20.3/2393; b. 20.3/938; c. 20.3/2185;
d. 20.3/2155; e. 20.3/2409; f. 20.3/910; g. 20.3/940; h. 20.3/310; i. 20.3/2162;j. 20.3/913; k. 20.3/1451;
1. 20.3/2191; m. 20.3/340; n. 20.3/2192; o. 20.3/2422; p. 20.3/6305; q. 20.3/1461; r. 20.3;/2176; s.

20.3/2182; t. 20.3/939.
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CHAPTER 12. MATERIAL CULTURE OF GATECLIFF
SHELTER: BASKETRY, CORDAGE, AND MISCELLANEOUS

FIBER CONSTRUCTIONS

J. M. ADOVASIO AND R. L. ANDREWS

Some 3 5 perishable artifacts were re-
covered in the excavations at Gatecliff Shel-
ter and throughout Monitor Valley. (Sites are
described in Part 3 of this series.) For the
purposes of this discussion, the term perish-
ables refers exclusively to basketry, cordage,
knotted fiber, composite constructions, and
construction materials. Basketry encompas-
ses several distinct kinds of items including
rigid and semirigid containers or "baskets"
proper, matting, and bags.
Matting includes items which are essen-

tially two-dimensional (flat), whereas baskets
are three-dimensional. Bags may be viewed
as intermediate forms because they are two-
dimensional when empty, but three-dimen-
sional when filled. As Driver (1961, p. 159)
points out, these artifacts can be treated as a
unit because the overall technique of man-
afacture is the same in all instances.

Specifically, all forms of basketry are man-
ually woven without any frame or loom. Since
basketry is woven, it is technically a class or
variety of textile, though that term is some-
times restricted to cloth fabrics. There are
three major subclasses of basketry, generally
considered to be mutually exclusive: twining,
coiling, and plaiting.

Twiningdenotes a subclass ofbasket weaves
manufactured by passing moving (active),
horizontal elements called wefts around
stationary (passive), vertical elements or
warps. Twining techniques may be em-
ployed to produce containers, mats, and
bags, as well as fish traps, cradles, hats,
clothing, and other "atypical" basketry
forms.
Coiling denotes a subclass ofbasket weaves
manufactured by sewing stationary, hori-
zontal elements (the foundation) with
moving vertical elements (stitches). Coil-
ing techniques are used almost exclusively
in the production of containers, hats, and
very rarely, bags. Mats and other forms are
seldom, if ever, produced by coiling.

Plaiting denotes a subclass ofbasket weaves
in which all elements pass over and under
each other without any engagement. For
this reason, plaited basketry is technically
described as unsewn. Plaiting may be used
to make containers, bags, and mats as well
as a wide range of other non-standard
forms.

Only twined and coiled basketry were re-
covered during excavations in the Monitor
Valley.

Cordage denotes a class of elongate fiber
constructions, the components of which are
generally considered under the terms, string
and rope. Knotted fibers are lengths or seg-
ments of plant fiber which contain or exhibit
knots. Composite constructions include mod-
ified wooden items knotted and/or wrapped
with cordage or sinew, cordage knotted to
fiber element(s), fiber knotted around a grass
bundle, interlaced twigs, and possible netting
fragments. Construction material subsumes
prepared fiber elements which may have been
employed in the manufacture ofcordage, bas-
ketry, and/or composite artifacts.

ANALYTICAL PROCEDURES AND
CLASSIFICATION

All the specimens described and discussed
below, when necessary, were initially cleaned
of adhering soil, rodent feces, and other sur-
face contaminants. The type and character of
the contaminants were then noted and tab-
ulated. A 7X hand lens was used for analysis,
and some specimens were examined with a
variable-power stereoscopic microscope. In
extreme cases of technical complexity or ob-
scurity, specimens were carefully disassem-
bled to insure proper recognition ofthe man-
ufacturing techniques employed. All
specimens were measured using Helios
needle-nosed dial calipers.
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TABLE 60
Material and Provenience of Perishable Artifacts Recovered in Monitor Valley by Type

Specimen No. of
Type Site Number Provenience Raw Material Examples

Type I twining Gatecliff

Type II twining

Type III twining

Type IV twining

Gatecliff

Gatecliff

Gatecliff

Twining; type unknown Gatecliff

Twining(?); type
unknown

Twining(?); type
unknown

Type V coiling

Type V coiling

Type I cordage
Type I cordage
Knotted fiber

Knotted cordage
and fibers

Modified wood bound
with cordage

Modified wood bound
with cordage

Modified wood bound
with cordage

Modified wood wrapped
with sinew

Interlaced twigs
Netting fragments (?)

Wrapped grass bundle

Shredded sagebrush

Gatecliff

Triple T

Jeans Springs

Triple T

Gatecliff
Triple T
Gatecliff

Gatecliff

Gatecliff

Gatecliff

Jeans Springs

Gatecliff

Gatecliff
Gatecliff

Gatecliff

Triple T

20.2/8138 Horizon 3 warps & wefts
Salix sp.

20.2/8160 Horizon 2 warps & wefts
Salix sp.

RR2735 Horizon 1 warps & wefts
Salix sp.

20.2/8125 Horizon 2 warps Artemisia sp.,
wefts Salix sp.

RR2750 Horizon 1 warps & wefts
Salix sp.

20.3/2522 Horizons 1/2 Artemisia sp.,
20.3/2523
20.3/9772
20.3/4129 Upper 1

20.3/1620 Unit 5,
10-20 cm.

20.3/7536 Upper 1

RR2692
20.3/7563
RR2829
20.3/2712
20.2/9381
RR9981
RR2836

Horizon 1

Upper 1

Horizon 1

Horizon 3
Horizon 1

Horizon 1

Phragmites sp.

Artemisia sp.

rods and stitches
Salix sp.

rods and stitches
Salix sp.

Artemisia sp.

Artemisia sp.

Artemisia sp.

Artemisia sp.

Salix sp./
Apocynum sp.

20.3/3807 Horizon 1 Salix sp./
Artemisia sp.

20.3/6724 Surface Salix sp./
Apocynum sp.

20.2/8133 Horizon 1 Salix sp./sinew

RR2832
20.3/3101
20.3/6676
20.3/2327

Horizon I
Surface

Horizon 1

20.3/3948 Upper 1

Salix sp.
Apocynum sp.

fiber-Gramineae,
tie-Artemisia sp.

Artemisia sp.

Eleven basketry fragments were recovered:
nine pieces of twining and two pieces of coil-
ing. Twined basketry specimens fall into four
structural types and residual categories, each
based on the number and sequence of warps
engaged at each weft crossing and the spacing
ofthe weft rows. In addition, all twined spec-
imens were analyzed (where feasible) for sel-

vage, method of starting, method of insertion
of new warp and weft elements, method of
preparation of warps and wefts, form, wear

patterns, function, decorative patterns and
mechanics, type and mechanics of mending,
and raw materials.

Coiled specimens were assigned to one

structural type based on the kind of basket

3

2
9
2

2

2
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0 1 2 cm. 4~~~d
Split

Stitch

FIG. 137. Basketry from Monitor Valley. a. Type I: Close simple twining, S-twist weft; b. Type III:
Open and close diagonal twining, S-twist weft (RR2735); c. schematic diagram of b. d. Type V: Close
coiling, three rod bunched foundation, non-interlocking stitch; note accidentally split stitches (20.3/
1620); e. schematic diagram of d. Provenience: All specimens from Gatecliff Shelter (b. Horizon 1)
except d. Jeans Springs.

wall or foundation technique utilized and the
type of stitch employed. Further, where war-
ranted, both specimens were analyzed for type
of rim finish, method of starting, work di-
rection, decorative patterns and mechanics,
type and mechanics of mending, form, wear

patterns, function, method and preparation
of foundation and sewing elements, raw ma-
terials, and, where available, type of splice.
The 18 pieces of cordage were ascribed to

three structural types according to criteria
specified in Adovasio, Andrews, and Carlisle
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(in press). The two specimens ofknotted fiber
were simply described as per specifications
in Adovasio, Andrews, and Carlisle (in press).
Composite constructions and construction

material were individually described accord-
ing to attributes of manufacture or use. Mor-
phological types are used throughout.
The descriptive terms are defined by Ado-

vasio (1977) and Adovasio, Andrews, and
Carlisle (in press). Knot terminology follows
Shaw (1972), while angle of twist measure-
ments were taken according to procedures
specified in Emery (1966). Table 60 presents
data on materials and provenience for these
specimens.

MONITOR VALLEY BASKETRY

TWINING

TYPE I: CLOSE SIMPLE TWINING,
S-TWIST WEFr (fig. 137a)

NUMBER OF SPECIMENS: One.
TYPE OF SPECIMEN: Wall fragment without

selvage, one.
NUMBER OF INDIVIDUAL FORMS REPRE-

SENTED: One.
TYPE OF FORM REPRESENTED: Circular Tray

(?), one.

TECHNIQUE AND COMMENTS: Plain twined
weaving over single warps. Warps are whole
rods with cortex intact, while wefts are paired,
split willow wands (i.e., the long trailing
branch of a willow) with cortex intact. Weft
rows are closely spaced to conceal warps.
Texture is rigid. No side or end selvages are
represented nor are any splices apparent. The
specimen is undecorated, unmended, un-
pitched, and not naturally watertight. It ex-
hibits charring and organic residues of un-
known composition on both surfaces. The
residue on the concave surface may represent
charred nut (pifion?) meats and/or shells
which in turn indicates that this specimen
may have been a nut-parching tray.
MEASUREMENTS: Range and mean diame-

ter of warps, 1.50 mm.; range and mean di-
ameter of wefts, 1.00 mm.; range and mean
warps per cm., 3; range and mean wefts per
cm., 4, range and mean gap between weft
rows, 0.

TYPE II: CLOSE DIAGONAL
TWINING, S-TWIST WEFT
NUMBER OF SPECIMENS: One.
TYPE OF SPECIMEN: Wall fragment without

selvage, one.
NUMBER OF INDIVIDUAL FORMS REPRE-

SENTED: One.
TYPE OF FORM REPRESENTED: Unknown.
TECHNIQUE AND COMMENTS: Diagonal

twined weaving over paired warps. Warps are
whole rods with cortex intact, while wefts are
paired, split willow wands with cortex intact.
Weft rows are closely spaced to conceal warps.
Texture is rigid. No side or end selvages are
represented nor are any splices apparent. The
specimen is undecorated, unmended, un-
pitched, and not naturally watertight. The
specimen exhibits charring and organic res-
idues of unknown composition on both sur-
faces.
MEASUREMENTS: Range and mean diame-

ter of warps, 1.45 mm.; range and mean di-
ameter of wefts, 2.20 mm.; range and mean
warps per cm., 5; range and mean wefts per
cm., 4; range and mean gap between weft
rows, 0.

TYPE III: OPEN AND CLOSE
DIAGONAL TWINING, S-TWIST
WEFr (fig. 137b, c)
NUMBER OF SPECIMENS: One.
TYPE OF SPECIMEN: Wall fragment without

selvage, one.
NUMBER OF INDIVIDUAL FORMS REPRE-

SENTED: One.
TYPE OF FORM REPRESENTED: Conical car-

rying basket or winnowing tray, one.
TECHNIQUE AND COMMENTS: Diagonal

twined weaving over paired warps. Warps are
whole, decorticated rods, whereas wefts are
paired, decorticated split willow wands. Weft
rows are alternately tightly spaced and spaced
with gaps so as to conceal and expose the
warps sequentially. In the extant portion of
this specimen, sets of eight or nine close-
twined weft rows are separated by gaps of
varying dimensions (see below). This alter-
nate spacing can serve either as a decorative
and/or functional attribute (see Adovasio,
1977). Texture is rigid. No side or end sel-
vages are represented. Weft splices are ef-
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fected by laying in new weft elements under
exhausted ones. The specimen is unmended,
unpitched, and not naturally watertight. It
exhibits organic residue in the form of rat
midden feces on both sides.
MEASUREMENTS: Range in diameter of

warps, 1.75-3.17 mm.; mean diameter of
warps, 2.96 mm.; range and mean diameter
of wefts, 2.54 mm.; range and mean warps
per cm., 4; range in wefts per cm., 3.5-4.0;
mean wefts per cm., 3.75; extant gaps be-
tween weft rows, 3.2, 4.9, and 7.5 mm.

TYPE IV: CLOSE SIMPLE AND
DIAGONAL TWINING, S-TWIST
WEFTr

NUMBER OF SPECIMENS: One.
TYPE OF SPECIMEN: Wall fragment without

selvage, one.
NUMBER OF INDIVIDUAL FORMS REPRE-

SENTED: One.
TYPE OF FORM REPRESENTED: Unknown.
TECHNIQUE AND COMMENTS: Simple and

diagonal twined weaving over single and
paired warps. A relatively uncommon variety
of twining that encompasses rows or courses
of simple twining alternating with courses of
diagonal twining either for decorative or
functional purposes. Warps are decorticated
or undecorticated whole rods, whereas wefts
are paired, split willow wands with cortex
intact. Texture is rigid. No side or end sel-
vages are represented. Weft splices are ef-
fected by laying in new weft elements under
exhausted ones. The specimen is unmended,
unpitched, and not naturally watertight. It
exhibits organic residue of unknown com-
position on both surfaces, and two lumps of
charcoal are adhering to one surface.
MEASUREMENTS: Range and mean diame-

ter of warps, 1.30 mm.; range and mean di-
ameter of wefts, 2.0 mm.; range and mean
warps per cm., 5; range and mean wefts per
cm., 4; range and mean gap between weft
rows, 0.

TWINING: TYPE UNKNOWN

NUMBER OF SPECIMENS: One.
TYPE OF SPECIMEN: End selvage or termi-

nation, one.
NUMBER OF INDIVIDUAL FORMS REPRE-

SENTED: One.

TYPE OF FORM REPRESENTED: Cradle or
winnowing tray, one.
TECHNIQUE AND COMMENTS: This speci-

men consists of a "bundle" of whole rods
with cortex intact which are loosely bound
by eight randomly arranged circuits of twin-
ing. The wefts are split, decorticated willow
wands, and there is an irregular gap between
each sequent weft course. The texture of this
highly fragmented specimen is semiflexible.
In all likelihood, this item represents the ter-
mination of an open-twined cradle or the
handle of a winnowing tray. No splices are
discernible, and the specimen is undecorated.
Both "sides" are encrusted with organic res-
idue, which is probably rat feces.
MEASUREMENTS: Range and mean diame-

ter of warps, 2.35 mm.; range and mean di-
ameter of wefts, 3.40 mm.; range and mean
warps/wefts per cm., N.A.; range and mean
gap between weft rows, N.A.

TWINING (?): TYPE UNKNOWN
NUMBER OF SPECIMENS: Four.
TYPE OF SPECIMEN: Body without selvage,

four.
NUMBER OF INDIVIDUAL FORMS REPRE-

SENTED: Two.
TYPE OF FORM REPRESENTED: Mat(?), four.
TECHNIQUE AND COMMENTS: These speci-

mens consist of lengths or segments of plant
fibers arranged more or less parallel to each
other. These "parallel elements" could con-
ceivably be warps; the absence ofwefts, how-
ever, precludes the determination oftype and
form. The three Gatecliff specimens are the
remnant portions of a single "construction,"
which partially covered the floor of the shel-
ter and defined the margin between Horizons
1 and 2 (see chap. 8). Included in this debris
are large segments ofthe inner and outer bark
of sagebrush interspersed with the stems and
leaves of some type of riparian plant such as
Phragmites sp. The single Triple T specimen
consists only of sagebrush (see Part 3 of this
series for complete discussion of this site).
While the original type and form of these
specimens are unidentifiable, there are three
possible "explanations" for these phenome-
na: they may indeed be portions of large
open-twined floor mats; they may represent
bedding or flooring material; or they may
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constitute an unintentional or accidental fea-
ture which consists ofcompressed living floor
debris. All specimens exhibit charring, or-
ganic staining, and are in various stages of
decomposition.

COILING

TYPE V: CLOSE COILING, THREE
ROD BUNCHED FOUNDATION,
NON-INTERLOCKING STITCH
(fig. 137d, e)

NUMBER OF SPECIMENS: Two.
TYPE OF SPECIMEN: Wall fragments, two.
NUMBER OF INDIVIDUAL FORMS REPRE-

SENTED: Two.
TYPE OF FORMS REPRESENTED: Tray, two.
WORK DIRECTION: Right to left, two.
TECHNIQUE AND COMMENTS: Two whole

rods arranged horizontally and surmounted
by a third whole rod are sewn with nonin-
terlocking stitches which pierce the apex rod.
In the Jeans Spring specimen, all rods are
decorticated, whereas the rods in the Triple
T specimen are undecorticated (see Part 3 of
this series for a full discussion of these sites).
Accidental splitting ofthe stitches is apparent
on both surfaces of both specimens. There is
no gap between the stitches on either speci-
men. The texture of both specimens is rigid,
and the work surface is concave. Splices in
the Jeans Spring specimen have fag ends
bound under and moving ends clipped short,
whereas fag ends in the Triple T specimen
are clipped short with moving ends clipped
and concealed under successive stitches. Both
specimens are undecorated, unmended, and
unpitched, though the Triple T fragment is
naturally watertight due to the tightness of
the stitching. Wear patterns are undiagnostic.
MEASUREMENTs/Jeans Spring: Range and

mean diameter of coils, 5.0 mm.; range and
mean width of stitches, 2.18 mm.; range and
mean gap between stitches, 0; range and mean
coils per cm., 2; range and mean stitches per
cm., 2.
MEAsUREMENTs/Triple T Shelter: Range

and mean diameter of coils, 4.03 mm.; range
and mean width of stitches, 2.44 mm.; range
and mean gap between stitches, 0; range and
mean coils per cm., 2.5; range and mean
stitches per cm., 3.

MONITOR VALLEY CORDAGE

TYPE I: ONE-PLY, Z-SPUN (Z)
(fig. 138c)

NUMBER OF SPECIMENS: Eleven.
DESCRIPTION AND COMMENTS: A single

strand or bunch of fibrous material is loosely
Z-twisted. Both ofthe Gatecliffspecimens are
clearly individual plys of two-ply, Z-spun,
S-twist (Type II: Sz) cordage and, further,
may constitute plys ofthe same original spec-
imen. Four ofthe Triple T Shelter items may
not represent cordage perse but rather, slight-
ly twisted bundles of construction material
for use either in the production of cordage,
basketry, etc. The remaining five lengths of
twisted fiber from Triple T Shelter are either
the extant single plys of two-ply, Z-spun,
S-twist (Type II: SzZ) cordage or construction
material. None of the specimens is spliced,
knotted, or rattailed. One of the items ap-
pears to be heavily abraded, perhaps by wear,
and another specimen exhibits charring at
both ends.

MEASUREMENTs/Gatecliffi Range in length,
7.4-20.2 cm.; mean length, 13.8 cm.; range
in diameter, 2.4-3.4 mm.; mean diameter,
3.1 mm.; range and mean angle oftwist, N.A.;
range and mean twists per cm., N.A.
MEASUREMENTs/Triple T Shelter: Range in

length, 2.7-36.5 cm.; mean length, 13.9 cm.;
range in diameter, 1.6-6.9 mm.; mean di-
ameter, 2.7 mm.; range and mean angle of
twist, N.A.; range and mean twists per cm.,
N.A.

TYPE II: TWO-PLY, Z-SPUN,
S-TWIST (SZz)

NUMBER OF SPECIMENS: Six.
DESCRIPTION AND COMMENTS: Two bunch-

es of fibrous materials are initially Z-spun
then S-twisted together. The only examples
ofthis type ofcordage from the Monitor Val-
ley are portions of composite constructions.
Further particulars including measurements,
raw materials, and provenience are included
below in the description of the aforemen-
tioned constructions.
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b

c

FIG. 138. Cordage and knotted fibers from Horizon 1 at Gatecliff Shelter. a. two strands of cordage
joined with single bow knot (RR998 1); b. lengths of fiber and cordage joined with single bow knot (20.2/
9381); c. two pieces of Type I sagebrush cordage, one-ply, Z-spun (RR2692).

TYPE III: TWO-PLY S-SPUN,
Z-TWIST (Z,s)
(fig. 140f)
NUMBER OF SPECIMENS: One.
DESCRIPTION AND COMMENTS: Two bunch-

es of fibrous material are initially S-spun and
then Z-twisted together. The only example of
this type of cordage from the Monitor Valley
is a portion of a composite construction. As
with the Type II (SiZ) cordage, further partic-
ulars are detailed below.

MONITOR VALLEY KNOTTED
FIBER

KNOTTED FIBER (fig. 139b, c)

NUMBER OF SPECIMENS: Two.
DESCRIPTION AND COMMENTS: Both Gate-

cliff specimens consist of knotted, slightly
shredded, and untwisted fiber. In one speci-
men, RR2829 (fig. 139c), a single length of
fiber exhibits an unclosed or untightened
overhand knot. The other item, 20.3/2712
(fig. 139b), is a poorly executed two-element
square knot. This specimen is most likely a

fragment of a loop created through the ma-
nipulation of the ends of a single length of
fiber into a square knot. (Note: a similar knot
is present in the "wrapped grass bundle" de-
tailed below.) Neither specimen exhibits
charring or abrasion. Both items are probably
remnants of bindings or lashings employed
in the stabilization ofbundles ofconstruction
material, bedding, etc.
MEASUREMENTS: Range in maximum length

of constructions, 6.7-9.2 cm.; mean maxi-
mum length of constructions, 8.0 cm.; range
in width of elements, 2.5-18.0 mm.; mean
width of elements, 7.9 mm.

MONITOR VALLEY COMPOSITE
CONSTRUCTIONS

KNOTTED CORDAGE AND FIBER (fig. 1 38a, b,
140c)

NUMBER OF SPECIMENS: Two.
DESCRIPTION AND COMMENTS: In these

Gatecliff specimens, a single length of
unshredded, untwisted fiber engages one or
two strands oftwo-ply, Z-spun, S-twist (Type
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II: Sz) cordage with a knot. In the one spec-
imen, 20.2/9381 (fig. 1 38b), a length of fiber
and cordage are joined with a single bow knot.
The other construction, RR998 1 (figs. 1 38a,
140c), consists of two strands of cordage
joined with a single bow knot. Further ma-
nipulation of the two free ends of one of the
cords with a single length of untwisted fiber
resulted in a halfcarrick. Execution of cord-
age splices involved the addition of new ma-
terial beneath the exhausted ply. Neither of
the specimens is rattailed nor charred, but
one is moderately abraded. In fact, these items
most probably represent the hasty repair of
a cordage binding apparatus with untwisted
raw material.
MEASUREMENTS: Range in maximum length

of constructions, 12.5-65.0 cm.; mean max-
imum length ofconstructions, 38.8 cm.; range
in diameter of cordage, 2.2-3.8 mm.; mean
diameter of cordage, 2.9 mm.; range in angle
of twist of cordage, 25410; mean angle of
twist of cordage, 350; range in twists per cm.
of cordage, 2.0-3.0; mean twists per cm. of
cordage, 2.6; range in diameter of fiber ele-
ment, 2.6-7.2 mm.; mean diameter of fiber
element, 4.6 mm.

MODIFIED WOOD BOUND WITH
CORDAGE (fig. 140a, b, d, f)
NUMBER OF SPECIMENS: Three.
DESCRIPTION AND COMMENTS: All speci-

mens in this group consist of modified twigs
bound with either two-ply, Z-spun, S-twist
(Type II Szz) cordage or two-ply, S-spun,
Z-twist (Type III: Z,s) cordage. In all cases
the cordage is affixed to the twig with some
permutation ofan overhand hitch. In the Jeans
Spring specimen (fig. 1401) 20.3/6724, a par-
tially decorticated unsplit willow wand (i.e.,
the long trailing branch ofa willow) is ground
on both ends presumably by abrasion with a
phaneritic stone. The wand is circumscribed
with a notch or groove less than 0.2 mm. in
depth within which a length of two-ply,
S-spun, Z-twist (Type III: Z,s) cordage has
been tied with an overhand hitch. The notch
is exactly the same width as the diameter of
the cordage and was produced by bilateral
incision with a sharp-edged stone tool. One
free end ofthe cordage has been knotted with
a single overhand knot, whereas the other free
end is severed. The second knot prevents the

b

a

0 1 2 cm. 4 c

FIG. 139. A composite construction and knot-
ted fiber from Gatecliff Shelter. a. willow wands
interlaced in a square knot (RR2832); b. sagebrush
fiber looped into a square knot (20.3/2712); c. sin-
gle length of sagebrush fiber tied into an unclosed
overhand knot (RR2829). Provenience: a, c. Ho-
rizon 1; b. Horizon 3.

cordage from unravelling, and it also stabi-
lizes the overhand hitch. Cordage splices are
effected by inserting the new material beneath
the exhausted ply. In an analogous Gatecliff
specimen, 20.3/3807 (fig. 140d) cordage is
similarly tied to an unsplit, partially decor-
ticated willow wand. Both ends of the wand
were bilaterally whittled with a sharp stone
tool to form a chiseled edge. The edge angles
of the end closest to the cordage binding are
250/6 50, those ofthe opposite are 300/600. The
specimen has a notch of ca. 2.7 mm. in the
margin directly opposite the knot. A length
of two-ply, Z-spun, S-twist Type II: (SzZ)
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Half Carrick

c

f

e

0 1 2 cm. 4

FIG. 140. Composite constructions from Monitor Valley. a. cut sagebrush stick bound with cordage
(RR2836); b. exploded detail of a; c. knotted cordage and fiber composite construction (RR9981); d.
twig with cordage attached (exploded view of 20.3/3807); e. modified wood wrapped with sinew (20.2/
8133); f. cut twig wrapped with cordage (exploded view of 20.3/6724). Provenience: a-e. Gatecliff,
Horizon 1; f. Jeans Spring, Surface.

cordage circumscribes the wand and is an-
chored in the notch. Similar to the Jeans
Spring specimen, this notch was produced by
bilateral incision. The cordage is bound to
the twig with an overhand hitch which is fur-
ther stabilized at one end with a single over-
hand knot. The method of production and
the function ofboth knots are identical to the
Jeans Spring specimen (see above). Execution
of cordage splices involves the addition of
new material beneath the exhausted ply. In
the final Gatecliff construction, RR2836 (fig.
1 40a, b) cordage is tied to an unsplit, partially
decorticated sagebrush twig. The specimen
was not notched or ground. A length of two-
ply, Z-spun, S-twist (Type II: Szz) cordage is
affixed to the twig via a truncated overhand
hitch. The unbound end ofthe cord is further
looped around the twig and produces a func-
tional half hitch. The truncated end of the
overhand hitch is clipped and tucked back
into the knot. The cordage is spliced by add-
ing new material beneath the exhausted ply.
None of the specimens is charred or heavily
worn.

MEASUREMENTs/Jeans Spring: Range and
mean diameter of cordage, 1.9 mm.; range
and mean angle of twist of cordage, ca. 320;
range and mean twists per cm. of cordage,
4.7; range and mean length of willow wand,
5.52-6.20 cm.; range and mean diameter of
willow wand, 5.85 mm.

MEASUREMENTs/Gatecliff: Range in di-
ameter of cordage, 1.7-6.8 mm.; mean di-
ameter of cordage, 4.1 mm.; range in angle
of twist, 30-520; mean angle of twist, 41°;
range in twists per cm., 1.5-4.0; mean twists
per cm., 2.8; range and mean length ofwillow
wand, 7.65 cm.; range and mean diameter of
willow wand, top: 5.91-6.51 mm.; bottom:
4.30-6.21 mm.; range and mean length of
sagebrush twig, 18.15 cm.; range and mean
diameter of sagebrush twig, 9.23-15.32 mm.

MODIFIED WOOD WRAPPED
WITH SINEW (fig. 140e)
NUMBER OF SPECIMENS: One.
DESCRIPTION AND COMMENTS: A decorti-

2871 983



288 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

cated segment of willow snapped on one end
and longitudinally bifurcated on the other end
is tightly wrapped by continuous circuits of
a length of finely split sinew. The sinew is
situated near the midsection of the specimen
directly below the bifurcation and covers the
apex of the split. The wrapping consists of
14+ closely spaced courses wrapped from left
to right which encompass some 13.05 mm.
of the midsection of the specimen. There is
no gap between successive wrapping circuits.
The wrapping is initiated and terminated by
binding the ends of the sinew under succeed-
ing or preceding circuits. The specimen is
encrustLd with charcoal. This item may have
functioned as a hasp, or it may conceivably
represent the nock end of an arrow shaft.
MEASUREMENTS: Range and mean diame-

ter of sinew, 0.95 mm.; range and mean length
ofwillow segment, 6.05 cm.; range and mean
diameter of willow segment, 4.95-6.05 mm.

INTERLACED TWIGS (fig. 139a)

NUMBER OF SPECIMENS: One.
DESCRIPTION AND COMMENTS: Two unsplit,

undecorticated willow wands are interlaced
in such a manner as to create a square knot.
Both ends of each wand are snapped. The
specimen is uncharred and may represent a
"doodle."
MEASUREMENTS: Range and mean overall

length of construction, 20.5 cm.; range in di-
ameter of willow wands, 4.66-6.44 mm.;
mean diameter of willow wands, 5.55 mm.

NETTING FRAGMENTS (?)

NUMBER OF SPECIMENS: Two.
DESCRIPTION AND COMMENTS: Both these

highly fragmentary constructions consist of
segments ofType II: two-ply, Z-spun, S-twist
(Szz) cordage. Though both specimens appar-
ently exhibit fixed mesh knots, disintegration
of these items precludes their specific iden-
tification. It is noteworthy that these speci-
mens are constructed of what is technically
the best-fashioned cordage recovered from
any of the Monitor Valley sites. Maceration
of the fibers is so extreme that the individual
fibers are microscopic in size. Both speci-
mens are uncharred and unstained.

MEASUREMENTS: Range in diameter, 0.6-
1.4 mm.; mean diameter, 1.3 mm.; range in
angle of twist, 42-56°; mean angle of twist,
490; range in twists per cm., 3.5-8.0; mean
twists per cm., 5.7.

WRAPPED GRASS BUNDLE

NUMBER OF SPECIMENS: One.
DESCRIPTION AND COMMENTS: A sheaf of

shredded as well as whole grass (Gramineae)
stems is folded 1800 and secured ca. 10 cm.
from the apex ofthe fold with a length of split
sagebrush (Artemisia sp.) bark. Each end of
the binding element is manipulated to pro-
duce a loop stabilized by a square or reefknot
(see Shaw, 1972, p. 19, fig. 1). The finished
item resembles an envelope with the tie serv-
ing as a means of closure. Within this en-
velope-like item at the apex of the fold are
bunches of heavily macerated Apocynum sp.
fibers possibly "earmarked" for cordage
manufacture. This item may represent a bas-
ket and/or cordage maker's cache wherein
prepared and premoistened raw material was
stored. The envelope would facilitate the re-
tention of moisture or may itself have been
dampened to retard the desiccation of the
Apocynum sp. fibers. Alternatively, this en-
tire construction may represent a bedding
fragment or copulatory platform later invad-
ed by rodents. This specimen is charred and
shovel-cut on the end opposite the fold.
MEASUREMENTS: Range and mean length,

30.0 cm.; range and mean width, 28.0 cm.;
range in width of sagebrush tie, 15.0-27.7
mm.

MONITOR VALLEY
CONSTRUCTION MATERIAL

SHREDDED SAGEBRUSH

NUMBER OF SPECIMENS: One.
DESCRIPTION AND COMMENTS: A small mass

of decorticated, shredded, and unmacerated
sagebrush was recovered from Triple T. This
specimen is either untwisted construction
material collected for the production of cord-
age, basketry, etc., or the disintegrated rem-
nants of same. The item is uncharred.
MEASUREMENTS: None taken.
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INTERNAL CORRELATIONS
TECHNOLOGY, FORM, AND FUNCTION

A number of observations may be made
on the perishable artifacts recovered from
Monitor Valley, despite the small size of the
collection. The relatively high technical qual-
ity of these constructions is indicative of an
extensive non-lithic industry. The functions
of some of these perishable items are reason-
ably clear, though little can be inferred from
the relative frequencies of the various types
of cordage and basketry. The two coiled bas-
kets are clearly portions of trays, one ofwhich
was watertight. The permeable specimen
could have been used for both transportation
and storage, whereas the other was probably
employed in food preparation. The twined
specimens include at least one carrying bas-
ket fragment and portions of what may be a
nut-parching tray and a winnowing tray or
cradle. It is also possible that twining, in some
form, was extensively used for flooring.
The composite wood and cordage con-

structions include a hasp or arrow shaft frag-
ment, as well as several peglike items which,
based on ethnographic analogy, must be snare
triggers. There are also two possible net frag-
ments included in the assemblage, as well as
a possible cordage-basket maker's kit and/or
a bedding fragment.

RAw MATERIALS

A clear preference for particular raw ma-
terials for the various types of cordage and
basketry productions is reflected even in this
small collection. All individual cordage spec-
imens including the knotted cordage and fiber
constructions are made of Artemisia sp.

In most instances, slightly shredded Arte-
misia sp. stripped from directly under the
outer bark of the plant is employed, though
in the Monitor specimens, preparation in-
cludes finer shredding. Four of the Triple T
cordage specimens consist solely of unshred-
ded strips of Artemisia sp. In all the com-
posite wood constructions knotted and/or
bound with cordage, the preferred fiber is
Apocynum sp., which is moderately to heavi-
ly shredded and/or macerated. Not unex-
pectedly, the construction material also con-
sists exclusively of Artemisia sp. fibers, all of
which are stripped and shredded. Doubtless,

cordage production also involved consider-
able presoaking in water to insure pliability
and ease of manipulation.

All the basketry specimens and all but one
ofthe modified wood constructions are made
of willow (Salix sp.). This raw material is
favored throughout the Great Basin (cf. Ado-
vasio, 1970b, in press) because of its dura-
bility, flexibility, thin even bark, and lack of
lateral twigs on its long trailing branches or
wands. The Monitor Valley Salix sp. is lim-
ited to well-watered environmental niches,
and hence quite unevenly distributed across
the landscape. Great pains were probably re-
quired to locate and secure adequate quan-
tities of this graceful and useful wood.

EXTERNAL CORRELATIONS

The same basketry and cordage types as-
sociated with the Monitor Valley assemblage
have been recovered, often in substantial
quantities, from other Great Basin localities.
The extant basketry assemblage clearly sug-
gests that the basic affinities of the Monitor
Valley basketry industry (or industries), ca.
A.D. 1000-1400 lie to the west rather than
the east. Contemporary localities in the
Humboldt Lake/Winnemucca Sink area have
produced twining and coiling practically
identical to the types recovered from the
Monitor Valley (see Adovasio, 1970a, 1974,
in press). Conversely, basketry and cordage
"ties" to the Eastern Great Basin are almost
nonexistent.

Finally, it is not surprising that the basketry
types represented in the Monitor Valley are
virtually duplicated in ethnographic assem-
blages ascribable to one or another group of
Central Numic speakers (see Adovasio, An-
drews, and Carlisle, in press). More specifi-
cally, given their chronological position and
technical characteristics, it is virtually certain
that most of the basketry and the associated
perishables recovered from the Monitor Val-
ley constitute the products of prehistoric
Shoshonean populations. It is presumed that
further research in this area will produce ad-
ditional perishable remains which in turn will
amplify our knowledge of basketry, cordage,
and related manufactures in this section of
Nevada.



CHAPTER 13. MATERIAL CULTURE OF GATECLIFF
SHELTER: SHELL BEADS AND ORNAMENTS

JAMES A. BENNYHOFF AND RICHARD E. HUGHES

A variety of shell artifact types, presum-
ably manufactured in California, provide data
which can be used to assess stylistic and tem-
poral changes observed in the archaeological
record of the western Great Basin. Because
of their abundance, amenability to refined
typological analysis, and occurrence in well-
dated contexts, California shell beads and or-
naments have long been utilized to define
archaeological phases of "short" duration.

Excavations at Gatecliff Shelter provide an
excellent stratigraphic succession of several
shell bead types previously documented in
California. The following section comprises
a description of the beads and ornaments
found at Gatecliffin relation to the California
types. Cross-dating the Gatecliff beads and
ornaments with California types stimulated
us to review other Great Basin occurrences,
a task last attempted over two decades ago
(Bennyhoff and Heizer, 1958). This compar-
ative study attempts to assess the relative im-
portance through time of different Pacific
Coast sources in four exchange networks and
to evaluate the extent of widespread marine
shell trade in three broad temporal periods
spanning the last 5000 years (see Part 5 of
this series).

Twenty-one shell artifacts (17 beads, 4 or-
naments) were recovered at Gatecliff Shelter
(table 6 1). In this collection seven bead types
and two ornament types from three Pacific
Coast species were identified. Nine beads were
made of olive shell (Olivella biplicata), two
beads and one ornament were made of black
("green") abalone (Haliotis cracherodii), and
one bead was made of red abalone (Haliotis
rufescens). The remaining five beads and three
ornaments were made from unidentifiable
Haliotis. One mica ornament and one stone
bead, possibly of local origin, were also dis-
covered.

Brief descriptions of each bead and orna-
ment type are provided in the following pages.
Some of the descriptions and all the metric
ranges for these types are derived from papers
which remain, as yet, unpublished (Benny-
hoff and Fredrickson, n.d; Bennyhoff, n.d.).

We hope to assuage comparative difficulties
by providing a concordance for this typo-
logical scheme (see table 62) with previously
published works.

Relevant radiocarbon dates for those bead
types found both at Gatecliff Shelter and in
California grave lots are presented in table
63. Midden dates and dates discordant with
stratigraphic relationships have been omit-
ted. The suggested temporal duration of shell
bead and ornament types, as presently per-
ceived, appears in figure 142.

SHELL BEADS

OLIVELLA SPIRE-LOPPED BEADS
(Figure 141a-e)

Five specimens of Olivel/a biplicata shells
with spires ground off perpendicular to the
long axis of the shell were found. No other
modification, such as aperture grinding or in-
cising, is apparent. Four beads are classified
as "small" (type Ala, maximum diameter 4-
6.5 mm. and one is considered "large" (type
Alc, maximum diameter 9.51-14 mm.).

Percentage frequencies based on large col-
lections are needed before the temporal sig-
nificance ofsize variation can be emphasized.
The four Small Spire-lopped beads at Gate-
cliffShelter, type Ala, are stratigraphically old
(see table 61); they occur in Horizons 6, 8,
and 9 at Gatecliff, which date from about
1450 B.C. to roughly 500 B.C. A similar em-
phasis on type Ala in California occurs in the
terminal phase ofthe Oak Grove culture (SBa-
7)1 and at several Early Horizon sites in the

I To conserve space, we have chosen to omit state
abbreviations when referring to archaeological sites. In
this paper, three-letter (or more) prefixes (e.g., Mod for
Modoc County, California) invariably designate archae-
ological sites located in the state of California, while
two-letter prefixes (e.g., Ny for Nye County, Nevada)
denote sites in the state of Nevada. This holds true
whether one adopts the CA or 4 prefix for California, or
the NV or 26 prefix for Nevada. Hyphens are omitted
from the Nevada sites, to conform with the style em-
ployed at the Nevada State Museum, Carson City.
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TABLE 61
Attributes of Shell Beads and Ornaments from Gatecliff Shelter

(Measurements in millimeters.)

Catalog Perforation
Types Number Length Width Thickness Diameter Diameter Horizon

Bead
Small Spire-lopped OlivelIa 20.3/535 - - - (5.5) (2.0) 9
Small Spire-lopped Olivel/a 20.3/1388 8.8 - - 5.2 2.3 6
Small Spire-lopped Olivella 20.3/1589 8.0 - - 5.5 2.0 6
Small Spire-lopped Olivella 20.3/6683 8.6 - - 5.7 1.7 8
Large Spire-lopped Olivella 20.3/1892 23.3 - - 13.8 3.3 6
Barrel Olivella 20.3/6401 10.0 - - 8.5 3.4 8
Small Olivel/a Saucer 20.3/2560 5.0 4.7 1.2 5.0 2.0 6
Small Olivella Saucer 20.3/3507A 5.2 5.0 1.2 5.2 2.2 5
Small Olivella Saucer 20.3/3507B 5.1 5.0 .7 5.1 1.8 5
Square Haliotis 20.3/3657 8.9 11.6 .9 - 2.3 8
Square Haliotis 20.3/7197 - - - - - 8
Square Haliotis 20.3/7199 9.3 - .8 - (2.7) 8
Square Haliotis 20.3/7218 - - - - (2.5) 8
Square Haliotis 20.3/7220 (6.7) 9.0 1.1 - 2.5 8
Haliotis nacreous Disk (H. sp.) 20.3/3219 7.0 6.0 .7 7.0 2.0 6
Thin Haliotis Disk 20.3/1487 - - 1.3 (12.0) (3.2) 6

(H. cracherodii)
Thin Haliotis Disk 20.3/3712 - - 1.4 (11.5) (3.5) 6

(H. cracherodil)
Stone bead 20.3/2215 7.6 (7.0) 2.0 7.6 3.3 8

Ornament
Haliotis Ring (H. cracherodii) 20.3/1540 36.7a 7.2 2.3 (70.09) - 6
Haliotis Ring (H. sp.) 20.3/3286 - - - (27.8) - 4
Haliotis Ring (H. sp.) 20.2/9637 - 7.5 .9 (27.8) - 4
Oblong Haliotis (H. sp.) 20.3/3230 - 17.8 3.0 - - 5
Mica 20.2/8154 - (16.0) .9 - 3.3 3

a denotes measurement on reworked specimen.
( ) denotes estimate on incomplete specimen.

Sacramento Delta and San Francisco Bay re-
gions ofCalifornia (see fig. 142): Sac- 107 (80%
of 434 Spire-lopped beads), SJo-56 (76% of
299 Spire-lopped beads) and Ala-307 (74%
of 365 Spire-lopped beads). At other Early
Horizon sites, such as SJo-68, SJo-142 (33%
of 75 Spire-lopped beads) and SMa-77 the
type Ala frequency is offset by increased
numbers ofmedium sized Spire-lopped beads
(type Alb). However the preference for type
Ala is still evident in the Patterson phase
(Early/Middle Horizon transition) at Ala-
328G (61% of 3488 Spire-lopped beads
[Bickel, 1981, table 3-5]).
An emphasis on type Ala is also evident

in components ofthe Early Lovelock culture:

Chl6D (1 specimen at 36 in.), Ch2E (50% of
8 Spire-lopped specimens) and probably
Chl8L, 0 (Bennyhoff and Heizer, 1958, p.
63; Grosscup, 1960, p. 37). A reduced em-
phasis on type Ala is apparent in Early Karlo,
Las-7G (52% of79 type Al),2 and in the Silent
Snake phase at Wal502E (n = 2 Ala, n = 3
Alb) in northwestern Nevada.
The single Large Spire-lopped bead (type

2 Components at Las-7 are defined in a subsequent
volume ofthis series. Riddell (1960a, pp. 8-9) used vari-
ant size divisions; those used herein follow Bennyhoff
and Heizer (1958). We gratefully acknowledge the assis-
tance of D. A. Fredrickson for remeasuring the Las-7
Olivel/a Spire-lopped beads.
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TABLE 62
Bead and Ornament Type Concordance

Lillard, Heizer,
and Fenenga Bennyhoff and

(1939), Fredrickson Bennyhoff
Bead Name Heizer (1949) Gifford (1947) (n.d.) (n.d.)

Olivella (0. biplicata)
Small Spire-lopped la C23 Ala -

Large Spire-lopped lb C23 Alc -

Barrel la Gla B3b -

Small Saucer 3c X3bI (part) G2a -

Haliotis
Square (H. rufescens) la S5a (part) Hla -

Nacreous disk (H. sp.) 3 KlaIV (part) H3a2 -

Thin disk (H. cracherodii) 3 KlaI (part) H3c -

Ornament name
Haliotis
Oblong (H. sp.) B. l.a. Z2bII - BA3a
Ring (H. cracherodii) C.(1). J2a - CClj

Alc) at Gatecliff occurred in Horizon 6 and ials (Las-7E), as well as much earlier in the
follows the shift in emphasis noted in central Humboldt phase (Pel4), and later in the Late
California during the Middle Horizon. Typ- Lovelock phase at Ch39 (see Bennyhoff and
ical early Middle Horizon components with Heizer, 1958, p. 81, endnote 14).
type Alc beads include sites Sac-66G (87%
of 187 Spire-lopped beads), Ala-309J (65% OLIVELLA BARREL BEAD
of 474 Spire-lopped beads), Ala- 1 3 (100% of (Figure 141 f)
6 Spire-lopped beads; Bickel, 1981, table 3-8),
and Ala-328F (81% of 157 Spire-lopped One specimen of Olivella biplicata was
beads; Bickel, 1981, table 3-5). Provenience found with both the spire and aperture ends
is lacking for most Great Basin sites, but type ground extensively, producing a Barrel bead
Alc does appear with Transitional Karlo bur- with maximum diameter in the center (type

TABLE 63
Dated Grave Lots Containing Shell Bead Types also Recovered from Gatecliff Shelter

Burial Laboratory
Bead Typea Site # Material Dated Date Sample No. References

Hla Sac-107 C8A bone collagen 725 B.C. + 135 GX-0659 Ragir, 1972, p. 267
Hla SJo-142C 18 bone collagen 635 B.C. ± 100 I-2705Bb Ragir, 1972, p. 267
Hla SJo-56D 53 bone collagen 905 B.C. + 115 1-2751 Ragir, 1972, p. 267
H3a2 SJo-142B 15 bone collagen 545 B.C. ± 120 I-2750Ab Ragir, 1972, p. 267
G2a Wa1016 - bone collagen A.D. 130 ± 180 1-2846 Tuohy and Stein,

1969, p. 101
G2a Mm-27 3 charcoal 30 B.C. ± 95 1-3148 King, 1970;

Fredrickson, 1970

a See table 62 for bead names.
b Burials 18 and 15 have been reversed by Ragir. Correction here based on letter from Isotopes Laboratory, on file

at the University of California Archaeological Research Facility, Berkeley.



THOMAS: GATECLIFF SHELTER

sites (actually 20 because 17 are end ground).
r}-1 Q---_ -. :+ Peak frequencies occur in the Early Island

a b c d e;~fi/> period, in association with the Haliotis Squarebead complex: at SCrI-3, 75 percent of 10,106
--->---X Li( X ;<, Olivella Whole Shell beads (Gifford's types

F5, GI and C23) were Barrels. In contrast,
fg h j k SJo-68, an Early Horizon site in the central

California Delta with 7408 Olivella Spire-
!~J _tA ;/ Ei__ X lopped beads, yielded only 19 Barrel beads

m n o p q (Gifford's total of36 includes 17 End Ground
beads, type B2), found with three late Daw-
son lots (phases 4 and 5 of Ragir [1972], al-

t---3X X ,- j v ~~though she did not recognize the type).
Barrel beads occurred at two other Great

r s t u Basin sites and possibly represent the Early
Karlo and Early Lovelock phases. The mid-
den at Las-7 yielded two Barrel beads (B3b)

~ according to Riddell (1 960a, table 1; Ben-
v w 0 1 2 cm. 4 nyhoff and Heizer 1958, p. 90, fig. 1, no. 10)
FIG. 141. Shell beads and ornaments from one B3c bead occurred with Burial 29. One

Gatecliff Shelter. a-d. Small Spire-lopped Olivella B3a bead from Wal97 lacks provenience. All
beads; e. Large Spire-lopped Olivella bead; f. Bar- three beads could represent the Transitional
rel Olivella bead; g-i. Small Olivella Saucer beads; Lovelock phase, since Chester King has re-
j-n. Square Haliotis beads; o. Haliotis Nacreous corded a scattered persistence of Barrels into
Disk bead; p-q. Thin Haliotis Disk beads; r-t. the Middle Horizon, with a reappearance in
Haliotis Ring ornaments; u. Oblong Haliotis or- theMidd Le Horizon rEapper in

nament; v. mica ornament; w. stone bead. a. 20.3/ Phase 1 of the Late Horizon (Elsasser, 1978,
535; b. 20.3/1388; c. 20.3/1589; d. 20.3/6683; e. p. 48, fig. 9, no. 2). Using quantities provided
20.3/1892; f. 20.3/6401; g. 20.3/2560; h. 20.3/ by Gifford (1947), we found that Barrel beads
3507B; i. 20.3/3057A;j. 20.3/3657; k. 20.3/7197; represented 46 percent of3519 Olivella Whole
1. 20.3/7199; m. 20.3/7218; n. 20.3/7220; o. 20.3/ Shell beads at SRI- 147 (Gifford's site R6;
3219; p. 20.3/1487; q. 20.3/3712; r. 20.3/1540; s. Middle Horizon) but only 13 percent of 5397
20.3/3286; t. 20.2/9637; u. 20.3/3230; v. 20.2/ such beads at SCrI-100 (Late Horizon, Phase
8154; w. 20.3/2215. Provenience: v. Horizon 3; s, 1)
t. Horizon 4; h, i, u. Horizon 5; b, c, e, g, o-r.
Horizon 6; d, f, j-n, w. Horizon 8; a. Horizon 9.

B3), rather than toward the spire end (type
B2, End Ground). This bead is classified
"medium" (B3b maximum diameter 6.51-
9.5 mm.).

This specimen occurred in Horizon 8 at
Gatecliff Shelter, along with five Haliotis
Square beads. A similar Early Horizon em-

phasis is evident in California. On the basis
of differing frequencies, it can be suggested
that Barrel beads were manufactured in
southern California and traded from there
into central California and the Great Basin
(discussed in a subsequent volume of this se-

ries). Gifford (1947) reported 11,608 Barrel
(type Gla) beads from southern California
and only 37 from central California Delta

OLIVELLA SAUCER BEADS
(Figure 141g-i)

Three specimens were found of nearly
round beads made from the wall of the Oli-
vella biplicata shell which had been ground
smooth with a biconically drilled central per-
foration (type G2a). All three specimens are
classified "small" (maximum diameter 5.1-
7.0 mm.).
At Gatecliff Shelter these beads occurred

in Horizons 5 and 6, stratigraphically supe-
rior to the Haliotis Square beads. Similar re-
lationships are evident in central California,
where saucer beads are most typical of early
Middle Horizon times, but first appear dur-
ing the Early Horizon/Middle Horizon Tran-
sition and reappear in the late and terminal
Middle Horizon phases (Elsasser, 1978, fig.
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FIG. 142. Temporal duration in California of bead and ornament types from Gatecliff Shelter.

3, nos. 9 and 10, and fig. 4, nos. 3 and 9).
Typical components of the Early Horizon/
Middle Horizon Transition phase with type

G2a beads include SJo- 1 42A, Sac- 107I, Cal-
237F (Johnson, 1967, p. 256), CCo-137
(Heizer, 1950, p. 10), CCo-146 (Cook and
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Elsasser, 1956, p. 37), and Mer-94 (Olsen and
Payen, 1969, p. 7). Occurrences in the early
phase of the Middle Horizon are even more
numerous and include: Sac-66G, Sac-107H,
Ala-13 and Ala-328F (Bickel, 1981, pp. 75,
85), Ala-309J, Ala-413, CCo-267, CCo-272,
CCo-283, SCl-1, and Cal-237E (Johnson,
1967, p. 256). Occurrences in the late and
terminal phases of the Middle Horizon in-
clude Sac-43D, E, Sac- 151 B, and Ala-309G,
H. In southern California type G2a was made
throughout the Middle period (Elsasser, 1978,
p. 48, fig. 9, no. 18).
The Great Basin distribution of Small Sau-

cers includes Ch15G (collections housed in
RHLMA), WaO106 (Tuohy and Stein, 1969,
fig. 1 5a) and Las- 194 (O'Connell and Ambro,
1968, p. 132).

HALIOTIS SQUARE BEADS
(Figure 14 lj-n)

Five specimens ofrather large, rectangular-
shaped beads with conically drilled central
perforations were found (type HI a). Four of
these are made from an unidentifiable species
of Haliotis, but the fifth (20.3/3657) is made
from H. rufescens. All five beads occurred in
Horizon 8 which dates from approximately
1350-1300 B.C. This type is considered a firm
marker for the Early Horizon in central Cal-
ifornia, with persistence into the Early Ho-
rizon/Middle Horizon Transition phase.
Graves from eight Early Horizon sites in the
Delta region have yielded from 15 to 4500
type Hia beads: Sac-107, Sac-168, SJo-56,
SJo-68, SJo-112, SJo-142 (Ragir, 1972, p.
261), Cal-237 (Johnson, 1967, p. 216) and
SJo-145. Smaller quantities have been re-
covered from three San Francisco Bay region
sites contemporaneous with the Early Hori-
zon: Ala-307 (Wallace and Lathrap, 1975, p.
38), SMa-77 (Gerow and Force, 1968, p. 153)
and Orinda (collections housed in RHLMA).
A few type H 1 beads occurred in components
of the Early Horizon/Middle Horizon Tran-
sition phase: Sac-73D, Sac-1071, Cal-237F,
SJo-9 1 C, Ala-413, Mer-94 (Olsen and Payen,
1969, p. 7), Mad-106 (Moratto, 1972, p. 365)
and Yol-110 (J. Johnson, personal com-
mun.). Size variation suggests that another
center of manufacture, roughly contempo-
raneous, was located in the Channel Islands

at such sites as SCrI-3 and SRI-40 (Benny-
hoff and Heizer, 1958, p. 65; Elsasser, 1978,
fig. 9, no. 33).

In the Great Basin, Haliotis Square beads
have been recovered from the Early Lovelock
phase at Ch 18 (Bennyhoff and Heizer, 1958,
p. 63; Grosscup, 1960, p. 39), the Early Karlo
phase at Las-7 (Bennyhoff and Heizer, 1958,
p. 64; Riddell, 1960a, p. 10) and Las-45 (Rid-
dell, 1960a, pp. 5, 11), the Bare Creek phase
at Mod-204 (O'Connell, 1971, pp. 121, 181)
and perhaps in the Silent Snake phase at
WalS02 (Layton, 1970, p. 103). A single spec-
imen was recovered from the deepest level
at Mammoth Creek Cave (Enfield and En-
field, 1964, p. 410). An extensive early ex-
change sphere linking central and southern
California with the western Great Basin is
thus indicated.

HALIOTIS NACREOUS DISK BEAD
(Figure 141o)

One bead was made from an unidentifiable
species of Haliotis and classified H3a2 on the
basis of maximum diameter (7-10 mm.) and
perforation diameter (2-3 mm.). At Gatecliff
Shelter this bead occurred in Horizon 6, along
with Haliotis type H3c and an Olivella Sau-
cer. A similar early Middle Horizon empha-
sis is evident in central California (Elsasser,
1978, fig. 3, no. 15, and fig. 4, no. 18); 301
specimens occurred with two burials at CCo-
283E and 7 specimens were found associated
with three burials at Sac- 107H. Earlier oc-
currences in the Early Horizon/Middle Ho-
rizon Transition have been recorded at Sac-
1071, Ala-328G (Bickel, 1981, p. 79), and
Ala-413, whereas a single specimen occurred
in the terminal phase of the Early Horizon at
SJo-142.

HALIOTIS THIN DISK BEADS
(Figure 141 p, q)

Two specimens made from Haliotis crach-
erodii were found (type H3c). They had been
extensively ground, but enough of the epi-
dermis remains to allow species identifica-
tion. At Gatecliff Shelter these two beads were
recovered in Horizon 6, along with Haliotis
type H3a2 and an Olivella Saucer. In central
California the type has been assigned to the
Early Horizon/Middle Horizon Transition
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phase (Elsasser, 1978, fig. 3, no. 19), although
the two specimens from Sac- 107 now lack
specific burial provenience.

SHELL ORNAMENTS

HALIOTIS RING ORNAMENTS
(Figure 141 r-t)

Three specimens of Haliotis Ring orna-

ments (type CC) were found. Two are na-

creous and made from an unidentifiable
species of Haliotis (the epidermis was com-

pletely removed by grinding), while the third
specimen (20.3/1540) is made from H.
cracherodii and has had about 50 percent of
the epidermis ground. The inner opening of
one of these ornaments (20.3/3286) was off-

center. The largest specimen (20.3/1540) was
originally a Narrow Ring, but has been in-
tentionally cut into its present form. It is pos-
sible that this ornament broke and that a pen-
dant was planned for the fragment, but there
is no evidence of any attempt at drilling.
The Gatecliff specimen made from H.

cracherodii was found in Horizon 6, along
with Haliotis beads and an Olivella Saucer
bead. Ring ornaments (type CC in Bennyhoff,
n.d.) made from black abalone are most com-
mon in the early phase of the Middle Hori-
zon, but first appear in the Early Horizon/
Middle Horizon Transition phase in both the
Delta and San Francisco Bay regions (Elsas-
ser, 1978, fig. 3, nos. 20, 21, and fig. 4, nos.

35, 36). Narrow Rings, though smaller, are

common in the Early Horizon/Middle Ho-
rizon Transition phase at Sac- 1071, CCo- 146
(Cook and Elsasser, 1956, pl. Id) and Ala-
328G (Bickel, 1981, p. 108; Davis and Tre-
ganza, 1959, fig. 2e, f). Wider Ring ornaments
occur with Narrow Rings at Sac-1071 and
CCo- 146, as well as in contemporaneous
components at Sac-21 1, CCo-137, and CCo-
142B. Occurrences in the early phase of the
Middle Horizon include Sac- 107G, Sac-66G,
SJo-91 B, Ala-309J, Ala- 13, SFr-7E, SCI- 1 E,
and Mer-3 (Pritchard, 1970, p. 27).
The two nacreous ornaments made of un-

identifiable Haliotis were found in Horizon
4. These may relate to southern California

manufacture and to Las-I (Riddell, 1956, fig.
4u).

HALIOTIS OBLONG ORNAMENT
(Figure 141 u)

One basal fragment ofan Oblong ornament
(type BA3a) was found (Bennyhoff, n.d.) with
its epidermis entirely ground off, but the
thickness suggests that it may be Haliotis ru-
fescens. Traces ofincision remain on one edge
and the complete ornament probably had a
single perforation. This specimen occurred in
Horizon 5 at Gatecliff. In California, this
common form has little temporal signifi-
cance, although use of red abalone is gener-
ally more characteristic of the late and ter-
minal phases ofthe Middle Horizon (Elsasser,
1978, fig. 4, nos. 32, 33).

ADDITIONAL ARTIFACTS

MICA ORNAMENT
(Figure 141 v)

A complex silicate ornament fragment,
which appears to have been end perforated
and is somewhat trapezoidal in shape, was
found in Horizon 3 at Gatecliff. Although not
common in the Late Horizon of central Cal-
ifornia, rare specimens occurred during mid-
dle Phase 1 times at Sac-6. At Danger Cave
(Jennings, 1957, p. 223), 10 of the 11 pieces
of mica occurred in Level V; of five worked
specimens, three had drilled perforations. A
ring of mica was found in Level II. In the
Death Valley IV period, undescribed mica
pendants are confined to Panamint Shoshone
sites according to Hunt (1960, p. 167).

STONE DISK BEAD
(Figure 141 w)

One small Disk bead, made from an un-
identified material, represents a unique form
not noted in California, where steatite was
preferred. The Gatecliff specimen, from Ho-
rizon 8, was biconically drilled and is most
similar in size and form to flat steatite Disk
beads found in the Early Horizon/Middle
Horizon Transition phase in central Califor-
nia (Elsasser, 1978, fig. 4, no. 26).
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CHAPTER 14. MATERIAL CULTURE OF GATECLIFF
SHELTER: ADDITIONAL ARTIFACTS

WOODEN ARTIFACTS

PROMONTORY PEGS

These small, carefully fashioned artifacts
were called "Promontory pegs" by Rudy
(1953, p. 157) because of their initial discov-
ery in Promontory Cave No. 1 by Steward
(1937, fig. 6k). Actually, Schellbach had ear-
lier found a cache of such pegs in Sawmill
Shelter near Beatty, but his small publication
has attracted little attention from Great Basin
archaeologists (Schellbach, 1927). The dis-
tribution and function of Promontory pegs
have been considered by Pavesic (1966), who
documents their occurrence at 21 Great Ba-
sin sites. More recently, Wylie (1974) has
conducted an innovative morphological and
replicative study designed to refine distri-
bution and functional data.
Over 160 Promontory pegs were recovered

from various Monitor Valley sites (see also
various chapters in Part 3 of this series). This
total nearly doubles the number of these ar-
tifacts reported in the Great Basin (see Wylie,
1974, p. 46).
Sixteen Promontory pegs were recovered

in the excavations at Gatecliff, all but four of
the pegs occurring within the Yankee Blade
component (fig. 143, table 64). The Gatecliff
Promontory pegs can be divided into four
categories, and the metric characteristics of
each artifact are summarized on table 65. The
descriptive terminology in this section fol-
lows Wylie (1974) where possible:

SPLIT-BLADE PROMONTORY PEGS (see fig.
143a-g): The blade is formed by removing
half or more ofthe diameter ofa slender twig
or branch. The resulting peg has a rounded
butt, with a tapering blade which is generally
semi-lunar in cross section. The tip can be
either pointed or squared off. This appears
to be the most common type throuphout the
Great Basin, and examples have been found
in Utah at Promontory Cave No. 1 (Steward,
1937, fig. 6k), Danger Cave (Jennings, 1957,
fig. 164m-r), Hogup Cave (Aikens, 1970, fig.
128h-k), Swallow Shelter (Dalley, 1976, fig.
29m, p), in Idaho at Bruneau Canyon (Swan-
son, Powers, and Bryan, 1964; see also Wylie,

1974), and in Nevada at Etna Cave (Wheeler,
1942, fig. 26e).
NEEDLE-NOSE PROMONTORY PEGS (see fig.

143h): These pegs are similar to the split-
blade type, except that the blade has been
rounded and carved to a distinct point. This
type is sometimes called a "juniper-skewer"
because specimens have occasionally been
found with juniper berries impaled on the
blade. Depending on how the blade was
carved, the butt may be either symmetrical
or asymmetrical to the main axis. This form
appears to be most abundant in the South-
west, as, for example, at Tularosa Cave (Mar-
tin et al., 1952, pp. 414-418) and Steamboat
Cave (Cosgrove, 1947, fig. 143d), but needle-
nose Promontory pegs have also been re-
covered in the Great Basin at Cougar Moun-
tain Cave (Cowles, 1960, p. 24), Swallow
Shelter (Dalley, 1976, fig. 29e), Danger Cave
(Jennings, 1957, fig. 164b, c, and possibly i
and j), Bruneau Canyon, Idaho (Swanson,
Powers, and Bryan, 1964, fig. 17a), and Co-
lumbet Creek Rockshelter, Idaho (Lynch and
Olsen, 1964, fig. 6a). Needle-nose and split-
blade Promontory pegs form a continuum,
grading one into another.
NOTCHED PROMONTORY PEGS (see fig. 143i-

n): The blade is formed by minor trimming
at the immediate area ofthe tip, and the notch
generally distinguishes blade from butt. The
resulting peg has a stubby appearance and is
considerably sturdier than the other forms.
Cordage is occasionally found in the butt
groove (see fig. 1 43m). Three examples ofthis
type were found at Eastgate Cave, and two
still had cordage attached (Elsasser and Prince,
1961, p. 142, plate 25m).
FLAT-BLADE PROMONTORY PEGS (see fig.

143o, p): The blade is formed by carving from
both sides to produce a flat, knife-like edge.
Two specimens of this type (RR2752 and
RR2693) were found at Gatecliff, but we can
find no similar examples in the literature.

FIREMAKING APPARATUS

A number of wooden artifacts seem to be
tools used for producing fire. A sagebrush
(Artemisia sp.) fire drill hearth was found be-
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known for the ethnographic Northern Paiute
(Lowie, 1924, pp. 222-223) and the Western
Shoshone (Steward, 1941, p. 234). While
traveling near Middlegate about 120 km. (75
mi.) west of Gatecliff, central Nevada, Simp-
son observed in 1859, a Paiute and

his appliances for making fire. They consisted
simply of a piece of hard greasewood, about 2
feet long, and of the size or smaller than your
little finger in cross-section. This was rounded
at the but [sic]. Then a second flat piece of the
same kind of wood, 6 inches long by 1 broad
and ½/2 thick. This second piece had a number
of semi-spherical cavities on one of its faces.
With this piece laid on the ground, the cavities
uppermost, he placed the other stick between
the palms of his hands, and with one end of the
latter in a cavity, and holding the stick in a
vertical position, he would roll it rapidly for-
ward and back, till the friction would cause the
tinder, which he had placed against the foot of
the stick in the cavity, to ignite. In this way I
saw him produce fire in a few seconds (Simpson,
1876, p. 83).

0 1 2 cm. 4

FIG. 143. Promontory pegs from Gatecliff
Shelter. a-g. split blade pegs; h. needle-nose peg;
i-n. notched pegs; o, p. flat blade pegs. a. RR2822;
b. 20.3/3833; c. 20.3/3834; d. RR2833; e. RR2783;
f. 20.3/601; g. 20.3/528; h. 20.3/299; i. 20.3/3808;
j. RR2831; k. RR2737; 1. 20.3/114; m. 20.3/3807;
n. 20.3/3806; o. RR2752; p. RR2693. Proveni-
ence: a-e, i-in, o-p. Horizon 1; f, h, n. Horizon
2; g. Horizon 3.

neath the roof fall in the Horizon 1 Yankee
Blade component (fig. 144a). Four charred
cups are evident, although the hearth was ap-
parently broken before being discarded. One
end was carefully smoothed and the other end
is missing. Hearths of this nature are also

-)'I
.Ij,
i:

a
iElc

d f Je 0~~~\ f

FIG. 144. Firemaking apparatus from Gatecliff
Shelter. a. 20.3/2905; b. RR2834; c. RR2642; d.
RR2741; e. RR2740; f. 20.3/1866. Provenience:
a-e. Horizon 1; f. Horizon 3.
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TABLE 65
Attributes of Promontory Pegs from Gatecliff Shelter

(Measurements in millimeters.)

Specimen Total Blade Maximum
Number Length Length Diameter Material Remarks

RR2693 50.3 30.2 8.7 -
RR2737 61.6 51.9 8.0 Salix?
RR2752 51.6 43.0 12.9 -
RR2783 46.0 25.5 7.2 Ribes?
RR2822 62.9 38.0 8.0 -
RR2831 62.7 52.6 7.1 Juniperus sp.
RR2833 46.9 31.0 6.9 - Z-striations
20.3/114 (56.4) 48.9 9.0 - Butt decayed
20.3/299 38.4 20.9 7.6 - Z-striations
20.3/528 34.3 15.4 7.9 -
20.3/601 60.9 42.7 7.2 - Z-striations
20.3/3806 82.4 74.2 6.0 - Z-striations
20.3/3807 70.8 62.4 6.6 Sarcobatus Z-striations,

vermiculatus S-twist cordage
20.3/3808 67.4 58.0 7.8 Alnus sp.
20.3/3833 52.1 36.8 8.0 - Z-striations
20.3/3834 50.0 31.7 7.1 Ribes Faint Z-striations

Similar hearths have been found at Lovelock
Cave (Loud and Harrington, 1929, plate 49),
Humboldt Cave (Heizer and Krieger, 1956,
p. 22), Tommy Tucker Cave (Riddell, 1956,
p. 8), and Danger Cave (Jennings, 1957, p.
191).
Four fire drill foreshafts were also re-

covered. One sagebrush specimen (RR2642)
was found near the hearth, although there is
no direct association. The tip readily fits into
all four cups of the hearth and is thoroughly
charred. The proximal end appears to be bro-
ken, perhaps near the point of hafting. A
somewhat larger specimen, 20.3/1866, is
badly charred.
The other two tips are shown on figure

144d, e. Artifact RR2741 is made of pifion
and completely burnt on the end. The second,
RR2740, ofan unidentifiable wood, is freshly
carved and lacks charring. These two tips were
found together and are made of almost iden-
tical construction, so it seems likely that both
were used to tip fire drills. Fire drill parts
were found at the sites listed above, plus
Hogup Cave (Aikens, 1970, fig. 122) and Etna
Cave (Wheeler, 1942, fig. 31a).
A small torch (fig. 144b) consisting of a

short Ribes twig wrapped with dozens of fine
shavings was found near the rear alcove. Some

type ofglue or perhaps pitch had been added.
An almost identical artifact was found at Juke
Box Cave (Jennings, 1957, fig. 173j).

MISCELLANEOUS WOODEN
ARTIFACTS

Specimen 20.2/8110 seems to be the tip of
a bow (fig. 145a). The edges of the bow were
decorated with minute cut marks, spaced ap-
proximately 25 mm. apart. The end has been
notched for attachment of the bow string.
Similar bow fragments have been recovered
at Promontory Cave No. 1 (Steward, 1933,
fig. 6a), Roaring Springs Cave (Cressman,
1942, fig. 93b, 6), and Lovelock Cave (Loud
and Harrington, 1929, plate 49m).
Assuming that 20.2/8110 is indeed a piece

of bow, then it is interesting to note that it
was deliberately cut off from the main bow-
shaft. Harrington found an almost identical
piece at Gypsum Cave (1933, fig. 57c); he
speculated that one end of the bow might
have been broken, so it was necessary to trim
the other end to maintain symmetry and bal-
ance.
Four wooden cylinders were recovered at

Gatecliff(fig. 145b-e). Two ofthese (RR2835
and RR2738) were probably used as part of
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FIG. 145. Miscellaneous wooden artifacts from Horizon 1 at Gatecliff Shelter. a. bow fragment,
deliberately trimmed; b-e. wooden cylinders; f. reed arrowshaft fragment; g-h. wood by-products, prob-
ably from making Promontory pegs; i. foreshaft or snare part. a. 20.2/8110; b. RR2835; c. RR2738; d.
20.3/3835; e. 20.2/8167; f. RR9982; g. RR2743; h. RR2739; i. 20.3/3832.

a snare or deadfall. The outer surfaces have
been smoothed and both ends were carefully
trimmed. Specimen 20.3/3835 could prob-
ably have functioned similarly, but the ends
were rough-cut and it had not been smoothed.
Artifact 20.2/8167 is also very rudely carved;
the ends were tapered and it appears to have
been wedged between hard surfaces, as faint
Z-striations appear on both ends.
One piece ofreed (Phragmites sp.) has been

deliberately cut and smoothed, probably for
use as a shaft for an arrow or a firedrill (fig.
145f).
Two pieces of carved wood, RR2743 and

RR2739, were also found and are of partic-
ular interest (fig. 145g, h). Both pieces have
bark still intact; one end of each has been
whittled and then broken. These sticks are

probably waste products from the manufac-
ture ofPromontory pegs; the pegs were carved
to shape and then removed. These scraps
could have served as "handles" while the pegs
were being fashioned. This is noteworthy, if
true, because it indicates that Promontory

pegs were manufactured at Gatecliff, not sim-
ply used there.
One fragment of hardwood has been care-

fully smoothed and the tip firehardened (fig.
145i). This specimen could have functioned
as a fairly rough foreshaft, or perhaps as a
snare part.

Several other pieces of cut wood were
found, but none was sufficiently diagnostic to
indicate use.

BONE ARTIFACTS

BONE BEADS

More than 90 bone beads were recovered
at Gatecliff (figs. 146 and 147). All beads are
tubular in form, except for RR2473 which
was cut from the wall of a small long bone,
probably bird (fig. 1 46t). It was generally im-
possible to identify the bones used for these
beads because they have been so highly mod-
ified. Roughly speaking, however, probably
half of the beads in Horizons 2 and 3 were
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FIG. 146. Bone beads from Gatecliff Shelter. a. 20.3/3067; b. 20.3/9689; c. 20.3/1369; d. 20.3/2787
A-B; e. 20.3/2798 A-B; f. 20.2/9634; g. 20.2/9532; h. 20.3/9690; i. 20.3/9688; j. 20.3/1301; k. 20.3/
3878; 1. 20.3/3889; m. 20.3/2707; n. 20.3/1309; o. RR2617; p. RR2621; q. 20.3/2753; r. 20.3/2698; s.

20.3/2869 A-D; t. RR2473; u. 20.3/100; v. 20.3/9691; w. 20.3/9692; x. 20.3/3071; y. 20.3/3070; z.

20.3/3171; aa. 20.3/1474; bb. 20.2/9639; cc. 20.2/9514; dd. 20.2/9530; ee. 20.3/3285 A-D; ff. 20.3/
9677; gg. 20.3/2551; hh. 20.3/3221; ii. 20.3/135 A-C; jj. RR2475; kk. 20.3/2566; 11. 20.3/3779 A-B;
mm. 20.3/1911 A-C; nn. 20.3/103; OO. 20.3/3620; pp. 20.3/3525; qq. 20.3/2578; rr. 20.3/1321. Pro-
venience: a. Horizon 1; b-j. Horizon 2; k-t. Horizon 3; u-gg. Horizon 4; hh-rr. Horizon 5.

manufactured from distal portions of jack
rabbit (Lepus sp.) tibiae. The remaining beads
were made either from cottontail (Sylvilagus
sp.) tibiae or from unidentified bird bones.
Occasionally a cottontail ulna was used. All
beads in earlier levels (Horizon 6 and below),
were made from either cottontail or bird
bones; jack rabbit bone beads seem altogether

absent in these levels. Two beads were stained
with red ocher.

In some cases, such as Horizon 4, the bone
beads had been repeatedly scored, and some
investigators have termed these artifacts
"bead blanks" (e.g., Aikens, 1970, p. 90;
Wheeler, 1'942, fig. 34). Though this is un-
doubtedly true in many cases, several of the
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--t- graphic buckskin belts from central Califor-
c nia. At any rate, all specimens have been il-

lustrated, so a further subdivision of bone
beads is not necessary.

e BONE TUBES

The Gatecliff assemblage of bone tube ar-
tifacts is restricted to Horizons 4-9. Artifact
20.3/9640 is the femur of an immature coy-
ote or dog (fig. 1 48a). The distal end has been

-_ -~ cut and finely polished, and the cancellous
Jk bone has been removed. A hole has been

drilled near the proximal end, and traces of
_ red ocher are evident on the mid-shaft. An
n
- almost identical artifact was found in the ini-

tial excavations at Lovelock Cave (Loud and

q

-

u

0 1 Ir

x

FIG. 147. Bone beads from Gatecliff Shelter.
a. 20.3/1314; b. 20.3/9694; c. 20.3/9693; d. 20.3/
1893 A-; e. 20.3/1504; f. 20.3/2577; g. 20.3/
1901 A-H; h. 20.3/1505; i. 20.3/2308;j. 20.3/560;
k. 20.3/9695; 1. RR2760; m. 20.3/7489; n. 20.3/
2313; o. 20.3/1638; p. 20.3/1640; q. 20.3/1641; r.

20.3/6596; s. 20.3/6371; t. 20.3/6335; u. 20.3/
6416; v. 20.3/1639; w. 20.3/7337; x. 20.3/9682.
Provenience: a-j. Horizon 6; k-l. Horizon 7; m-
v. Horizon 8; w-x. Horizon 9.

scored Gatecliff specimens were then pre-

pared into finished products. That is, at least
some of the Gatecliff beads were prepared
with scoring as decoration.
The bone beads at Gatecliff vary greatly in

size, from short ring-shaped forms to long
tubular beads. In addition, some of the bone
tubes probably also have functioned as or-
namental beads as well. Several beads of dif-
fering lengths were found strung together at
Hogup Cave (Aikens, 1970, p. 92), and Rid-
dell (1960, p. 73) has noted that various sizes
of bone beads were used to decorate ethno-
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FIG. 148. Tubular bone artifacts from Gatecliff
Shelter. a. 20.3/9640; b. 20.3/3095; c. 20.3/3161;
d. RR2476; e. 20.3/3546; f. 20.3/3242; g. 20.3/
9684; h. 20.3/9681. Provenience: e. Horizon 4; b,
c, d, f, h. Horizon 5; g. Horizon 6; a. Horizon 9.
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Harrington, 1929, plate 13d). The Lovelock
artifact consists of two identically prepared
coyote femurs strung together with twine and
tied to a small bundle of tule. Whatever the
function, the Gatecliff specimen was proba-
bly strung in a similar manner.
Three other rather large, cut and polished

bone tubes were also found (figs. 148b-d).
Specimen 20.3/3095 is probably a jack rabbit
(Lepus sp.) tibia. It is entirely possible that
these artifacts functioned as large beads, but
large bone tubes have also been interpreted
as sucking tubes to extract disease or cure

snakebites (Heizer and Krieger, 1956, plate
30; see also Steward, 1933, p. 313 for an ac-

count ofhow sucking tubes were used by Ow-
ens Valley shamans). Wheeler found bone and
reed tubes at Etna Cave which had been strung
together for use as loop snares (1942, fig. 26).
The conical bone tube from Gatecliff (fig.

148e) is similar to specimens recovered at
Danger Cave. Jennings suggests that this ar-
tifact may also have been a sucking tube, or

perhaps a jingle (Jennings, 1957, p. 200). Nei-
ther the Gatecliff specimen nor those from
Danger Cave show any sign of use as a smok-
ing pipe, although this possibility cannot be
ruled out.
One very large bone tube was manufac-

tured from an artiodactyl long bone (fig. 148f).
Both ends were cut and polished to a distinct
bevel, then a series of short lines were en-

graved on each end. The outer surface bears
a few cut marks, probably the result of prior
butchering. A series of seven closely spaced
punctations form a semicircle on a highly pol-
ished portion of the exterior, and the interior
has been completely hollowed out and was

slightly polished. This artifact could also be
a sucking tube, similar to those used by eth-
nographic Western Shoshone and other
groups (Steward, 1941, pp. 259-262), but we
have no direct evidence for such a function.
Two fragments of smaller tubes were also

recovered (fig. 148g, h). One of these (20.3/
9681) was neatly cut and polished; it has also
been burnt, but perhaps this occurred after it
was broken. The other specimen (20.3/9684)
has been cut and flaked, but the end was not
polished. Either specimen could possibly be
part of a smoking pipe, a curing tube, or even

a loop snare.

BONE AWLS

Eighteen awls from Gatecliff Shelter were
manufactured from artiodactyl long bone
splinters (fig. 149). The bones have been
modified to such a degree that it is generally
impossible to identify the species involved;
presumably most are bighorn metapodials.
Metapodial awls were ubiquitous among the
ethnographic Western Shoshone (Steward,
1941, p. 288), and archaeological specimens
have been recovered throughout the Great
Basin. Only the proximal (and never the dis-
tal) end of the cannon bone remains unmod-
ified on the Gatecliff specimens.
One of the awls (fig. 149a) has been

smoothed on one side only, and the reverse
surface reveals a series of short hinge frac-
tures. The bone was apparently flaked re-
peatedly into the desired shape prior to grind-
ing and polishing. Three other awls (fig. 149f,
i, and p) also have remnant flake scars. Final
smoothing appears to have been accom-
plished with a coarse stone surface, producing
deep, parallel striations (fig. 149 1, n). Only
one of the splinter awls appears to have been
deliberately fire-hardened (fig. 149m).
An almost identical splinter awl was found

in a basket-maker's kit at Lovelock Cave
(Ambro, 1970). The association with basket
manufacturing paraphernalia and the faint use
striations on the Lovelock awl suggested to
Ambro that splinter awls were used to man-
ufacture coiled basketry. All the Gatecliff awls
were examined under moderate magnifica-
tion to determine whether such striations ex-
ist. This analysis is inconclusive however,
since in many cases rodent gnawing entirely
obscured the working surface of the awl.

Use-related damage was detected on only
two cases (fig. 149h and j). Both specimens
showed Z-striations suggesting a simulta-
neous twisting and thrusting motion; this evi-
dence is consistent with the use for manu-
facturing coiled basketry, as suggested by
Ambro (1970, p. 73).
A second distinctive kind of awl was man-

ufactured from the thick portion of artiodac-
tyl scapula, but no specimen was sufficiently
complete to allow identification of species (fig.
150). Even small fragments of the 18 scapula
awls recovered can be distinguished because
of the characteristic flattening and the pres-
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FIG. 149. Splinter bone awls from Gatecliff Shelter. a. 20.3/1331; b. 20.3/3778; c. 20.3/1364; d.
20.3/572; e. 20.2/9508; f. 20.3/3123; g. 20.2/9505; h. 20.3/9637; i. 20.3/9636; j. 20.3/196; k. 20.3/2683;
1. 20.2/9374; m. 20.3/1541; n. 20.3/9639; o. 20.3/3312; p. 20.3/6369; q. 20.3/6410; r. 20.3/7383.
Provenience: a, b. Horizon 2; c, d. Horizon 3; e. Horizon 4; f-i. Horizon 5; j-n. Horizon 6; o. Horizon
7; p, q. Horizon 8; r. Horizon 9.

ence ofcoarse cancellous bone usually lacking
on most artiodactyl lone bone awls. Scapula
awls have a finer working tip than do splinter
awls, and no use striations were evident on
any of the specimens (even though they were
rarely gnawed by rodents). Scapula awls were
apparently split rather than flaked, then
shaped with a rough abrading stone. Five of
the scapula awls appear to have been hard-
ened by fire (fig. 150b, d, e, f, g).

Only one specimen (fig. 1 50j) exhibits the
characteristic L-shape common among scap-
ula awls from other Great Basin sites. It is
possible that some of the fragments come
from L-shaped awls, but others (e.g., fig. 1 50t
and cc) were quite small even when whole
and could never have been L-shaped.

Several awl tips were also recovered at
Gatecliff (fig. 150), though the fragments are
generally too small to determine which bone
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FIG. 150. Scapula bone awls and assorted awl fragments from Gatecliff Shelter. a. 20.2/9372; b. 20.3/
1348; c. 20.2/9361; d. 20.3/9638; e. 20.3/1600; f. 20.3/1406; g. 20.3/1601; h. 20.3/1315; i. 20.3/9641;
j. 20.3/3812; k. RR2672; 1. 20.3/2579; m. 20.3/1861; n. 20.3/2558; o. 20.3/3621; p. 20.3/2704; q. 20.3/
3764; r. 20.3/2145; s. 20.3/9685; t. 20.3/2221; u. 20.3/2688; v. 20.3/1841; w. 20.3/0686; x. 20.3/6408;
y. 20.3/7204; z. 20.3/6459; aa. 20.3/7033; bb. 20.3/590; cc. 20.3/6680; dd. 20.3/9678. Provenience: a-
d. Horizon 3; e-i. Horizon 4; j-r. Horizon 5; s-w. Horizon 6; x. Horizon 7; y-dd. Horizon 8.

had been used to manufacture the awls. In
every case, however, the bone was artiodactyl
but the species is unknown.
Based on data from South Fork Shelter,

Humboldt Cave, and Wagon Jack Shelter, it

has been suggested that bone awls date to the
earlier portion of the Medithermal sequence
(Heizer, Baumhoff, and Clewlow, 1968, pp.
17, 26); but these data are unconvincing. It
is true that bone awls are absent at South Fork
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FIG. 151. Various bone artifacts and by-prod-
ucts from Gatecliff Shelter. Decorated tabular bone
artifacts: a. 20.3/3780; b. 20.3/3267; c. 20.3/3803;
d. 20.3/9687. Long bone flaker: e. 20.3/6651; Ant-
ler flakers: f. 20.3/134; g. 20.3/190. Cut long bones:
h. 20.3/9679; i. 20.3/9680. Flaked long bone: j.
20.3/3549. Polished rib fragment: k. 20.3/6314.
Provenience: c, h, k. Horizon 3; j. Horizon 4; a,

f. Horizon 5; i. Horizon 6; b, g. Horizon 7; e.

Horizon 8.

Shelter above the 30" level, but so are almost
all mammal bones. If the authors are correct
in concluding that mammal hunting in gen-

eral decreased during later times at South Fork
Shelter, it follows that tools made of large
mammal bones would also decrease in abun-
dance in later times at the same sites.

Bone artifact distributions at Gatecliff
Shelter and numerous sites throughout the
Great Basin also fail to suggest an early date
for the use of bone awls. At Humboldt Cave,
Heizer and Krieger (1956, p. 29) discuss only
the dating of the L-shaped awl, a form absent
at South Fork Shelter; in addition, the dating
of individual artifacts at Humboldt Cave is
quite tenuous, the excavators suggesting only
that L-shaped awls "were deposited within
the span of the Christian Era" (Heizer and
Krieger, 1956, p. 83). Wagon Jack Shelter is
of little assistance either, since only three awl
fragments were recovered (Heizer and Baum-
hoff, 1961, p. 134). The variability within
individual sites is more likely the result of
changes in specific site function than any re-
gional temporal change.

MISCELLANEOUS BONE
ARTIFACTS

Four finely-worked, tabular bone artifacts
were recovered. Specimen 20.3/3267 is a
boat-shaped piece of artiodactyl long bone,
carefully smoothed with nine transverse par-
allel grooves deeply incised into one surface
(fig. 15 1 b). Traces ofred ocher remain in these
grooves. A second broken piece (20.3/3780)
has a squared-off end and is highly polished
(fig. 151 a). A series of parallel marks have
been added along each margin; these cuts are
shallow and appear less deliberate than the
grooves on 20.3/3267. The reverse side was
not well polished and traces ofrough shaping
(probably with a stone abrader) are clearly
evident. The other pieces (20.3/3803 and
20.3/9687) are larger and crudely manufac-
tured (fig. 1 5 1 c, d). Made of artiodactyl long
bone fragments, these artifacts were shaped
by rough percussion flaking. The edges and
ends were slightly polished, either from man-
ufacture or use, and traces of red ocher re-
main in the cuts and depressions.

Small bone artifacts of this nature are con-
ventionally interpreted as gaming pieces or
counters similar to those used by ethnograph-
ic Western Shoshone (Steward, 1941, pp. 303-
304). Similar specimens have been found at
various sites throughout the Great Basin, in-
cluding Danger Cave (Jennings, 1957, fig.
180), Promontory Cave No. 1 (Steward, 1937,
fig. 8), O'Malley Shelter (Fowler, Madsen, and
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FIG. 152. Incised clay fragments from Horizon
3 at Gatecliff Shelter. a, b. 20.3/6315.

Hattori, 1973, fig. 21), Pine Park Shelter
(Rudy, 1954, fig. 16b, d), and the Karlo site
(Riddell, 1960a, pp. 71-72).
Three additional bone artifacts appear to

have been used as flakers (fig. 15 le-g). One
(20.3/6651) is an artiodactyl long bone frag-
ment which has been shaped by grinding and
then highly polished. Unlike the tips of the
bone awls recovered at Gatecliff, this speci-
men is rounded and appears to have been
damaged (as if used to pressure flake stone
tools). Extensive rodent gnawing obscures
much of the working surface. Two antler ar-
tifacts (20.3/134 and 20.3/190) have been
ground to a flat, rounded tip. Their actual use
is unknown, but similar artifacts have been
interpreted as flakers at several other Great
Basin sites including Gypsum Cave (Har-
rington, 1933, fig. 42b), Deer Creek Cave
(Shutler and Shutler, 1963, plate 9g), Prom-
ontory Cave No. 1 (Steward, 1933, fig. 9),
and Roaring Springs Cave (Cressman, 1942,
fig. 28).
A number ofbone scraps were found which

indicate techniques of bone tool manufac-
ture. Two artiodactyl long bone fragments
(fig. 151 h, i) were repeatedly scored and then
broken. We suspect that these are by-prod-
ucts from the manufacture oflarge bone tubes
(see fig. 148). These scraps are of interest be-
cause they indicate that actual tool manufac-
ture, rather than mere tool use, occurred on
site. Jennings found similar cut bone scraps
at Danger Cave (1957, plate 175).
Another artiodactyl long bone fragment

(20.3/3549) shows repeated flaking on one

end, as if the bone had been intended for use
as a scraper or flesher (fig. 15 lj). Ad hoc tools
of this nature can easily escape detection, yet

they become relevant for functional inter-
pretation significant of various occupations.
Specimen 20.3/6314 is an artiodactyl rib
fragment which has been polished and striat-
ed; perhaps it was used in hide preparation
(fig. 15 1k).
Three fragments ofocher-stained bone were

also found in the Gatecliff deposits. The bones
are simply long bone splinters and show no
further evidence of modification.

MISCELLANEOUS GATECLIFF
ARTIFACTS

LEATHER PATCH

A leather fragment (20.3/3805) measuring
70 by 41 mm. was found in the packrat nest
at the rear of Gatecliff Shelter; provenience
is probably Horizon 1, but we cannot be cer-
tain. Two margins have perforations, spaced
at 10-15 mm. intervals. Traces of cordage
are evident in three of the holes, and one
piece of cordage is secured with a simple
overhand knot. One side is colored with a
red-orange ocher stripe. This artifact appears
to be a leather patch, probably for use on foot
gear.

CERAMICS

Only three undecorated sherds were re-
covered at Gatecliff, all occurring in Horizon
1. The largest sherd is typical Shoshone ware,
showing finger modeling marks and finger-
prints on the exterior; the interior is black-
ened. A second sherd is similar, and has a
charred black substance adhering to the inner
surface. The third sherd is only about finger-
nail size and exhibits a tan polished exterior
which may have been burnished.

INCISED CLAY OBJECTS
Two tabular pieces ofred clay were incised

on both sides with parallel lines (see fig. 152).
The artifacts, found in Horizon 3, are friable
and do not appear to have been fired. Al-
though the two pieces do not fit together, it
is possible they are both fragments of the
same tablet.

GLASS BEAD

A single trade bead (20.3/1376) was found
at Gatecliff. The large, white, opaque bead
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TABLE 66
Chippage Frequencies and Weights for the 16

Horizons at Gatecliff Sheltera

Total Mean
Weight Weight

Horizon Frequency (grams) (grams)

1 244 75.2 0.297
2 (2500) (1315.6) (0.526)
3 (3268) (1375.6) (0.420)
4 (3168) (1675.6) (0.521)
5 (4124) (1848.0) (0.448)
6 (15,876) (5903.2) (0.372)
7 47,131 16,650.5 0.353
8 20,517 5509.1 0.269
9 1931 267.4 0.138
10 231 39.3 0.170
11 16 24.4 1.526
12 1291 468.4 0.363
13 836 468.5 0.560
14 1950 153.4 0.079
15 42 31.8 0.758
16 35 3.1 0.088

Grand total 103,160 35.809.1 0.347
a Figures in parentheses indicate estimates based on a

25% sample; limestone/sandstone "metate flakes" ex-
cluded from these counts.

was found in Horizon 2, obviously mixed
from the upper level.

UNMODIFIED DEBITAGE
Unmodified debitage was abundant at

Gatecliff Shelter, and all flakes that did not
pass through a ¼/8-inch screen were saved. The
collection of debitage from Gatecliff Shelter
has been stored at the American Museum of
Natural History for future study.

Table 66 presents the frequencies and gross
weights of the debitage recovered from Gate-
cliff Shelter. The figures for Horizons 1 and
7-16 are based on actual counts and weights;
the figures for Horizons 2-6 are estimates
based on a 25 percent sample drawn from
trenches A, C, and E. Although these gross
estimates are undoubtedly subject to sam-

pling error, the estimates on table 66 are rea-
sonably accurate.
A number ofqualitative observations based

on this chippage have been included in the
spatial analysis (chaps. 21-23), but a com-
prehensive, detailed analysis of the debitage
has not been undertaken. It would be useful
to obtain some quantitative measure of the
staging behavior reflected by this debitage
without resorting to a full-scale, flake-by-flake
analysis. One rather quick-and-dirty method
is to compute the mean flake size per horizon.

It is generally accepted in the archaeolog-
ical literature that the size of waste flakes
produced in the manufacture of bifacial tools
tends to decrease systematically from the ini-
tial through final stages of manufacture. That
is, waste flakes from bifacial artifacts tend to
become smaller as the artifact is progressively
thinned and shaped.
A number ofinvestigators have argued that

this systematic reduction in flake size can be
used to distinguish sequential stages in biface
manufacture (Newcomer, 1971; Katz, 1976;
Pokotylo, 1978; Burton, 1980; Stahle and
Dunn, 1982). Although there is not complete
consensus on this point (cf. Magne, 1981),
the available experimental and observational
data seem to justify using mean flake size as
a very general indicator of bifacial staging
behavior.

Table 66 provides the estimated mean flake
weight for the 16 Gatecliff Shelter horizons
(see also tables 85, 87, and 89; figs. 220, 224,
231). By assuming that flake size is, to some
degree, correlated with a progressive lithic
reduction strategy, it is possible to obtain
some very preliminary indication of lithic
staging behavior on the various horizons (see
also chap. 20). But keep in mind that mean
flake size is a very gross indicator, to be used
only in the most cautious fashion.

Perhaps more important, a demonstrable
size-sorting effect is operative on the Gatecliff
material culture (chap. 20-23), and the mean
flake size is an extremely useful and sensitive
indicator of intra-site patterning and debris
disposal behavior at Gatecliff Shelter.
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CHAPTER 15. ROCK ART OF GATECLIFF SHELTER

TRUDY THOMAS

When Gatecliff Shelter was discovered in
1970, portions ofthe "ceiling" stood less than
2 m. above ground level, but the shelter soil
sloped away from the walls to reveal a variety
of painted designs, including lines, dots,
handprints, and anthropomorphs. Damage
to the interior was extensive, primarily due
to the collapse ofa large section ofceiling and
wall during Horizon 1 times, an event which
appears to have demolished at least one-third
of the originally decorated surface. Because
painted chert fragments were recovered from
the datable roof fall, we know that at least
some (and probably most) designs on the walls
of Gatecliff Shelter had been applied prior to
A.D. 1300 (see chaps. 3 and 8).
The images on the existing interior surfaces

had been painted in white, red, yellow, and
orange pigments. Although black paint is not
present on the walls or ceiling, it was, none-
theless, used to decorate two small stones
bearing incised designs. These stones, re-
covered from Horizon 4 (a cultural unit de-
posited prior to A.D. 700) exhibit incised de-
signs which were superimposed upon the
painted motifs. One of the painted designs is
a simple zigzag and the other is a circle with
radiating lines-a motifcommonly described
as a sun disk (Heizer and Baumhoff, 1962, p.
77). Neither motif is found on the existing
walls of Gatecliff Shelter.

Goethite and lepidocrocite were mixed to
obtain yellow paint, whereas hematite, lepi-
docrocite, and goethite were used for red;
these red and yellow minerals were mixed
together to obtain orange (see chap. 19). A
combination of aragonite, gypsum, and an
alum (halotrichite-pickeringite) served as the
white paint and also formed the binder for
all the pigments at Gatecliff (Koski, McKee,
and Thomas, 1973). All of these materials
are available throughout the area, and a local
hot spring has been suggested as a possible
source for the binder minerals.
Most motifs at Gatecliff (48 of 53) are of

a single color, and no painted design used
more than two colors. In the motifs consist-
ing of two colors, white was the preferred

second color in four of five cases. Shades of
red vary, suggesting that different mixtures
of the same color were applied, perhaps at
different times. Red and white are the most
popular colors, accounting for 78 percent of
the total number of motifs; orange accounts
for 7 percent of the motifs and was used only
in conjunction with human figures. Four out
of 10 humans are orange or have orange con-
stituent parts.

DISTRIBUTION OF MOTIFS

Fifty-three recognizable images compris-
ing 13 different motifs can be identified at
Gatecliff (see fig. 153), along with several un-
definable colored blotches. The two most
popular motifs are human anthropomorphs
(18 percent of the total recognizable motifs)
and linear arrangements of like units (i.e.,
dots or lines), which comprise 28 percent of
the motif inventory. The "cupule" motif ac-
counts for 11 percent of the motif count,
handprints comprise 9 percent, and bisected
chevrons form 7 percent of the total (see fig.
153 for a motifinventory from GatecliffShel-
ter). These motifs are common to petroglyph
sites in Monitor Valley. Forty-three percent
of Gatecliffs painted images (23 of 53) cor-
respond to Heizer and Baumhoffs (1962)
Rectilinear Abstract Pecked style of Great
Basin rock art, whereas 36 percent (19 of 53)
are Representational, and 21 percent (11 of
53) are Curvilinear Abstract forms.
The "cupule" motif, an inverted U-shaped

Curvilinear Abstract image with a central dot
or line, has been interpreted by some scholars
as a fertility symbol or vulvaform in both the
Old World (Giedion, 1962), and the New
World (Davis, 1961; Payen, 1968). "Cu-
pules" occur in profusion at the nearby Hick-
ison Summit and Northumberland Canyon
petroglyph sites, where they appear to have
been intimately related to the mechanics of
an aboriginal communal hunting technique
based upon a combination drive and am-
bush. In this regard, "cupules" have been
postulated as a symbol referring to the at-
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Rectilinear Curvilinear Representational
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FIG. 153. Motif chart illustrating designs painted on the Walls of Gateclit Shelter.

FIG. 154. Schematic diagram of Gatecliff Shelter, showing placement of the various numbered rock
art panels.
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FIG. 155. Rock art panel 1 at Gatecliff Shelter. These ceiling paintings depict cupules, human stick
figures with raised arms, and a red projectile point, as well as linear series of dots and lines. Both of the
human figures lack digits, genitalia, and purposeful shaping of the limbs and torsos; both hold uniden-
tifiable objects in their left hands.

tainment of desired objectives (T. Thomas,
1976). The six "cupules" at Gatecliffare clus-
tered immediately adjacent to a projectile
point and two human stick figures with raised
arms (see fig. 155).
Two images of projectile points are de-

picted at Gatecliff. One occurs very low on

the wall, not far above the present ground
level, and the other is drawn on the ceiling
adjacent to the stick figures and "cupules"
described above (see fig. 155). Both are paint-
ed red, with tips pointed upward. Their sil-
houettes seem to correspond to the Gatecliff
Split Stem and Elko series types, suggesting

I
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FIG. 156. Rock art panel 2 at Gatecliff Shelter,
consisting of several series of linear marks, one of
which was sampled for X-ray diffraction analysis
(see chap. 19). The results of this pigment analysis
suggest that mineral compositions differ within a
single row, and that some of the lines may have
been made with different paint mixtures. Thus a
visually cohesive set of marks (a "motif') might
actually be composed ofdiscrete elements marked
at different times, not necessarily representing a
single marking episode.

a date from about 2500 B.C. to A.D. 700 (see
chap. 9). Thomas and Thomas (1972) have
also reported painted projectile point repre-
sentations from nearby Toquima Cave (see
Part 3 this series). Although an image of a
datable object does not necessarily date the
art, it does provide an early cutoff date, prior
to which the motif cannot have been made.
Thus, the projectile point images at Gatecliff
were almost certainly painted sometime after
2500 B.C.

GATECLIFF ANTHROPOMORPHS

Rusco (1973) has defined several types of
anthropomorphs in Great Basin rock art, two
of which are found at Gatecliff. Five of

Gatecliffis human figures correspond to Rus-
co's Type IIB category (see figs. 159, 160,
162). They have oversized digits conspicu-
ously represented, along with protruding gen-
italia and shaped torsos with narrow waists;
all are red or orange. Three are depicted wear-
ing elaborate headdresses denoting, perhaps,
shamans or mythical beings; one of these
headdresses appears to consist of downward
curving horns. All exhibit shaping of arms
and shoulders, as well as strong definition of
the leg-torso juncture. Legs are spread apart
and arms extend out to each side and down-
ward. A sixth example of this type has been
painted yellow and has upward reaching arms
with no discernible digits. It can be placed in
Rusco's Type IIB category on the basis of the
relative realism of its anatomical propor-
tions.
Two of the Gatecliff anthropomorphs cor-

respond to Rusco's Type JAb category (fig.
1 5 5). Both are asymmetrical human stick fig-
ures lacking digits, genitalia, and purposeful
shaping of limbs or torsos. Legs are spread
apart, arms extend outward and slightly up-
ward, and both figures appear to be holding
unidentifiable objects in their left hands.

It is perhaps significant that both human
stick figures are painted white and occur on
the ceiling in the westerly sector ofthe shelter,
whereas all the realistically proportioned hu-
man figures are painted on the walls in the
central section and tend not to be rendered
in white. The eastern section of the shelter is
not decorated. Furthermore, the westerly
grouping of motifs exhibits less crowding of
designs and no superposition, and the central
section exhibits superposition in five cases
involving anthropomorphs, as well as several
other instances of faded or otherwise inde-
terminate renderings. Superimposition as a
style criterion appears, therefore, to correlate
with realistically proportioned Type IIB an-
thropomorphs, but not with the Type lAb
asymmetrical human stick figures at Gatecliff
Shelter. Since superposition of Gatecliff an-
thropomorphs involves only the bodily ex-
tremities in four of five cases (i.e., arm, hand,
foot, tail, or head), it seems likely that oblit-
eration of earlier images by later ones was
not the primary objective. On the contrary,
it is equally plausible that a conceptual link-
age of images was being effected through su-
perposition. It should be noted that four of
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white ccorner,
___ crack or fissure
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FIG. 157. Rock art panel 3 at Gatecliff Shelter, consisting of several linear series of marks.

the 10 anthropomorphs are shown singly,
while six are depicted in pairs.
Two human figures at Gatecliff are unique

and do not correspond to any of Rusco's cat-
egories (see fig. 161). The first of these pos-
sesses proportioned arms and torso, but lacks
digits. The head is a conically-shaped pro-
tuberance extending above the shoulders, and
an extremely long extension between the legs
might well represent a tail rather than geni-
talia. In any case, this figure appears less hu-
man than all other anthropomorphic repre-
sentations at the site.
The second unique anthropomorph at

Gatecliff has a broad body, relatively large
head, and an orange sphere placed in the cen-
ter of the head and another between the legs;
otherwise, the body is white (fig. 160, top).
The torso-legjuncture has been differentiated
by slight bulges as in the Type IIB specimens,
but the legs extend straight downward, rather
than spreading apart as in all other human
figures. Arms extend out and slightly down-
ward, and it appears to hold an unidentifiable
orange object in its left hand.

It should be noted that a single Gatecliff
human figure, painted red and assigned to
Type IIB, is similar to Schaafsma's (1971)
Western Virgin Kayenta style anthropo-

morphic figures in its downward curving head
ornamentation. It has here been assigned to
Rusco's Type IIB on the basis of its natu-

0 cm. 25

white t -ii iiiiiSred

; corner,
crack or fissure

FIG. 158. Rock art panel 4 at Gatecliff Shelter.
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FIG. 159. Rock art panel 5 at Gatecliff Shelter, consisting of human hands, nested crescents and
linear series of marks. Three anthropomorphs are depicted; two of these figures wear headdresses, one
consisting ofdownward curving elements somewhat reminiscent of ram's horns. All three human figures
have exaggerated digits, protruding genitalia, and shaped torsos and limbs.

ralistic body proportions and its prominently
depicted hands and feet with exaggerated dig-
its.

Eight of the 10 human figures at Gatecliff
are characterized by relative realism in ana-
tomical proportions, whereas only two ex-
amples can be classified as stick figures. Plain
stick figures of the Gatecliff type (similar to

Rusco's Class JAb) are common in many parts
of western North America (Eric Ritter, per-
sonal commun.). They are found widely dis-
tributed throughout west-central Nevada, as
well as in the northwestern and southeastern
portions of the state, but they are not found
in eastern or northeastern Nevada (Rusco,
1973). However, eight of the 10 Gatecliff an-

T..
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FIG. 160. Rock art panel 6 at Gatecliff Shelter, showing two anthropomorphs. Lower figure corre-
sponds to those shown in panel 5 (fig. 159), possessing exaggerated digits, shaped limbs and torso, and
realistic anatomical proportions. The upper human figure, by contrast, has a relatively broad body and
head, the torso showing only slight shaping. This anthropomorph is painted white, and holds an un-
identified object in its left hand.

thropomorphs are Type IIB human figures terized, in part, by anthropomorphs with
which have a much more restricted distri- downward curving arms and exaggerated dig-
bution, occurring almost exclusively in its, and also includes the Western Virgin Kay-
southeastern Nevada (after Rusco, 1973). The enta type of human figure with downward
rock art of southeastern Nevada is charac- curving head ornament. The Western Virgin
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FIG. 161. Rock art panel 7 at Gatecliff Shelter, depicting paired chevrons, linear sequences of dots
and lines, and a single anthropomorphic figure. The elongated head and tail-like extension between the
legs make the identification as a human being somewhat questionable, although the shaped torso and
limbs make it stylistically similar to other human representations at Gatecliff.

Kayenta rock art style probably began ca. On the basis of geographical distributions
A.D. 1000 and ended sometime in the twelfth of anthropomorphic types as presented by
century A.D. Rusco (1973), we must postulate a south-
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FIG. 162. Rock art panel 8 at Gatecliff Shelter, showing hands, nested crescents, and two anthro-
pomorphic figures with proportioned bodies and headdresses. One human figure also displays prominent
digits on all four limbs.

eastern relationship for the realistically pro-
portioned human figures at Gatecliff Shelter.
The two stick figures belong to a much more
widely dispersed style category which at one
time extended throughout much ofthe Great
Basin.

ROCK ART AND INCISED STONE
SIMILARITIES

Four of the 13 motifs painted on the walls
of Gatecliff Shelter also appear on the incised

stones found in the buried deposits: the base-
line (or datum), the row of lines, the chevron,
and the circle. These four motifs, which also
function as basic structural elements in the
incising tradition, comprise nearly one-fourth
(13 of53) ofthe total wall art motifinventory,
suggesting that a definable body of visual
symbolism at this site transcended techno-
logical boundaries.

In addition, the results of pigment analysis
suggest that similar sequential marking strat-
egies characterized both the non-portable

I8
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painted rock art and the portable incised
stones (see chap. 19). The design chosen for
analysis was a Rectilinear Abstract motif
consisting of a linear arrangement of visually
identical straight line elements, each ofwhich
was approximately the same height and slant
and was painted the same color (yellow) (fig.
156). The results show that the mineral com-
positions of each of several lines in the series
differ from one another suggesting that at least
some ofthe visually identical marks were ac-

tually made with different mixtures of paint.
That is to say, a visually cohesive set ofmarks

that we have termed a motif was, in fact,
composed ofdiscrete units that appear to have
been differentiated from one another tech-
nologically, and perhaps temporally, as well.
The amount of time that elapsed between
marking episodes cannot be determined, but
it is plausible that the marking strategy con-

sisted of the accumulation of cognitively and
behaviorally separate units. The implications
of these findings are significant in terms of
analogies that can be drawn with the incised
stones recovered from the archaeological de-
posits at Gatecliff Shelter (See chap. 17).
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CHAPTER 16. MICROWEAR ANALYSIS OF
GATECLIFF LITHICS

ROBERT R. ROWAN AND DAVID HURST THOMAS

The material culture from Gatecliff Shelter
has been described in a series of morpholog-
ical, temporal, and technological types in ear-
lier chapters. At this point, it is useful to ana-
lyze these same artifacts from yet a different
perspective. Specifically, we are interested in
the degree to which morphological categories
corresnond to actual traces of edge damage
found on these tools. Although the potential
for microwear studies on stone tools has been
recognized for a long time, wear pattern anal-
ysis over the past two decades has yielded
overwhelmingly ambiguous results (see Bin-
ford, 1978c, p. 7): a variety of activities can
generate similar wear patterns and, converse-
ly, similar activities are known to generate
different wear patterns, depending on the ad-
ditional variables involved.

Yet, so long as the hazards ofmethodology
and interpretation are considered, microwear
studies may yield substantive information.
Previous investigators have isolated three ba-
sic categories of edge damage: abrasion and
polish, wear striations, and microscarring.
Each form of edge damage tends to record a
different kind of information regarding the
past history of that tool.

Traces of edge abrasion and polish have
long been recognized as useful in wear pattern
studies, but rarely are such patterns suffi-
ciently specific to establish unequivocally the
nature ofthe worked material or the direction
of the tool movement. That is, patterns of
abrasion and polish on tool surfaces are not
necessarily task-specific. Although Keeley
(1978, 1980) has had a laudable degree of suc-
cess in linking polish with differential use, his
results are complex and have yet to be gen-
eralized. Such methods do not hold great
promise for large and varied assemblages such
as those from Gatecliff Shelter.
The study ofwear striations-minute lines,

scratches, or grooves on stone tools-was
popularized by Semenov (1964, p. 4) and for
a time, microwear studies examined little else.
Generally formed by presence ofgrit between

the tool and worked material (Hayden and
Kamminga, 1973, p. 7; Semenov, 1964, p.
15), striations can reliably indicate the direc-
tion of tool use. But by themselves, striations
provide little or no indication of the nature
ofthe material worked. In addition, striations
can also be produced during edge grinding or
"scrubbing," a technique designed to
strengthen the edge platform prior to fine
pressure flaking (Keeley, 1974, pp. 126, 127).
Striations are also often difficult to observe
systematically without time consuming and
costly techniques; such studies, however,
often fail to find sufficient striations to gen-
eralize the results (e.g., Ahler, 1970). Tools
manufactured from relatively soft materials
such as obsidian are most susceptible to stria-
tions. Artifacts made from harder and more
coarse-grained cherts and quartzites become
striated less frequently and rarely provide re-
liable microwear data (MacDonald and San-
ger, 1968, p. 237; Odell, 1975, p. 234; Wylie,
1975, p. 22).
Tringham and her associates (1974, p. 175)

suggest that microscarring is "potentially the
most useful criterion in the identification of
wear patterns." Tringham's replicative ex-
periments show that enormous variability
exists in the shape, size, and distribution of
microscars due to wear; this variability can,
in some cases, be directly related to both the
nature of the worked material and direction
of tool use. Microscars also seem, in many
cases, to be directly related to function-spe-
cific activities.

All three avenues of microwear analysis
have been applied to the lithics recovered at
Gatecliff Shelter. Emphasis has been primar-
ily on locating and documenting traces ofsuch
wear; the interpretation of these traces, how-
ever, poses particular problems. We follow a
generally conservative course in this analysis
emphasizing replicability and deemphasizing
firm interpretation whenever the evidence
seems equivocal.
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FIG. 163. Electron photomicrographs, showing various forms of edge attrition. ROUNDING: Distal
views of projectile point tips rounded by abrasion. a. 20.3/2069 (22X); b. 20.3/7355 (35X). BLUNTING:
Medial views of projections on the edges of fine percussion blanks apparently blunted during use. c.
RR2493 (14X); d. 20.3/130 (14X). FACETING: Distal views of projectile point tips apparently faceted
during use. e. 20.3/3386 (22X); f. 20.3/2118 (28X).

METHODS

Every chipped stone tool excavated at
Gatecliff Shelter was examined microscopi-
cally for traces of edge damage, and these

observations were recorded on standard (5 X
8 in.) artifact cards. In all cases, artifacts were
examined with a variable-power binocular
microscope: most observations were made at
approximately 20X, a magnification consis-
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FIG. 164. Electron photomicrographs, showing various forms of edge attrition. SMOOTHING-POLISH:
a. surface polish evident on flake ridge scars on a projectile point base (20.3/1594); note particularly
that the polish is largely restricted to the high spots of the surface, 14X; b. view of the medial edge of
a projectile point tip (20.3/6347) that illustrates the effect ofabrasion; the serrated tips have been rounded,
blunted, and polished, and wear extends into the interior of the flake ridge scars, 13X. GRINDING: c. view
of the basal tang of a projectile point (20.3/2795) which has-been ground for hafting lOX; d. basal tang
ofa projectile point (20.3/3569), which has been intentionally ground, creating a coarse, granular surface,
40X. CRUSHING: Views of projectile point tips which have been laterally crushed. e. 20.3/1599 (22X); f.
20.3/2929 (22X).

tent with the work of many others (for ex- ger, 1968; Wylie, 1975). Although work at
ample Semenov, 1964; MacDonald and San- higher magnification certainly has promise
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(for example, Keeley, 1978), worthwhile (if
limited) results can be obtained from lower
magnification.
A high intensity lamp was used to illumi-

nate the artifact under examination. The ar-
tifact was moved a number of times during
the analysis in order to vary the intensity and
angle of the reflected light. We agree with
Wylie (1975, p. 2) that variable lighting is at
least as important as the actual magnification
involved.

Perhaps the greatest difficulty in compar-
ative analysis of wear patterns is the lack of
precise and standardized terminology. In an
effort to standardize our own results for
GatecliffShelter, we have assembled a graph-
ic glossary ofthe definitions used in our anal-
ysis. Each term is defined below and illus-
trated with one or more photomicrographs
taken by a Scanning Electron Microscope. The
SEM did not prove to be a particularly useful
analytical device (mainly because ofthe time
and expense involved); however, the high
resolution photographs are far superior to
those taken by light microscopy. The follow-
ing terms have been used to describe the ob-
served wear patterns on stone tools found at
Gatecliff Shelter:

Rounding-blunting (fig. 163a, b, c, d): Mod-
ifications by abrasion cause edges to be-
come rounded and blunted along a fairly
even curve; unworked edges and projec-
tions intersect at sharp angles and points
(Ahler, 1970, p. 38).

Faceting (fig. 163e, f): Projections or edges
appear to have been flattened as seen in
profile, suggesting a lack ofpenetration into
a worked material at a constant use angle
(Ahler, 1970, p. 38).

Smoothing-polish (fig. 164a, b): Smooth and
shiny surfaces result from abrasion.

Grinding (fig. 164c, d): A coarse granular sur-
face results from abrasion; the term spe-
cifically relates to the intentional edge
damage which often occurs on bifaces and
projectile points during the manufacturing
process or for hafting purposes (Ahler,
1970, p. 39).

Crushing (fig. 164e, f): Ragged, uneven edges
result; they can usually be detected mac-
roscopically; flake scars are not uniform in
size and tend to be step-shaped.

Nicking (fig. 165a, b): Crescent or wedge-
shaped segments are broken off the edges,
often as a result of lateral or longitudinal
forces (Elston et al., 1977, p. 37).

Nibbling (fig. 165c, d): This generally results
in a series of small flake scars, nearly the
same size and caused by pressure from
transverse action (Elston et al., 1977, p.
37).

Striations (fig. 165e, f): Minute lines, scratch-
es or grooves on a tool surface which prob-
ably are the result of grit caught between
the tool and the material being worked (Se-
menov, 1964, p. 4).

The stone tool collection at Gatecliff Shel-
ter is too large to permit discussion of wear
patterns observed on each artifact. Rather,
we will present our findings as they relate to
specific research questions which were posed
prior to the analysis.

In general, the concern was with the degree
to which morphological categories may re-
flect function. For example, were the bifacial
"knives" from Gatecliffreally used as knives?

In addition, wear patterns on specific ar-
tifacts are discussed in chapter 21, as part of
the spatial analysis of specific horizons at
GatecliffShelter. In all cases, the terminology
used is consistent with the glossary just pre-
sented above (see figs. 163-165).
The analysis revealed that a number of

manufacturing stage bifaces had distinctive
wear patterns, often suggestive of cutting and
scraping activities. Had we restricted our at-
tention to "finished tools," a large number
of utilized artifacts would have been over-
looked. For comparative purposes we think
it worthwhile to examine as wide a range of
lithic material from a single site as possible.

WERE KNIVES USED FOR
CUTTING?

All the finished bifacial knives from
Gatecliff Shelter were examined for traces of
distinctive wear damage. In this case, we were
looking to see whether these tools had ac-
tually been used in a sawing or cutting mo-
tion. Specifically, we were looking for evi-
dence to answer the following questions:
a. Was the tool utilized at all?
b. If so, what part of the tool contained the

wear?
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FIG. 165. Electron photomicrographs, showing various forms of edge attrition. NICKING: a. view of
the edge of a uniface (20.3/7315); note the wide range in both the size and shape of the microscars, 8X;
b. edge of a utilized flake (20.3/2856) which has been nicked, 14X. NIBBLING: c. the working edge of a
uniface (20.3/1489); note the difference in size between the retouch and the small step scars which are
indicative ofhard wear (note also the lack ofsuch microscars within the concavities ofthe retouch scars),
20X; d. view of the working edge ofa uniface (20.3/2763); note how the microscars appear only as slight
nibbling, suggesting soft wear usage, 13X. STRIATIONS: e. oblique striations on the shoulder ofa projectile
point (20.3/3178), lOX; f. close-up of striations on the same obsidian projectile point as in e, 45X.

c. What is the nature of the edge damage?
d. What kind ofaction and what sort ofwork

materials could produce such damage?

e. Were these tools hafted?
f. Is there an apparent correlation between

form and function?
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The framework for this study was based on
previously published work, especially that of
Semenov (1964), Hester (1970), Tringham et
al. (1974, p. 188), and Wylie (1975). Cutting
may be defined as the one-way longitudinal
movement of a tool which is held at various
angles to the worked material (Tringham et
al., 1974, p. 188). Sawing is a two-way lon-
gitudinal action where a tool is held at a 900
angle to the worked material (Tringham et
al., 1974, p. 188).
The most readily observable microwear

evidence for distinguishing transverse from
longitudinal action is the location and shape
of microscars. Tools used in a longitudinal
motion, such as cutting or sawing, exhibit
microscars near the working edge on both
faces. Whereas no particular scar size or shape
can be directly linked to the longitudinal ac-
tion, there are certain tendencies. Transverse
action produces microscars which are vir-
tually all scalar or step-shaped; those result-
ing from longitudinal action generally pro-
duce triangular scars, often appearing as nicks
in the tools. When present, striations are as-
sociated with transverse or scraping action
perpendicular to the tool edge. Striations re-
sulting from cutting are oblique, indicating
the changing tool direction (Wylie, 1975, pp.
6-7). Sawing tends to produce parallel edge
striations (Wylie, 1975, pp. 6-22; Semenov,
1964, p. 106). In all cases, extreme caution
must be exercised in interpreting such stria-
tions. In point of fact, striations were vir-
tually absent in all Gatecliff artifacts, so we
were forced to rely on other evidence to in-
terpret the function ofthe Gatecliff"knives."

Microscars were rarely present on Gatecliff
knives, and the wear patterns as such were
generally restricted to abrasion and polish.
This is unfortunate because these traces are
much less task-specific than microscars, since
they can be produced under a wide variety
of circumstances (Sheets, 1973; Crabtree,
1974). Viewed in isolation, solely as a wear
feature, abrasion and polish are insufficient
variables to permit precise designations of
action and worked material. Nevertheless
abrasion and polish can be useful if attention
is paid to the shape of the wear and its lo-
cation on the tool (Odell, 1975, p. 230).
Wear patterns could be observed on 11 of

the 16 specimens recovered from Gatecliff.
This edge damage consisted primarily of dis-
tal rounding and polishing, blunting and pol-
ish on lateral edge protrusions, occasional
edge nicking, and occasional polish of inte-
rior surface flake ridges. These findings are
remarkably similar to those reported by Hes-
ter (1970, pp. 46-47) in his study of hafted
and unhafted bifaces from Humboldt and
Lovelock caves. The shape and location of
the wear features noted by Hester are suffi-
cie,ntly similar to those present on the Gate-
cliff specimens for us to conclude that prob-
ably all of these bifaces functioned as knives.
The presence of distal rounding and polish
suggests tool penetration into a relatively pli-
able medium, such as hides and flesh. The
shape of the blunted lateral projections sug-
gest longitudinal rather than transverse ac-
tion. Although the microwear evidence is
hardly definitive, it seems safe to conclude
that the Gatecliff "knives" were indeed used
in cutting activities.

Because the microwear evidence on the
Gatecliff knives was primarily restricted to
abrasion and polish, we do not feel confident
in distinguishing between "hard" and "soft"
use. The available evidence also does not per-
mit us to distinguish the longitudinal cutting
recognized on the knives from the transverse
scraping patterns (to be discussed below).
A few of the Gatecliff knives (especially

20.3/140 and 20.3/3480) show wear patterns
suggestive of multipurpose use. Like the oth-
er knives, these tools show lateral edge blunt-
ing and polish plus occasional edge nicking
and surface polish. Note on figure 90 that the
tips of several of these bifaces were not man-
ufactured to a sharp point, but rather delib-
erately fashioned into blunt-ended tools. A
most unusual feature is the heavy blunting
and polish along the base of the tool; stria-
tions occasionally occurred perpendicular to
this lower edge. The presence ofthis proximal
wear strongly suggests that these tools were
not hafted. It seems that these multipurpose
knives were used as butchering tools, but in
several ways. The lateral edges have appar-
ently been utilized for cutting, and the base
was used for scraping. As Frison has pointed
out (1978, p. 219), worn out tools that are no
longer useful for one kind of butchering ac-
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tivity may be perfectly suited for other tasks
in the butchering process.
For comparative purposes, a number of

utilized flakes from Gatecliff were also ex-
amined. Microscars were common on the uti-
lized flakes, and those which had been uti-
lized in a longitudinal direction have
microscars on both faces. The size and shape
of these scars are much more variable than
are those which appear on the scraping tools
(discussed below), and no striations were
present. Polish was occasionally present along
the margin of the utilized flakes, but not to
the extent found on scraping tools. Utilized
flakes are probably more prone to micro-
scarring than bifaces because ofthe thin edge
and acute edge angle; if the two were sub-
jected to the same forces, the flake would
probably be microscarred while the stronger
biface would be abraded and polished.
We must stress the limitations in studies

such as this. The presence ofdiagnostic abra-
sion, polish, and microscarring certainly can
be taken as indicative oflongitudinal use, but
the absence of such scars does not mean that
the tool was not used in that fashion. Hester
et al. (1976) for example, utilized an obsidian
tool kit in a deer skinning experiment. It
turned out that flake tools were much more
effective than bifaces in carrying out the
butchering, and these investigators suggest
that the entire butchering process could have
been carried out using a single unmodified
flake. Even though the tools were manufac-
tured of obsidian, a brittle raw material par-
ticularly susceptible to wear damage, very lit-
tle edge attrition actually occurred. It would
seem that cutting of hide and flesh produces
relatively little edge damage which becomes
pronounced only when the tool comes into
repeated contact with bone. Similar results
were reported by Shafer (197 1, p. 103) for
chert bifaces and tools. Since chert is the
dominant raw material at Gatecliff, we think
extreme caution is in order when interpreting
negative evidence from wear pattern studies.

In sum, the wear pattern evidence indicates
that the artifacts classified as finished bifacial
knives were often indeed used for cutting. But
we also point out that unmodified flakes serve
this function at least as well, and such flakes
may retain very little evidence of use.

WERE SCRAPERS USED FOR
SCRAPING?

All of the unifaces from Gatecliff Shelter
described in chapter 10 were examined for
traces of edge damage. In this case, we were
curious to see whether the morphological cat-
egory "uniface" or "scraper" has functional
significance. Once again, a series ofquestions
was posed for the analysis:

a. Were the tools utilized at all?
b. What parts of the tools were utilized?
c. What is the nature ofthe edge damage and

what is the direction of use?
d. What kind of material could have pro-

duced such edge damage?
e. Could the tool have been used in a pushing

or pulling motion?
f. Were these tools hafted?
g. Is there a correlation between form and

function?

The early work of Semenov (1964, p. 4)
suggested that traces of wear and manufac-
ture were indistinguishable in this kind of
artifacts, and many investigators were dis-
couraged from pursuing this line of inquiry.
The replicative studies of Tringham et al.
(1974), however, suggested that microscars
resulting from wear could indeed be differ-
entiated from deliberate retouch on the basis
of size and patterning.

Specifically, flake scars resulting from de-
liberate retouch tend to be larger and more
regular, have sharper edges, and are more
uniformly distributed along the edge than are
those produced by use. Some resharpened
flakes, however, tend to step fracture and these
differ little from the step fractures resulting
from use. Retouch flakes commonly show
even, scalar-shaped scars which can readily
be distinguished from those produced by use
(see Shafer, 1970 and Frison, 1968 for a dis-
cussion of retouch terminology). Sponta-
neous retouch, resulting from the twisting of
a flake upon detachment from the core, also
deserves mention (Newcomer, 1976). But as
long as each uniface is examined macroscop-
ically and then under the microscope at in-
creased magnification, there seems to be little
difficulty in distinguishing manufacturing
from use scars.
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As a group, scrapers can be defined func-
tionally as tools used in a transverse action,
in a distinctive one-way movement toward
or away from the operator (Tringham et al.,
1974, p. 188). The working surface receives
pressure from only a single direction, de-
taching flakes from the surface opposite the
one in contact with the worked material.
Scrapers receive wear restricted to this single
surface, generally the dorsal face in the im-
mediate vicinity of the working edge of the
tool. Microscars produced in this fashion have
a much smaller range of shape than those
produced by longitudinal use. Most scraping
scars are scalar or stepped scars. Triangular-
shaped scars are rare. On a single artifact, the
size and shape of scars produced by trans-
verse action tend to be considerably more
regular than those from longitudinal action.
The shape and the location of the micro-

scars can indicate not only the direction of
tool movement, but also the nature of the
material being worked. Specifically, the shape
of the flake scars tends to vary according to
the density ofthe worked material (Tringham
et al., 1974, p. 189). Scrapers used on a "soft"
medium, such as flesh or hide, receive scalar-
shaped scars, and the edge is only slightly
nibbled. By contrast, scrapers used on "hard"
surfaces, such as wood or bone, produce a
grosser wear pattern. Large scalar-shaped
fractures tend to be formed first, and, if the
tool is used for a considerable period oftime,
step fractures will eventually form, ultimately
obliterating the scalar scars altogether.
Of the 59 unifacial scrapers recovered at

Gatecliff Shelter, 42 show definite signs of
edge damage. Regardless oftool morphology,
the edge damage observed was markedly sim-
ilar. With few exceptions, wear was confined
to the dorsal surface, within a few millimeters
of the working edge. A light polish occasion-
ally occurred on the ventral surface near the
working edge, but rarely was there micros-
carring on the ventral surface. Because most
ofthe wear occurred on the immediate dorsal
face, the tools probably moved toward the
operator with the ventral surface facing for-
ward (see Semenov, 1964, pp. 85, 87; Wilm-
sen, 1968, p. 159; Hayden, 1977, p. 15).
The experimental framework established

by Tringham and her colleagues also allows
us to categorize some ofthe Gatecliffscrapers

according to hard or soft use. Soft-use scrap-
ers are recognized by the presence of scalar
scars along the dorsal face and such scrapers
often show the larger and more regular re-
touch scars. The edges (and often the interior)
of these retouch scars are rounded and pol-
ished by abrasive forces. The presence ofnib-
bling and polish within retouch scars indi-
cates the semiplastic nature of the worked
material, since only pliable material could
contact the interior cavity. In addition, the
working face-defined as the margin sepa-
rating the ventral and dorsal faces-was often
rounded and polished. Whenever striations
occurred, they appeared on this working edge
(see Semenov, 1964, pp. 88, 91; Wilmsen,
1968, p. 158). Twenty soft-use scrapers were
recognized from Gatecliff Shelter.

Hard-use scrapers show a different kind of
edge damage, primarily a series of overlap-
ping step-scars along the dorsal face adjacent
to the working edge. The edges of these flake
scars are generally quite distinct, although
sometimes heavy crushing had occurred, sug-
gesting sustained use. The edge damage of
the hard-use scrapers does not continue into
the deepest concavities of the retouch scars,
implying that the worked materials were fair-
ly rigid. Only three hard-use scrapers were
identified at Gatecliff Shelter.
The question quite naturally arises as to

whether this characteristic scraping micro-
wear occurs on artifacts other than those
characterized as "scrapers." A number of uti-
lized flakes and unfinished tools in the Ga-
tecliff collection did indeed show character-
istic scraping wear. On unmodified flakes, this
wear typically consisted of a series of scalar-
shaped microscars, concentrated on the dor-
sal face of a flake, adjacent to the working
edge. These microscars are detached in a
manner giving the appearance ofretouch, ex-
cept that the scars are too small and irregular
to constitute intentional modification. The
result is a slightly beveled edge with a steeper
angle than is present on an unworked portion
of a flake edge. Polish may appear on the
working edge, often extending a millimeter
or so up the dorsal face and at times present
on and within the scalar-shaped wear scars.
These wear patterns are almost identical to
those observed on soft-use scrapers, except
that unmodified flakes are prone to nicking
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on their working edge, because the edge has
not been strengthened by retouch.

WERE DRILLS USED FOR
DRILLING?

Gatecliff Shelter yielded a relatively small
sample of boring artifacts, a category which
includes drills, perforators, and gravers. Bor-
ing consists of a highly localized contact of a
point or projection with a worked material,
involving a circular movement of the tool,
generally at an angle between 70° and 90°
(Tringham et al., 1974, p. 189). Not only have
few replicative studies been undertaken to
define the exact nature of wear patterns on
such tools, but the excavated sample from
Gatecliff is very small. Despite these limi-
tations, there is little doubt from the mi-
crowear analysis that these artifacts were in-
deed used as boring tools.

Eight of the 12 drills recovered at Gatecliff
displayed characteristic edge damage, name-
ly faceted distal tips, crushed and abraded
lateral edges, and polished high points. This
finding is consistent with the results obtained
by Elston et al. (1977, p. 75). No striations
were observed on the Gatecliff specimens,
perhaps because the drills were exclusively
made of chert. Three of the Gatecliff drills
were found to have microscopic evidence of
ocher residue adhering to the bits.
Two of the four perforators recovered at

Gatecliff exhibited wear patterns character-
istic of perforating, namely distal rounding
and polish, particularly on the projections and
irregularities of the distal third of the bit (Se-
menov, 1964, p. 101; Elston et al., 1977, pp.
69, 75). The Gatecliff specimens displayed a
remarkable morphological and functional
similarity to paleolithic flint awls analyzed
by Semenov. Semenov speculated that the
awls had been used to pierce holes in skin
prior to sewing (Semenov, 1964, pp. 100-
101).
Neither of the two gravers from Gatecliff

displayed definitive wear patterns, although
the tip of one could be considered slightly
faceted. Elston et al. (1977, p. 69) have sug-
gested that gravers tend to exhibit wear at the
tip of the beak consisting of rounding, fac-
eting, and polish combined.

WERE PRODUCTION STAGE
BIFACES USED AS TOOLS?

The various production stage bifaces from
GatecliffShelter were analyzed previously ac-
cording to technological criteria. At the time,
however, we emphasized that a bifacial tool
at any stage of manufacture could be picked
up and used as a tool. The question is, were
they?
The nearly 500 production stage bifaces

were examined for traces of microwear. The
results of this analysis are intriguing because
of the rather high correlation between tech-
nological stage and degree-of-use wear.

Specifically, evidence ofuse wear was found
on seven of the 38 (18.4%) Gatecliff rough-
outs; 39 of the 1 85 (2 1. 1%) rough percussion
bifaces showed traces of edge damage; 48 of
the 137 (35.0%) fine percussion bifaces
showed use wear. Finally, 43 of the 120
(35.8%) pressure flaked bifaces showed traces
of edge damage. Although all stages ofbiface
manufacture were used from time to time at
Gatecliff, there is a rather close correlation
between degree of technological finish and
amount of use.

In general, the production stage bifaces
lacked evidence ofsustained and repeated use.
They seem, impressionistically speaking, to
have been used as ad hoc tools, only briefly
utilized, and then discarded. A number of
such examples are discussed in the living floor
analysis of chapters 21-23.

WERE PROJECTILE POINTS
USED AS PROJECTILES?

The term arrowhead is rarely used by ar-
chaeologists because it implies a limited, spe-
cific function, and specific functions cannot
always be accurately determined from the
lithic artifact alone. The term projectile point,
however, allows for additional possibilities.
A number of investigators (e.g., Ahler, 1970;
Nance, 1971; Wylie, 1975) believe that even
the broader term, "projectile point," does not
adequately portray the wide range of tasks
performed by these multipurpose tools. Sim-
ilarly, several archaeologists have suggested
that Great Basin projectile points were com-
monly used for other purposes, particularly
as skinning knives; in fact, one hafted, cor-



H I I

.Cz

I~~~~~~~~Ia1 II

H II_
ct m ~~~~~~~IIe\I I

uQ~~~~~~~~~I11 1a II 1I1

u1= 1 1I;

.n 0.4;

H1lE:m I a I I

o t - S

> o °z- I en

z ¢ F ~~~~~~IrI I I

o HS; I I

=0 IIS o

0~~~~~

s:-; ~~~~I SI o

o~~~~~~~~~~~~~~c

H _ ^ ^ O

E; IooE l _ - Ibt

r- en 0u C

I 4 Ci en I

oz~~~~~~0
U~ ~ ~ ~ ~ - '~~ - r~ ~ r- ~ -0

0 U U~~~~~~~~~~'



330 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

ner-notched projectile point occurs in the
ethnographic Powell collection (Fowler and
Matley, 1979).
There can be no question that the occa-

sional projectile point was indeed used as a
knife. The real question is how prevalent this
practice was in the past. Microwear analysis
of projectile points offers evidence not only
of functional significance, but also yields cer-
tain typological implications.

All the typable projectile points from Gate-
cliff Shelter were subjected to microwear
analysis, and the results of this study appear
on table 67. The procedure for studying pro-
jectile points is identical with that employed
for the other lithic artifacts. The various de-
scriptors are as defined in figures 163-165,
and we have recorded edge attrition and its
location on the projectile point (basal, lateral,
or tip).

This analysis is less satisfying than those
listed above. As noted previously (after Kee-
ley, 1974) striations and edge abrasion could
result from the manufacturing process rather
than from usage. Other studies of "projectile
points" (e.g., Nance, 1971; Wylie, 1975) run
into difficulty when attempting to distinguish
functional from technological abrasion (see
Hester and Heizer, 1973). This certainly does
not mean that the use of striations as mi-
crowear evidence is untenable; it simply
means that striations and other wear features
can be produced under a wide range of cir-
cumstances, and a direct correlation between
single wear features and specific functional
activities is generally unwarranted.
The wear features associated with Gatecliff

projectile points were generally similar to
those observed on Gatecliff knives. Once
again, we are forced to rely on abrasion and
polish (relatively unspecific microwear clues)
to interpret the function of the Gatecliff pro-
jectile points. Since these wear features can
be produced under a wide range of tasks-
sawing, cutting, and even use as a projectile-
we must pay some attention to the shape and
location of such wear traces on a particular
artifact.

It is instructive to examine the correlation
between various projectile point types and
the associated microwear. There is, for in-
stance, relatively little wear on Desert series
projectile points (see table 67). When present,

wear on Desert Side-notched and Cotton-
wood Triangular points is generally restricted
to a very light nicking. The same projectile
points have fragile and relatively acute edges,
and we think that most ofthis nicking is sim-
ply the result of haphazard battering, rather
than "usage" as such. The nicking lacks pat-
terning and is distributed throughout the
length of the projectile points. Wylie (1975)
noted a similar phenomenon.
The Rosegate series is more heavily worn

than the Desert series. Edge blunting and pol-
ish are particularly common for Rosegate se-
ries points, and certain specimens seem to
have been used in drilling, cutting, and scrap-
ing functions. It is probably safe to say that
these points were used "incidentally" as drills
and perforators. It is also intriguing that sev-
eral of the points from Horizon 2 are rather
badly battered. The intensity and continuous
nature of this wear could be interpreted as a
result of butchering, particularly since they
were associated with the bighorn sheep
butchering feature on Horizon 2.
The larger Elko and Gatecliff series points

tend to show still different wear patterns.
Nicking occurs only rarely, but the lateral
edges are much more heavily blunted and
dulled; polish is much more common. The
meaning of these associated characteristics is
not entirely clear. It could be that Elko and
Gatecliffseries points were indeed more com-
monly used as multipurpose tools. But it
seems more likely that the larger size of the
points lends an added strength to the edge
and determines to a large degree the amount
and type of wear damage which occurs on a
given edge. That is, the smaller points (par-
ticularly those ofthe Desert series) are nicked
more often while the larger ones will become
dull more frequently - even in the same ac-
tivity. Some of the points, particularly Elko
Corner-notched points are extremely dull and
it seems likely that these specimens were in-
deed used for functions such as cutting. In
addition, two Elko Eared points, and one Elko
Corner-notched point were undoubtedly used
as drills.
Once again, these results tend to parallel

those for the Hogup Cave projectile points.
Wylie (1975) noted wear on only 3 of 33
Rosegate points, while 55 of the 158 Elko
series points showed some form of wear. We
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should emphasize that Wylie's results relied
primarily on the presence and direction of
striations, which are particularly common on
obsidian artifacts. Virtually all Gatecliffspec-
imens are chert, a medium which does not
preserve observable striations.
These results are inconclusive and unsat-

isfying. The wear patterns on the Elko and
Gatecliff series points were probably not pro-
duced by projectile point use alone, and light
cutting would seem to be the best alternative
use. It is, however, interesting to note that
Frison (1968) has discovered an inverse re-
lationship between a tool's effectiveness as a
projectile and its utility as a hafted knife or
saw. If the binding securing a point to the
shaft is small enough to allow the entry ofthe

point into an animal, it will generally not be
strong enough to withstand the lateral forces
involved in butchering. Conversely, if the
binding is sufficiently strong to permit cut-
ting, it will tend to be too bulky to allow the
tool to function effectively as a projectile. Fri-
son (1978, pp. 333-337) demonstrated this
point by hafting an Agate Basin point in
spearlike fashion; although the point would
have functioned adequately as a projectile, it
was unable to withstand pressures encoun-
tered during butchering.'

I The microwear analysis disclosed the presence of a

black, pitchlike substance on the bases of three dozen
Elko and Gatecliffseries points. This is probably residue
from the hafting process.
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CHAPTER 17. THE VISUAL SYMBOLISM OF
GATECLIFF SHELTER

TRUDY THOMAS

A growing cadre ofanthropologists employ
an ideational emphasis in their research,
stressing the importance of including such
information processing mechanisms as ritu-
al, religion, cosmology, and iconography in
their studies ofthe structure ofsocieties (after
Thomas, 1979, pp. 381-382; see also Hod-
der, 1982a, 1982b). Symbolic archaeology,
one aspect of the ideational approach, deals
with the way in which symbols and symbol
systems are reflected in behavior manifested
in material culture. Since symbolic archae-
ologists generally lack living informants, they
must rely upon tangible archaeological evi-
dence for their reconstructions ofthe manner
in which the real world was once organized
by now extinct societies. Here we approach
the visual symbolism of Gatecliff Shelter as
one source of information on the ideational
and behavioral structuring of cultural adap-
tation in the central Great Basin.

TECHNIQUES

Specifically, we have attempted to derive
an empirical definition of the marking strat-
egies and design components characterizing
the symbol systems of Gatecliff Shelter as
they were expressed in non-portable wall art
and portable incised lithic artifacts. The port-
able incising tradition was analyzed by iso-
lating physical characteristics of engraved
marks, as well as their relationships to one
another and to the surfaces upon which they
were placed (see chap. 1). To this end, Alex-
ander Marshack's technique of stu-dying en-
graved materials was adapted and applied to
the Gatecliffincised stones (Marshack, 1972a,
1-972b).
Although many ofMarshack's specific con-

clusions concerning the nature ofhuman cog-
nitive capability have been challenged, few
scholars have failed to be impressed by his
painstaking method for examining materials
which have long been overlooked, and even
his most adamant critics have recognized in
his techniques and interdisciplinary ap-

proach the potential for broad-based appli-
cability. Marshack's microscopic studies of
Old World Upper Paleolithic incised mate-
rials have disclosed the existence ofgroupings
of marks which are differentiated by angle
and direction of stroke, by intervening un-
marked area, and by variation in tool-track
width and cross section (Marshack, 1972a,
1972b, 1976a, 1976b). On the basis of the
distributions and co-occurrences of these
variables, Marshack deduces that incising of
surfaces often took place over a long period
as opposed to a single marking episode, and
that marks were often applied in groups or
sets. Subsets ofmarks were accumulated into
sets which were, in their turn, accumulated
upon a marking surface-occurrences which
are indicative ofan abstractive capability and
long term "time-factoring" (i.e., time reck-
oning) in the recognition of categorical dis-
tinctions common to many different kinds of
natural phenomena.
Each of the decorated stones found in the

Gatecliff deposits was microscopically ex-
amined with a Nikon variable power micro-
scope; in addition, a color-coded drawing and
a questionnaire were completed to facilitate
comparison of constituent elements and to
insure consistency in data collection. The mi-
croscopic approach has provided a means by
which to collect and coordinate a greater va-
riety of information than would otherwise
have been possible by allowing us to study
engravings which, due to effects of wearing
and weathering, are no longer visible to the
naked eye. We are also able to view details
of engravings that are so minute as to have
been invisible to the normal human eye even
when they were fresh; variables of this sort
include differences in tool-track widths and
cross sections, as well as relationships of
marks to seemingly broken stone edges. In
addition, the microscope provides a means
by which to observe the order of marking of
lines used to formulate motifs, which, in turn,
enables us to determine some ofthe decisions
made in the creation ofdesigns. The incisings
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FIG. 166. Incised stone 20.3/358 depicts "implied" rows of chevrons acting as baselines for series
of straight marks, demonstrating the role played by structural elements in the finished production.
Structural elements need not be incised into a stone's surface to provide a template for design patterning.
Length is 7.7 cm. (photograph courtesy of Alexander Marshack)

on the Gatecliff stones are indeed the results
of culturally patterned behavior, and the mi-
croscope has provided a means by which to
deal with some of the visual manifestations
of those behavior patterns.

VISUAL STRUCTURE OF
INCISED STONES

Attributes were chosen to provide infor-
mation on the physical character of the raw
material itself, as well as on the physical char-
acter of the incisings. Physical character of
the raw material includes such variables as
provenience, type of stone, dimensions,
weight, number ofmodified surfaces (on each
stone), multiple use (e.g., as tool or pendant),
as well as presence and nature ofsurface mod-
ification: oil stains, wearing, breakage, initial
preparation of marking surface, drilling,
painting, ocher application. Physical char-
acter of incisings takes into consideration
width and cross section of individual marks,
marking technique (rocking or incising), as
well as the presence and nature of superpo-
sitioning (i.e., order of marking).

It has been noted that the multitude ofmo-
tifs incised into the stones are merely a series
of permutations of elemental components:
line, row, chevron, circle, striations (see chap.
1 1). It might also be said that the elements
symbolize a visual, two-dimensional inter-
pretation ofthe way bodies can exist in space
(relative to each other): The line is a bound-
ary or datum along which other elements

might be organized; the row is a sequence of
like components at times organized along a
datum which may be curved or straight, or
might intersect other baselines; the chevron
represents an intersection; the circle is a con-
tinuum, with no visual beginning and no end;
striations cover surface area, their constituent
lines having lost their individual identity. In
fact, these elements need not be incised into
the stone at all; they are at times simply im-
plied by the arrangement of other elements.
To illustrate, 20.3/358 depicts implied rows
of chevrons acting as baselines for sequences
of straight marks (fig. 166), while 20.3/1409
shows an implied curvilinear baseline pro-
viding the datum for a row of straight lines
(fig. 167).
Elements might actually be interpreted as

/ 0 cm. 2
2~~~~~~~~~

FIG. 167. Incised stone 20.3/1409, shows an
implied curvilinear baseline which provides the
datum for a row of straight lines. Length is 5.6
cm. (photograph courtesy of Alexander Mar-
shack).
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FIG. 168. Various ways in which the "circle" is represented in the Gatecliff incising tradition. a.
Incised stone RR2766 shows a circular baseline which provides the datum for a sequence of marks.
Marks 5-6 (counting from the left) have been joined by a "bridge" or crossbar, as have marks 7-8;
marks 21-22 converge at their bases, in a fashion identical to marks incised on Old World materials
(see Marshack, 1972b, figs. 35, 56a); b. Incised stone 20.3/6237, illustrating how the role of a "circle"
might be played by a single line; c. Incised stone RR2479, again depicting the role of "circle" played
by a row of lines drawn against a circular baseline. Lines or circles of small regular dots in figures 168-
179 trace natural, pre-existing scratches and depressions.

the "roles" which incised lines play in the
completed production. The role of "datum"
might be played by an implied or real circle
(RR2766, fig. 168a), a chevron (RR2674, fig.
113), a straight line (RR2482, fig. 118), or
even the stone edge itself(20.3/6254, fig. 10).
The role of "circle" might be played by a
single line (20.3/6237, fig. 168b), or a row of
lines (RR2479, fig. 168c). The role of "se-
quence" might be filled by a group of incised
or walked lines (20.3/1439, fig. 107), or a
grouping of chevrons (20.3/2419, fig. 129a;
20.3/2150, fig. 128g; 20.3/379, and RR2595,
fig. 169).

Certain irregularities occur in various mo-
tifs which suggest that motifs were not static
decorations, but were, instead, the means by
which concepts were being visually ordered
in available space. For example, some rows
of marks will share or be bound by opposed

baselines, whereas others on the same surface
will not (see 20.3/6244, fig. 119w; 20.3/6228,
fig. 170).
There may also be visual changes in a single

pattern on a portion of the stone, as in the
motifs on 20.2/9403 (fig. 171). In the case of
stone 20.3/2162 (fig. 172a), a single row of
marks is oriented along the stone edge, but
the visual characters ofthe marks comprising
the row differ from one another. The five
marks to the left in figure 172a are simple
incised lines that characterize most marked
surfaces on the Gatecliff incised stones. The
marks to the right, on the other hand, have
been incised to resemble the "rocker" tech-
nique; they lack pivot points, however, and
thus cannot have been made with a double-
tipped rocker tool. The slant of the marks
also changes in accordance with the method
of incising.
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FIG. 169. Incised stones 20.3/379 and RR2595, depicting a sequence of chevrons.

In other designs, the constituent marks do
not meet in such a way as to maintain the
visual integrity of the complete design as a
unit. Stone RR2588 (fig. 172b), for instance,
illustrates a design in which rows of marks
are arranged to form what we would term a
herringbone pattern, but there is greater con-
sistency between marks as they occur in hor-
izontal series than in their vertical arrange-
ment. Since they do not meet or match

vertically from row to row, perception of this
configuration of lines as a herringbone pat-
tern is wanting. The horizontal series of
hatchmarks are the basic and most consistent
units of construction in this "herringbone"
design. In the top row, mark 5 (counting from
the left) has been differentiated from other
marks in the series through the addition of a
"foot"; feet and convergences also charac-
terize hatchmarks of Old World incised ma-

FIG. 170. This seemingly repetitive surface pattern on incised stone 20.3/6228 illustrates subtle
irregularities suggesting that motifs were not merely static decorations ofstone surfaces. In most instances,
the length of individual hatchmarks was determined by the space available between pairs of parallel
boundary lines. But the two rows of marks near the top of the stone do not conform to the usual pattern
in that the dispositions of those hatchmarks were determined by only one boundary line; pre-existing
boundary lines were disregarded. In register 4 (fourth row from the top), marks 30-31-32 (counting
from left) have been purposely made to converge, as have marks 29-30 in register 7. "Feet" have been
added to mark 28 in register 3, mark 33 in register 4, mark 36 in register 5, and mark 50 in register 7.
Variations in widths of incised lines indicate that at least two incising tools were used to mark this stone.
Registers 1, 6, 7 and the right-hand half of register 5 are extremely thin lines; the tool that was used to
mark all remaining marks (including the horizontal datum lines) left a wider track.
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FIG. 171. Incised stone 20.2/9403 illustrates a visual change in the surface design which breaks the
continuity of the established surface pattern. Most hatchmarks were oriented along the upper edge of
an incised zigzag, but hatchmarks nearest the right-hand margin of the stone were placed along the lower
edge of the zigzag.

terials. In short, we see an imperfection of
motifs, even an extreme willingness to alter
the look of the same motif in different in-
stances of occurrence on the same surface.

Stone 20.2/8161 illustrates an example of
planned future use of the available marking
space, then a change of plan, and special im-
portance of a completed motif (fig. 173). In
this case, superposition of lines over one
another indicates that all the horizontal da-
tum lines were drawn first; only then were
the 16 short hatchmarks added. The circles
were added last, over the tops ofthe "empty"
datum lines, but avoiding those with hatch-
marks. Some of the horizontal datum lines
show more wear than do the hatchmarks and
circular lines, suggesting that the horizontal
datum lines might have become worn down
during the time in which marking ofthe other
motifs took place.

Bisection of a surface is a recurring char-
acteristic which might have been accom-
plished with a straight line, or a blank space,

break _- - - - - - - _

/

0 cm.

or a motif unusual to that surface. On 20.3/
6325 (fig. 174), and 20.3/2158-2159 (fig. 176),
we see an ordering of space beginning with a
central bisecting line as the first mark applied,
whereas the other motifs were added after. A
central bisecting line might be added over the
top of an existing motif and, from that time
on, be used as the spatial datum for bilateral
organization of all succeeding motifs. Such is
the case with 20.3/291 (fig. 175), to which
the central bisecting line was not the first mark
applied. However, once it had been drawn
(over the tops of two pre-existing motifs), it
was never crossed by any other motif; in ef-
fect, it established the axis along which vir-
tually all subsequent sequences were orient-
ed. As these specimens illustrate, incising of
stone at Gatecliff must be viewed as an elab-
orate developmental process, at times in-
volving plans and changes, purposeful or-
dering of available space, and evaluations of
differential importance of motifs.
We have seen that the decorated surface

break

FIG. 172. Incised stones illustrating a seeming willingness to alter the application ofa motifin different
instances of occurrence on the same surface. a. Incised stone 20.3/2162 shows variability in the appli-
cation ofthe vertical marks. b. Incised stone RR2588 shows differentiation within the herringbone motif.
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FIG. 173. Incised stone 20.2/8161 illustrates a case of future planning of available marking space,
then a modification of this plan. Superposition of incised lines indicates that the horizontal datum lines
were drawn first, and the 16 short, parallel hatchmarks were added afterward. The circles were drawn
last, over the tops of the "empty" datum lines, but avoiding those with hatchmarks. Diacritical marks
have been added to some marks in the hatched series: marks 6 and 9 (counting from the left) have been
designated by the additions of "feet" extending outward at an angle from each mark itself; marks 10-
11 have been joined by a "bridge" or crossbar, as have marks 15-16.

meeting our eye is often the result of a pre-
conceived visual ordering ofdesign elements,
sometimes through initial planning of avail-

able space, sometimes through overmarking
ofonly unlike motifs, and sometimes through
preliminary tool selection (see chap. 1 1). Ini-

0 cm. 5

FIG. 174. Incised stone 20.3/6325, decorated with at least three different tool tips; see also figures
106 and 1 28c. A central bisecting line was used as the spatial datum for bilateral organization ofsucceeding
motifs.
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FIG. 175. Incised stone 20.3/291, another instance ofa central bisecting line used as an organizational
axis. Length is 20.3 cm.; see also figure 1 lOa. (photograph courtesy of Alexander Marshack)

tial pre-planning of technological and stylis-
tic variables can be defined as a characteristic
of the Gatecliff incising tradition; however,

we also have evidence suggesting that con-
stituent parts of many motifs are not the re-
sult of a single marking episode, but, instead,
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break
0 cm. 3

FIG. 176. Incised stone 20.3/2158-2159,
showing an ordering of space beginning with a
central bisecting line as the initial mark; additional
motifs were added later; see also figure 111.

are the results of a building up of design ele-
ments over an unknown period oftime. Tool
changes occur often enough on the same sur-
face to suggest that a significant body of the
decorative patterning was accumulated, rath-
er than applied in a single marking effort.
Nearly one-third of the sample A incised

surfaces show evidence of accumulation of
marks on a single surface. Variation occurs
in width and cross section ofindividual marks
(30%), and occasionally in their spacing,

FIG 177. Incised stone RR2598, marked with
a minimum of five different tools, determined on
the basis of tool track width and cross section.
Note also corresponding changes in the visual
character ofmarks- height, spacing, slant- within
a single series.

height, and slant as well (9%). It should be
noted that these percentages represent a con-
servative estimate of marking variability.
Only obvious tool-track differences were re-
corded, and changes in height, slant, and
spacing were ignored unless they co-occurred
with a change in tool-track width or cross
section. The illustration ofRR2598 (fig. 177),
for instance, shows a minimum of five dif-
ferent tools, on the basis of tool-track width
and cross section, as well as corresponding
changes in visual character ofthe constituent
marks in at least two instances (slant, height,
spacing). Tool 1 was used to mark the zigzag
baseline with its row of37 thin, straight marks
(designated register 1). Tool 2 left a wider
track, and was used to mark the three marks
immediately to the right ofregister 1, whereas
the marks at the extreme edge of the stone
are characterized by still a different track
width, as well as by a different height and
slant. It might be noted that the orientations
ofthese two additional subsets ofmarks carry
out the register 1 zigzag theme, albeit in an
irregular format. Register 2, consisting of a
straight baseline surmounted by a row of 35
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break
FIG. 178. Incised stone 20.3/947 exhibits a minimum of four different styles of rocker line, char-

acterized by differences in the length and slant ofconnecting legs that extend between pivot points. Lines
3, 4, and 5 (counting from the left) are similar to one another in length of connecting legs, as are lines
6 through 10; lines 1 and 2 are visually different from one another and from all other lines as well.
Length is 10.6 cm. (photograph courtesy of Alexander Marshack)

straight marks, was made using two different
tools: The first five marks were drawn with
a very broad cutting edge, and the remaining
30 marks were applied with a finely tipped
tool.

Stone 20.3/6325 (figs. 106 and 174) was
decorated using at least three different cutting
edges. Tool 1 was a double-tipped tool that
was pivoted across the surface to create the

0 cm. 5

rocker designs in the lower right section of
the stone (fig. 174); tool 2, a thin, single-tipped
tool, was used to mark the chevrons below
the horizontal bisecting line; tool 3 (above
the horizontal line) was also a single-tipped
tool, but it had a tiny gutter in its marking
edge which produced a double track as it was
drawn across the surface of the stone.

Observable differences in styles of rocker

FIG. 179. Incised stones illustrating multiple tool use. a. 20.3/313 shows interline variability, sug-
gesting use oftwo different tools. That is, different tools were used to mark the two rocked lines decorating
this surface; the length of the "legs" connecting pivot points on the rocked line is a function of the
distance between the two pivoting tips ofthe marking tool itself. b. 20.3/2403 shows use of at least three
different incising tools.
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lines imply the use of different tools, or per-
haps even the work of different artists, in the
creation of the final product. Stone 20.3/947
(fig. 178) exhibits a minimum of four differ-
ent styles of rocked line, characterized by
differences (from line to line) in length and
slant of the connecting legs that extend be-
tween pivot points; length ofa connecting leg
is a function of the distance between the two
pivoting tips on the marking tool. Lines 3, 4,
and 5 are similar to one another in lengths
of connecting legs, as are lines 6 through 10;
line 1 and line 2 are visually different from
one another and from all other lines as well.
Stones 20.3/313 (fig. 179a) and 20.3/2403
(fig. 179b) exhibit the same kinds of interline
variability as that described above, again sug-
gesting the work of different tools and/or dif-
ferent artists in the creation ofthe final prod-
uct. We cannot know how much time elapsed
between marking sequences on any stone, but
evidence for accumulation of designs, taken
together with the wear pattern evidence (see
chap. 11), is provocative enough to encourage
speculation that many ofthe stones were car-
ried about for a period ofdays, weeks, or even
months, perhaps while they were being in-
cised.

STYLISTIC ZONES OF GREAT
BASIN INCISED STONES

One aim ofthis section is to place the Great
Basin incising tradition in time and space.
While the typological ordering of Gatecliff
incised motifs and elements has provided a
useful framework for temporally organizing
tremendous amounts of stylistic data (chap.
11), this analysis cannot provide adequate
criteria for comparison of incising styles
throughout the Great Basin. It is apparent
that a high percentage ofunique designs char-
acterizes the Great Basin incising tradition,
and thus renders questionable the efficacy of
relying upon motif presence/absence to de-
lineate regional styles. Although motif in-
ventories vary somewhat between sites, War-
ner (1979b) suggests that uniqueness
characterizes incised stones from a 971 sq.
km. (375 sq. mi.) area of the floor of Lake
Bonneville in Utah; and even within Gatecliff
Shelter, many motifs (38% of sample A) oc-
cur only once and are never seen again.

Washburn (1978) has argued that societies
participating in a common, fundamental di-
mension of experience will tend to exhibit a
common structural and compositional pat-
terning in their design layouts, and since the
possible number of element-structure com-
binations is virtually infinite, a given style
will theoretically be characterized by its own
particular combination of elements and
structures.' In our attempt to derive reliable
comparative evidence for an analysis of re-
gional variability in incising styles, we at-
tempted to analyze the manner in which tech-
nological and stylistic variables occurred on
stones presented in several published collec-
tions. Since few of these sources provided
complete illustrative and chronological in-
formation on their stones, our proposed tri-
partite division of the Great Basin incising
tradition should be considered a hypothesis
whose ultimate verification must await fur-
ther study.
Three separate styles of incised mobiliary

rock art can, at present, be defined for the
Great Basin on the basis of observed differ-
ences in patterns of design structuring (see
fig. 180). The Great Salt Lake in northwestern
Utah forms the hub ofthe Northern style area,
which extends southward to include major
portions of the Utah Bonneville Basin. The
Central style area extends from west-central
Utah across central Nevada and southward
into California, and the Southern style is
found in southern Nevada as well as in the
Death Valley area of southeastern California.
Although thick stones were occasionally

incised, the favored materials in all three style
areas were thin, flat slabs that were readily
accessible, easily carvable, and portable.
Rounded pebbles were incised at Promon-
tory Point (Steward, 1937), Hogup Cave (Ai-
kens, 1970), Danger Cave (Jennings, 1957),
the Salt Flats region of Lake Bonneville in
northwestern Utah (Warner, 1979b), at Skull
Valley in west-central Utah (Warner, 1979a),
and in the Douglas County region of western
Nevada (Tuohy, 1967). Gatecliff Shelter has
also yielded a few incised specimens which
are natural pebbles rather than the more com-
mon tabular slabs.

I For a discussion of universal phosphene images as
represented in abstract art, see Reichel-Dolmatoff(1976).
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FIG. 180. Style zones for Great Basin incised mobiliary rock art.

Specific material does vary somewhat
within each area. The Northern artisans in-
cised quartzite (Steward, 1937), volcanic tuff
(Dalley, 1976), slate (Steward, 1937; Aikens,

1970), shaley sandstone (Berry and Berry,
1976), limestone (Steward, 1937; Aikens,
1970), calcite, sandstone, and shale (Aikens,
1970). Schist, quartzite slate (Hunt, 1960),
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sandy shale (Perkins, 1967), and sandstone
(Santini, 1974) were used in the South, while
the Central area has yielded specimens of slate
(Wheeler, 1942; Meighan, 1953; Jameson,
1958; Lanning, 1963; Warner, 1979a), slatey
tuff (Loud and Harrington, 1929), solidified
volcanic ash (Harrington, 1933), sandstone
(Lanning, 1963), and limestone (McKee and
Thomas, 1972; T. Thomas, 1978; Jameson,
1958; Mock, 1971).
All three styles repetitiously organize the

same basic elements into identical rectilinear
motifs upon relatively flat, portable, lithic
surfaces, using the same incising techniques.
Curvilinear motifs are apparent in all style
areas to at least some degree, and some stones
have been centrally bisected by a simple line,
a motif, or a space. In all three regions incised
stones are often found in concentrations as-
sociated with other lithic debris, and occa-
sionally incised specimens are found covered
with paint or ocher, or fashioned into pen-
dants; in addition, all areas yield stones that
show wearing, overmarking and incising on
one or both sides. In view of these myriad
consistencies, are there any dissimilarities that
can justify a division of the tradition?
The Southern zone engravings appear to

exhibit a greater incidence of curvilinearity
than is apparent in the Northern and Central
areas. Collections from the Northern and
Central areas have yielded very few curvilin-
ear designs in their predominantly rectilinear
motifinventories: An incidence ofonly 5 per-
cent is reported from Gatecliff (Central zone)
and 3 percent have been recovered from 15
sites on the floor of Lake Bonneville (North-
ern zone) (Warner, 1979b, p. 6). On the other
hand, one of the most commonly repeated
motifs on Santini's 564 stones from the Las
Vegas vicinity in southern Nevada (Southern
style zone), is the half or three-quarter circle
(Santini, 1974, p. 8); curvilinear motifs ap-
pear to comprise a minimum of 12 percent
of the stones from this region (after Santini,
1974). It might be said, therefore, that a com-
paratively high incidence of curvilinearity in
the South sets that region apart stylistically,
from both the Northern and the Central zones.

Three-dimensional conceptualization of
incised materials is suggested for the North,
but not for the Central or Southern zones.
Pre-shaping of raw material has been re-

ported in the North (see Berry and Berry,
1976; Dalley, 1976), but this feature is ex-
tremely rare in the South (see Perkins, 1967;
Santini, 1974), as well as at Gatecliff Shelter
and other sites in the Central zone (see
Meighan, 1953; Lanning, 1963; Warner,
1979a). Gatecliff Shelter and other sites in
the Central area occasionally exhibit incising
along stone edges, but these edge marks are
discrete designs, rather than continuations of
motifs that were begun on another surface.
However, the Northern area occasionally
produced stones which exhibit lines that have
been incised completely around the circum-
ference of the stone (Jennings, 1957; Dalley,
1976).
In addition, the Northern and Southern in-

cising styles commonly exhibit organization-
al variations in the basic design system that
are absent or less well developed in the Cen-
tral zone. We see in the North and South (1)
use of the rocker technique for more com-
plicated designs; (2) a greater elaboration in
spatial organization, such as that accom-
plished by an appending or "branching-off'
of one motif from another (see Marshack,
1976a, 1976b for descriptions of this struc-
ture in Old World materials); (3) recurring
associations of motifs in what can be termed
compositional relationships. In short, while
all regions yield incised stones whose designs
are characterized by simplicity, rectilinearity,
and repetition, the North and the South also
produce specimens exhibiting an organiza-
tional complexity not seen in the Central area.

(1) In the Central region the rocker tech-
nique tends to be used to produce only simple
rectilinear motifs. At Gatecliff, rows of
straight lines and single zigzags were made
using the rocker technique, while in the North
and the South, rocker was used to
formulate a multitude of more complicated
designs such as appended diamonds, parallel
rows of zigzags (Santini, 1974; Warner,
1979b), concentric circles (Santini, 1974),
spirals and bisected circles (Warner, 1979b).

(2) Many Central area stones appear ex-
tremely complex at first glance, but their
complexity is of a different order than that
seen on stones in the North and the South.
Motifs incised onto Gatecliff stones come into
physical contact with one another, it is true,
but generally as a result of overmarking (e.g.,
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20.3/291 [fig. 175] and 20.3/2158-2159 [fig.
176]), rather than as a result of appending
one motif to another. Decoration on the
Gatecliff stones tends to comprise motifs
which were conceptualized primarily as in-
dependent units rather than as parts ofa con-
tinuing schema, a fact which stands in con-
trast to the situation in the North and South,
in which motifs are commonly appended to
one another, indicating a concern with inter-
relationships between constituent parts.

(3) Warner (1 979b) had identified from the
floor ofLake Bonneville (Northern style zone),
an "anthropomorphic figurine" type of in-
cised stone which is characterized by eyes,
tear streaks, decorated torso, fringe, and
necklace (see fig. 18 1)-traits which occur in
varying combinations on individual speci-
mens. "Anthropomorphic" stones were first
described by Schuster (1968) in widely rang-
ing New World localities: Alaska, north-
western California, eastern California, Death
Valley (California), Utah, southern Nevada,
Texas, North Carolina, New Jersey, and Ar-
gentina. The anthropomorphic type, as it oc-
curs on the Lake Bonneville stones (Northern
style zone), is actually comprised of a com-
bination of individual motifs, each of which
occurs out of the anthropomorphic context
on stones from other style areas. The paired
eyes, paired tear streaks, and necklace have
no counterpart in the Central zone, but the
torso decorations and the fringe are com-
monly seen at Gatecliff and at other sites
throughout the Central area. The fringe is
nothing more than a row of lines oriented
along a baseline, and the torso decorations
are often zigzags or rows of lines, sometimes
organized along baselines. The Utah eyes-
with-tearstreaks seem to have a visual coun-
terpart in the South, but there they do not
appear in the "anthropomorphic-figurine"
context with necklace, fringe, and torso dec-
orations in proper spatial relationships. San-
tini (1974, p. 9) denies the anthropomorphic
analogy and refers to the Southern "eye-with-
tearstreak" as "two short lines with a circle
on the top," noting that it occurs with suffi-
cient consistency to warrant its consideration
as a "specific symbolic expression" (Santini,
1974; see fig. 182). In addition, Santini (1974)
has determined that the primary organiza-
tional structure on the Southern stones (oc-
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FIG. 181. Incised stones illustrating motifs from
the Northern style zone (after Wamer, 1979b, fig.
3).

curring on 80% of his unbroken specimens)
is a transverse line with an appended pair of
perpendicular stilts, a feature he interprets as
a mythological representation, or a symbol
portraying features of the environment.

It can be said, then, that the Gatecliffstones
exhibit no recurring motif combinations
which can be construed as a composition-
only the repetitious associations of the most
popular motifs as recurring separate units.
This is in contrast to both the Northern and
Southern styles which have organized unlike
motifs into recurring compositions, a degree
of stylistic complexity not developed in the
Central area.
To summarize, although the Great Basin

incising tradition is characterized by a con-
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FIG. 182. Incised stone from southern Neva-
da, exhibiting two recurring motifcomplexes com-
mon to the Southern style zone (after Santini, 1974,
fig. 16a; no scale provided in original). One com-
plex consists of "two short lines with a circle on

the top"; the other complex involves a transverse
line with an appended pair of perpendicular stilts
(Santini, 1974, p. 9).

sistent technological and stylistic patterning,
regional differences suggest the existence of
three separate styles. A predilection for cur-
vilinearity sets the South apart from the
Northern and Central regions, but all three
styles are nevertheless similar in the simplic-
ity, repetition, and rectilinearity of certain
designs.
The Central area differs technologically

from the North and South in its more con-
servative application of available marking
techniques: "Rocking," in the Central zone,
is used only for a restricted inventory of the
simplest designs, whereas in the North and
South it is used to inscribe a variety of rel-
atively complex motifs. In the North, an in-
cipient three-dimensional conceptualization
ofincising materials, and an interest in initial
surface preparation, suggest a preoccupation
with the raw material itself that is not ap-
parent in the Central or Southern areas.

Overall, the Central Great Basin incising
tradition stands apart from the traditions of
both the North and the South, in terms of
variability of constituent technological and
stylistic units, and in the complexity of their
organization: The Central style simply lacks

characteristics which are found in the pat-
terns of the Northern and Southern style
zones. The virtually exclusive reliance upon
independent, discrete units for design struc-
turing in the Central area contrasts with the
Northern and Southern uses ofappending and
compositional arrangements. These varia-
tions translate into a comparatively lesser de-
gree of organizational integration in the in-
cising style of the Central Great Basin.2

INCISED STONES AS A SUBSET
OF GREAT BASIN ROCK ART

The results ofpigment analyses suggest that
similar sequential marking strategies char-
acterized both painted wall art and portable
incised stones at Gatecliff Shelter; in addi-
tion, 25 percent (13 of 53) of the painted
motifs on Gatecliff walls were also incised
into portable stones recovered from the ar-
chaeological deposits (see chap. 15). It is also
of note that roughly 50 percent of the motifs
incised into the portable stones have been
painted, pecked, or scratched onto walls and
boulders at rock art sites throughout the area.
In view of correspondences such as these, we
suggest that portable incised stones be con-
sidered an aspect ofthe rock art phenomenon
in the central Great Basin. As such, incised
stones can perhaps provide a necessary link
between non-portable rock art and cultural
deposits, thereby mitigating one of the most
critical problems plaguing rock art research
today, namely the absence ofa temporal frame
of reference.

Examination ofwall paintings and carvings
elsewhere in central Nevada discloses that
rock art sites other than Gatecliff also exhibit
criteria comparable to the portable incising
style at Gatecliff. Toquima Cave (La 1), a rock-
shelter located approximately 21 km. north
of Gatecliff, has been decorated with a mul-
titude of motifs painted in red, white, black,
and yellow pigments (Heizer and Baumhoff,
1962, p. 31). In addition to its painted de-
signs, Toquima Cave exhibits 40 "chalk-
scratched" designs, generally consisting of
crosshatches and rows of lines oriented along

2 Temporal relationships between incising styles can-
not be determined at this time.
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a datum. These designs have not been applied
with mixed pigments in liquid form, but in-
stead, were sketched onto the wall with a frag-
ment of easily accessible kaolin, a white,
chalklike material. Toquima's chalk-
scratched motifs are almost exclusively Rec-
tilinear Abstract (78%), in contrast to the
painted designs at the site, which are pre-
dominantly Representational and Curvilin-
ear Abstract; only 30 percent of the painted
motifs at Toquima Cave are Rectilinear Ab-
stract. It is important to note that 66 percent
of the chalk-scratched designs at Toquima
Cave are precisely the same motifs which have
been incised into the SampleA portable stones
from Gatecliff Shelter. In addition, non-rep-
etitious appending (i.e., appending of unlike
motifs) was relied upon to approximately the
same extent in the wall art ofToquima Cave
as in the post- 1300 B.C. Gatecliff stones: Ap-
pending of unlike motifs comprises 3 percent
of the decorated surfaces on the Gatecliff
stones (see chap. 11), and involves only 1
percent of the motif inventory, while at To-
quima Cave, appending of unlike motifs ac-
counts for only 5 percent of the painted de-
signs. The complexity of this non-repetitious
appending also corresponds: 40 percent ofthe
motif complexes incised into Gatecliff port-
able stones comprise three or more unlike
motifs, while 37 percent of the motif com-
plexes painted onto the walls at Toquima
Cave comprise three or more unlike motifs.
Thus, it is apparent that the symbol systems
of the portable incised stones from Gatecliff
Shelter and the non-portable wall art of To-
quima Cave exhibit structured as well as sty-
listic similarities.

Equally striking correspondences occur at
petroglyph sites in the area. The Hickison
Summit (La9) and Northumberland Canyon
(Ny304) petroglyph sites are open-air "am-
phitheaters" that probably once served as
staging areas for communal hunts of migra-
tory game animals (Heizer and Baumhoff,
1962, p. 38; T. Thomas, 1976). Both sites lie
within a 48 km. radius of Gatecliff Shelter,
and were very possibly visited by the same
groups of people who frequented Gatecliff.
Both petroglyph sites are characterized by
deeply pecked Curvilinear Abstract motifs,
Rectilinear Abstract motifs, and Represen-

tational images. Additionally, both sites ex-
hibit motifs that were lightly "scratched" into
the stone surfaces with sharp implements and
which consistently depict linear sequences of
marks-motifs which have been termed the
Great Basin Scratched petroglyph style by
Heizer and Baumhoff(I 96 2); roughly 75 per-
cent of these Scratched motifs also appear in
the portable incised motifinventory at Gate-
cliff Shelter. On the basis oftechnological and
stylistic similarities, we conclude that the style
of lithic incising characterizing the portable
stones from Gatecliff Shelter is nearly iden-
tical with the Great Basin Scratched pet-
roglyph style.

In view of the demonstrated correspon-
dences between incised stones and wall art in
the Monitor Valley region, we suggest that
the portable incising tradition be considered
an aspect of the central Great Basin rock art
phenomenon. We also suggest that Scratched
(petroglyph) and chalk-scratched (picto-
graph) designs be viewed as non-portable
equivalents of the portable incising tradi-
tion.3 In the final analysis, the non-portable
rock art styles of the central Great Basin ap-
pear to contain within them aspects of an
easily transportable rock art tradition that ex-
isted for a minimum of 4500 years prior to
earliest European contact.

Heizer and Baumhoff (1 962, pp. 233-234)
have projected ca. A.D. 1 as the earliest date
for the Rectilinear Abstract petroglyph style
in the Great Basin, and ca. A.D. 1000 for the
earliest manifestation of the Great Basin
Scratched style. If we are correct in drawing
a parallel between portable and non-portable
rock art, the Gatecliff incised stones suggest
that both of these dates should be earlier, ca.
3300-3000 B.C. We cannot be certain that
stone walls were being decorated with Rec-
tilinear and Scratched designs at as early a
date as were the earliest portable stones; in
fact, Gateclifis painted wall art would have

3See Part 3 of this series for a discussion of the ar-
chaeology ofToquima Cave. Surface surveys at both the
Hickison Summit and Northumberland Canyon rock art
sites (T. Thomas, 1976) produced few incised stones,
although abundant cultural debris was recovered by
American Museum of Natural History crews in 1973,
1974, and 1975 (as discussed in the next volume).
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been physically out of reach prior to 1500
B.C. (fig. 65). But we do know that many of
the motifs, techniques, and marking strate-
gies that characterize both the Scratched and
Rectilinear Abstract styles ofGreat Basin rock
art, were also present (on incised stones, at
least) by the beginning ofthe third millenium
B.C., a much earlier date than has previously
been postulated. As we have seen, this early
symbol system was primarily characterized
by shallow incising of stone surfaces, as well
as by a reliance upon repetitious use of spa-
tially discrete Rectilinear Abstract designs,
and the sequential accumulation of individ-
ually conceived units into what we now de-
fine as complete motifs.
The Abstract rock art styles of the central

Great Basin also exhibit features other than
those described immediately above. Curvi-
linear Abstract motifs occur throughout Ne-
vada, except in the northeastern section of
the state, and are found, along with Repre-
sentational motifs at most sites in the Mon-
itor Valley area. Curvilinear Abstract designs
were originally observed by Steward (1929,
p. 220), and later discussed by Baumhoff,
Heizer, and Elsasser (1958, p. 13), who state
that "the circle, in one context or another, is
the common element ofthis style but perhaps
a more characteristic element is the curvilin-
ear meander ... meanders [which consist of
curving lines without abrupt discontinuities]
have a vague sort ofcomposition in that they
tend to fill an area defined by the outline of
a single boulder" (Baumhoff, Heizer, and El-
sasser, 1958; see also Heizer and Baumhoff,
1962, p. 205). Heizer and Baumhoff (1962,
p. 233) have dated the Curvilinear Abstract
rock art style from about 1000 B.C. to A.D.
1500 at Leonard Rock Shelter (Pel4), a pe-
troglyph site located approximately 320 km.
northwest of Gatecliff. The Gatecliff incising
tradition supports the earliest end of this pro-
posed time frame, exhibiting Curvilinear mo-
tifs for the first time at ca. 1250 B.C.

Curvilinearity dominates the wall art at
Toquima Cave, a situation contrary to that
at Gatecliff Shelter, where Curvilinearity re-
mains subsidiary to the use ofrepetitious rec-
tilinear units as a basis for design patterning
in both the wall art and the portable art (see
chaps. 11 and 15). The painted wall art at

Toquima Cave consists of 343 independent
motifs as well as 19 painted, multicolored
design complexes formed by appending un-
like motifs to one another; 56 percent (203
of 362) of these designs are Curvilinear Ab-
stract, but only 29 percent (105 of 362) are
Rectilinear Abstract (the remainder are Rep-
resentational). In addition, the wall art at
Gatecliff is entirely devoid ofthe motifcom-
plexes seen at Toquima Cave, although ap-
pending ofunlike motifs into complexes does
appear to a limited extent in the portable
incising tradition at Gatecliff after 1250 B.C.
To summarize, lithic decoration at Gatecliff
Shelter is characterized by rectilinearity and
a portable scratched mode; on the other hand,
curvilinearity and a non-portable scratched
mode characterize the rock art at Toquima
Cave.
The Toquima Cave occupation seems to

post-date 1500 B.C. (Part 3, this series),
whereas the Gatecliff occupation began at ca.
3550 B.C. If Gatecliff was occupied 2000
years earlier than was Toquima Cave, one
might be tempted to invoke a chronological
explanation for the technological and stylistic
differences characterizing the two pictograph
sites. However, both sites were occupied si-
multaneously between 1500 B.C. and the pro-
to-historic period; why then did Gatecliffwall
art fail to assimilate the 1250 B.C. stylistic
innovations (i.e., curvilinearity and append-
ing of unlike motifs into complexes) that we
observe there in the incising tradition, and
which also characterize Toquima Cave wall
art? It seems likely that these two pictograph
sites were used for different purposes (see Part
3 this series). Ifthis is the case, then we might
ultimately be able to establish associations
between varying activity patterns and vary-
ing patterns of design.

BEHAVIORAL IMPLICATIONS
OF VISUAL STRUCTURING

PATTERNS

Marshack (1972a, 1976a, 1976b) has de-
scribed motifs and marking strategies for the
Old World which are identical to some in the
Gatecliff incising tradition. Crosshatches,
zigzag variations, rows of marks, and ladder-
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like designs-often sequentially applied-
abound in some Upper Paleolithic, as well as
in the Gatecliffincising traditions, while sub-
set modifiers in the form of"feet", "bridges,"
and V-shaped "convergences" were used to
demarcate specific marks in longer series (see
Marshack, 1972a, chap. X, and figs. 16a, 17a,
35, 56a; see also this volume, figs. 168a, 170,
173). Marshack's work shows that Paleolithic
man in Eurasia was visually symbolizing (at
times, perhaps, unknowingly) two basic or-
ganizational relationships: periodicity and
sequentiality. That is to say, prehistoric peo-
ple seem to have recognized that classes of
similar things recurred at periodic intervals,
and classes of dissimilar things followed one
another in succession. The extent to which
this understanding might have been applied
to all worldly circumstances cannot be de-
termined, but discovery of periodicity and
sequentiality as laws ofuniversal order would
have given early man the power to predict;
by coordinating his immediate behavior with
a set of predicted circumstances, he could
theoretically control his destiny.
The behavioral trends manifest in Gate-

cliff's Rectilinear Abstract portable incising
tradition also indicate a preoccupation with
conceptions of periodicity and sequentiality.
This is evident not only in visual impressions
of serialization, but also in the presence of
mid-motif tool changes, recurring subset
modifiers (feet, bridges, and convergences),
differential wearing and suggestive marking
irregularities-all of which argue for the ac-
cumulation through time of a series of dis-
crete units into what we have traditionally
recognized as complete motifs. Correspon-
dences such as these carry provocative im-
plications concerning the perceptual orien-
tations of the earliest migrants to the New
World, but specific conclusions concerning
the evolution ofNew World symbol systems
out of an Old World base are beyond the
scope of this analysis.

In addition to salient temporal perceptions
of periodicity and sequentiality, Gatecliffs
stones also exhibit a particular kind of spatial
ordering. The typical structural-composi-
tional patterning on the Gatecliff stones is
comprised, as we have seen, ofthe repetitious
organization of individually discrete visual
units, each existing in its own space (see chap.
11).

Hallowell (1977, p. 131) has argued that
human spatial perception, though biologi-
cally rooted, is also partly the result of the
process of socialization, which has contrib-
uted experiential components that cannot be
ignored: "Spatially, like temporally, coordi-
nated patterns of behavior are basic to the
personal adjustment of all human beings.
They involve fundamental dimensions ofex-
perience and are a necessary condition of
... social living." Since we are viewing the
incised stones as artifacts of culturally pat-
terned behavior, we are challenged, in ac-
cordance with Hallowell's proposition, to
elucidate aspects of Great Basin socio-cul-
tural adaptive patterns which were relevant
to the marking strategies and modes ofspatial
organization that characterize Gatecliffs
symbol system. We will, therefore, attempt
to show that the kind of spatio-temporal pat-
terning that dominates the Gatecliff incising
style was, in fact, consistent with socio-cul-
tural adaptive systems in the ethnographic
Great Basin.
Thomas (1973, 1982b, 1983) has suggested

that prehistoric subsistence and settlement
patterns in the central Great Basin can gen-
erally be subsumed within the range of ob-
served ethnographic patterns (Steward, 1938).
Thomas infers that the subsistence pattern of
the aboriginal inhabitants of Reese River
Valley (approximately 56 km. west of Gate-
cliff Shelter) alternated between wandering
and relative sedentism, depending upon the
seasonally available resources, and that this
pattern was present at least as early as 2500
B.C. The prehistoric inhabitants probably ex-
ploited contiguous but dissimilar micro-en-
vironments in a well-defined, cyclical, sea-
sonal round which depended heavily upon
pine nuts and Indian ricegrass, supplemented
by subsidiary plant foods and by hunting. In
this cyclical system, -time must be viewed as
the crucial articulating mechanism: "Time
... flows ... through the seasons, with logical
branchings shunting [human] movement into
proper seasonal activities" (Thomas, 1972b,
p. 680). But these archaeological-ethno-
graphic parallels only apply, in the strictest
sense, to demographic and subsistence pat-
terns. We must exercise restraint in our in-
terpretations of specific archaeological de-
tails; ideational explanations in archaeology
are notoriously difficult to translate into con-
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crete propositions, and our interpretations
regarding specific uses and meanings of the
incised stones from Gatecliff must be ac-
cepted with caution.
No ethnographic accounts exist regarding

incised stones or any other kind of rock art
being used or produced in the central Great
Basin; and since incised stones are "non-util-
itarian" artifacts, we cannot at this time, in-
terpret their functions to be direct implica-
tions of their forms. Therefore, conclusions
regarding the specific uses and meanings of
incised stones must rely upon information
derived from their associations with other
cultural remains. Unfortunately, GateclifPs
living floors have provided scant clues as to
the particular functions incised stones might
have served, because those floors with the
largest concentrations of incised stones also
yield large concentrations of all manner of
other cultural debris, and there is no way to
isolate activities that might have related spe-
cifically to the stones themselves (see chaps.
20-23).
There is similarly no evidence to suggest

that full-time specialization of any sort ex-
isted in the Great Basin, although part-time
religious specialists were present ethnograph-
ically (Steward, 1938). Throughout much of
the Shoshone area, a shaman often directed
communal animal drives, after having first
received supernatural "charming" powers in
a dream (Steward, 1938, pp. 34, 108). The
duties of a part-time religious specialist as
predictor and coordinator of vital plant har-
vests can only be presumed, though ethno-
graphically, a village headman-in addition
to acting as antelope shaman -also kept him-
self informed about the ripening of plant
foods, and managed the harvests as well
(Steward, 1938, p. 247). Could it be that a
Monitor Valley household head or village
headman marked designs onto stone in con-
nection with his socio-economic responsi-
bilities? Could this act, under special circum-
stances, have had religious significance? In
the absence of archaeological and ethno-
graphic evidence, we cannot answer such
questions, although we do know that else-
where portable incised stones have been found
standing on end surrounding pi-non trees
(Santini, 1974, p. 13), and we also know that
incised stones exhibit correspondences to
non-portable petroglyphs produced at the

scenes of aboriginal hunts in the Monitor
Valley area. In addition, some ofthe Gatecliff
stones were covered with red ocher, and in-
cised stones have been recovered with human
burials elsewhere in the Great Basin (Lan-
ning, 1963, p. 263). Therefore, while we can
only presume what the particular relation-
ships might have been between practical as-
pects ofhuman survival, specific religious be-
liefs, and the visual symbolization ofrelevant
precepts, it is suggested that the symbol sys-
tem on the portable stones referred, at least
in part, to the ritual dramatization of con-
cepts relevant to communal hunting and
gathering activities.

It has been suggested that a sizable pro-
portion of non-portable Great Basin rock art
marks the sites ofprehistoric communal hunts
(Heizer and Baumhoff, 1962). Petroglyphs
often portray realistic images of game ani-
mals (Heizer and Baumhoff, 1962; Grant,
1967), as well as depictions of the weapons
and traps used to capture them (Heizer and
Baumhoff, 1962; Nissen, 1974). In addition,
topographic orientations of decorated stone
surfaces typically suggest an ambush situa-
tion; designs are often carved onto boulders
and cliff faces which afford excellent attack
opportunities (T. Thomas, 1976), and many
sites in the Great Basin are on animal mi-
gration trails (Heizer and Baumhoff, 1962).
As we have seen, the Abstract symbol sys-

tems characterizing non-portable rock art in
the Monitor Valley area share a number of
features in common with the portable incis-
ing tradition. Both portable and non-portable
rock art traditions exhibit cumulative mark-
ing strategies as well as scratched (or chalk-
scratched) modes of design application; both
traditions rely upon spatially independent
motifs, and yield a comparable distribution
of non-repetitious motif complexes. The
painting which characterizes pictograph sites,
and which can still be faintly seen at some
petroglyph sites (e.g., Hickison Summit), also
appears as an aspect of Gatecliffis portable
incising tradition (see chap. 11). In addition,
both the portable and non-portable traditions
share a number of Rectilinear as well as Cur-
vilinear Abstract motifs. Aside from the
"pecking" and "rocker" modes of design
application (see chap. 11), the only stylistic
and technological trait that the incised stones
and the Abstract wall art do not share to some
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degree, is portability-the feature which can
truly be considered the hallmark ofGatecliffs
incising tradition. In the final analysis, we
suggest that incised stones functioned as a
spatially non-specific correlate to the spa-
tially fixed wall art of the region.4
The seasonal round was characterized by

social dispersion during much of the year,
alternating with a period oftemporary social
aggregation which occurred at pi-non har-
vesting time (Steward, 1938, pp. 3, 45-46,
237), and was punctuated by a festival re-
ferred to ethnographically as a fandango
(Harris, 1940; Thomas, 1972a, 1983). The
fandango is generally recognized as having
played a role in social integration and the
maintenance of group solidarity through its
provision for activities such as feasting, mar-
riage, mourning, and exchange (see Harris,
1940; Steward, 1938; Thomas, 1972a). The
precise locality of ethnographic pinion har-
vests varied according to the abundance of
available nuts (Steward, 1938), and Thomas
(1972a, 1972b) has suggested that the annual
festival functioned as a mechanism for the
exchange of environmentally relevant infor-
mation, including the locations of abundant
or scanty harvesting areas. Although poor
yield regions could be eliminated from con-
sideration at some point over the three year
maturational period of the pine nuts (Thom-
as, 1972a, pp. 143-145), the final decision as
to exact locality of the target crop, neverthe-
less, had to be made sometime during the
third and final year prior to ripening of the
cones. In other words, the precise locality of
each pifion gathering area could not be com-
municated to individual family groups at the
previous year's festival. Only those groves
which had, up to that date, already lost their
crops could be eliminated from consider-
ation, and it would then be an individual
decision as to which of the remaining crops
to exploit. Under these circumstances, the
greater the number of high yielding piinon
groves, the less the chances that large num-
bers of families would independently choose
the same area to harvest. Theoretically, the

4 For a discussion ofportable incised artifacts and non-
portable rock art in the Chumash area of southern Cal-
ifomia, see Lee (1981, pp. 20-22).

human population might then remain frag-
mented during precisely those years when the
food supply was able to support a higher pop-
ulation.5

In an aggregation/dispersion situation such
as this, the locality of the human aggregation
must remain unchanged, so that individuals
functioning independently in space can join
up at pre-established, periodic intervals (after
Isaac, 1972). But, as we have seen, the precise
locality of each pinon gathering site varied,
making pi-non gathering locales unlikely can-
didates for use as aggregation sites. On the
other hand, the routes of large-game animal
migrations did not vary from year to year.
Major mountain passes, with their narrow
rocky canyons suited to the driving and am-
bushing of herd animals, remained fixed in
space. The exact timing of migratory move-
ments and the number of animals using a
particular route might vary, but the optimal
hunting location on a traditional migration
route remained a fixed topographical feature.

Steward (1938, p. 230) determined that the
biological nuclear family was the basic eco-
nomic production unit and functioned as the
only enduring socio-political institution in the
Great Basin (see Thomas, 1983). Although a
large group of people might come together to
harvest side by side in the same pinion grove,
each nuclear family generally gathered pine
nuts only for its own use; true cooperative
sharing of pi-non yield was not a common
pattern (Steward, 1938, pp. 20, 231). In other
words, pifion, the primary staple food, was
exploited on an individual family basis, and
success relied upon little or no broadly in-
tegrated social behavior at the particular time
and place of the harvest; pifion exploitation
remained essentially a prerogative of the in-
dividually functioning, discrete family unit.
On the other hand, the success ofa collective
hunting effort was dependent upon a sizable
number of individuals working in close co-
operation. Natural boulder configurations at
times had to be augmented (Heizer and
Baumhoff, 1962, p. 12); animals had to be
driven (Steward, 1938; Nissen, 1974), and
then ambushed (T. Thomas, 1976), or per-

5 The effect of the availability of water upon human
dispersion is discussed by Thomas (198 lb, 1983).
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haps contained for a time before they could
be killed at leisure (Steward, 1938, p. 35);
carcasses then had to be butchered, distrib-
uted, transported, and dried (Steward, 1938,
p. 35; see Thomas, 1983). We see in this sit-
uation, then, a linking of the subsistence sys-
tem with the social system in a context which
would have served to invest the communal
hunting sites with a different sort of meaning
than that which characterized individual pi-
non harvesting locales (see also Wagner,
1972): Communal hunting localities would
have provided a spatially fixed reference
point, while pi-non harvesting provided a
temporally fixed reference point.

Pinion harvests and cooperative huts were
often staged concurrently (Steward, 1938),
and the co-occurrence of a hunt and pi-non
harvest provided a combination of circum-
stances not readily duplicated at any other
time of year, namely, economic support of a
high population density (Steward, 1938) and
geographical specificity (with concomitant
fixed perceptual orientation). We suggest that
harvesting of the prime staple food resource
(pine nuts) would have determined the tim-
ing of human congregation, but staged hunts
could have provided the precisely predict-
able, spatially fixed setting for social aggre-
gation. In effect, the cooperative hunting site,
rather than the pifion gathering site, would
have provided the invariant spatial reference
point in an otherwise fluctuating spatial pat-
tern and thereby could have functioned as
the setting for prehistoric annual social ag-
gregation in the Monitor Valley region.6
The combination of cooperative hunting

at specific localities (at varying times), and
pi-non gathering at specific times (but at vary-
ing localities) provided a complementary
spatio-temporal framework upon which the
system was supported. In the final analysis,
the socio-cultural system depended upon the
successful exploitation of a sequence of pe-
riodically appearing resources (human, ani-
mal, and vegetal),7 the precise timing and

6 See Conkey (1980) for a discussion of Old World
Paleolithic rock art of Altamira as a site of prehistoric
hunter-gatherer aggregation.
7See Thomas (1983) for a discussion of water avail-

ability in this area.

spatial locations of which remained differ-
entially predictable. Sequentiality and peri-
odicity, functioning for this society as con-
ceptual links between observation and
prediction, seem to characterize marking
strategies of the Monitor Valley symbol sys-
tems, while at the same time an almost ex-
clusive reliance upon spatially discrete units
in design layout mirrors the diagnostic socio-
economic behavior pattern described by
Steward for the ethnographic Great Basin
(1938, p. 230).

If we accept geographical specificity as a
criterion ofcommunal hunting localities, and
non-specificity as a hallmark of pi-non gath-
ering locales, then we might also tentatively
suggest that in Monitor Valley the portable
(i.e., geographically non-specific) incising tra-
dition represents a pi-non-related equivalent
to the non-portable wall art which charac-
terizes communal hunting sites.8 The porta-
ble incised stones and the non-portable rock
art ofMonitor Valley would have functioned,
then, as symbolic correlates in the dramati-
zation of concepts relevant to a cultural sys-
tem which coordinated plant food gathering
and cooperative hunting into a complemen-
tary spatial and temporal scheme.

SUMMARY

Analysis of Gatecliffs incised stones has
resulted in the identification of constituent
elements and motifs, as well as the mode of
spatial organization dominating the Central
zone Great Basin incising style. Organization
of constructed designs typically consists of
groupings of like motifs, each ofwhich exists
independently in its own space. Constructed
motifs themselves can be viewed as permu-
tations of five elemental components sym-
bolizing rules ofspatial organization, whereas
differential overmarking and central bisec-
tion are further refinements of that spatial
ordering. A view of motifs as adaptable in-
terpretations of underlying concepts, rather
than as static signs or decorations is sup-
ported by the prevalence of individualized
irregularities characterizing like motifs on the
same surface; variability in maintenance of

8 See Ritter (1 980) for a detailed description ofa single-
family camp (with incised stones) possibly related to
pifion procurement.
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perceptual integrity of individual motifs was
determined by observing changes in vertical
and/or horizontal patterning ofelements con-
stituting a given motif.

Sequentiality and periodicity seem to char-
acterize marking strategies of the Gatecliff
stones, and the importance of these concepts
has been related to the prehistoric and eth-
nographic subsistence patterns of the region.
The nature of deposition at Gatecliff Shelter
disallows an unequivocal interpretation as to
the precise functions the incised stones served;
nevertheless we can hypothesize that they
were devices ultimately referring to the dra-
matization of sequential and periodic socio-
economic behavior of their makers. The
stones were marked, perhaps, by the prehis-
toric equivalent of a household head or tem-
porary village adviser who, in ethnographic
contexts, was the individual responsible for
analyzing and coordinating much of the rel-
evant economic information and associated
social activity.
We recommend, on the basis of techno-

logical, stylistic, and compositional corre-
spondences, that the Gatecliff incising tra-
dition be considered an aspect of the Great
Basin rock art phenomenon. Additionally, we
propose a revision of the existing time scale
for the Scratched and Rectilinear Abstract
rock art styles, suggesting that the earliest style
in the central Great Basin was that referred
to as Rectilinear Abstract. Motifs in this style
were being incised into portable stones as ear-
ly as ca. 3300 B.C. and were, at some time
"scratched" into non-portable boulders and
rock walls in the area. The Stillwater Facetted
petroglyph style (ca. 9000-7500 B.C.) (Heizer
and Nissen, 1977) and the Great Basin Pit
and Groove petroglyph style (ca. 5000-3000
B.C.) (Heizer and Baumhoff, 1962) are not
present in Monitor Valley.

Curvilinear motifs were introduced into the
Gatecliff incising tradition at approximately
1250 B.C., along with new incising techniques

(rocking), and new design arrangements (see
chap. 1 1). This date is upheld by stylistic evi-
dence from Toquima Cave, which appears to
have been occupied only after ca. 1500 B.C.,
and exhibits precisely those design variables
which were introduced into the Gatecliff in-
cising tradition at ca. 1250 B.C. (namely, cur-
vilinearity, appending of unlike motifs into
complexes, and appearance of a variety of
motifs unique to the design inventory). Cur-
vilinearity and appending of unlike motifs
were never integrated into the Great Basin
Central zone portable incising style to the
extent they were in the Southern and the
Northern incising styles (see chap. 1 1), but
they do, nonetheless, characterize the wall art
at many sites in the Central zone. The stylistic
and structural variables that differentiate the
three style zones of the Great Basin incising
tradition, imply for the Central zone, a rel-
ative conservatism in the technological han-
dling ofmaterials, as well as in organizational
aspects of design patterning.

Ultimately, the Gatecliffsymbol system can
best be understood as a set of organizational
principles, rather than simply an inventory
of recognizable motifs. The efficacy of this
approach has been demonstrated by the def-
inition of three geographically cohesive, in-
terrelated styles ofGreat Basin incised stones
that is based, not solely upon motif distri-
butions, but upon variations in structural-
compositional patterning. If we define style
as "a system of forms ... through which ...
the broad outlook of a group ... [is] visible
... [and as] a vehicle of expression within
the group, communicating and fixing certain
values .. ." (Schapiro, 1962, p. 278), then
Gatecliffls rock art style must be defined by
much more than the designs that were ac-
tually marked onto stone. Gatecliffs symbol
system i-s, in --fact, characterized by a set of
interlocking value judgments governing the
organization of time, space, and behavior,
within the confines of a given technology.



CHAPTER 18. BEHAVIORAL FAUNAL ANALYSIS OF
SELECTED HORIZONS

DAVID HURST THOMAS AND DEBORAH MAYER

Faunal frequencies from Gatecliff Shelter
have been previously presented in chapter 6,
and that analysis evaluated the Gatecliffbone
assemblages from a paleontological perspec-
tive. Grayson emphasized the difficulty in de-
termining the origin of the bones involved;
rarely can one distinguish bones deposited by
natural processes from those resulting from
specific aboriginal subsistence practices. Ac-
cordingly, in chapter 6 we were extremely
cautious in interpretive matters.
We now take an inferential step beyond

this conservative course. It is clear that at
least some (if not most) of the large mammal
materials recovered at Gatecliff Shelter were
deposited by cultural activities. The most
striking such case is the dense concentration
of bighorn sheep bone found on Horizon 2.
Lesser concentrations ofartiodactyl bone were
also recovered and mapped from earlier ho-
rizons at Gatecliff. We shall consider these
patterned faunal assemblages in light of pre-
historic subsistence patterns. Once again, we
shall be cautious.

This chapter is restricted to artiodactyl
bones. Analysis of the carnivore and small
animal remains has been conducted only in
the paleontological framework of chapter 6;
a similar "cultural" faunal analysis for the
smaller remains would be interesting, but has
not been attempted.

HORIZON 2 (UNDERDOWN
COMPONENT, ca. A.D. 1300)

Horizon 2 is a distinct cultural unit con-
tained within the generally undifferentiated
rubble of Stratum 1. Two statistically iden-
tical radiocarbon dates are available from
charcoal associated with Horizon 2: A.D. 1200
± 90 (GAK-3606) and A.D. 1360 ± 90 (GAK-
3607).
The most striking feature on Horizon 2 is

a dense and patterned concentration of
butchered bighorn sheep remains. This fea-
ture was encountered in the earliest testing at
Gatecliff Shelter, and this cultural horizon

was termed the "bone bed" throughout the
remainder of the excavation (fig. 183). The
Horizon 2 artiodactyl feature was plotted in
situ.

PROCEDURES

Of a total of 8396 artiodactyl bone frag-
ments recovered from Horizon 2, roughly 500
were identified as belonging to Ovis cana-
densis; one was Bison bone. We assume that
the remaining 8000 or so "unidentifiable"
artiodactyl bones also belong to Ovis cana-
densis. Neither antelope nor deer were iden-
tified in the Horizon 2 sample.
We are at present concerned strictly with

the patterning offaunal materials within Ho-
rizon 2. Because we explicitly assume that all
artiodactyl remains in this horizon are big-
horn, the term unidentified takes on a differ-
ent meaning. "Unidentified" in this sense
means that an individual bone is "uniden-
tifiable" relative to skeletal element, rather
than being "unidentifiable" to genus.
Horizon 2 was excavated over a period of

six years, and because of the sheer quantity
of faunal remains involved, it was necessary
for us to reconstruct the "bone bed" physi-
cally for analytical purposes. The 8396 artio-
dactyl bones from Horizon 2 were set out on
laboratory tables and sorted by body element.
Although many bones could be readily iden-
tified into categories such as "mandible frag-
ment" or "distal humerus," several were too
fragmented for specific assignment. In such
cases, we employed the relatively gross stan-
dardized categories suggested by Binford
(1978a, table 5.2). These results are presented
on table 68.
The more complete bones were closely ex-

amined for butchering marks during this pre-
liminary sorting process. Such marks were
generally visible to the naked eye or with the
low power magnification of a hand lens; no
microscopic analysis was conducted. Only
1534 of these bones were sufficiently com-
plete for such butchering analysis.
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FIG. 183. The "bone bed" at Gatecliff Shelter, as it was first encountered in 1971 excavations (trowel
points to magnetic north). Both degree of preservation and semi-articulated nature of the feature are
fairly representative of the Horizon 2 bone bed as encountered throughout the rest of the site.

Bone parts were then sorted according to
skeletal elements, determining lefts and rights
where possible. Only 784 ofthese bones were
sufficiently complete for such skeletal assign-
ment (column 1, table 69).1

1 A couple of relatively minor problems were encoun-
tered during the course of this analysis. Some of the
butchering scars were undoubtedly obscured by post-
depositional factors, including rodent gnawing, weath-
ering, and also the sheet burning which occurred over
most of Horizon 2.

There is also the nagging possibility that a few of these
elements may have been incorrectly correlated. As dis-
cussed in chapter 3, the massive chert roof fall landed
on the eastern half of Horizon 2; in some cases, isolated
artifacts and faunal materials were displaced downward
as much as 50 cm. Although we are fairly confident that
all artifacts and faunal materials were correctly corre-
lated, there remains a possibility that the massive post-
depositional disruption has led to an incorrect assign-
ment here and there. The several-ton chert boulder un-
doubtedly fractured some ofthe bones in Horizon 2, and
it is often impossible to distinguish this fracturing from
that related to butchering.
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EPISODIC OR ACCRETIONAL?

It is important in the following behavioral
analysis ofthe Horizon 2 fauna to isolate and
understand the depositional processes in-
volved. Were the two dozen or so bighorn
killed and butchered in a single episode? Or
did the bones accumulate over a lengthy pe-
riod of time?

It is necessary to admit from the outset that
we will never be able to answer this question
with certainty. We will never know all the
variables behind the deposition of Horizon
2. The accumulation could have been either
episodic or accretional.

But having said this, we hasten to add that
it was-and continues to be-our strong and
vivid impression that Horizon 2 represents
a single behavioral event. We think the bones
were all deposited at the same time. The Ho-
rizon 2 bone deposit is unique in Gatecliff
Shelter, providing an important and distinc-
tive break that assisted in defining the upper
stratigraphic levels of the site. The bones were
generally piled up in the middle of the site,
with some degree of scatter toward the drip-
line. It was a relatively easy matter for ex-
cavators to follow the Horizon 2 assemblage
throughout the rubble ofStratum 1. The pres-
ervation is excellent, the bones being uni-
formly scorched, presumably from a massive
episode of post-depositional sheet burning.
Although some of the bones were crushed

beneath the chert roof fall shortly after Ho-
rizon 2 was deposited, bones positioned away
from the roof fall lacked any evidence of the
trampling or breakage one observed in faunal
assemblages known to have accumulated over
a lengthy period of time.

In addition, the limited seasonality infor-
mation likewise points to deposition in a sin-
gle season (as discussed later in this chapter).

But the most important clue is the nature
ofthe stratigraphy ofHorizon 2. All the bones
lay on precisely the same micro-topographic
surface, a relatively rare event at Gatecliff
Shelter. As discussed in chapters 21-23, most
of the Gatecliff "living floors" were actually
palimpsest accumulations, clearly deposited
as multiple events, often separated by minute
silt bands between individual occupations.
On the other horizons, we were sometimes
unable to follow these microstratigraphic

breaks throughout the entire surface, and we
were forced to analytically lump these mini-
occupations into a single horizon.

This was not the case with Horizon 2: the
bones lay on a single topographic surface, and
there was no evidence of even minor depo-
sitional episodes within the bone mass. Al-
though the rubble matrix did not preserve
such distinctions as clearly as on some of the
middle Holocene and early Neoglacial sur-
faces, it remains our impression that the Ho-
rizon 2 faunal assemblage was laid down in
a single behavioral and depositional event.

This is a stratigraphic assumption on our
part. Although we will treat the Horizon 2
faunal assemblage as an episodic deposition,
we cannot conclusively rule out the possibil-
ity that deposition was in part accretional.

EVIDENCE OF SKINNING AND
BUTCHERING MARKS

This section provides specific morpholog-
ical observations on the bighorn bones from
Horizon 2. It is possible to make limited in-
ferences regarding the human and non-hu-
man behaviors which impacted the Horizon
2 faunal assemblage. These inferences are, at
present, restricted to the morphological evi-
dence. The next section explores another
source of data from the same bones, namely
the relative frequencies of anatomical ele-
ments present on Horizon 2. Taken together,
these two data sets provide a relatively in-
dependent check on the behavioral implica-
tions of this assemblage.
Approximately 1500 bones were sufficient-

ly complete for morphological analysis. Once
these observations were tabulated, we com-
pared them to Binford's (198 1) recently pub-
lished synthesis of skinning and butchering
data; where possible each type ofdamage will
be coded after Binford's typology (198 1, table
4.04). All identifications were made before
we had access to Binford's stimulating anal-
ysis.
HORN CORES: Two ofthe 20 horn core frag-

ments showed horizontal scrapes around the
base of the horn core proper (code C-4, after
Binford, 1981, table 4.04). These marks al-
most certainly result from a careful removal
of the skin from the head of the bighorn.

SKULL: Identifiable skull fragments are rel-
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FIG. 184. Butchering marks observed on bighom bones from Horizon 2. a. portion ofmaxilla showing
vertical cuts and scrapes along posterior part of nasal cavity; b. right mandibular fragment showing
characteristic vertical cuts and scrapes along buccal surface; c. articulated lumbar vertebrae showing
butchering marks along dorsal surface.

atively rare on Horizon 2, although many of
the unidentifiable flatbone fragments are
probably cranial.
The most striking aspect is the systematic

manner in which the occiput has been re-
moved from the skull proper. Six large oc-
ciput fragments were present with the fora-
men magnum still intact. The occipital
fragments show occasional signs of rodent
and carnivore gnawing, but generally lack the
features characteristic of destructive canid
gnawing and breakage, such as Binford de-
scribes for the "skull discs" (1981, p. 62).
Instead, these fragments were probably re-
moved with a heavy chopper or handstone
since the bone in this portion of the skull is
much too thick to be cut with smaller chipped
stone tools. Transverse cut marks across oc-
cipital condyles are lacking (code S- 1, cf. Bin-
ford, 1981, fig. 4.1 1B). Please note that all
codes in parentheses in this chapter refer to
Binford (198 1).
The maxilla fragments likewise appear to

have been deliberately broken along the
proximal margin of the palate. Although the

nasal bones are almost invariably broken off,
this could easily be due merely to the fragile
nature of the skull in this area.

Six large maxillary fragments show butch-
ering cuts and scrapes, most commonly a se-
ries of vertical lines along the posterior por-
tion of the nasal cavity (cf. code S-6; see fig.
184a). These probably occurred as the skin
was stretched over the bone.
A number of haphazard butchering marks

are also evident along the distal portion of
the maxilla.
MANDIBLE: Mandible fragments are fairly

common on Horizon 2, generally broken
along the middle of the tooth row at one or
both ends. Only one complete mandible was
recovered. This manner of breakage is very
different from that described by Binford
(1981, p. 63) for destruction by dogs and
wolves. General signs of gnawing are absent,
and several of the mandible fragments could
be fitted back together, suggesting that the
pieces were cracked apart but not ingested.
The breakage in Horizon 2 mandibles gen-
erally opened the large pulp cavity beneath
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FIG. 185. Butchering marks observed on bighorn bones from Horizon 2. a. lateral view of left
innominate (GA2 149) showing slice marks around acetabulum; b. rib fragment resulting from removal
ofmuscle and gristle; c. rib fragment showing similar butchering as in b; d. proximal metacarpal showing
cuts near articular end.

the dentition. Puncture marks from carni-
vore teeth are rare.

Butchering marks per se consist almost ex-
clusively of cuts along the exterior of each
mandible (cf. code M-4). Of 41 areas of
butchering noted along these anterior mar-
gins, roughly one-third of the cuts occurred

anterior to the tooth cavity. These cut marks
are usually vertical and correspond almost
directly with those noted above for the nasal
portion of the mandible.
The second series of distinct cuts occurs

along the area of the condyle and ascending
ramus (cf. code M-6). These transverse cuts
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probably result from severing the large mas-
seter muscles and tendons which attach the
mandible to the skull. Approximately one-
third ofthe butchering marks on this exterior
surface were located in the proximal area.
Remaining butchering marks are scattered

about the tooth area, seemingly haphazard
nicks from the skinning process (codes M-4,
M-6; see fig. 1 84b). A few butchering marks
were noted along the interior surface of the
mandibles (codes M- 1 and M-3). Although
not common, these marks probably result
from skinning and removing the tongue from
the mandible area.
VERTEBRAE: Although Horizon 2 con-

tained relatively few vertebrae, the atlas and
axis were recovered in large number (table
69). The butchering marks undoubtedly were
inflicted when the head was removed from
the neck (codes CV- 1, CV-2).
Three axis vertebrae were also scarred with

dismemberment marks scattered along the
ventral surface. The dorsal surface was gen-
erally broken offentirely. Binford (198 1) sug-
gests that similar damage occurs in the butch-
ering ofcarcasses, when axes or other massive
tools damage the axis.
Remaining cervical vertebrae show assort-

ed nicks, cuts, and scrapes. These marks were
found along the ventral surface only, but the
dorsal surfaces had been badly damaged, per-
haps also by transverse cutting or chopping
(code CV-6).

Frison (1971, p. 263) noting similar dam-
age to antelope bones recovered from the
Eden-Farson site, a Shoshonean campsite in
Wyoming, suggests that this represents a "fast
method of removing the head." Six of the
nine identifiable thoracic vertebrae show cuts
and scrapes along the spinous process and on
the ventral surface (codes TV- 1, TV-3, TV-
4). The longitudinal cut marks along the base
and lower part ofthe dorsal spine (TV-2) were
entirely lacking on the thoracic vertebrae.
The lumbar vertebrae showed a relatively

high proportion of butchering and skinning
marks, particularly along the front ofthe dor-
sal process (fig. 184c). These marks are al-
most identical with those pictured in Binford
(1981, fig. 4.21), except that they occur in the
lumbar rather than thoracic areas. These scars
have been attributed to removal of the ten-
derloin (see also Wheat, 1979, p. 67).

Some of the vertebrae on Horizon 2 show
gnawing along the spines and processes, sim-
ilar to that shown by Binford (1981, p. 65).

PELVES: The pelves were the most abun-
dant anatomical element on Horizon 2. Sev-
enteen of the 80 pelvis fragments sufficiently
intact for analysis were broken, with the iliac
crest separated from the remainder of the il-
ium. And 17 of the pelvis fragments were
broken at the other end, along the junction
ofthe ischium pubis. Several Hori\zon 2 pelves
show extensive gnawing, particularly along
the margins (as illustrated by Binford, 1981,
pp. 66-67); chewing was particularly com-
mon along the dorsal spines of the sacrum,
the iliac crest and the dorsal margin of the
pubic area.
Well over halfofthe pelvis fragments show

butchering cuts and scrapes (see fig. 185a). A
number of these marks concentrate around
the acetabulum (codes PS-7, PS-9, PS-8, PS-
10); see also Binford, 1981, fig. 4.22). Such
marks derive from primary butchering and
are produced during the removal of the rear
leg from the axial skeleton. The Horizon 2
scars probably result from accidental knife
slices which nicked the bone as the longis-
simus and posterior muscles of the hind leg
were removed with the hind limb. Butchering
marks are also common around the caudal
tuberosity and appear, scattered in haphaz-
ard fashion, across the left of the pelvis.
SACRUM: Two ofthe three sacral fragments

show butchering marks on both dorsal and
ventral surfaces, especially along the neural
crest area.

RIBS: The ribs pose an analytical problem,
as discussed below. Roughly two-thirds ofthe
ribs examined showed some form ofskinning
and butchering marks (see fig. 1 85b, c). Most
scars run along the inside surface, parallel to
the axis of the rib. Binford (198 1, table 4.04)
has no code number for such a butchering
pattern. Considerably fewer marks were found
on the outside surface of the ribs.
STERNUM: Two articulated sternebrae were

recovered, both ofthem showing evidence of
deliberate battering. Filleting marks on the
ventral surface (code RS-4) were absent.
SCAPULA: A relatively large sample ofscap-

ulas was recovered in Horizon 2, and nearly
every example shows signs of non-human
gnawing (see Binford, 1981, p. 69). The acro-
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mion was almost always gnawed away, to-
gether with extensive chewing along the gle-
noid area. The edges of the vertebral border
were commonly chewed, several of them
showing characteristically crenulated edges.
Puncture marks were occasionally present.

Three-quarters of the scapula fragments
also showed skinning and butchering marks.
Some ofthe battering about the glenoid fossa
may be the result of butchering, but the de-
gree of gnawing makes this difficult to ascer-
tain. Roughly half of the cut marks occurred
in the glenoid fossa area (codes S-1, and
S-2, see also Binford, 1981, fig. 4.29). Marks
ofthis nature according to Binford "are most
likely to be seen in locations ofconsumption,
unless there is processing for drying, or in
situations where relatively large animals are
being butchered and the parts are destined
for transport" (1981, p. 121). The scapula
fragments were closely examined for evi-
dence oflongitudinal marks along the surface
(code S-3; Binford, 1981, fig. 4.06). Although
a number of these margins have been de-
stroyed or obscured by carnivore and rodent
gnawing, a few such lateral cuts could still be
observed. Binford suggests (1981, p. 98) that
there is a direct relationship between this type
of cut mark and the drying of meat.
HUMERUS: The humerus is always broken

into at least two or three pieces, generally
separating the articular ends from the diaph-
ysis. Although 33 distal humerus fragments
were recovered, only seven came from the
proximal end. Almost identically disparate
ratios were noted by White (1952, p. 338),
who suggested that the destruction ofthe head
of the humerus was due to the heavy-handed
techniques of prehistoric butchers. By con-
trast, Frison (1970, p. 27) has argued that the
humerus commonly functioned as a butch-
ering and fleshing tool, and such tool-use de-
struction would account for the scarcity of
proximal humeri.

Binford (1981, pp. 70-72) presents another
option, arguing that the proximal end was
probably destroyed by carnivores. The few
proximal humerus fragments recovered from
Horizon 2 generally showed extensive gnaw-
ing, furrowing, and puncturing almost iden-
tical to that produced by wolves and dogs
(see Binford, 1981, figs. 3.42 and 3.43). Two-

thirds of the identifiable humerus fragments
showed some signs ofgnawing and/or weath-
ering, particularly along the margins of the
articular ends. Although it is possible that the
proximal humerus was chopped loose to strip
the supraspinatus, infraspinatus, and sub-
scapularis muscles (after Frison, 1971, p. 265),
the pattern seems more likely to have been
produced by nonhuman agents.

Butchering cuts are relatively rare on the
humerus and only occasionally found along
the diaphysis and toward the distal end (codes
Hd-3, Hd-4, Hd-2). As Binford points out
(1981, pp. 123-124), the distal humerus
commonly collects disarticulation marks be-
cause of the difficulty of separating the elbow
joint (1981, fig. 4.31).

RADIUS AND ULNA: The gnawing and
chewing patterns so prevalent on the humer-
us are also present on the radius and ulna,
but they are less common and much less pro-
nounced. Butchering marks, primarily small
nicks and scrapes, are present on half the ra-
dius and ulna fragments. The proximal ulna
occasionally contains a particularly distinc-
tive damage, probably due to the removal of
the triceps muscle attached to the olecranon
process (code RCp-5; see also Binford, 1981,
fig. 4.32). The distal end was rarely damaged.
CARPALS: Carpals were generally found in

a whole condition, and butchering marks were
absent in contrast to the bison butchering
pattern described by Frison (1970, p. 12).
METAPODIALS: No complete cannon bones

were found, most fragments showing break-
age at both the proximal and distal ends. The
bones themselves are badly rodent gnawed,
probably obscuring some butchering marks.
Roughly half of the metacarpals showed

some signs of cutting and scraping. Trans-
verse marks occurred occasionally, across the
anterior and posterior surfaces of the con-
dyles (codes MCd-2, MCd-3) as well as cuts
along the anterior mid-shaft. The character-
istic circular cut around the distal shaft (sug-
gested by Binford, 1981, table 4.04 as diag-
nostic of skinning) was absent on Horizon 2
specimens; also absent were the short "chev-
ron" marks indicative of filleting.
One, a distal metacarpal, had been delib-

erately cut to remove one of the condyles,
leaving the other intact. This cut resulted from
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a sawing action, perhaps a preliminary step
in the manufacture of bone awls, several of
which were found at Gatecliff Shelter.
Approximately one-quarter of the meta-

tarsals showed similar signs of cutting, scrap-
ing, and rough abrasion. Most ofthese marks
were concentrated along the anterior portion
of the shaft, although several marks occurred
on the posterior surface and along the prox-
imal margin. Encircling skinning cuts were
also absent on the distal shafts. Over 100
additional metapodial fragments were found,
but the pieces were too small for assignment
to front or back limb. Few ofthese fragments
showed any butchering marks.
FEMUR: The femurs on Horizon 2 were

badly broken, and most of the recognizable
fragments came from the articular surfaces.
A number of the femur fragments showed
gnawing and tooth punctures, presumably
from carnivores (cf. Binford, 1981, figs. 3.47-
3.49).

Butchering marks appear on about three-
fourths of the articular fragments. The pos-
terior portion of the femur was particularly
heavily scarred, both on the proximal and
distal ends (codes Fp- 1, Fp-2, Fp-3, Fd- 1, Fd-
2). Similar marks occurred on the anterior
surface, but they are considerably less fre-
quent. These cuts, particularly those on the
proximal margin, are probably due to pri-
mary dismemberment. Butchering marks
along the distal end of the femur raise some
question. Binford (198 1, p. 1 6) suggests that
such scars are most commonly produced dur-
ing secondary butchering operations, during
the process of meat distribution or prepara-
tion for consumption; but "under some spe-
cific conditions, where there are either large
body sizes or where multiple kills increase
the bulk of field-butchered meat that must
be transported, disarticulation of the femo-
ral-tibial articulation may be accomplished
during early butchering stages." The short,
parallel, often "chevron" shaped marks, di-
agnostic of filleting were absent on the Ho-
rizon 2 femurs.
One distal left femur was deliberately

hacked immediately proximal to the articular
end. This mark is curious, since it passes
through one of the densest portions of the
bone. The damage probably resulted from a

single blow, rather than originating from
either sawing or pounding, but it is difficult
to imagine what kind of lithic tool produced
such a clean cut.

TIBIA: Tibial fragments are unusually large
relative to the conditions of other long bones
on Horizon 2. Extensive carnivore activity is
clearly evident on many of the Horizon 2
tibia fragments, particularly channeling and
chipping back, as well as a crenulation of the
destroyed articular ends. Tooth marks and
punctures occur on a few of the shafts, and
bone cylinders are occasionally found (Bin-
ford, 1981, chap. 3). All of this suggests con-
siderable post-depositional modification by
carnivores; rodent damage was also evident.
Butchering cuts and scrapes are apparent on
the tibia fragments on Horizon 2. Most of
this damage appears near the proximal end,
at the insertion ofthe biceps femoris and vas-
tus lateralis muscles. Especially common were
scars along the lateral and medial condyles
(codes Tp- 1 and Tp-2); these marks also ex-
tended, approximately one-third the distance
ofthe main shaft. The distal end occasionally
was cut or scraped (codes Td- 1, Td-2, and
Td-3). Short oblique and "chevron-shaped"
filleting marks were absent on the tibia.
PHALANGES: A high proportion of the pha-

langes were deliberately broken, and the de-
gree of breakage is directly correlated to the
position of the phalanges in the articulated
hoof: the first phalanx is about 15 cm. long,
and only about nine ofthese were broken (out
of about 90 fragments); the second phalanx
is only 3 cm. long, and 25 whole elements
were found out of a total of 44 fragments; the
dense third phalanx was almost invariably
found whole. In other words, the larger pha-
langes were often broken, but the smaller ones
were not. There is also a correlation between
element frequencies and phalangeal size (ta-
ble 69): parts of the larger phalanges were
more common and the smaller phalanges
(particularly the third phalanges) were fairly
rare. This suggests breakage but incomplete
destruction of the larger phalanges, and the
complete consumption of the smaller pha-
langeal digits, probably by carnivores.
Approximately one-third of the phalanges

showed butchering cuts.
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FIG. 186. Various bighorn long bone fragments from Horizon 2 showing impact scars, probably the
result ofchanneling by carnivores, rather than marrow breakage by humans (cf. Binford, 198 1, fig. 3.54).

BONE DAMAGE

Four observations are in order based on
the previous analysis of Horizon 2 bighorn
bones: there is extensive post-depositional
destruction by nonhuman agents; Horizon 2
generally lacks evidence of on-site marrow
extraction; only primary dismemberment
seems to have occurred during the Horizon
2 occupation ofGatecliff Shelter; the skin was
carefully removed for the preparation ofhide
clothing. Each point will be discussed in turn.
The Horizon 2 faunal remains are badly

battered and broken; although investigators
would traditionally have ascribed much of
this damage to human butchering and mar-
row extraction, a more recent approach ad-
vocated by Binford (1981) provides compel-
ling evidence of nonhuman interference.
We have little doubt that the Horizon 2

artiodactyl bones were initially brought to

Gatecliff Shelter by aboriginal hunters. Klein
(1980) has suggested that carnivore bones are
generally more common in animal den as-
semblages than in human-originated assem-
blages (see also Binford, 1981, p. 195). Table
10 clearly demonstrates the general scarcity
of carnivore bones at Gatecliff, and it seems
safe to ascribe the origin of the Horizon 2
fauna to human causes.
The question, however, is to what extent

have these bones been modified by nonhu-
man agents, specifically carnivores (primarily
canids and felids, but perhaps also skunks
and racoons) and the ubiquitous packrat.
The previous section has discussed in ele-

ment-by-element fashion the evidence for
nonhuman attrition of the Horizon 2 fauna,
concluding that the most extensive damage
noted seems to be gnawing, chewing, and
breakage by predators and rodents. We should
also remember that considerable mechanical
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breakage was evident from the massive chert
rooffall, which collapsed on Horizon 2 short-
ly after abandonment. When the roof of
Gatecliff Shelter caved in, the bones of Ho-
rizon 2 were less than 10 cm. from the surface
of the site, covered only by a sagebrush mat
and a thin mantle of debris flow (probably
originating from the talus cone on the western
part of the site). The rock art which had cov-
ered the collapsing portion of the ceiling was
shattered, and several rock art fragments were
recovered during excavation beneath the roof
fall.
The roof fall undoubtedly fractured many

of the bones on the eastern portion of Ho-
rizon 2. But such fractures should be mani-
fested primarily as pulverizing and greenstick
fractures, distinct from both carnivore and
human activities. We think that over half of
the observed breakage on the Horizon 2 ar-
tiodactyl bones resulted from the mechanical
crushing due to the roof fall.

But as a final check, all Horizon 2 artio-
dactyl bones were examined again for evi-
dence of marrow cracking, following the
guidelines advocated by Binford (1981, pp.
148-166). Specifically, articular ends and
shaft fragments were examined for evidence
of impact scars, characterized by several dis-
tinct features (after Binford, 1981, p. 163).
Bones broken by human butchering almost
always have a single impact point, around
which are driven off several short but rapidly
expanding flakes, generally inside the bone
cylinder. Notches also sometimes occur at
the point of impact, and such scars generally
occur in isolation rather than in series (see
Binford, 1981, figs. 4.50 and 4.53).
Impact scars were relatively rare on Ho-

rizon 2 long bone fragments, although they
did occasionally occur. We noted, for in-
stance, that when impact scars were found on
diaphysis fragments, they often were aligned
in a series of two or more (see fig. 186). Such
scars probably resulted from channeling by
carnivores rather than marrow breakage by
humans (cf. Binford, 1981, fig. 3.54).
Impact scars were also rare on the epiph-

yses, although they were found occasionally
(see fig. 187). These scars were probably pro-
duced in the course of on-site marrow ex-
traction by aboriginal hunters rather than by
carnivores. It is interesting to note, however,

that except for paired impact scars on a fem-
oral head (fig. 187c), all definite impact scars
occurred on extremely low utility elements
(after Binford, 1978a, table 2.7): the distal
humerus (Modified General Utility Index,
32.79), proximal humerus (37.38), distal tib-
ia (37.70) and the proximal metatarsal
(15.77).
These patterns suggest that little marrow

extraction occurred during the Horizon 2 oc-
cupation of Gatecliff Shelter. Fewer than one
dozen definite impact scars were found on
the literally hundreds of Horizon 2 bones ex-
amined, and when such scars did occur, they
were generally on elements oflow utility, un-
doubtedly broken open prior to discard.
We also found that nearly all the Horizon

2 butchering activity was restricted to pri-
mary dismemberment, namely the disartic-
ulation of bighorn carcasses preparatory to
transport, storage, or drying. Secondary
butchering marks-particularly those scars
associated with filleting-were almost absent
on Horizon 2. This suggests that Horizon 2
was the scene of extensive carcass prepara-
tion, but that the better cuts were transported
elsewhere for storage or consumption.

Finally, the disposition of butchering cuts
and scrapes suggests that the bighorn were
skinned with great care, presumably to retain
the hide for tanning and manufacture into
clothing. This "skinning for skin" procedure
is particularly evident from the butchering
marks noted on the lower limbs and around
the cranial area (Binford, 1981, chap. 4). That
is, when a limb is being dismembered only
for meat, the skin is generally removed by
cutting along the metapodial or lower tibia/
ulna. But when skins are to be saved, the foot
is skinned out completely in order to preserve
as much hide as possible.

This is precisely the pattern noted on the
Horizon 2 limb bones, namely a general ab-
sence of characteristic transverse cuts on the
metapodials, tibia and ulna; by contrast, we
found a relatively high degree of butchering
cuts along the phalanges, indicating the hide
of the foot was being carefully removed.
The same holds true for the crania; butch-

ering marks were common along the chin area
of the mandible, the nasal portion of the cra-
nium, and near the base of the horn cores.
Kelly (1932, p. 118) described precisely this
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FIG. 187. Various bighorn articular ends from Horizon 2 showing impact scars; these marks seem
to have resulted from on-site marrow breakage by aboriginal hunters.

manner of butchering deer by the Surprise Paiute. The skin of the head area was care-
Valley Paiute; see also Riddell's (1960b, p. fully removed for either the manufacture of
39) description ofskinning by the Honey Lake skin clothing or, in some cases, for headgear
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manufactured from portions of antelope or
bighorn sheep skin as noted by J. W. Powell
among the Southern Paiute (described in
Fowler and Fowler, 1971, p. 161).
The concern with saving as much animal

skin as possible was widespread throughout
the protohistoric Great Basin. Steward (1938,
p. 33; 1941, pp. 245-246; 1943, p. 274)
stressed that the general lack of game placed
a great premium on hide clothing. Skin shirts,
dresses, and leggings not only provided su-
perior body covering, but also functioned in
some measure as "advertisement ofthe man's
industry and skill as a hunter, thus affording
slight prestige value" (Steward, 1941, p. 245).
Poor (or unlucky) hunters were forced to sub-
stitute bark or woven cloth for hides, both
for body covering and also for footgear. Other
ethnographers including Powell (Fowler and
Matley, 1979, p. 29), Kelly (1932, p. 106),
Lowie (1924, pp. 217-218), and Wheat (1967,
p. 6) have also noted the scarcity and rela-
tively high value of skin clothing among eth-
nographic Shoshonean peoples. These inter-
pretations are entirely consistent with the
butchering evidence from Horizon 2.

FREQUENCY ANALYSIS

Analysis up to this point has focused strict-
ly on morphological observations of the Ho-
rizon 2 artiodactyl bone assemblage. These
data suggest that Horizon 2 resulted from
primary butchering, with further processing
occurring elsewhere. The assemblage also has
been heavily impacted by nonhuman agents.
A new source of data can now be brought

to bear on the problem, namely, the analysis
of element frequencies. To do this, it is first
necessary to reduce the raw element frequen-
cies into more manageable units of analysis.
MINIMUM NUMBER OF INDIVIDUALS: Con-

ventional procedures employ the concept of
the minimum number of individuals (MNI),
but there are some analytical problems which
arise with the application of this concept. As
Grayson (1973, 1978) has pointed out, sam-
ple size must be relatively large, and the an-
alytical unit must have integrity before min-
imum individuals can be reliably computed.
Neither factor is a problem with the Horizon
2 assemblage. Over 8000 bones are present,
and Horizon 2 is clearly a behaviorally in-

tegrated unit; that is, there is no difficulty in
defining the appropriate "cluster" for com-
puting the minimum number (Grayson, 1973,
p. 433).
The minimum number concept is used here

in two rather distinct ways (Binford, 1.978a,
pp. 69-72). Traditionally, the minimum
number of individuals estimates the total
number of animals which contributed parts
to a given faunal assemblage (e.g., Chaplin,
1971, pp. 70-7 5). This convention tabulates
bone counts in terms of minimum individ-
uals; this approach views even a single rib as
representing the death ofan entire individual.

Binford advocates an alternative system of
computing the minimal number of individ-
uals that concentrates on the proportions of
butchered segments represented. He is not
concerned with "how many animals stand
behind" the faunal assemblage. That is, the
disparity between element frequencies is ex-
amined to determine how animals were
transported, shared, stored, cooked, or oth-
erwise dismembered. Minimum number of
individuals is computed by dividing the ob-
served bone count per element by the number
of such bones present in a complete animal
(Binford, 1978a, p. 70).

Binford's MNI method clearly provides
useful information regarding the Horizon 2
sample, but the two approaches should be
considered complementary rather than op-
positional. Each method responds to a rather
different question, and the answers to both
questions are at present relevant.

Table 69 presents minimum number of in-
dividuals calculations for Horizon 2. Column
one lists raw element frequencies. The counts
are then grouped according to minimum
number of individuals, first according to the
more traditional method, column two (e.g.,
Chaplin, 1971; Grayson, 1973), and then ac-
cording to the Binford (1978a) approach, in
columns three and four.
The pelvis is the most abundant element,

regardless ofwhich computational method is
employed. The conventional minimum
number of individuals estimate tells us that
at least 24 individual bighorn must "stand
behind" the Horizon 2 faunal assemblage.
Several other elements support this estimate.
Mandibles, for instance, require that a min-
imum of 21 individuals were involved; 20
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TABLE 68
Bighorn Bone Fragments Recovered

Horizon 2a

A. Shaft splinters
B. Articular ends
C. Ribs

Rib fragments
Rib heads

D. Ratios
Shaft splinters/ends
Rib heads/rib total

E.
F.

Teeth
Identifiable anatomical parts
Horn core

Cranium
Mandible
Hyoid
Vertebrae
Pelvis
Sacrum
Sternum
Scapula
Carpals
Tarsals

Astragalus
Calcaneus

1st phalanx
2nd phalanx
3rd phalanx
Other phalanx
Sesamoids

G. Unidentifiable fragments
Total bighorn bone fragments recovered

a The categories roughly follow those ofBinfi
table 5.2).

individuals are required to accoun
number of proximal radii; 18 indivi
required for the distal tibia; both
and proximal metatarsal fragments
minimum number of at least 17. T
redundancy lends validity to the tr.
mode of computing minimum num
The alternative approach to tr

number of individuals yields infc
about what happened to various skel
once the animals had been killed. Th
imum number estimates will be c

with the evidence from butchering s
cussed in the last section of this c}
provide an overall picture of the be
implications of the Horizon 2 faun
rials.

But first, we must consider a couple of an-
1 from alytical problems which arose in computing

minimum number of individuals. Binford
5015 (1978a, p. 75) encountered difficulties in es-
686 timating the general utility of skulls, depend-

ing on whether cartilage is counted as usable
743 meat. This problem is magnified when deal-
22 ing with archaeological materials because

crania tend to be highly fragmented. In table
7.31 69, we counted simply the number of rela-
0.03 tively intact occiputs and maxillae. These

468 counts underestimate the total proportional
minimum number of individuals for skulls

20 by an unknown factor. One way to correct
212 for this discrepancy would be to weigh each
153 of the 212 cranial fragments, then compare
4 to a standard cranial weight to determine what

171 proportion is missing. This bias was not rec-
167 ognized until after the bones had been ana-

3 lyzed, and we did not re-sort and weigh the
220 bones.

25 There is also a problem with the rib totals.
20 Binford (1978a, p. 60) deals with "rib slabs"
31 when possible, but such units of observation
28 are unavailable in an archaeological faunal
90 sample. Thus the question arises as to just
44 how to count rib fragments on table 68. At
24 the outset, we decided that ribs would be
11 counted as "whole" only ifarticular ends were
23 present; non-articular ends were temporarily212 ignored. This method, yielded 0.85 mini-

8396 mum number of individuals for Horizon 2

ord(1978a, (table 69).
But how does one account for the hundreds

of additional rib fragments? Clearly table 69
underestimates MNI, but to what degree?
Based on measurements of several com-

t for the parative bighorn skeletons, we determined
duals are that the average rib length in adult male big-
astragali horns is about 24.2 cm. By extrapolation, a
require a single bighorn contains about 630 cm. of ribs.
Fhis high Therefore, if a minimum of 24 individuals
aditional is represented on Horizon 2, we can expect
ber. a minimum linear measurement of 15,120
iinimum cm. of ribs, if all ribs were present on site.
)rmation The Horizon 2 rib sample is only 3379 cm.
etal parts in total length. By this method, we estimate
iese min- that only 22 percent (3379 cm./15,120 cm.)
ombined of the total possible ribs are present on Ho-
scars dis- rizon 2. This is a considerably higher figure
hapter to than the 3.8 percent computed by Binford's
-havioral method on table 69, but still significantly
Lal mate- lower than the 100 percent modified general

utility index for ribs (Binford, 1978a, p. 74).
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TABLE 69
Raw Element Frequencies and MNI Computations for Bighorn Bone Fragments Found in

Horizon 2 at Gatecliff Shelter

Minimum Minimum
Number of Number of
Individuals Individuals

Raw Count (after Gray- (after Bin-
son, 1973) ford, 1978a) % X 100

Anatomical Part L R (1) - (2) (3) (4)

Horn core
Cranium
Mandible
Hyoid
Atlas
Axis
Cervical vertebrae
Thoracic vertebrae
Lumbar vertebrae
Pelvis
Sacrum
Ribs (articular ends only)
Sternum
Scapula
Proximal humerus
Distal humerus
Proximal radius
Distal radius
Proximal ulna
Distal ulna
Carpals
Proximal metacarpal
Distal metacarpal
Proximal femur
Distal femur
Proximal tibia
Distal tibia
Tarsals

Astragalus
Calcaneus

Proximal metatarsal
Distal metatarsal
First phalanx
Second phalanx
Third phalanx

4
21

21

11
6
19
20
14
12
8
8

10
1

14
11
18
13
13
12
16
9

12

6
11

24

13
1

14
14
14
12
7

17
12
7
7
5
9

13
7

17
16
17
7

12

11
6

4
11
11
11
9
18

3
22
4

90
44

6
6

21
2

11
11
3

3
24
3
1
1

13
6
19
20
14
12
8
4
12
7
7
14
11
18
7

17
16
17
9

12
6
3

5.50
6
16
2

11
11
2.20
0.75
2.57

22.50
3
0.85
0.80
12.0
3.50

16.50
17
14
12
7.50
2.50

11
4
6
9.50
10
15.50
5.00

15
14
16.50
8
11.25
5.50
3

24.4
26.7
71.1
8.8

48.9
48.9
9.8
3.3

11.4
100
13.3
3.8
3.6

53.3
15.6
73.3
75.6
62.2
53.3
33.3
11.1
48.9
17.8
26.7
42.2
44.4
68.9
22.2
66.7
62.2
73.3
35.6
50.0
24.4
13.3

In other words, regardless ofhow one com-

putes the percentage, there are not nearly
enough ribs on Horizon 2 to account for the
24 bighom which are represented there.
The remaining elements posed no partic-

ular problems in the computing ofminimum
number of individuals. Because of the com-

plexities of the innominate, MNI is based
strictly on acetabulum counts, i.e., when the

ilium, ischium, and pubis bones were artic-
ulated, they were scored as a single individ-
ual. When isolated bones were found artic-
ulated with other portions ofthe innominate,
they were tallied separately. An effort was
made to group these unarticulated bones by
size and age; lefts and rights were scored sep-
arately.
Minimum number ofindividual counts for



THOMAS: GATECLIFF SHELTER

scapulae were based strictly on the glenoid
cavity area, as it was impossible to match
and compare portions of the scapular blade.
Lefts and rights were scored separately.

Finally, the minimum number computa-
tions for mandibles were based on the ante-
rior portion ofthe tooth row. The actual count
was based on the number of fragments con-
taining the distinctive foramen on this an-
terior portion.

THE BUTCHERING STRATEGY
Thus far, we have determined that at least

two dozen bighorn sheep were processed on
Horizon 2 at Gatecliff Shelter. We also used
Binford's (1978a) method ofcomputing min-
imum number of individuals (table 69). A
cursory examination of these proportionate
figures indicates that some anatomical parts-
such as the pelves, the mandibles, the astrag-
ali, and proximal metatarsals-are relatively
abundant on Horizon 2. By contrast, other
elements such as the sternum, most verte-
brae, the distal metacarpals, and the third
phalanges are quite rare. The question now
arises as how best to account for the selective
and systematic absence of certain elements.

Let us examine the extent to which cultural
factors account for the differential distribu-
tion of faunal elements on Horizon 2. We
will do so by examining the relationship be-
tween the general utility of various anatom-
ical parts and the actual frequency distribu-
tion on Horizon 2.

Binford (1978a, pp. 72-75) has defined an
experimentally derived Modified General
Utility Index which provides a means of de-
termining relative economic importance by
rank ordering of elements according to the
by-weight proportion of attached meat, mar-
row, and grease. Some bones-such as pha-
langes, atlas and axis vertebrae, and meta-
podials-have a relatively low economic
importance because not much meat is at-
tached to them, and they contain little mar-
row and bone grease. Other elements, such
as femurs, pelves, and ribs have relatively
high economic utility because of the meat,
marrow, and grease associated with them (see
Binford, 1978a, pp. 72, 74 for a detailed ex-
planation of procedures and assumptions).
The empirical faunal distribution on Ho-

rizon 2 can now be compared with the the-

oretical utility of each element. Figure 188
expresses a variety of butchering strategies in
graphic format. The horizontal axis is scaled
in terms of Binford's Modified General Util-
ity Index (MGUI): lower utility to the left,
higher utility to the right. The vertical axis
plots the proportionate minimum number of
individuals (sensu Binford, 1978a). These
curves are designed to reflect which bones are
immediately discarded in the butchering pro-
cess and which are transported for storage
and later consumption.

Consider first the reverse utility strategy (fig.
188a) in which most low utility elements are
discarded in butchering whereas the high
utility elements are retained. This negative
curvilinear relationship is diagnostic of kill-
butchering situations, and Binford has em-
pirically demonstrated that such curves hold
for Nunamiut spring and fall hunting local-
ities. The reverse utility curves "reflect de-
cisions by the Eskimo .... They were delet-
ing parts from the kill-butchering location in
terms of their knowledge of. . . anatomy ap-
plied to considerations of general or multi-
purpose utility" (Binford, 1978a, p. 81).
Other options exist. The unbiased utility

strategy (fig. 188b) involves the linear rela-
tionship between general utility and the
transport/discard decision: bones are trans-
ported from the butchering-kill site in direct
proportion to their economic utility. Because
antlers (and horn cores) have the lowest eco-
nomic utility, a perfectly unbiased utilization
strategy would discard all antlers at the kill-
butchering location. Conversely, ribs have the
highest utility, so all ribs would be trans-
ported in an unbiased utility strategy. Scap-
ulas have intermediate utility, so roughly half
would be discarded, and halfwould be trans-
ported. By this strategy, faunal elements are
discarded or transported strictly in terms of
economic utility. A perfectly linear relation-
ship exists between the index of utility and
the probability of transport.
The bulk utility strategy (fig. 188c) trans-

ports large quantities of high and moderate
utility elements, discarding parts of lowest
utility (Binford, 1978a, p. 81). The gourmet
utility strategy on the other hand, selects for
only those anatomical parts which are ex-
tremely high utility, discarding the moderate
and low utility elements (fig. 188d).
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FIG. 188. Four possible behavioral strategies for artiodactyl butchering and disposal. The horizontal
(X) axis is the Modified General Utility Index (after Binford, 1978a) and the vertical (Y) axis is the
percent Minimum Number of Individuals (also as defined by Binford, 1 978a; see table 69, this volume).

These curves reflect two independent
sources of variability. There is first the actual
strategy employed (bulk, gourmet, etc.), but
there is also the monitoring perspective
(Thomas, 1983). The strategy of unbiased
utility, for example, is simple: bones are re-

tained in direct proportion to their economic

utility. But one cannot attempt an archaeo-
logical application without also considering
how this situation is being monitored. At a
kill site, one will find a proportionately large
sample oflow utility elements; at a meat cache
or residential site, one finds a large sample
of high utility elements. The unbiased utility
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FIG. 189. Reverse utility
follow Binford, 1 978a).

butchering strategy evident on Horizon 2 at Gatecliff Shelter (symbols

strategy thus produces different faunal dis-
tributions depending upon where in the sys-
tem one happens to find the bones: kill-
butchering sites have mostly horn cores,
mandibles, atlas and axis vertebrae, whereas
cache sites and residential sites contain most-
ly ribs, cervical and thoracic vertebrae and
femurs. Yet these disparate distributions re-
flect the same butchering strategy-one is
simply monitoring the same system from a
different vantage point.

These relationships provide a scaling pro-
cedure for evaluating archaeological faunal
distributions. The proportional minimum
numbers are first arrayed graphically against
the various utility indices; a curve can then
be fitted to determine which theoretical dis-
tribution best describes the empirically ob-
served patterning. Assuming a fine-grained
assemblage, this procedure effectively high-
lights those elements which are unexpectedly
common or rare. Once key anatomical ele-
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ments are isolated, one can then attempt to
explain the frequency distribution in terms
of the underlying decision-making strategy.

Figure 189 demonstrates this relationship
for the bighorn bones from Horizon 2 at
GatecliffShelter. The proportional minimum
number of individuals (column four on table
69) appears on the vertical axis, and the Mod-
ified General Utility Index figures for sheep
form the horizontal axis (Binford, 1978a, ta-
ble 7.2).
The mandible, for instance, has a low util-

ity-only 11.65 on a scale from zero to 100.
But on Horizon 2, mandibles have a pro-
portional frequency of 71.1, also on a scale
from zero to 100 (table 69). The point labeled
Mand thus compares the theoretical element
utility with the observed frequency of that
element (fig. 189). We find that although
mandibles are a relatively low utility item,
they were observed in relatively high fre-
quencies on Horizon 2. Once recognized, this
relationship requires explanation.

Similarly, ribs have maximum utility (rat-
ed as 100, on a scale of zero to 100). Yet ribs
were rare on Horizon 2, representing only 3.6
percent of the total minimum individuals.
This relationship is labeled R at the lower
right corner of figure 189. Once again, this is
a relationship requiring explanation.

Figure 189 plots 33 such relationships be-
tween the general utility and the observed
distribution of bighorn bones on Horizon 2
at Gatecliff Shelter. A curve can be now fit
to describe the trajectory of this swarm of
points.
Although Binford (1978a, pp. 79-81) em-

ployed neat curvilinear relations to describe
the hundred plus caribou killed and butch-
ered at Anaktiqtauk and Anavik, it is un-
realistic to expect such neat fits for archae-
ological distributions, which are invariably
and inevitably noisy. At best, we can expect
a fuzzy fit for archaeological data, and on
figure 189 we have plotted both a mean and
a variance estimate (in this case an arbitrary
factor of ±10%). The empirically-fit "curve"
on figure 189 describes slightly over 70 per-
cent (24 of 33) of the data points. It now
becomes possible to address both major
trends and notable exceptions in the Horizon
2 faunal assemblage.
The Horizon 2 curve almost exactly cor-

responds to the ideal reverse utility strategy
(fig. 188a), a kill-butchering site model re-
flecting discard of relatively low utility parts
and retention (transport) of faunal elements
relatively high in economic utility. This mod-
el predicts a high proportion of relatively low
utility items (such as mandibles) and a pau-
city ofhigh utility elements (such as ribs) due
to transport elsewhere.
The Horizon 2 data conform to expecta-

tions not only for mandibles and ribs, but
also for a host of other elements, especially
first and second phalanges, vertebrae, tarsals,
carpals, sternum, calcaneus, and astragalus.
These proportions are perfectly consistent
with the reverse utility (kill-butchering) pat-
tern.
But there are exceptions on figure 189, and

these are also informative. The greatest ex-
ception is the pelvis. Although the reverse
utility model predicts that pelves should be
about as rare as ribs and sternum parts, the
pelvis is the most abundant element found
on Horizon 2. In fact, pelvis frequency was
used to compute the conventional estimate
of 24 minimum individuals on Horizon 2.
Similarly, both distal and proximal femurs
(considered as independent elements) stand
as marked exceptions, being considerably
more frequent than one would expect from
the reverse utility model. Proximal and distal
tibia, distal humeri and scapulae are also more
abundant than predicted.
Horn cores and third phalanges are also

slight exceptions: these elements, expected to
be relatively abundant according to the re-
verse utility model, are virtually absent. Once
again, figure 189 highlights relationships in
need of explanation.

Before attempting to explain these rela-
tionships, it is necessary to introduce one
more graphic technique. Figure 190 sche-
matically represents bighorn anatomy and
using this diagram, it is possible to plot the
anatomical distribution of the proportional
minimum number estimates (column four on
table 69). Keep in mind that these are pro-
portions: the pelvis is scored as 100 percent
since it is the most abundant element, ribs
are scored as 3.8 percent (since they were
virtually absent), the distal humerus frequen-
cy is 73.3 percent, and so forth. Although
Binford (1978a) did not employ such a dia-
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FIG. 190. Anatomical representation of proportional frequencies of bighorn elements found on Ho-
rizon 2. The numbers are taken from table 69 (col. 4); they range from zero (absence in the archaeological
record) to 100 (total representation in the archaeological record). Note how the proportional frequencies
tend to correlate according to anatomical articulations rather than by individual bones.

gram, the anatomical distribution of mini-
mum numbers highlights one of his impor-
tant points, namely, that animals are
butchered not by individual bones, but rather
in bone sets which normally contain more
than a single element: "The sets are what the
hunter decided to transport or abandon"
(Binford, 1978a, p. 74).

Figure 190 highlights the relationships be-
tween individual anatomical parts, defining
the butchering units as they were observed
empirically on Horizon 2. Figure 190 is also
useful in defining "riders," elements trans-
ported not because of their consumable po-
tential, but because they happened to be ar-
ticulated to other elements of relatively high
economic utility. A bulk utility strategy (fig.
188c), for instance, would transport a rela-
tively high proportion of riders, since cuts of
both high and moderate utility are trans-
ported. Butchering in such cases would be
quicker and dirtier than for a gourmet strat-
egy (fig. 1 88d), which transports only high
quality meat sets. Riders cannot be identified
a priori, since they result from the decision-
making ofa given butchering/transport strat-
egy. Anatomical diagrams, such as figure 190

should help to identify riders in archaeolog-
ical contexts.

Figure 191 also represents bighorn anato-
my, but in this case, we have added data from
the butchering analysis, discussed in the pre-
vious section. This representation assists in
defining how individual Horizon 2 bones were
grouped into butchering sets.
The most striking tendency on figure 190

is the way in which the proportional MNI
figures cluster anatomically: these clusters are
defined according to articulations rather than
single bone elements. Elements of the axial
skeleton, for instance, range in relative fre-
quency from 3 percent to only 13 percent.
Thus the axial skeleton-that is, the verte-
brae, ribs, sternebrae, and sternum- form an
anatomical unit poorly represented on Ho-
rizon 2.
The relative frequencies for atlas and axis

vertebrae are both 49 percent, thereby defin-
ing an upper cervical anatomical unit. The
cranial and horn core frequencies (24% and
27%, respectively) define another anatomical
butchering unit.

Similar butchering units can be defined for
the major joints. It is clear, for instance, that
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FIG. 191. Graphic summary of butchering marks observed on bighorn bones from Horizon 2. The
arrows indicate location of heavy battering; the paired lines show common occurrences of butchering
cuts and scrapes.

the knee joint was handled as a unit (since
distal femur and proximal tibia are propor-
tionally represented by 42% and 44%, re-
spectively). Further down the pelvic limb, the
"ankle" joint was also butchered and dis-
carded as a unit: distal tibia (69%), calcaneus
(67%), astragalus (62%), and proximal meta-
tarsal (72%). Other limb joints (such as
"wrist," "hip," and "shoulder") cannot be
anatomically defined in this manner, and they
require a different mode of explanation (see
below).
The final step is to combine graphic state-

ments dealing with relative proportion and
dismemberment (figs. 189, 190, and 191) into
an interpretative statement about the butch-
ering practices represented on Horizon 2 (fig.
192). It is clear, first of all, that the choice
cuts-the neck, rib rack, breast, loin, and
rump-were systematically removed from
Gatecliff Shelter. Whether these butchering
units were removed separately or intact is
unknown, but the proportional figures for
minimum number of individuals (fig. 190)
shows that at least 20 bighorn were so butch-
ered (table 69, column 3).

Butchering marks show (fig. 191) that the

skull was removed from the axial skeleton by
means of transverse cuts which left the atlas
and axis vertebrae articulated with cranium
itself. It is also clear that the pelvis was re-
moved from the rump unit by a combination
of heavy blows and slicing around the ace-
tabulum. Binford (1978a, table 2.7) rates the
pelvis extremely high in general utility, but
at Gatecliff Shelter the pelvis was boned out
of the rump roast prior to transport (remem-
ber that the pelvis was the single most abun-
dant anatomical element on Horizon 2).
These data thus define butchering sets-

the neck, rib rack, breast, loin, and rump-
which were transported for consumption and/
or storage elsewhere.
The shoulder is the second major butch-

ering unit. The shoulder joint itself was re-
moved from the rest ofthe forelimb by butch-
ering along the diaphysis of the humerus and
the scapula near the glenoid fossa (fig. 191).
Proximal humerus fragments are extremely
rare in Horizon 2, and these were probably
destroyed by carnivores or by heavy butch-
ering. The scapula was apparently filleted for
subsequent drying in about half the cases
(Binford, 1981, p. 98). The proportionate rep-

... ..
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FIG. 192. Schematic representation of bighorn butchering sets from Horizon 2. The hatchmarked
portions were almost exclusively transported elsewhere for consumption; the stippled anatomical sets
were generally discarded at Gatecliff Shelter.

resentation (53%) is almost precisely the gen-
eral utility suggested by Binford ( 1 978a, table
2.7). Apparently the elbow joint was sepa-
rated from the shoulder cut since it is rela-
tively well represented at Gatecliff (fig. 190).

It is useful here to borrow some additional
terminology from Binford. When measuring
dismemberment at kill and butchering sites,
he distinguished between up and down artic-
ulations (1978a, p. 64). Once a limb was re-
moved, those elements in a down (distal) ar-
ticulation would also, of course, be removed.
With regard to the shoulder cuts on Horizon
2, it seems clear that the foreshank was re-
moved from the glenoid fossa down. Then
the humerus was probably fractured, and the
portion from the olecranon process down was
discarded. This occurred in at least three-
quarters of the individuals on Horizon 2.
Although it is possible that some lower fore-
shank elements were discarded at the im-
mediate kill location, this seems unlikely in
light ofthe relatively high proportions of dis-
tal radius and proximal metacarpal frag-
ments present. These bones were probably
present initially at Gatecliff, and then re-
moved through one agency or another after
butchering.

In this regard, note on figure 190 that the
relative abundance of lower foreshank ele-
ments is in direct proportion to size. The
smallest bones involved, the third phalanges
and the carpals are extremely rare (13% and
11%, respectively). The second and third
phalanges, the larger foreshank bones, are
proportionally better represented. The fores-
hank bones are probably missing primarily
due to rodent or carnivore activity, as noted
in the previous section.
A similar explanation holds for the pelvic

limb. The rump roast (with pelvis butchered
out) was transported from Gatecliff Shelter
(as indicated by the relative rarity of proxi-
mal femur fragments). The "knee" joint was
discarded in approximately 40 percent of the
cases; presumably the remainder were left ar-
ticulated to the round cut. The almost iden-
tical frequency of distal femur and proximal
tibia fragments strongly argues that the "knee"
joint was discarded as a unit, as was the "an-
kle" joint. The relatively high proportion of
"ankle" elements (the astragalus, calcaneus,
and proximal metatarsal) suggests that the
hind limb was systematically butchered out
from the rump and round cuts. The smaller
bones of the hind leg are also present in in-

le.g

Fore

1983 373



374 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

verse proportion to size, arguing once again
for rodent or carnivore removal.
The cranium poses a problem for the kill-

butchering interpretation. The cranium-
horn cores, skull, mandible, atlas and axis
vertebrae-probably functioned as a butch-
ering set, as strongly suggested by both the
relative frequencies and the butchering evi-
dence. Although many skulls were probably
left at the kill site, at least half of the skulls
were brought to Gatecliff while still attached
to the entire animal. This number may be as
high as 16 individuals, judging from the rel-
atively high frequency of mandibles. The
crania were then opened by removal of the
occiput, presumably to extract the brains.
But why are cranial and horn core frag-

ments so rare? Their scarcity could possibly
be an artifact ofanalysis (we discussed earlier
the difficulty in tabulating total number of
cranial fragments). But it is also possible that
the crania were systematically removed after
butchering, perhaps to utilize the horn ma-
terial for artifacts (such as sickles, bowls, cups,
pendants, and even bullroarers).

Skulls may also have been transported for
ritual purposes. Some years ago, Thomas
Layton and D. H. Thomas found a stone cairn
on the Sheldon Antelope Refuge, in north-
western Nevada. A gigantic male bighorn skull
was found in the cairn. The skull showed
extensive butchering marks (made by stone
tools) and it had clearly been placed in the
cairn while still green, since each rock had
produced a distinct impression on the bone.
This practice could explain the relative ab-
sence of bighorn skulls on Horizon 2.
Another possibility is that selected skulls

were retained for manufacture into hunting
disguises. Steward noted that for the Western
Shoshone, disguises were the most important
technique in hunting antelope and deer (1933,
p.252; 1938, p.36; 1941, pp. 218,219,271-
273). Bighorn disguises were apparently less
common ethnographically. Battle Mountain
Shoshone informants said that the bighorn
head with horns attached was too heavy to
wear as a disguise, but other informants (from
the Humboldt River) said that a headgear
was sometimes manufactured with short
horns, like those of the ewe, to attract rams
(Steward, 1941, p. 220). Scalps, sometimes
with the horns or antlers still attached, were

also made into hats and caps (Fowler and
Matley, 1979, pp. 55, 56, fig. 55d; Kelly, 1932,
p. 114).
Both practices would require retrieval of

intact crania from the kill location. These
crania would probably have been cleaned at
the primary butchering station, then trans-
ported for finished manufacture to the resi-
dence locality. Although this pattern would
account for the distribution of cranial and
upper cervical elements on Horizon 2, we
lack direct evidence for manufacture ofeither
disguises or ornamental headgear.

AGE AND SEX CONSIDERATIONS

Obviously, it would be useful to recon-
struct something of the population dynamics
for the group of bighorn found on Horizon
2. We consider in this section traditional
measures for estimating sex and age com-
position of these 24 individuals.
We begin by attempting to reconstruct the

age distribution of the bighorn on Horizon
2. Gilbert (1973) has provided a schedule of
tooth eruption and replacement, and the Ho-
rizon 2 teeth were compared with these ta-
bled values. Twelve left mandibles were suf-
ficiently complete for assignment on the basis
of tooth eruption: two of the left mandibles
belonged to individuals at least 36 months
old, and the remaining 10 mandibles were
from individuals older than 42 months of
age. Similarly, for the six right mandibles,
three single individuals were judged to be at
least 16, 30, and 36 months old, respectively;
the three remaining right mandibles came
from individuals at least 42 months old.
A number of isolated teeth could be aged

according to the rate of eruption. One tooth
came from an individual at least 12 months
old, one tooth from an individual at least 16
months old, and a single tooth was recog-
nized from a bighorn at least 30 months old.
Thirteen additional teeth came from individ-
uals at least 42 months. Although these fig-
ures are probably accurate as far as they go,
the vagaries of the data do not permit us to
generalize the results into more concrete age
groups or minimum number of individuals
estimates. Based on rates of tooth eruption,
we can safely say only that the Horizon 2
bighorn are primarily mature adults.
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TABLE 70
Estimated Rates of Epiphyseal Fusion for

Domestic Sheep Populationsa

Age
Group Age at Fusion Anatomical Element

A 10 months Distal humerus, proximal
radius

13-16 months Distal phalanges 1 and 2

B 18-24 months Distal tibia, distal
metacarpal

20-28 months Distal metatarsal

C 2.5-3 years Proximal femur
3 years Distal radius

3-3.5 years Distal femur, proximal
tibia, proximal humerus

aData extrapolated from Silver, 1970, pp. 285-286.

Evidence of epiphyseal fusion can also be
used to estimate the population age distri-
bution. All bones were inspected for evidence
ofincomplete fusion: ifa line was visible along
the articulation between the epiphysis and
diaphysis, this bone was considered to be un-
fused (even if the epiphysis was still at-
tached). Because even small fragments were
examined for incomplete epiphyseal union,
these quantitative figures do not necessarily
agree with previous minimum number of in-
dividuals computations.
These data can now be compared with

known rates of ossification among contem-
porary populations. Unfortunately, the rates
of ossification have not been specifically re-
corded for bighorn sheep, so we must base
estimates of such rates on data from domes-
ticated Ovis and Capra, and semi-wild hill
sheep (after Silver, 1970, pp. 285-286). The
ages themselves are not particularly precise
(and not entirely comparable between breeds
and species) so data can be interpreted only
in terms of ranges.
Table 70 compares the seemingly disparate

data on epiphyseal union in bone fragments
with the estimated age of fusion for each ele-
ment, grouped into three age classes: A (less
than 16 months), B (18 to 28 months) and C
(older than 2.5 years).
The two sets of results can be compared,

and reduced to minimum number of indi-
viduals (using the traditional method). Based
on rates of epiphyseal fusion, none of the

Horizon 2 bighorn fall into age category A
(less than 16 months ofage). Nine individuals
are estimated to be between 16 and 28 months
old (age group B). A total of 19 individuals
are estimated to be in age category C, older
than 2.5 years.
Two independent methods have thus been

used to estimate the age structure of the Ho-
rizon 2 bighorn. Although we are hesitant to
quantify our data, it is clear that, judged on
the basis of tooth eruption, virtually all the
Horizon 2 bighorn are fully adult (at least 42
months of age). Degree of epiphyseal fusion,
however, suggests that approximately nine
individuals are between 16 and 28 months
of age, with the remainder apparently older
than 2.5 years.
There is, quite obviously, a discrepancy be-

tween the two methods. Age category B (16
to 28 months) is well represented in terms of
epiphyseal fusion, but virtually unrepresent-
ed in the population of teeth recovered. Al-
though we have no explanation for this dis-
crepancy, it is of only peripheral interest. For
present purposes, we note simply that big-
horn lambs and yearlings were apparently ab-
sent from Horizon 2.
Of more interest is the sexual composition

of the Horizon 2 bone population. The sim-
plest, and most reliable method of determin-
ing sex in bighorn would be to examine the
complete crania. Unfortunately, bighorn
skulls are conspicuously absent from Hori-
zon 2, and those cranial elements present are
simply too fragmented to analyze.
There are alternative ways of determining

sexual composition. One common method is
to select a particularly abundant element,
construct a bivariate plot of measurements
on this element, and then compare the sizes
of the unknown archaeological elements to
known sexual dimorphism in contemporary
populations.
Such analysis requires a relatively large

sample of complete (or nearly complete) ele-
ments, and the small, dense calcaneus and
astragalus are the most likely candidates in
the Horizon 2 bone population. A trial plot
of length-width measurements showed little
variation among whole calcaneus bones, so
we settled on the astragalus for further study,
focusing further on the right astragalus (be-
cause it was most abundant). Twelve com-
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FIG. 193. Assumed early historic distribution of bighorn (Ovis canadensis) in the Great Basin (after
Hall, 1946, fig. 473).

plete right astragali from Horizon 2 were se-

lected for comparison.
But comparison to what? The bivariate

scattergram method requires a modem com-

parative sample of the appropriate species or

subspecies. Figure 193 shows the historical
distribution of mountain sheep subspecies
(after Hall, 1946, fig. 473). Three bighorn
species are known from the State of Nevada:
Desert bighom (0. canadensis nelson), Rocky



THOMAS: GATECLIFF SHELTER

'V

'V

'Vvi
*4{t.

*

I1X

22
I I I --I2

27

width (mm.)
FIG. 194. Scattergram comparing the length/width ratios of 17 known-sex right astragali of modem

Desert bighorn (Ovis canadensis nelsoni) with the 12 right astragali (of unknown sex) from Horizon 2
at Gatecliff Shelter (the black squares). If the Gatecliff Shelter specimens were Desert bighorn, then rams
and ewes were almost equally represented on Horizon 2.
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FIG. 195. Scattergram comparing the length/width ratios of 49 known-sex right astragali of modem

Rocky Mountain bighorn (Ovis canadensis canadensis) with the 12 right astragali (ofunknown sex) from
Gatecliff Shelter (the black squares). If the Gatecliff Shelter specimens were Rocky Mountain bighorn,
then Horizon 2 contained almost exclusively ewes.
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Mountain bighorn (0. c. canadensis), and
California bighorn (0. c. californiana). Al-
though the California bighorn can safely be
eliminated, it is impossible to determine
whether the species at Gatecliff was Desert
bighorn or Rocky Mountain bighorn. Hall
(1946, p. 642) reports finding a Desert big-
horn skull on the south peak of Mt. Jefferson
in the Toquima Range, approximately 16 km.
south of Gatecliff Shelter. Although this evi-
dence suggests that Desert bighorn is the most
likely candidate, the prehistoric subspecies at
Gatecliff could also have been 0. c. cana-
densis. This uncertainty requires us to com-
pare the Gatecliff faunal size data with both
Desert and Rocky Mountain bighorn. Figure
194 plots the Gatecliffsample against 17 right
astragali ofmodern Desert bighorn (0. c. nel-
soni). The scattergram shows almost com-
plete overlapping between the prehistoric and
contemporary materials. This comparison
leads us to conclude that the Horizon 2 sam-
ple contains both rams and ewes, with per-
haps a slight preponderance of rams.

Figure 195, however, requires a different
conclusion. We were able to measure a sam-
ple of 49 contemporary right astragali of
Rocky Mountain bighorn (0. c. canadensis),
and plotted these against the Horizon 2 sam-
ple. The prehistoric Gatecliff bighorn are
completely subsumed by the ewe population
of Rocky Mountain bighorn. If the correct
comparison is with Rocky Mountain big-
horn, Horizon 2 contained only ewes.
At present, we cannot resolve these con-

flicting data. The Desert bighorn data come
primarily from individuals captured in New
Mexico and southern Nevada. The much
larger sample of Rocky Mountain bighorn
comes from individuals scattered throughout
the western United States and Canada. Until
a sufficiently large sample of prehistoric cra-
nia are available from the central Great Ba-
sin, we will not know which subspecies was
present.
But the study of sexual composition is not

wholly ambiguous. Ifthe Gatecliffsheep were
0. c. nelsoni, then the sample was composed
ofboth rams and ewes; ifthe prehistoric sheep
were 0. c. canadensis, then the sample con-
tained just ewes. But in neither case could the
sample have comprised exclusively rams, so
we can eliminate the possibility that a bach-

elor herd was involved. This bit of negative
evidence is useful in the subsequent interpre-
tive section.
To summarize, we conducted a rather con-

siderable analysis of the Horizon 2 faunal
material, attempting to determine the value
of population dynamics of the bighorn in-
volved. Frankly, the results are disappoint-
ing. Because ofmethodological difficulties and
problems of sample size, we can conclude
only that the Horizon 2 bighorn were exclu-
sively adult, and were either exclusively ewes,
or a mixture of rams and ewes.

SEASONALITY

Had we been more successful in determin-
ing the sex and age composition of the herd,
it would have been possible to make some
inference about its seasonality; but given the
rather ambiguous results, we must refrain
from drawing any further conclusions on the
basis of sex and age (see also chap. 21 of this
volume).
We submitted a series of mature bighorn

teeth from Horizon 2 to Bruce Bourque and
Arthur Spiess for sectioning, to provide an
estimate of periodicity and seasonal signifi-
cance of the incremental growth layers (as
described by Bourque, Morris, and Spiess,
1978). Fifteen such teeth were submitted and
eight of these were judged to be "excellent
prospects for sectioning based on their pres-
ervation, condition and age of the animal at
death" (Bourque and Spiess, personal com-
mun.).

Five of the eight teeth provided usable sec-
tions (see figs. 196, 197), and all sections (from
different individuals) suggested a time ofdeath
between late fall and early spring. Although
there was some indication that the time of
death could be bracketed between late winter
and early spring (i.e., February through April),
Bourque and Spiess were "not absolutely sure
of such a tight time-span."
The tooth sectioning data provide the best

estimate for the death of the Horizon 2 pop-
ulation, but caution is still in order. There
may be difficulty, for instance, in comparing
the prehistoric Gatecliffbighorn sample with
a study based on Ovis dalli (Hemming, 1969).
Bourque (personal commun.) agrees that
"there may be cause for reservation here,
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FIG. 196. Photomicrograph (approx. 1 OOX) ofHorizon 2 bighorn molar root (GA4773). "1" denotes
the newly formed thin translucent line, interpreted as indicating a time of death during late fall/winter/
early spring (photograph courtesy of Arthur Spiess and Bruce Bourque).

though the source of potential error is prob-
ably more likely due to geographic differences
between the Hemming population and yours
than to the minor taxonomic difference per
se."
There is also the possibility that the "an-

nuli" may actually be rut-lines, or perhaps
"false annuli," both ofwhich are common in
artiodactyl bones. This analysis assumes that
each line observed microscopically repre-
sents a single year, an assumption that has
yet to be tested against a modem sample of
bighom. The lack of a contemporary control
population also leaves the degree of intra-
specific variation unknown.

SUMMARY AND IMPLICATIONS
FOR HORIZON 2

The faunal evidence presented in this chap-
ter strongly suggests that Horizon 2 at Gate-

cliff Shelter was a kill-butchering station.
Prime cuts ofbighorn were removed for con-
sumption and storage elsewhere, and the less
usable bones were discarded at Gatecliff it-
self. Although it is impossible to reconstruct
the precise weight of meat involved, at least
one ton of bighorn carcasses was carried into
Gatecliffprior to butchering, and at least 1500
pounds of usable meat was transported else-
where.

This suggests two things: first of all, the
actual kill location could not have been far
from GatecliffShelter itself. Prehistoric hunt-
ers probably employed both intercept and
ambush strategies for procuring bighom, and
Mill Canyon, which fronts Gatecliff Shelter,
provides an excellent location for such hunt-
ing. Second, the age and sex data, although
limited, indicate that this kill occurred during
the winter.
Furthermore, given the relatively large
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FIG. 197. Photomicrograph (approx. 200X) of a moderately worn lower molar of Horizon 2 bighorn
(GA4769). Note that third translucent (denoted as "3") is nearly fully formed. Based on the placement
of this line, the time of death has been interpreted as late fall/winter/early spring (photograph courtesy
of Arthur Spiess and Bruce Bourque).

quantity of meat presumably removed from
Gatecliff Shelter in Horizon 2 times, we sug-
gest that the area of storage and/or con-
sumption could not have been more than a
few miles from Gatecliff Shelter: either the
meat was cached nearby, or taken directly to
a residential base camp, probably located in
the low foothills of the Toquima Range. The
implications of this behavioral patterning is
discussed in more detail in subsequent chap-
ters, as is the artifact assemblage associated
with the Horizon 2 fauna. For now, it is suf-
ficient to note the patterning within and
among the bones themselves, and to note that
the general utility indexes proposed by Bin-
ford (1978a, 1981) provide an excellent means
ofinterpreting prehistoric hunting and butch-
ering practices, provided the assemblage is
sufficiently fine grained to hold additional ex-
traneous factors constant.

ARTIODACTYL ASSEMBLAGES
FROM OTHER GATECLIFF

HORIZONS

Having introduced the relevant tech-
niques, we can now continue analyzing the
artiodactyl fauna from the remaining hori-
zons at Gatecliff Shelter. Horizon 2 is taken
as a procedural and substantive model
throughout the rest of this chapter, and the
results from other horizons will be projected
against the Horizon 2 model.
But we must stress from the outset that the

data from other horizons suffer from severe
deficiencies when compared to Horizon 2.
For one thing, the quantity of the Horizon 2
artiodactyl fauna was considerably larger than
from any other horizon. In fact it was over
twice the size of that from any other horizon
at Gatecliff (with the exception of Horizons
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3 and 5). It was also critical to the foregoing
analysis that all bones in Horizon 2 could be
assigned to bighom sheep. We cannot make
such an assumption for the rest of Gatecliff
Shelter, since most floors contained, in ad-
dition to the ubiquitous bighom, remains of
antelope, deer, bison, or elk (see table 22).
Bison and elk bones were extremely rare, and
both deer and antelope were probably butch-
ered in much the same manner as bighorn,
but still we are unable to make the single-
species assumption for the remaining hori-
zons, and this factor complicates the faunal
analysis. Furthermore, we were unable to
make any sex and age estimates for the non-
Horizon 2 fauna. The nature of deposition
poses a problem with many of the Gatecliff
Shelter horizons. Horizon 2 was neatly sand-
wiched between discrete rubble layers and
stratigraphic separation was further facilitat-
ed by a sagebrush mat which was laid directly
over most of the Horizon 2 bone bed. Other
horizons generally lacked such clear-cut
stratigraphic markers. Horizon 1, for in-
stance, consisted of undifferentiated rubble
of Stratum 1, and the faunal materials con-
tained therein were jumbled throughout the
rubble, without articulation or apparent as-
sociation. Similar problems arose with the
other horizons contained within a rubble ma-
trix (i.e., Horizons 3-6). The stratigraphic in-
terpretation is considerably more secure for
the lower horizons, where the faunal mate-
rials were found on discrete living surfaces.
A final problem has to do with the com-

putation ofminimum number ofindividuals.
Whereas for the Horizon 2 fauna we could
assume a certain behavioral integrity, this is
impossible for the additional horizons. Al-
though we can use conventional minimum
number ofindividuals computation as a con-
venient shorthand for the remaining hori-
zons, we must stress that these MNI figures
are suspect, for reasons pointed out by Gray-
son (1973, 1978): in many cases the sample
sizes are small, and the analytical units (ho-
rizons in this case) are accretional, often span
centuries, and doubtless involve multiple in-
dependent episodes ofoccupation ofGatecliff
Shelter. MNI, in such cases, is merely a rel-
ative estimator of size, conveying little in
terms of behavioral implications.
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Thus the remainder of this chapter has
rather modest objectives. We are concerned
primarily with determining the degree of fit
between the relatively well-established mod-
el for Horizon 2 and the remainder of the
faunal units at Gatecliff Shelter. That is, our
focus will be to assess the goodness-of-fit be-
tween previously established models of fau-
nal distribution and empirically observed
distributions at Gatecliff. Despite the limi-
tations enumerated above, the rest of the
Gatecliff artiodactyl collections can profita-
bly be viewed in the framework developed
for Horizon 2. But keep in mind that these
additional horizons are not the ideal case pro-
vided by Horizon 2, and that the interpre-
tations are considered to be only tentative.
The total faunal inventories per horizon

are provided on table 71. A total of 37,509
artiodactyl bones were analyzed from the re-
maining horizons. We also provide inven-
tories of anatomical parts for each horizon
on table 72. The computations for deriving
these figures are identical to those described
earlier for table 69. Graphic comparisons were
then derived to compare the observed pro-
portions ofminimum numbers ofindividuals
with the Modified General Utility Index.

THE BASAL HORIZONS
(HORIZON 9 AND BELOW)

Figures 198 and 199 plot the proportional
element distributions for the extremely small
artiodactyl samples recovered from Horizons
9 and below (no plots were possible for Ho-
rizons 16 and 11 due to minuscule sample
sizes).2

2 In order to compare the Horizon 2 results with those
from other Gatecliff horizons, it was necessary to make
a couple of modifications in the results on figure 189. A
number of difficulties were encountered in the faunal
materials for the remaining horizons, so we were unable
to plot points for crania parts and mandibles; the Ho-
rizon 2 figures will be ignored in the following compar-
isons. Furthermore, so few vertebrae were recovered on
the remaining horizons that we will plot a single point,
labeled "Vert" to designate these; the Horizon 2 verte-
brae counts are pooled for comparison, and Binford's
utility figure for thoracic vertebrae (46%) will be taken
for all vertebrae. The metacarpal and metatarsal counts
were pooled into a single category (metapodials), and the
values for the two in Binford (1978a, table 2.7) were
averaged. All other comparisons are identical between
the various horizons.

TABLE 73
Summary of Data Plotted on Utility Curves for

Various Horizons at Gatecliff Shelter

Fit to
Unbiased Fit to
Utility Reverse
(Linear) Utility

Total Model Model
Data Num- Num-

Horizon Points ber % ber %

1 20 12 60 10 50
2 28 6 21 18 64
3 23 10 43 15 65
4 23 9 39 13 56
5 24 13 54 13 54
6 20 7 35 12 60
7 12 7 58 5 42
8 20 10 50 14 70
9 9 5 56 6 67
10 3 1 33 2 67
11
12 8 2 25 6 75
13 5 0 0 5 100
14 7 2 29 4 57
15 7 2 29 5 71
16 - - - - -

Median values 16 6.5 37 12 50

Table 73 summarizes the number of data
points on each plot and compares the dis-
tribution of these points to both the unbiased
utility model (the linear fit) and to the em-
pirically derived reverse utility model. In the
case of Horizon 2, discussed in detail above,
the observed artiodactyl element distribution
provided only a 21 percent fit (6 of 28 data
points) with the unbiased utility (linear) mod-
el; but a 64 percent fit (18 of 28 points) was
observed between the empirically derived
curve describing a reverse utility strategy. In
both cases, we have employed a 10 percent
variance figure.
The very small sample sizes for the basal

horizons at Gatecliff make interpretation of
the element distribution models extremely
tenuous, but it is worthwhile to point out the
relatively close fit in all cases to the Horizon
2 model (table 73). In fact, with only a single
exception, the reverse utility model fits the
basal horizons even better than Horizon 2.
The lack of exceptions, however, can prob-
ably be attributed to the very small quantity
of identifiable bone.
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FIG. 198. Proportional artiodactyl element distributions for the Middle Holocene period (Horizons
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2 (the hachured area denoting a ± 10% margin of error employed throughout this portion of the study.)

HORIZON 8 (DEVILs GATE COMPONENT,
1450 B.C.-1350 B.C.): Horizon 8 contained a

total of 2179 artiodactyl bone fragments.
Eighty-four percent of the identifiable frag-
ments were bighorn, and both deer and an-

telope were also present (table 22). Figure
199c demonstrates an extremely close fit to
the Horizon 2 reverse utility model, except
that the pelvis, femur, and tibia fall much

closer to the empirical model. This suggests
that the faunal remains on Horizon 8 may

have resulted from an almost entirely trans-
portation-oriented strategy. Although the
proportion of on-site meat consumption
seems never to have been high at Gatecliff,
Horizon 8 stands as an extreme case of pri-
mary dismemberment and subsequent trans-
port or caching of the prime cuts.
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7-10) at Gatecliff Shelter.

HORIZON 7 (REVEILLE COMPONENT, 1300
B.C.-1250 B.C.): Horizon 7 contained 2286
artiodactyl bone fragments, 94 percent of
which were identified as bighorn (table 22);
four antelope bones were also present. The
proportional element distribution (fig. 199)
shows the poorest fit between observed fre-
quencies and the Horizon 2 model; less than
half (5 of 12) of the element data points fell
within the reverse utility strategy. This poor
fit probably results from the small sample

size, and we note that the general distribution
of the elements is roughly similar to that not-
ed for other Gatecliff horizons.
HORIZONs 4-6 (REVEILLE COMPONENT,

1250 B.C.-A.D. 700): These three rubble units
reflect a number of similarities including de-
positional matrix, cultural affiliation and gen-
eral artifact composition (as discussed in
chapter 22). In fact, as noted in chapters 3
and 8, the distinction between these three
horizons is based on arbitrary stratigraphic
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conventions. A relatively large sample of ar-

tiodactyl remains was recovered from all three
of these rubble horizons: Horizon 4 con-
tained 3991 artiodactyl fragments; Horizon
5 contained 5455; and Horizon 6 contained
4248 bones. Almost all the identifiable bones
were bighorn sheep, although a few elements
of antelope and deer were found in each ho-
rizon (table 22).
The three proportional element distribu-

tions as presented on figure 200 and table 73

indicate striking similarities between both the
rubble horizons and the Horizon 2 model. In
fact, the reverse utility curve accounts for
more than half of the data points on all three
scattergrams. The pelvis, proximal femur, and
scapula stand as exceptions on Horizons 4
and 5. The faunal distribution of Horizon 6
is more in line with the reverse utility strat-
egy, perhaps suggesting that there was less on-
site meat consumption during late Reveille
times than earlier. Yet despite the relatively
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FIG. 201. Proportional artiodactyl element
distributions for Horizon 1 at Gatecliff Shelter.

large sample of artiodactyl fragments on Ho-
rizon 6, the actual number of identifiable ele-
ments is still rather sparse, so these interpre-
tations remain tentative.
HORIZON 3 (UNDERDOWN COMPONENT, ca.

A.D. 700-A.D. 1300): Nearly 7500 artiodactyl
bone fragments occurred in Horizon 3 (table
71), and 90 percent of these were bighorn
sheep; small proportions ofboth antelope and
deer were also recovered (table 22). The pro-
portional element distribution for Horizon 3
is plotted on figure 200d; the fit to the reverse

utility strategy is quite good (table 73), ac-

counting for 65 percent (15 of 23) of the ele-
ments present. The fit between the Horizon
2 model and Horizon 3 is, in fact, so close
that we have little hesitation in suggesting
that the entire Underdown component at
Gatecliff (Horizons 2 and 3) indicates a pri-
mary kill-butchering function. Bones of rel-
atively high economic utility were rarely
found on either horizon, suggesting transport
of these prime cuts for consumption and
caching elsewhere. Even the exceptions on

Horizons 2 and 3 are similar, especially the
abundance of pelvis, scapula, tibia, and fe-
mur fragments (all of which are expected, in

a perfect reverse utility strategy, to be more

commonly transported rather than discard-
ed). Thus, even though we lack the crisp

stratigraphic and contextual evidence avail-
able from Horizon 2, a comparison of the
two empirical element distribution curves
strongly suggests that similar behavioral ex-
planations apply to both Underdown com-
ponents.
HORIZON 1 (YANKEE BLADE COMPONENT,

POST-A.D. 1300): The artiodactyl sample size
from Horizon 1 is relatively small, consisting
of only 2428 artiodactyl bones; only 14 of
these could be assigned to species (85°/0 Ovis,
with single bones of antelope and elk). Al-
though it is easy to separate elk and bison
from the smaller artiodactyls, it is impossible
to distinguish between the remaining frag-
ments of Ovis and Antilocapra (Odocoileus
could also be present). The rubble matrix of
Horizon 1 also makes it impossible to detect
specific activity areas within this horizon (see
chap. 23), so the distribution of the bone
cannot be plotted in a meaningful manner.
Sex and age determinations are unavailable,
and we also lack any indication of seasonality
from the artiodactyl bones.

It is also possible, of course, that many of
the Horizon 1 artiodactyl bones were intro-
duced by non-human agents, so we cannot
ascribe with certainty the degree to which the
Horizon 1 assemblage actually represents an
accumulation from prehistoric human hunt-
ing and butchering.

In short, Horizon I typifies all the diffi-
culties in analyzing artiodactyl assemblages
at Gatecliff with the obvious exception of
Horizon 2.

It still seems useful, however, to compare
the theoretical indices with the observed fau-
nal distributions, and these data are plotted
for Horizon 1 on figure 201. Table 73 shows
a modest (50%) fit to the Horizon 2 kill-
butchering model, but a generally high fit
(60°/0) to the simple unbiased utility model.
In other words, figure 201 shows a mixture
ofthe two strategies; only two elements (horn
cores and vertebrae) fall outside the two in-
tersecting models. This would seem to con-
firm the interpretation that Horizon I rep-
resents the accretional accumulation of debris
over the centuries and reflects a variety of
cultural activities. Specifically, we think that
many of the bighorn and antelope bones de-
posited in Horizon 1 resulted in part from
kill-butchering activities (as in Horizon 2),



THOMAS: GATECLIFF SHELTER

especially as indicated by the relative abun-
dance of bones from the foreshank and hind
leg, plus an extreme paucity ofribs and femur
parts (presumably transported elsewhere). Yet
the relative abundance of vertebrae, distal
tibia, and scapula fragments hints at a certain
amount ofon-the-spot consumption ofartio-
dactyls (at least as compared to the Horizon

2 standard). Though we think that these trends
are suggestive, the difficulties mentioned
above (particularly the small sample size)
make our speculations quite cautious. The
behavioral implications ofthe Horizon 1 fau-
na are further considered in subsequent chap-
ters.
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CHAPTER 19. ADDITIONAL ANALYSIS

The preceding chapters outline a number
of geomorphological, palynological, paleon-
tological, typological, microscopic, and func-
tional approaches to the analysis of material
recovered at Gatecliff Shelter. As the tech-
nology ofarchaeology becomes more sophis-
ticated, we can expect more and more such
detailed investigations of archaeological re-
mains. This is certainly a laudable trend; it
does, however, pose some problems in terms
of archaeological reporting.
There is a story about early statistical in-

vestigations in anthropology. A famous an-
thropologist in the 1930s routinely applied
tests of association and correlation to his
cross-cultural data. The statistical analyses
were published whenever these quantitative
results corresponded with his intuitive feel-
ings; but when the statistics ran counter to
intuition, the numbers were conveniently
forgotten. The point of this parable (which
is, incidentally, true) is that archaeologists
must be careful to report all the technological
analyses conducted on their material. It is
tempting to discuss merely those ancillary
studies which are deemed "fruitful," "pro-
vocative," or "pioneering." Although each
such test should indeed by evaluated for po-
tential, I would prefer to see the archaeolog-
ical report contain a description of all the
analyses conducted, whether "fruitful" or not.
To this end, this chapter contains descrip-

tions of various analyses conducted on the
Gatecliff materials. Some, such as the obsid-
ian sourcing and pigment analysis sections
were indeed worthwhile; and results of other
studies proved to be less than spectacular but
we report them for purposes ofcompleteness.

TRACE ELEMENT ANALYSIS OF
OBSIDIAN FROM

GATECLIFF SHELTER

Although archaeologists have been con-
ducting source analysis studies on obsidian
artifacts for nearly two decades (e.g., Ren-
frew, Dixon, and Cann, 1966; Gordus,
Wright, and Griffin, 1968), such trace ele-
ment studies in the Great Basin are still in a
preliminary stage. Condie and Blaxland

(1970) conducted the pioneering study by
comparing the obsidian from Hogup and
Danger caves with known sources in the area.
They concluded that two major sources were
represented at Hogup Cave while only a sin-
gle source was represented at Danger Cave,
but the precise obsidian sources for these two
sites remain unidentified.

Recently a great deal of research has been
focused on a series of important obsidian
quarries in the southwestern Great Basin area
(see Jack, 1976; Ericson, Hagen, and Ches-
terman, 1976). These studies have progressed
beyond the mere identification of obsidian
source localities and include the behavioral
implications of such quarry activities (esp.
Singer and Ericson, 1977).

Additional relevant obsidian studies have
been conducted at Veratic Rockshelter, Ida-
ho (Wright, Griffin, and Gordus, 1969; see
also Swanson, 1972), Dirty Shame Shelter,
Oregon (Sappington, 1980), and on obsidian
from several sites in western Utah (Nelson
and Holmes, 1979).

This section presents the preliminary re-
sults of trace element analysis of obsidian
from Gatecliff Shelter. Although the sample
is small and the findings preliminary, we think
reporting such tentative steps is necessary in
order to encourage more detailed, systematic
work on this potentially informative re-
search. Additional obsidian sourcing data are
presented in the next section.

METHODS

The initial study ofcentral Great Basin ob-
sidian was conducted by Thomas L. Jackson
who analyzed 99 obsidian artifacts and flakes
from Gatecliff Shelter and the Reese River
Valley (Jackson, n.d.). Jackson conducted this
analysis at the Department of Geology and
Geophysics of the University of California,
Berkeley, using a Norelco (Philips) Universal
Vacuum X-ray Spectrograph with a tungsten
radiation tube, an LiF (220) analyzing crystal
scintillation detector with pulse height dis-
crimination, and an air path. Specimens were
scanned at 2'20 per minute. The results from
this semi-quantitative X-ray fluorescence

392



1983 THOMAS: GATECLIFF SHELTER 393

*~~ ~ ~ ~~~~-tkustin

Nev,acki J

sv~~~rv8' 0 a i.oti121i~~~~~~
0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0area of enlaremen

Lander Co.

p 0a ~~~~~~~~~~Box Spring3
I NySe g atecl1f

IC~~~~~~~~~~~

m I~~~~~~~~~~~~~~~~~~~
I *qf4% 0~~~~~~~~~~~~~~~~~~~a

J~~"~BrrrrrorrI~
F~~~~~~~~~~~~~~~

-
L

)0WaeRc Cno

zq CD~~~c

O~~~~~~~~~~~~~~~~ot

'4l9mi.~~~~~~~~~~~~
ToflOpah~ ~ ~ ~ ~ Be

FIG22.Loatin f non cntalGrat asn bsdia sures

studyseemedpromising, and we decided to aTwohnrdtbiinaape,nital
contnuewithobsdia souce nalsis n a allthe avk ailbeosdantyaelf,wr
lagesal. he sbmttd o . . erusnfBheDe



394 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

TABLE 74
Data from Particle Induced X-ray Emission Analysis (PIXE) of Obsidian Samples from

Four Central Nevada Sources
(See fig. 202 for location of these sources.)

Trace Element Proportions

Source Rb Sr Zr Ti Mn Fe

Box Spring, 32.22 2.58 65.19 23.81 13.74 62.44
Nye Co. 33.73 3.18 63.09 25.88 13.26 60.87

32.16 3.93 63.91 31.58 12.27 56.14
White Rock Canyon, 40.93 31.87 27.19 45.73 21.82 32.45
Nye Co. 41.79 32.66 25.54 40.90 23.01 36.09

39.71 35.14 25.15 55.21 18.48 26.30
Crow Spring, 66.13 1.61 32.26 29.53 29.74 40.73
Esmeralda Co. 65.11 2.75 32.14 28.76 31.12 40.12

63.18 2.71 34.11 30.02 30.00 39.99
Silverpeak, 44.40 27.30 28.29 75.24 9.84 14.92
Esmeralda Co. 50.01 20.79 29.21 49.95 19.79 30.25

46.93 20.43 32.64 61.86 15.37 22.77

partment of Physics at Western Michigan
University in Kalamazoo. Ferguson used the
Particle Induced X-ray Emission analysis
(PIXE), which involved a Model EN Tandem
Van De Graaff particle accelerator. High ve-
locity particles from the accelerator were used
to bombard the obsidian samples, and the
energy of the X-rays emitted could then be
used to determine the atomic number of the
emitting atom. A lithium drifted silicon (Si)
(Li) detector, 80 sq. mm. in area with a res-
olution of 240 eV at 6.4 keV, provided suf-.
ficient means to separate X-rays from adja-
cent elements for almost all elements between
chlorine and uranium; lighter elements emit
an energy X-ray too low for detection. Data
from the particle accelerator were collected
by a PDP- 15 computer, and the printouts
from this analysis are on file in the Depart-
ment of. Anthropology, American Museum
of Natural History.
Most of the obsidian samples previously

analyzed by X-ray fluorescence were also
analyzed using the PIXE technique. This sec-
tion compares the results from analysis of
GatecliffShelter obsidian with several known
sources in the central Nevada area. Unless
otherwise noted, the data used in this chapter
have been derived by the PIXE technique.
Additional sites in Monitor Valley and else-
where are discussed in subsequent parts of
this series.

OBSIDIAN SOURCES IN
CENTRAL NEVADA

The central Great Basin has few indigenous
obsidian sources (fig. 202). The closest major
sources are located over 160 km. (100 miles)
to the southwest. These sources- including
Mt. Hicks, Queen, Bodie Hills, Mono Cra-
ters, Casa Diablo, Fish Springs, and Coso Hot
Springs-have been intensively studied, and
their geochemical characteristics have been
summarized by Jack (1976) and Ericson, Ha-
gan, and Chesterman (1976).

Obsidian was not an abundant natural re-
source for the aboriginal populations ofMon-
itor Valley; less than 5 percent ofthe artifacts
from the central Nevada area are made from
obsidian. Nevertheless, obsidian is found at
a number of sites including Gatecliff. Four
local sources have been reported and these
have been examined specifically in relation
to our obsidian artifacts. But we hasten to
add that our search for obsidian sources in
the central Great Basin was haphazard, and
there are undoubtedly additional unreported
sources in the area. We hope that this prom-
ising subject will receive additional study in
the future (e.g., Sappington, 1980).
Box SPRING, NYE COUNTY, NEVADA: (NE

1/4 of Section 9, T. 13 N., R. 47 E.). A deposit
of local float obsidian was found in central
Monitor Valley at the northern end of Mon-
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FIG. 203. Results of X-ray emission analysis of quarry samples from central Great Basin obsidian
sources. Each point represents the relative Ti, Mn, and Fe intensities for a single hand sample.

itor Playa; this source is situated 8 km. east
of Gatecliff Shelter (see fig. 202). The Box
Spring source consists ofsmall nodules, often
called "Apache tears," in an extremely diffuse
scatter that washes out of several ephemeral
streambeds. There was a certain amount of
evidence indicative of lithic reduction near
these streambeds. Quite obviously, obsidian
is scattered throughout the vicinity, and Box
Spring is merely the area in which we found
the greatest concentration of obsidian nod-
ules. Despite deliberate search ofthe area, we
could not find any obsidian nodules larger
than about 3 cm. in diameter. The small size
of the available obsidian quite clearly dic-
tated which artifacts could be manufactured
from Box Spring obsidian.

Horizon 12 at Gatecliff Shelter contains a
small workshop area where Humboldt series
projectile points had been manufactured from
Box Spring obsidian nodules (see chap. 21;
figs. 205, 206). The results of X-ray emission
analysis of the Box Spring obsidian are pre-
sented on table 74 and figures 203 and 204.
WHITE ROCK CANYON, NYE COUNTY, NEV-

ADA: (Section 19, T. 8 N., R. 47 E.). White
Rock Canyon is situated on the eastern side
of Monitor Valley, approximately 16 km.

southeast of Belmont; this area is about 56
km. due south ofGatecliffShelter. The White
Rock Canyon source, similar to that at Box
Spring, consists of a light and extensive scat-
ter of float obsidian nodules. The greatest
concentration seems to be in the streambeds,
but small nodules undoubtedly occur
throughout the alluvium in this area. It is
quite possible that other nearby canyons con-
tain the same local float obsidian nodules.
Results of the X-ray emission analysis for
White Rock Canyon obsidian are presented
on table 74 and figures 203 and 204.
CROW SPRING, ESMERALDA COUNTY, NE-

VADA: (NE ¼h of Section 32, T. 5 N., R. 43
E.) Crow Spring is situated at the extreme
southern end of Big Smoky Valley, approx-
imately 16 km. north ofU.S. Highway 6; this
area is approximately 115 km. southwest of
Gatecliff Shelter. The obsidian occurs as fist-
sized nodules, embedded in a matrix of per-
lite. Although we found little evidence of ab-
original quarrying at Crow Spring, the area
has been so extensively disturbed by mining
for perlite that the sites could well have been
destroyed. The Crow Springs obsidian source
is decidedly superior to those ofMonitor Val-
ley proper, and the nodules are scattered over
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FIG. 204. Results of X-ray emission analysis of quarry samples from central Great Basin obsidian
sources. Each point represents the relative Rb, Sr, and Zr intensities for a single hand sample,

several acres. Figures 203, 204, and table 74
present the results ofX-ray emission analysis
for the Crow Spring source.

SILVERPEAK, ESMERALDA COUNTY, NEVA-
DA: (T. 2 S., R. 39 E.). The Silverpeak source
is situated approximately 35 km. west of
Goldfield, and is about 165 km. southwest of
Gatecliff Shelter. A scatter of small obsidian
nodules occurs throughout this area in Clay-
ton Valley, near the town of Silverpeak. The
source was first described to us by a miner
working in the area. The sample submitted
for analysis was collected from the tailings at
the Silverpeak mine; we cannot pinpoint the
exact provenience. The results ofX-ray emis-
sion analysis of obsidian from the Silverpeak
area are presented on figures 203, 204, and
table 74.

DISCUSSION: Because ofthe preliminary na-
ture of the research, the source results pre-
sented above must be used with caution. The
Box Spring source, because of its relatively
distinctive geochemical profile and its prox-
imity to Gatecliff Shelter, proves most useful.
The other three sources are less distinctive
and remain poorly understood.

In terms of quantity and quality, the Crow
Spring source, ordinarily, would have pro-

vided the best available local obsidian source.
But the obsidian from this area is almost
identical with several of the well-studied
quarries in southeastern California, particu-
larly Mono Craters, Mono Glass Mountain,
Fish Spring, and Coso Hot Springs (see Jack,
1976, fig. 11.2a); it is clear that the common
Rb/Sr/Zr ratio is insufficient to distinguish
Crow Spring obsidian from these larger
sources. In addition these sources are within
160 km. of Monitor Valley, and it is entirely
possible that Californian obsidian was used
from time to time at Gatecliff Shelter and
other sites in the area. Because of these dif-
ficulties, the PIXE analysis cannot adequate-
ly distinguish Crow Spring obsidian in the
Monitor Valley samples (but see the next sec-
tion in this chapter).

Similarly, obsidian from the Silverpeak
source is geochemically masked by the Bodie
Hills-Pine Grove Hills sources, so it cannot
be geochemically isolated by PIXE analysis
in the Monitor Valley samples (see Jack, 1976,
fig. I 1.2a).
These difficulties, combined with the pre-

liminary state ofresearch in this area, restrict
our interpretation of the obsidian data from
Gatecliff Shelter. We feel confident in iden-
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TABLE 75
Data from Particle Induced X-ray Emission Analysis (PIXE) of Obsidian Samples from

Gatecliff Shelter

Specimen Trace Element Proportions
Horizon Source Number Rb Sr Zr Ti Mn Fe

A
A
B,
B,
B2

2
2
2
2
2
2
2
2
2
2

1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
33
3
3

i-3
4
4
4
4
4
4
4

B2
B2
B

A
A
A
A
A
A
A
A

B,
B,
B2
B2

A
A
A
A
A
A
A
A
A
A
B,
B,
B3
B3
B3

A
A
A
A
A

B,

20.2/8132
20.3/2924
GA5003
GA5024
RR2593
GA5021
GA5022
GA5023
20.3/2943
20.3/2945
20.3/2817
RR9979
20.2/8171
GA5019
GA5033
GA5034
GA5066
GA5073
GA5076
GA5032
RR2042
20.3/1630
GA5029
GA5027
GA5028
GA5008
GA5009
GA5031
20.2/9614
GA5004
GA5005
GA5006
GA5007
GA5026
GA5041
GA5044
GA5051
GA5055
GA5002
GA5025
20.3/2932
GA5017
GA5040
GA5064
GA5016
20.2/9638
20.3/3761
GA5060
GA5077
GA5061
GA5063

35.24
32.54
52.01
50.87
27.48
23.07
30.56
26.35
49.23
30.53
31.77
34.82
31.44
33.26
32.68
31.78
31.95
48.90
31.08
20.67
35.23
50.35
57.14
28.45
28.96
26.11
22.60
32.59
35.47
33.48
33.51
33.92
32.79
33.45
29.90
33.88
31.90
32.53
49.75
46.05
72.61
69.57
66.95
24.79
32.59
33.13
33.01
30.78
33.08
32.66
47.31

3.22
2.82
2.92
3.36

48.53
57.67
49.77
49.72
4.68

27.52
27.13
2.38
1.95
1.81
2.26
1.89
3.79
4.14
2.47
7.24
2.62
3.71
2.78

48.62
50.61
51.52
42.11
19.34
1.64
2.62
2.42
1.12
3.00
.66
.61

1.69
2.88
2.25
2.70
7.74
.36
.91

1.94
.00

2.09
2.15
3.26
1.81
1.80
2.20
5.64

61.53
64.64
45.06
45.77
23.98
19.25
19.67
23.94
46.09
41.95
41.11
62.80
66.62
64.93
65.06
66.33
64.26
46.97
66.46
72.09
62.16
45.94
40.08
22.93
20.44
22.37
35.29
48.09
62.88
63.90
64.07
64.95
64.21
63.89
69.49
64.43
65.23
65.23
47.55
46.21
27.03
29.52
31.10
75.21
65.32
64.72
63.73
67.42
65.12
65.14
47.06

24.98
20.71
31.11
30.50
43.20
40.98
45.76
36.66
28.82
46.62
42.11
25.19
22.81
23.59
21.79
23.65
20.20
26.97
21.21
39.91
47.79
30.03
33.60
45.69
42.96
46.88
44.60
39.42
25.22
28.91
25.26
24.09
25.53
23.66
26.76
24.40
24.70
30.22
30.59
30.02
18.96
30.58
29.58
10.74
26.01
22.22
20.73
18.99
20.96
30.06
29.32

15.14
14.51
30.93
31.48
20.87
23.42
20.62
26.58
41.39
13.62
14.26
15.30
17.92
16.52
15.74
14.80
15.86
33.08
14.85
10.47
10.10
31.94
28.78
20.04
21.44
19.84
21.80
12.51
14.71
14.20
14.92
14.82
15.27
17.06
15.36
14.71
17.83
14.89
30.90
30.67
31.60
29.73
29.65
18.29
14.95
17.68
16.08
18.54
18.18
1.74

31.28

59.87
64.78
37.96
38.02
35.93
35.60
33.62
36.76
29.79
39.76
43.63
59.52
59.27
59.92
62.47
61.56
63.94
39.95
63.94
49.62
42.11
38.03
37.62
34.27
35.60
33.28
33.60
48.07
60.07
56.89
59.82
61.09
59.20
59.28
57.88
60.89
57.47
54.89
38.51
39.31
49.44
39.69
40.77
70.98
59.04
60.10
63.19
62.47
60.86
68.20
39.40
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TABLE 75-(Continued)

Specimen Trace Element Proportions
Horizon Source Number Rb Sr Zr Ti Mn Fe

4
4
4
4
S
5
5
5
S
S
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

4-6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8

B3
B3

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B3
B3
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B,
B,

B
B

A
A
B,

20.3/3060
GA5013
20.3/1357
20.3/2652
20.3/3232
20.3/3673
GA5030
GA5056
GA5057
GA5071
GA5075
20.3/1850
20.3/2086
20.3/3472
20.3/3475
20.3/3516
GA5001
GA5014
GA5020
GA5069
GA5080
GA5081
GA5086
GA5087
20.3/1355
GA5018
20.3/3417
20.3/1576
20.3/3248
GA50I0
GA5011
GA5012
GA5038
GA5042
GA5043
GA5045
GA5046
GA5047
GA5048
GA5058
GA5059
GA5067
20.3/633
GA5082
20.3/2629
20.3/3178
20.3/3249
GA5065
GA5083
20.3/6330
20.3/6570
20.3/1806

73.18
68.52
48.71
31.86
32.21
32.48
31.89
35.53
33.64
32.09
32.01
32.13
31.62
31.46
31.95
31.43
35.15
32.87
32.57
35.10
34.51
33.54
29.63
26.81
66.09
63.05
32.03
33.78
34.65
33.22
32.20
33.45
33.59
32.40
34.58
33.35
32.03
31.54
32.72
32.49
31.91
33.64
49.01
51.23
57.05
44.42
48.00
24.35
32.82
32.78
31.97
47.82

.01
2.23
6.64
4.11
2.72
3.53
1.70
2.49
3.15
2.27
2.36
2.26
2.85
3.68
5.21
2.55
1.10
2.61
3.37
3.69
2.67
2.63
2.50
2.51
.92

2.76
2.63
3.21
4.20
2.74
2.11
3.38
3.09
1.50
2.50
2.57
2.32
3.00
2.06
3.02
1.63
5.57
6.35
4.94
8.80

24.56
24.30
28.08
2.76
3.01
3.27
4.82

26.82
29.25
44.65
64.03
65.07
63.98
66.40
61.97
63.21
65.04
65.63
65.61
65.53
64.86
62.84
66.02
63.73
64.52
64.06
61.20
62.82
63.83
67.87
70.68
32.99
34.19
65.35
63.01
61.15
64.05
65.69
63.18
63.52
66.10
62.92
64.08
65.64
65.46
65.23
64.49
66.46
60.79
44.64
43.83
34.15
31.01
27.70
47.58
64.42
64.21
64.76
47.50

19.28
31.06
47.75
43.12
25.24
17.57
23.62
23.27
24.70
21.63
22.06
21.93
21.87
23.57
20.84
20.00
26.03
24.88
23.10
20.98
21.81
24.24
23.37
21.60
31.90
36.16
19.62
24.42
24.57
24.05
23.15
24.79
21.96
23.36
27.08
22.88
22.64
20.45
28.87
20.91
20.27
18.46
23.67
33.89
34.82
38.05
37.27
25.74
43.89
19.48
18.47
35.71

31.32
28.74
45.97
32.27
15.12
15.66
14.80
16.11
16.18
14.39
14.88
15.06
16.09
14.83
14.19
15.24
14.71
15.46
14.85
13.59
15.28
13.76
15.73
16.03
26.89
24.52
14.80
15.07
13.84
15.89
15.67
17.59
14.61
13.55
14.37
14.32
14.09
17.15
13.64
14.95
17.32
20.09
33.65
28.55
25.26
24.03
24.13
13.57
28.33
15.60
15.76
29.54

49.40
40.20
6.28

24.61
59.62
66.77
61.58
60.62
59.12
63.98
63.06
63.01
62.04
61.60
64.97
64.76
59.26
59.66
62.05
65.43
62.91
62.50
60.90
62.37
41.21
39.32
65.58
60.51
61.59
60.01
61.18
57.62
63.43
63.09
58.47
62.80
63.27
62.40
57.49
64.14
62.41
61.45
42.67
37.56
39.92
37.92
38.60
60.69
27.78
64.92
65.77
34.75
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TABLE 75-(Continued)

Specimen Trace Element Proportions
Horizon Source Number Rb Sr Zr Ti Mn Fe

8 B, 20.3/7228 48.87 5.64 45.49 30.43 29.74 39.83
8 B, GA5050 49.95 3.82 46.23 29.17 31.48 39.35
8 B, GA5052 52.18 4.60 43.22 29.01 31.38 39.61
8 B, GA5053 50.29 2.73 46.98 32.04 29.65 38.31
8 B, GA5078 48.63 5.19 46.17 30.50 30.45 39.05
8 B, GA5079 50.07 4.47 45.46 31.65 29.84 38.51
8 B, GA5089 48.49 6.39 45.12 30.72 30.54 38.74
8 - 20.3/2545 45.67 15.17 39.16 29.03 19.98 50.99
9 A 20.3/7318 32.97 2.97 64.06 24.29 16.29 59.42
9 B, 20.3/1804 52.43 4.19 43.38 29.92 31.36 38.72
9 B, GA5015 49.31 5.83 44.86 30.40 30.53 39.07
9 B, GA5035 50.66 3.39 45.95 28.82 31.87 39.31
9 B, GA5085 50.88 4.82 44.30 33.82 27.95 38.23
9 - GA5088 45.89 8.91 45.20 32.40 28.06 39.54
12 A GA5039 33.01 1.59 65.40 21.57 15.97 62.46
12 A GA5068 33.31 2.94 63.76 19.63 16.38 63.99
12 A GA5070 31.17 2.96 65.87 20.87 16.53 62.60

tifying the local Box Spring source, but the
remaining Monitor Valley data are discussed
in only relative terms, and without attempt-
ing to pinpoint geographically the sources of
the archaeological samples.

OBSIDIAN FROM GATECLIFF
SHELTER

Very little obsidian was found in the Gate-
cliff excavations, and we had some difficulty
securing sufficient specimens for physio-
chemical analysis. Virtually all the obsidian
projectile points, scrapers, and production
stage bifaces from Gatecliff were analyzed,
but over half of the 120 samples analyzed
from Gatecliff are unmodified waste flakes.
In selecting these specimens for analysis, we
attempted to choose flakes which appeared
to have come from different cores in order
to minimize the redundancy. The results of
this analysis are listed on table 75.

Figure 205 plots the Ti/Mn/Fe ratios for
the Gatecliff obsidian in the customary ter-
nary graph. Two point clusters, labeled "A"
and "B," are evident on this diagram. The
densest swarm of points is characteristically
identical to those of the Box Spring obsidian
source, located only 8 km. east of Gatecliff

Shelter. The combination ofgeochemical and
locational evidence permits the identification
of source A as the Box Spring locality with
some certainty. Source B is an extremely dif-
fuse set of data points; although it overlaps
the distribution of the Crow Spring source,
the evidence is too sparse to allow geograph-
ical identification with any confidence.

Figure 206 presents the same Gatecliffdata
plotted in the more familiar Rb/Sr/Zr ratios.
Source A appears once again as a tight cluster
of points that we can assign with confidence
to the Box Spring source. The Rb/Sr/Zr ter-
nary plot subdivides the previous source B
into three distinct clusters, labeled B 1, B2,
and B3. The distribution of source B 1 is al-
most identical with that from the Queen
source, located in Queens Valley and Truman
Canyon about 185 km. southwest of Gatecliff
Shelter (see Jack, 1976, fig. 11 .2a; Ericson,
Hagan, and Chesterman, 1976, pp. 225-226).
The PIXE analysis does not permit the as-

sociation of B 1 with the Queen source (but
see the next section of this chapter).
The other two sources on figure 206 must

also remain unidentified in absolute terms.
Source B2 overlaps with known sources in
southeastern Oregon (Sappington, 1980),
Western Utah (Nelson and Holmes, 1979, fig.
2), and perhaps even the Modoc Plateau in
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FIG. 205. Results of X-ray emission analysis of obsidian from Gatecliff Shelter. Each point represents
the relative Ti, Mn, and Fe intensities for a single artifact or flake.

California (see Jack, 1976, 11.3a); we are not
tempted on the basis ofPIXE analysis to haz-
ard a guess as to the true location of source
B2.
The Rb/Sr/Zr characteristics of source B3

are identical with those of the Crow Spring
source, but since the Crow Spring source is
not distinct from other available sources, we

cannot assign the Gatecliff samples to the
Crow Spring obsidian.
Thus we think it prudent to identify only

source A with certainty. But the lack of ab-
solute identification does not preclude an ex-
amination ofthe source distribution through-
out the various horizons at Gatecliff Shelter.
The proportional distributions of Gatecliff

Sr.
I* .B2
.1 * %

: I'I% *- I

Box Spring (A)

1. . ,s

*- Bl1
I--,7 t

FIG. 206. Results ofX-ray emission analysis ofobsidian from GatecliffShelter. Each point represents
the relative Rb, Sr, and Zr intensities for a single artifact or flake.
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source
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o Box Spring
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FIG. 207. Relative proportions of obsidian
from known sources from various horizons at
Gatecliff Shelter.

obsidian are plotted on figure 207. These pro-
portions reflect only the relative frequencies
of samples actually processed by the PIXE
technique; the scarcity of obsidian at Gate-
cliff precluded any controlled sampling pro-
cedure, and we are not attempting to repre-
sent any sort of parametric changes on figure
207. Nevertheless, some interesting trends can
be noted.
The upper level at Gatecliff, Horizon 1,

contained a diverse mixture of obsidian,
probably reflecting the sparse and sporadic
nature ofoccupation during the Yankee Blade
phase.
The Underdown component (Horizons 2

and 3) contained a significantly higher pro-
portion of local Crow Spring obsidian, and
at least four other sources were also used at
this time. Note that source B2 was not used
before Horizon 2.

The Reveille phase at Gatecliff is repre-
sented by Horizons 4 through 7, and obsidian
from these components is primarily from the
local Box Spring area. Source B2 is complete-
ly unrepresented in Reveille phase obsidian,
and source B3 occurs only in minor propor-
tions in Horizons 4 and 6. In all, the limited
evidence indicates that obsidian usage during
Reveille times was largely restricted to the
local Box Spring source, with sporadic usage
of other scattered sources.
The picture changes markedly during the

Devils Gate phase. Use ofBox Spring obsidi-
an decreased radically in Horizon 8 (a mixed
Reveille/Devils Gate component), and dis-
appeared altogether in Horizon 9, a pure
Devils Gate manifestation. The primary ob-
sidian source during Devils Gate times is B 1,
which may be identified as the Queen source,
located 185 km. southwest of Gatecliff Shel-
ter, almost at the California border. It is of
interest to note that nearly 40 percent of Cal-
ifornia shell beads at Gatecliffalso came from
Horizon 8.

Insufficient obsidian samples were re-
covered from Horizons 10 and 11 to allow
X-ray emission analysis.
Only three obsidian flakes from Horizon

12 were submitted for X-ray emission anal-
ysis, and all three are from the Box Spring
source. As we worked with the artifacts and
debitage from this floor, it became possible
to separate, on visual criteria, obsidian from
the Box Spring source, and we are confident
that the remaining debitage from this floor
also derives from the nearby Box Spring area.
Horizon 12 is a specialized workshop area
where Humboldt series projectile points were
being manufactured from Box Spring obsid-
ian; the spatial aspects of this occupation are
considered in detail in chapter 21. No obsi-
dian was recovered from Horizon 13 or be-
low.

X-RAY FLUORESCENCE CHARACTERIZATION OF OBSIDIAN

RICHARD E. HUGHES

Fifty-four obsidian artifacts from nine cence (XRF) analysis. The study was under-
stratigraphic horizons at Gatecliff Shelter were taken to help establish a geochemical data
subjected to non-destructive X-ray fluores- base for obsidian sources in Nevada and to
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provide identification ofobsidian sources not
recognized by PIXE analysis.
The investigation was conducted at the De-

partment of Geology and Geophysics, Uni-
versity ofCalifornia, Berkeley, on a Spectrace
440 (United Scientific Corporation) energy
dispersive XRF machine equipped with a 572
power supply (50 kV, 1 mA), 534-1 pulsed
tube control, 514 pulse processor, 588 bias/
protection module, Tracor Northern 1221
100 mHz ADC, Tracor Northern 2000 com-
puter based analyzer, an Ag X-ray tube, and
a Si (Li) solid state detector with 142 eV res-
olution (FWHM) at 5.9 keV in a 30 sq. mm.
area. Once energy peaks were identified,
overlapping Ka, KJB and L-lines stripped, and
matrix effect corrections made (Franzini,
Leoni, and Saitta, 1976), trace element in-
tensities were converted to parts per million
(ppm) using a least squares polynomial fit
routine (cf. Bice, 1980).

ANALYTICAL PROCEDURE
Prior to obsidian analyses, three U.S. Geo-

logical Survey standard rocks were analyzed,
and concentrations generated in ppm for lead
(Pb), thorium (Th), rubidium (Rb), strontium
(Sr), yttrium (Y), zirconium (Zr) and niobium
(Nb) were in close agreement with U.S.G.S.
recommended values (see table 76).' Follow-
ing this calibration, obsidian source speci-
mens from four localities in central Nevada
were analyzed,2 and the ppm values and Fe/
Mn ratios presented in table 77 distinguished
these central Nevada sources from those lo-
cated in the western Great Basin and Mono
Basin (cf. Jack and Carmichael, 1969, pp. 27-
28; Jack, 1976, pp. 203-204). Since all trace
element data, except for Fe/Mn ratios, were
generated in ppm (see tables 76-78), they can
be compared quantitatively to studies com-
pleted elsewhere in the Great Basin and Cal-
ifornia (Jack and Carmichael, 1969; Jack,
1976; Nelson and Holmes, 1979).

ARTIFACT ANALYSIS
Gatecliff Shelter obsidian was examined in

two stages. First, all 54 specimens were ana-

l Emission lines used in this XRF analysis were: Pb
(LO), Th (La), Rb (Ka), Sr (KCa), Y (Ka), Zr (Ka) and Nb
(Ka).

2 These sources are described in the previous section.

lyzed in the 5-25 keV range to determine
trace element concentrations for Pb, Th, Rb,
Sr, Y, Zr and Nb.3 The U.S.G.S. G-2 rock
standard was analyzed in the first position of
the 20 position automatic sample changer in
order to monitor machine precision and ac-
curacy. For excitation in this region of the
energy spectrum, the X-ray tube was oper-
ated at 30.0 kV, 0.20 mA pulsed, with a 0.05
mm. Ag primary beam filter in an air path at
200 seconds livetime.
Values in ppm for Pb, Th, and Nb are pre-

sented in the accompanying tables, but were
not considered in obsidian source attribution
for two reasons. First, previous research shows
that intersource variability usually is not of
sufficient magnitude to use these elements in
distinguishing between obsidian sources (Jack
and Carmichael, 1969, pp. 26-29; Jack, 1976,
pp. 203-204, 208) and second, additional re-
search shows that intrasource variability is
often unacceptably high (Hughes, 1982). Al-
though Nb ppm values have been useful in
distinguishing between sources in other areas
ofthe world (Smith et al., 1977; Smith, Ward,
and Ambrose, 1977), they were of little help
in the present analysis.
During the second stage, further analyses

were conducted on specimens that could not
be assigned to a known obsidian source on
the basis of Rb, Sr, Y, and Zr ppm values.
Iron (FeKa) and manganese (Mn K1a) peak
intensities (counts) were recorded and con-
verted to Fe/Mn ratios for Gatecliff Shelter
specimens and obsidian source standards be-
cause this ratio proved useful in separating
obsidian sources in the Mono Lake area
(Hughes, 1981). To generate Fe and Mn peak
counts in the 0-10 keV region, the X-ray tube
was operated at 15.0 kV, 0.40 mA pulsed,
with an Al primary beam filter in a vacuum
path at 200 seconds livetime.

RESULTS

Five sources of obsidian were recognized
in the Gatecliff Shelter assemblage. The lo-
cation of the sources appears in figure 202;
table 78 presents the XRF data for each ar-
tifact by stratigraphic horizon.
Box SPRING (n = 12): The Box Spring

source is situated ca. 8 km. east of Gatecliff

3See note 1.
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TABLE 76
X-ray Fluorescence Determinations for Trace Element Concentrations in Three United States

Geological Survey Standard Rocks Compared to Recommended Values
(All values in parts per million [ppm].)

U.S. Geological
Survey Standard Pb Th Rb Sr Y Zr Nb

G-2 (Flanagan, 1976)
G-2 (This study)

31.2 24.2 168.0 479.0 12.0 300.0 13.5
28.4 ± 5.1 20.7 ± 4.5 170.0 ± 3.7 498.7 ± 5.6 13.8 + 3.4 322.7 ± 5.3 16.4 ± 3.6

BCR-1 (Flanagan, 1976) 17.6 6.0 46.6 330.0 37.1 190.0 13.5
BCR-1 (This study) 9.6 ± 5.6 0.0 ± 0.0 47.3 + 2.9 319.6 ± 5.5 37.2 ± 3.9 174.8 ± 5.1 14.3 ± 4.2
GSP-1 (Flanagan, 1976) 51.3 104.0 254.0 233.0 30.4 500.0 29.0
GSP-1 (This study) 54.6 + 5.9 90.3 ± 5.8 258.5 ± 4.4 234.8 ± 4.3 27.1 ± 3.8 567.9 ± 6.5 27.2 ± 3.8

Shelter.4 This obsidian is distinct geochem- between PIXE and XRF for this source was
ically and only one instance of disagreement found; specimen GA 5073 from Horizon 2

was attributed to "Source A" by PIXE (table
4Obsidian nodles with th same trace lementcon-

75), whereas XRF analysis indicates that it
4Obsidian nodules with the same trace element con- should be assigned to the Queen source (table

centrations as Box Spring occur on a volcanic butte ca.
4.8 km. (3 miles) to the east. Legal location for this 78).

material is: Ti 3N, R47E, NE'h of SE¼ of Section 2 and Because one purpose of this XRF analysis

the NW/4 ofSW/4of Section 1 as depicted on the U.S.G.S. was to provide identification of obsidian
Box Spring 7.5 minute quadrangle (1971). sources not recognized in the previous sec-

TABLE 77
Trace Element Concentrations (in ppm) and Fe/Mn Ratios for Four Central Nevada Obsidian Sources

Catalog
Obsidian Source Number Pb Th Rb Sr Y Zr Nb Fe/Mn

Silverpeak SP- 1 37.2 21.3 165.9 60.8 14.2 85.7 16.3 19.22
+5.3 ±4.5 ±3.8 ±3.1 ±3.4 ±3.8 ±3.7

SP-2 34.1 18.0 165.0 69.3 11.3 89.0 20.7 19.05
±5.9 ±4.9 ±4.2 ±3.3 ±3.8 ±4.2 ±4.0

SP-3 39.6 27.6 150.7 68.5 9.8 78.3 20.6 19.55
±9.0 ±7.5 ±6.0 ±4.9 ±5.5 +6.1 ±5.9

Crow Spring CSPR-1 22.4 29.0 202.3 7.9 26.0 89.5 24.5 16.49
+4.8 ±4.3 ±3.8 ±2.2 ±3.4 ±3.5 ±3.6

CSPR-4 21.1 23.2 213.2 7.4 26.9 88.5 30.5 16.59
±4.7 ±4.2 ±3.8 ±2.2 ±3.3 ±3.4 ±3.5

CSPR-2 18.4 25.0 208.9 7.8 22.1 90.4 29.3 16.55
±4.6 ±4.1 ±3.7 +2.1 +3.2 +3.4 ±3.4

Box Spring BSPR-1 34.4 27.9 207.9 16.7 56.6 340.3 32.5 64.12
+5.1 +4.4 ±3.9 ±2.4 ±3.8 ±5.1 +3.7

BSPR-2 32.5 29.7 223.5 24.0 63.5 358.8 33.6 61.36
+5.7 ±5.1 ±4.5 ±2.7 +4.3 ±5.8 ±4.2

BSPR-3 30.6 28.8 219.5 20.8 63.1 358.1 39.0 68.34
±5.5 ±4.8 ±4.2 +2.6 ±4.1 ±5.5 ±4.0

White Rock Canyon WRC-2 18.9 12.3 173.9 122.9 16.1 81.1 10.7 17.74
±5.6 ±4.7 ±4.0 ±3.8 ±3.8 ±4.1 ±3.9

WRC-3 33.6 18.4 165.1 130.8 19.5 87.0 12.9 16.51
±6.5 ±5.5 +4.6 +4.3 +4.2 ±4.6 ±4.3

WRC-4B 30.5 18.5 156.8 121.4 17.8 78.9 13.2 17.13
±5.6 ±4.8 ±4.0 ±3.8 ±3.8 ±4.1 ±3.9
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TABLE 78
Trace Element Concentrations (in ppm), Fe/Mn Ratios, and Obsidian Source/Group Attributions for

Artifacts from Gatecliff Shelter

Catalog Hon- Obsidian
Number zon Pb Th Rb Sr Y Zr Nb Fe/Mn Source

20.3/2817 1 63.0 29.6 166.6 139.1
+ 10.9 ±8.5 ±6.4 +6.4

20.3/2945 1 30.5 28.3 156.7 139.4
+6.7 ±5.7 ±4.5 ±4.4

RR 2593 1 26.1 16.2 131.1 230.2
+5.5 ±4.6 ±3.7 ±4.6

20.3/2943 1 16.7 18.8 181.6 17.0
+5.7 ±4.8 +4.1 ±2.7

GA 5021 1 31.9 14.1 134.9 248.9
+6.4 ±5.3 +4.1 ±5.2

GA 5022 1 48.4 11.8 142.4 246.4
+8.5 ±7.0 ±5.3 ±6.6

GA 5024 1 37.5 15.9 183.4 19.3
+6.3 ±5.4 +4.5 ±3.1

GA 5003 1 30.3 19.8 181.8 17.6
+6.2 ±5.2 ±4.5 ±3.0

HI/No # 1 34.1 9.8 142.9 243.2
+8.3 +6.8 ±5.3 ±6.4

20.3/2924 1 47.6 37.3 231.1 17.0
+7.6 ±6.6 ±5.7 ±3.6

GA 5073 2 49.6 27.6 198.8 20.0
+6.9 ±5.8 ±5.0 ±3.3

GA 5027 2 44.0 16.4 153.8 257.3
+8.7 ±7.1 +5.5 +6.8

GA 5028 2 34.5 10.6 142.7 249.7
+9.4 ±7.7 +5.9 +7.3

RR 2042 2 32.8 28.4 233.9 17.9
+5.9 ±5.2 ±4.6 ±2.9

GA 5029 2 38.7 15.1 169.8 14.3
+8.6 ±7.1 +5.9 ±4.0

GA 5008 2 50.8 11.2 137.9 254.9
+8.5 +6.9 ±5.3 ±6.7

GA 5031 2 35.6 23.3 152.3 100.1
+5.1 ±4.4 ±3.6 ±3.3

20.3/2932 3 38.5 29.2 345.3 0.0
+7.2 ±6.4 +6.3 ±0.0

GA 5040 3 35.0 40.8 295.9 9.0
+7.6 ±6.7 ±6.0 ±3.4

GA 5002 3 48.6 34.8 236.1 25.6
+11.9 ±10.0 ±7.9 ±5.5

GA 5025 3 55.0 27.9 221.1 16.8
+9.1 ±7.7 +6.3 ±4.3

GA 5061 4 37.2 26.8 238.6 19.5
+7.4 ±6.3 +5.5 ±3.5

GA 5063 4 37.2 27.4 207.6 23.1
+8.9 +7.6 ±6.1 +4.2

27.6 168.0
±6.5 ±7.7
21.9 159.7
±4.4 ±5.3
10.5 87.0
±3.6 ±4.2
25.6 131.3
±3.9 +4.4
15.2 92.3
±4.2 ±4.8
17.0 82.6
±5.5 ±6.1
31.2 136.4
±4.4 ±4.8
25.7 132.7
±4.3 ±4.8
11.6 90.7
+5.3 +6.0
68.6 358.7
±5.6 ±7.3
31.4 137.3
±4.7 ±5.2
9.1 97.2

±5.5 ±6.2
12.0 84.6
±6.1 ±6.7
61.0 376.0
±4.4 ±6.0
21.8 119.7
±5.6 ±6.3
22.4 84.4
±5.4 +6.1
15.8 184.1
±3.5 +4.4
54.9 99.4
+5.3 +5.0
28.5 90.6
±5.2 +5.2
25.1 141.1
±7.7 ±8.2
35.1 142.9
+6.1 +6.6
73.2 365.9
±5.3 +7.1
28.5 137.4
±5.9 ±6.4

14.6 - Group 2
±6.8
19.2 - Group 2
±4.6
15.0 18.49 Group 1
±3.9
26.6 11.77 Queen
±4.2
11.3 19.40 Group 1
±4.5
6.3 19.96 Group l

+5.8
35.1 12.20 Queen
+4.7
30.8 11.86 Queen
+4.6
9.6 18.97 Group 1

±5.6
35.7 65.47 Box Spring
+5.5
38.6 11.68 Queen
±5.0
17.7 19.82 Group 1
±5.9
8.9 19.08 Group 1

±6.4
38.7 67.55 Box Spring
±4.4
26.1 11.89 Queen
+6.1
8.6 20.31 Group 1

±5.7
9.6 48.83 Casa Diablo

+3.6
32.4 14.35 Group 3
±5.1
39.9 13.00 Group 3
±5.4
28.8 11.37 Queen
±7.9
32.1 11.93 Queen
+6.4
37.3 65.46 Box Spring
+5.2
32.6 13.67 Queen
+6.2
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TABLE 78-(Continued)

Catalog Hori- Obsidian
Number zon Pb Th Rb Sr Y Zr Nb Fe/Mn Source

20.3/3060 4 32.7 27.6 356.0
+5.9 +5.2 +5.3

20.3/1357 4 32.5 16.2 186.4
+5.8 ±4.9 +4.2

20.2/9638 4 26.2 25.9 235.3
+5.8 ±5.1 +4.6

20.3/2652 4 34.2 28.9 227.4
+7.0 +6.1 +5.4

GA 5013 4 67.0 47.2 333.6
±14.9 +12.7 +10.8

20.3/3673 5 34.8
±6.1

20.3/3232 5 38.7
±7.3

GA 5020 6 52.3
+7.8

GA 5080 6 36.2
±7.1

GA 5014 6 46.9
±7.1

GA 5018 6 43.5
+9.4

GA 5081 6 55.1
+9.4

20.3/1355 6 31.2
+5.3

20.3/3178 7 45.5
±6.5

20.3/633 7 27.9
±5.1

20.3/3249 7 31.0
±5.9

GA 5065 7 33.1
+7.9

GA 5082 7 37.8
±7.0

20.3/2545 8 19.7
+4.9

20.3/7228 8 32.4
+6.8

GA 5079 8 41.1
±5.3

GA 5078 8 36.4
±5.4

GA 5089 8 32.2
±5.0

GA 5050 8 29.1

26.4 236.5
+5.3 +4.7
25.2 231.9
+6.3 +5.6
42.0 269.5
±6.9 ±5.9
29.4 281.1
+6.2 +5.5
34.8 268.0
+6.2 ±5.4
34.7 263.8
+8.1 ±6.9
34.8 302.9
+8.1 ±7.0
31.8 223.2
+4.7 +4.1
26.3 198.5
±5.6 ±4.8
15.1 177.2
+4.4 ±3.7
27.6 193.2
+5.0 ±4.2
29.9 216.6
+6.8 +5.9
29.1 218.7
±6.0 +5.0
23.0 179.8
+4.4 +3.7
15.1 179.6
±5.7 ±4.8
23.2 182.2
+4.6 +3.9
14.7 186.9
+4.6 +3.9
24.8 177.8
+4.3 ±3.6
19.0 208.4

±7.5 ±6.4 ±5.4

4.0
±2.5
19.3
+2.8
17.2
±2.8
25.6
±3.4
16.2
+6.5
21.7
+2.9
22.7
±3.5
23.4
±3.7
22.4
+3.4
20.3
±3.4

8.1
±4.2
26.4
±4.4
9.7

+2.5
106.8
+4.1
20.6
±2.5
100.6
±3.6
42.5
±4.1
25.3
+3.4
59.4
+2.8
15.4
+3.2
17.0
+2.6
23.4
+2.6
18.4
+2.4
19.6
±3.7

52.3 97.3
+4.4 ±4.1
29.8 131.6
+4.0 +4.4
59.8 381.0
+4.4 ±5.9
62.0 369.6
±5.2 +7.0
25.5 103.9
+9.5 +9.2
69.1 377.4
+4.5 +6.1
63.1 372.1
±5.4 ±7.2
75.8 409.3
±5.7 ±7.5
69.5 416.5
±5.2 +7.0
65.9 397.7
±5.2 ±6.9
31.0 91.8
±6.3 ±6.2
74.3 426.6
±6.6 ±8.6
25.2 87.1
+3.7 +3.8
8.5 99.5

±4.3 +4.7
23.9 121.6
±3.6 ±4.0
12.0 97.6
±3.8 ±4.2
50.1 333.5
+5.7 +7.6
24.1 142.4
±4.7 ±5.1
32.5 125.5
±3.5 ±3.9
25.3 127.6
±4.6 ±5.1
26.9 129.6
±3.7 ±4.1
23.0 131.9
±3.7 ±4.1
25.4 131.9
+3.5 +3.9
26.8 139.8
+5.2 +5.7

36.1 15.03 Group 3
±4.2
31.5 11.85 Queen
+4.3
36.0 65.91 Box Spring
+4.3
38.3 63.32 Box Spring
+5.1
31.7 13.08 Group 3
±9.6
35.1 65.52 Box Spring
±4.4
41.1 67.18 Box Spring
±5.3
36.2 65.53 Box Spring
±5.5
36.3 64.91 Box Spring
+5.1
37.3 66.17 Box Spring
±5.1
30.9 17.63 Crow Spring
±6.4
35.2 68.14 Box Spring
±6.4
29.8 17.41 Crow Spring
±3.9
15.9 16.08 Bodie Hills
+4.5
34.7 11.98 Queen
±3.9
16.5 - Bodie Hills
±3.9
37.3 63.83 Box Spring
+5.6
30.4 12.00 Queen
±4.9
25.4 29.67 Unknown
±3.6
39.5 11.71 Queen
±4.9
39.9 11.68 Queen
±3.9
41.5 11.62 Queen
±3.9
35.4 11.94 Queen
+3.7
32.6 11.54 Queen
±5.5
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TABLE 78-(Continued)

Catalog Hori- Obsidian
Number zon Pb Th Rb Sr Y Zr Nb Fe/Mn Source

GA 5052 8 53.5 24.6 209.2 17.3 31.8 132.0 30.5 11.71 Queen
± 10.8 ±8.7 ±7.2 ±4.9 ±6.9 ±7.5 ±7.2

GA 5053 8 64.8 39.8 205.9 15.1 29.9 123.5 30.2 11.72 Queen
±9.3 ±7.6 ±6.2 ±4.2 ±6.0 ±6.5 ±6.3

20.3/1804 9 36.3 22.5 165.2 18.2 27.1 121.8 35.4 11.92 Queen
±4.9 ±4.2 ±3.5 ±2.4 ±3.4 ±3.8 ±3.6

GA 5015 9 41.9 15.7 194.1 18.6 23.2 122.7 34.7 12.78 Queen
+7.8 ±6.5 ±5.5 ±3.7 ±5.3 ±5.8 ±5.5

GA 5085 9 38.3 17.2 234.5 20.7 35.6 146.2 33.5 11.72 Queen
±7.9 +6.7 ±5.6 ±3.8 ±5.3 ±5.7 ±5.5

GA 5088 9 39.9 0.0 202.7 15.8 20.9 128.5 35.4 11.83 Queen
±13.5 ±0.0 ±8.8 ±6.1 ±8.5 ±9.1 ±8.9

GA 5035 9 32.8 19.6 181.3 22.8 20.1 136.2 32.1 11.76 Queen
+5.0 ±4.3 ±3.6 ±2.4 ±3.4 ±3.9 ±3.7

tion, only a grab sample of 67 artifacts at-
tributed by PIXE to the local Box Spring
("Source A") source was analyzed. Conse-
quently, the number of artifacts assigned by
XRF to the Box Spring source is not repre-

sentative of the actual frequency of this ma-
terial in the site (see table 75).
CROW SPRING (n = 2): Two artifacts re-

covered from Horizon 6 were manufactured
from obsidian derived from the Crow Spring
source, located about 115 km. southwest of
the site. Both specimens (GA 5018 and 20.3/
1355) closely match the source standards al-
though GA 5018 has slightly more Rb than
any of the others. However, this may repre-
sent sampling error inherent in running few
source specimens. As pointed out in the pre-
vious section, the Rb/Sr/Zr ratio is inade-
quate to distinguish Crow Spring obsidian
from the Fish Springs, Mono Glass Moun-
tain, Mono Craters, and Coso Hot Springs
sources, but Fe/Mn ratios contrast sufficient-
ly with the latter sources so that Crow Spring
obsidian can be identified (see fig. 208). Both
specimens were assigned to "Source B3" by
PIXE (table 75).
BODIE HILLS (n = 2): Horizon 7 at Gatecliff

Shelter contained two specimens (20.3/3178
and 20.3/3249) made from Bodie Hills ob-
sidian.5 The source for this material is about

s Although previous semi-quantitative XRF studies

220 km. west-southwest of Gatecliff Shelter.
Although PIXE analysis (see previous sec-
tion) was unable to distinguish Bodie Hills
obsidian from that occurring at Silverpeak,
Nevada, this separation was achieved by XRF
(compare table 77 with Jack, 1976, p. 204
and specimens 20.3/3178 and 20.3/3249 in
table 78). Both of these specimens were as-
signed to "Source B" by PIXE (table 75).
CASA DIABLO (n = 1): One artifact (GA

5031) from Horizon 2 was determined to have
been made from Casa Diablo obsidian. This
source is about 230 km. southwest of Gate-
cliff Shelter. Casa Diablo Rb and Zr concen-
trations, coupled with Fe/Mn ratios, distin-
guish this source from all others in the western
Great Basin/Mono Basin area. This specimen
was unassigned by PIXE (table 75).
QUEEN (n = 23): Obsidian from the Queen

source, located ca. 185 km. southwest of
Gatecliff Shelter in the Mono Basin just east
ofthe California-Nevada border, attained the
highest frequency ofany known distant source
analyzed by XRF. This source predominates
in Horizons 8 and 9, but was absent from
Horizons 5 and 6. PIXE analysis (see table
75) classified Queen obsidian as follows:

were unable to distinguish Bodie Hills obsidian from
that occurring at Pine Grove Hills (cf. Jack, 1976, p.
191), my own recent XRF analyses indicate that this
separation can be achieved using Ba and Ce ppm values.
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FIG. 208. Histogram ofFe/Mn ratios for obsidian sources undifferentiated by Rb, Sr, Y, and Zr ppm
values.

"Source B 1" (n = 19), unassigned (n = 2),
"Source B" (n = 1), and "Source A" (n = 1;
see above).

COMMENTS

Bodie Hills and Casa Diablo obsidian both
were exchanged widely in California (Jack-
son, 1974; Jack, 1976; Ericson, 1977a, 1977b;
Singer and Ericson, 1977). However, the oc-
currence of materials from these sources at
Gatecliff Shelter, more than 200 km. to the
east, provides new evidence for long distance
exchange with central Nevada.
Whereas the circulation of obsidian from

Bodie Hills and Casa Diablo has been doc-
umented relatively well in California, much
less is known about the dispersal of Queen
obsidian. Jack (1976, pp. 192-193, 206) con-
trasted the archaeological distribution of
Bodie Hills and Mt. Hicks obsidian with
Mono Basin sources (Queen, Casa Diablo,
Mono Craters, Mono Glass Mountain), but
few specimens were attributed specifically to
Queen. Only 14 artifacts made from Queen
obsidian were identified amid hundreds of
specimens analyzed in California (Jackson,
1974, tables 16-73; Jack, 1976). Similarly,
only four of 75 (5.3%) specimens from Lee
Vining (Mno-446) near Mono Lake could be
matched with the Queen source (Hughes,
1981). On the basis of present evidence it
appears that Queen obsidian was conveyed
primarily to the east and southeast into the
Great Basin -not to the west across the Sierra
Nevada into central California.

SPECIMENS FROM UNKNOWN
SOURCES

Fourteen of the 54 (26%) obsidian artifacts
analyzed by XRF from Gatecliff Shelter could
not be matched with source specimens from
known geological occurrences. This was to be
expected since few obsidian sourcing studies
have been completed in this part ofthe Great
Basin. However, most of these "unknown"
specimens were distinct geochemically, and
where possible, they were combined on the
basis oftrace element concentrations and Fe/
Mn ratios into geographically unspecified
"groups." The term group is used to denote
obsidian artifacts with similar trace element
concentrations which probably represent the
same source, but for which no source stan-
dards are presently available. The term source
is used to refer to a known occurrence of
obsidian that can be specified both geochem-
ically and geographically.
GROUP 1 (n = 7): This group consists of

seven specimens from Horizons I and 2, and
is marked by Sr concentrations >200 ppm.
Four of these artifacts (RR 2593, GA 5022,
GA 5027, and GA 5028) were attributed to
"Source B2," and three (GA 5021, H1/No#,
and GA 5008) were not assigned to obsidian
source by PIXE (table 75).
GROUP 2 (n = 2): This group includes two

specimens (20.3/2817 and 20.3/2945) from
Horizon 1, marked by unique Rb, Sr and Zr
concentrations. These specimens were not as-
signed to source by PIXE (table 75).
GROUP 3 (n = 4): This distinctive group is

made up of artifacts from Horizons 3 and 4
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that contain > 300 ppm Rb, with Fe/Mn ra-
tios ranging between 13.1-15.0. Three ofthese
specimens (20.3/2932, 20.3/3060 and GA
5013) were attributed to "Source B3" by PIXE
(table 75). The fourth specimen (GA 5040)
also was attributed to "Source B3" by PIXE.
However, since it contains nearly 40 ppm less
Rb than the others its assignment to this group
is quite tentative.

Despite this, it is clear that none of these
artifacts was manufactured from obsidian
procured from any of the known sources in
the Mono Basin. Neither Mono Glass Moun-
tain, Mono Craters, Fish Springs, nor Coso
Hot Springs contain trace element concen-
trations and Fe/Mn ratios that match speci-
mens in this group (see Jack, 1976, pp. 203-
204; fig. 208 herein). Thus, although tripoled
Rb/Sr/Zr peak intensity plots generated by
PIXE for "Source B3" overlap with Mono
Basin sources (compare fig. 206 with Jack,
1976, fig. 11.2a), ppm values and Fe/Mn ra-
tios derived from XRF analysis exclude
Group 3 specimens from potential attribu-
tion to any ofthe known Mono Basin sources.
One specimen (20.3/2545) from Horizon

8 was not attributed to obsidian source by
PIXE and is not assigned to a group herein.
In spite of a Fe/Mn ratio within the range for
specimens from Mono Glass Mountain, the
Sr concentration sets this artifact apart from
any of the Mono Basin sources.

DISCUSSION

Two observations can be made from the
results of this XRF study. First, the majority
(64%) of all obsidian derived from known
distant sources (Queen, Bodie Hills, Crow
Spring) occurred in early strata (Horions 6-
9). Queen obsidian was absolutely dominant
in Horizons 8 and 9, and it was therefore of
interest that no obsidian from nearby Mt.

Hicks was present in the assemblage. Second,
the stratigraphic distribution ofobsidian from
the three geographically unknown groups was
restricted. All 13 specimens assigned to
Groups 1-3 were recovered from late con-
texts (Horizons 1-4).

Since use of the local Box Spring source
clearly increases in Horizon 7 and remains
high thereafter (see table 75), this trend to-
ward use of local obsidian may reflect a gen-
eral reorientation involving attenuation of
distant external contacts.6 If this had oc-
curred, we might expect one or more of the
unknown source groups to represent previ-
ously unexploited obsidian situated in rela-
tively close proximity to GatecliffShelter. Al-
ternatively, the source counterparts to these
groups could be located some distance away,
and might signal a shift in the direction of
external social relations. Nonetheless, it ap-
pears that exchange relationships involving
GatecliffShelter and western Great Basin and
Mono Basin obsidian sources were most in-
tensive between ca. 1450-1300 B.C., and that
a shift to exploitation of different (local?)
sources began somewhat later.

It will be important for future research to
examine obsidian source use by artifact class
and to bring these data to bear on the inves-
tigation of variability in prehistoric social and
residential group boundaries (Bettinger, 1982;
Hughes and Bettinger, in press). It may be
possible, for example, to use local Box Spring
obsidian to demarcate territorial/social
boundaries in Monitor Valley and adjacent
areas. Obsidian characterization studies have
not focused adequately on these issues in the
Great Basin (cf. Aikens, 1978), but this av-
enue of research has tremendous potential.

6 The shell bead and ornament data (see chap. 13 and
Part 5 of this series) support this notion.

OBSIDIAN HYDRATION
DAVID HURST THOMAS

A major objective of the Monitor Valley
research was to integrate results from strati-
graphic excavations with those of controlled
surface collections. Analysis of surface col-
lections, however, is impeded by the lack of
tight chronologies. Consequently, the need
for tight chronological controls has prompted

us to emphasize stylistic methods and tem-
poral division. But typology is not without
its difficulties, and it is always desirable
whenever possible to establish independent
chronological controls.
We began planning the regional sampling

program after the second field season at Gate-
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TABLE 79
Results of Obsidian Hydration Analysis for Gatecliff Shelter and Reese River Valley

(Based on data provided by James Chatters.)

Laboratory Corrected
Number Provenience Microns Comments

Gatecliff Shelter
WWOH-1 Horizon 1 0
WWOH-16 Horizon 2 5.70
WWOH-17 Horizon 7 2.84
WWOH-20 Horizon 7 2.50
WWOH-21 Horizon 7 2.14
WWOH-23 Horizon 7 2.14
WWOH-24 Horizon 7 2.37
WWOH-25 Horizon 9 2.26
WWOH-28 Horizon 1 0+ Too thin to measure under 1000X
WWOH-29 Horizon 7 0
WWOH-30 Horizon 2 0

Reese River Valley Survey
WWOH-2 - - Eroded and patinated
WWOH-3 - 4.04 Eroded, read from crack in original manufacture
WWOH-4 - - Eroded, no band remnant
WWOH-5 - - Eroded, band of too variable thickness
WWOH-6 - - Eroded, band of too variable thickness
WWOH-7 - - Eroded, band of too variable thickness
WWOH-8 - - Eroded and patinated
WWOH-10 - - Eroded and patinated
WWOH- 11 - - Eroded, no band remnant
WWOH- 12 - - Eroded, band of too variable thickness
WWOH-13 - 4.51
WWOH- 15 - - Eroded, band of too variable thickness
WWOH- 19 - 0 No visible band, patination?

cliff Shelter; by then the need for establishing
additional chronological parameters was ob-
vious. Some investigators had reported suc-
cess with obsidian hydration of surface arti-
facts (e.g., Tuohy, 1969; Layton, 1973;
Bettinger, personal commun.), and we hoped
this method would bridge the gap between
excavated specimens in stratigraphic se-
quence and the controlled surface collections.
Although obsidian is rare in Monitor Val-

ley, we conducted a pilot project to determine
the feasibility of using obsidian hydration as
chronological control. A series of 24 artifacts
and flakes was submitted for obsidian hy-
dration analysis to James Chatters, then of
the University ofWashington. Eleven obsid-
ian specimens were selected from Gatecliff
Shelter. Unfortunately, source analysis had
not been conducted at this point. Thirteen
obsidian projectile points from the Reese
River Valley surface collection were also sub-

mitted. (At this point, we had not yet begun
the regional sampling in Monitor Valley.)
The objectives ofthis pilot effort were quite

modest: to determine whether an adequate
obsidian hydration curve could be calibrated
for Gatecliff Shelter and to see if obsidian
hydration rims were sufficiently intact on sur-
face-collected artifacts.
The findings were disappointing on both

counts (see table 79). Despite the small sam-
ple size, the hydration readings from the
Gatecliff samples showed an alarming vari-
ability. Some of this variability could prob-
ably be reduced by controlling for source, but
we were not encouraged by the preliminary
readings from the excavated samples.
More distressing were the results from the

surface specimens. Of 13 samples submitted
for obsidian hydration, all but three samples
had hydration rims that had been completely
obliterated, probably by sandblasting. There
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was no reason to suspect that rims on the
Monitor Valley surface artifacts would be
better than those of the Reese River speci-
mens, so we abandoned plans for further ob-
sidian hydration analysis.

In other words, obsidian hydration pro-
duced little more than negative results in the
pilot study, and we report these findings only
for completeness. It may indeed be feasible
to construct an obsidian hydration sequence
from GatecliffShelter or similar sites, but the
selection of specimens and evaluation of re-

sults must proceed with extreme caution. In
addition, it may someday be possible to con-
duct obsidian hydration analysis on surface
specimens from this area, but such research
must carefully weed out those artifacts which
have been modified by subaerial erosion.
While we will allow for progress on both
scores, obsidian hydration was judged to be
an impractical method for the Monitor Val-
ley research and no further obsidian hydra-
tion was conducted in this project.

X-RAY DIFFRACTION ANALYSIS OF PIGMENTS

Pigment samples from various pictograph
sites have been collected and examined since
the beginning of the Monitor Valley archae-
ological program. McKee and Thomas (1973)
had previously reported on the composition
of pigments from Toquima Cave. X-ray dif-
fraction analysis has revealed that gypsum
was used as a binder for pictographs of all
colors in this site. Red and yellow paints were
created by adding various minerals to this
gypsum base; lepidocrocite (FeO[OH]) and
goethite (Fe2O3 H20) are both yellow to red-
dish brown, and hematite (Fe2O3) is a bright
red. Although the deposits at Toquima Cave
contain a number of chalky, white clay nod-
ules, physical analysis indicated that this in-
digenous clay source was not used in prepa-
ration of the pictographs.

Koski, McKee, and Thomas (1973) then
examined pigment samples from Gatecliff
Shelter. X-ray diffraction analysis revealed,
once again, that all paints included gypsum
(plus smaller portions of aragonite and an
alum mineral). Pigmentation was achieved
by addition of the same colored minerals as
noted for Toquima Cave. Because the gyp-
sum-aragonite-alum mixture occurred in
similar proportions throughout the Gatecliff
pigment samples, Koski, McKee, and Thom-
as suggested that the white mineral was gath-
ered at local hot springs, such as Dianas Punch
Bowl.
A similar study was recently conducted by

Markman, Bard, and Busby (1978) on pig-
ments from Painted Cave in Pershing Coun-
ty, Nevada. Samples were collected from pic-
tographs on the rear of the shelter and also
from ocher nodules present in the midden.
X-ray diffraction analysis revealed that the

Painted Cave pictographs were formed in a
manner similar to those from Gatecliff Shel-
ter and Toquima Cave.
Given these preliminary results, we decid-

ed a more complete analysis of the Monitor
Valley pigments was warranted. Some schol-
ars have noted that rock art rituals often re-
quire not a single painting episode, but rath-
er involve a periodic renewal of motifs
(Mountford, 1964; Marshack, 1972a, 1975;
T. Thomas, chap. 17 this volume). If this
follows for Great Basin rock art too, then the
pigment composition ofthe various elements
at a single site should differ one from another,
depending on the exact nature ofeach episode
ofpainting. Specifically, were the pictographs
painted all at once, or were they accumulated
over time? The previous X-ray diffraction
research on Monitor Valley pigments became
obsolete because the pigment samples had
not been collected and labeled according to
specific pictograph element.
With the problem of sequentiality in mind,

we collected a dozen additional pigment sam-
ples from the rear of Gatecliff Shelter (fig.
154; see table 80 for exact provenience of
each sample). The pictograph pigments were
dissolved with distilled water by daubing with
a fine brush, and a smear of the pigments was
transferred to a standard microscope slide.
These samples were submitted for analysis

to Edwin H. McKee of the U.S. Geological
Survey in Menlo Park, California. The min-
eral phases were identified by X-ray diffrac-
tion analysis using copper radioaction and a
scintillation detector. The various minerals
contained in the samples were determined by
comparing the peaks on the diffractograms
with the Inorganic Powder Diffraction File
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TABLE 80
Results of X-ray Diffraction Analysis of Pigments Recovered from Gatecliff Shelter

Sam-
ple

Num-
ber Provenience Color Composition Remarks

1 Cave wall
2 Cave wall
3 Cave wall
4 Cave wall
5 Cave wall
6 Cave wall
7 Cave wall

8 Cave wall

9 Cave wall

10 Cave wall

11 Cave wall

12 Cave wall

13 Horizon 1
14 Horizon 13
15 Horizon 14
16 Horizon 8
17 Horizon 4
18 Horizon 4
19 Horizon 8
20 none

21 Horizon 3
22 Horizon 8
23 Horizon 4
24 Horizon 5
25 Horizon 2

White (calcite)
Red (calcite)
White (calcite)
White No pattern
Red (calcite)
White (calcite)
White Gypsum

White Gypsum (and calcite)

Yellow No pattern

Yellow Pickeringite (and calcite)

Yellow Pickeringite

Yellow

Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red

From horseshoe motif on cave roof
From red ocher smear on roof
From anthropomorph on roof
From second anthropomorph on roof
From partial anthropomorph on roof
From horseshoe over motif in sample 5
From horseshoe motif to the west of
sample 6

From horseshoe motif to the east of
sample 6

From first element in series of
tick marks

From third element in series of
tick marks

From fifth element in series of
tick marks

Gypsum From eighth element in series of
tick marks

Goethite, hematite, gypsum Rock stained with ocher
Aragonite (?) Ocher sample
Aragonite (?), trace of hematite (?) Ocher sample
Hematite, gypsum, goethite Ocher sample
Goethite, hematite, gypsum (trace) Ocher sample
Hematite, goethite, gypsum (trace) Ocher sample
Not soluble Ocher sample
Hematite, goethite (calcite) Ocher sample
Not soluble Ocher sample
Hematite Ocher sample
Hematite, goethite Ocher sample
Hematite, goethite Ocher sample
Hematite Ocher sample

26 No provenience Red Hematite Ocher sample
27 Horizon 3 Red Hematite, goethite Ocher sample
28 Horizon 6 Red Goethite, hematite, gypsum Ocher sample
29 Horizon 9 Red Insufficient sample Pigment from possible rock art

on living floor
30 Horizon 14 Red (calcite), gypsum Pigment stain on metate 20.3/1923
31 Horizon 7 Red Gypsum (calcite) Pigment stain on metate 20.3/763
32 Horizon 2 Red Gypsum Pigment stain on metate 20.2/8127
33 Horizon 4 Yellow Kaolinite (calcite) Pigment stain on metate 20.2/9396
34 Horizon 1 Red Gypsum, goethite (calcite) Pigment from rock art (20.3/2923)
35 Horizon 1 Red No peaks Same as 34
36 Horizon 1 Red Goethite, hematite, gypsum Pigment from rock art (20.3/8208)
37 Horizon 3 (?) Red Gypsum (possibly lepidocrocite) Pigment from rock art (20.3/2722)
38 Horizon 3 (?) Red Gypsum Same as 37, but different element
39 Horizon 3 (?) Red Gypsum Same as 38, but different element
40 Horizon 1 Red Goethite (calcite) Pigment from rock art (20.3/2921)
41 Horizon 1 Red Gypsum, goethite Pigment from rock art (20.3/2721)
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and the American Society for Testing and
Materials Powder Data File.
The results ofthe pictograph pigment anal-

ysis are presented on table 80. Although the
findings are basically consistent with earlier
studies by McKee and Thomas (1973) and
Koski, McKee, and Thomas (1973), some ad-
ditional information is now available. Once
again, it appears that gypsum (with some

pickeringite) formed the basis of all picto-
graphs for which a pattern emerged; calcite
in this case is probably a wall contaminant.
The white paint consists of a pure gypsum

(and sometimes pickeringite) mixture; other
minerals must have been added to produce
the reds and yellows, but the samples were

insufficient to pick up these coloring min-
erals.

It is interesting to note, however, that the
12 elements sampled are of slightly different
composition and it seems unlikely that they
were applied in a single episode. In particular,
note the results from samples 9-12. These
samples were taken from a linear series of
short ticks along the lip of the cave (see
fig. 154). Had these marks been painted all
at once, we would expect the pigment analysis
to show identical results for each element.
Instead, two samples (10 and I 1) contain pre-
dominantly pickeringite (with no trace of
gypsum), whereas sample 12, from the east-
ern edge of the series, contains only gypsum.
In addition, samples from the painted an-

thropomorphs may be from yet another paint
mixture. Because of the limited sample sizes
involved, these results are merely speculative
and we think further analysis along this line
would be extremely fruitful in interpreting
the nature of rock art in the Great Basin and
elsewhere.

Several additional pigment samples were

taken from ocher nodules occurring in the
Gatecliffdeposits and analyzed (see table 80).
These results indicate, as expected, that red
ocher was made from goethite and hematite.
In sample 17, goethite, hematite, and gypsum
had been previously mixed, then dried into
a nodule, presumably for later use.

Four ocher-stained metates at Gatecliff
contained sufficient pigment for X-ray dif-
fraction analysis. Three of these showed the
presence of gypsum, and presumably other
(undetected) minerals that had been added to

provide the bright red color. A yellow stain
on metate 20.2/9396 contained kaolinite, the
only record we have of this mineral being
used in Monitor Valley.

Several fragments of rock art were re-
covered in the Gatecliffexcavations, and pic-
tographs from a number of these pieces were
also sampled (see table 80). All this rock art
probably fell from the wall during the mas-
sive roof fall episode, approximately A.D.
1300. The pigment composition is compa-
rable to the pictographs still on the rear wall
of Gatecliff Shelter.

PALEOMAGNETIC ANALYSIS OF
SEDIMENTS

A series of 72 sediment samples from
Gatecliff Shelter were collected for paleo-
magnetic analysis. The objective of this ex-
ercise was to provide independent dating and
further stratigraphic controls for the Gatecliff
sequence. Although absolute chronology was
of some interest, the primary hope was that
fine-scale paleomagnetic analysis might pro-
vide independent data regarding the depo-
sitional rates ofthe large graded beds (cf. Creer
and Kopper, 1974; Stober and Thompson,
1977).
The paleomagnetic samples were collected

in August, 1975 from a standing profile lo-
cated on the west face of Unit D-7 (see fig.
24). This exposure was selected because it
readily correlated with the Master Profile (fig.
65) providing nearly 4 m. of well-stratified
sand and silt lenses. This area ofthe cave was
thought to be particularly well-suited for pal
leomagnetic analysis because it contained
primarily silt facies; rubble is unsuitable for
paleomagnetic purposes, and the rubble fa-
cies were almost entirely absent from this
section.

Paleomagnetic samples were taken at 5 cm.
intervals in small plastic boxes (2 cm. on a
side and 1.6 cm. deep). The exposure was
first carefully cleaned, then azimuth readings
were made with a Brunton compass. Each
plastic box was forced into the face, and a
small cube of sediment was broken off so as
to preserve the magnetic orientation within
the matrix. The profile contained all strata
between Strata 5 and 22; Horizon 14 was at
the bottom of the section.

412



THOMAS: GATECLIFF SHELTER

-200

-300

-400

500

Natural Remnant Magnetization
D I

-120 0 -120 -70 0 +70

-545

J

0 100

K
LG/Oersteds
0 100

D = Declination J - Intensity
- Inclination K = Susceptibility

5-6

7

8

9

10

1 1

12

13

14-16

17

18

19

20

21

22

FIG. 209. Natural remnant magnetization
(NRM) logs for 72 samples from Gatecliff Shelter.

The sediment samples from Gatecliff Shel-
ter were submitted to J. S. Kopper (Long Is-
land University), who processed them at the
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FIG. 210. Cleaned remnant magnetization
(RM) logs for 72 samples from Gatecliff Shelter.

Paleomagnetic Laboratory of the University
ofEdinburgh (U.K.) in a Digico spinner mag-
netometer. This section relies heavily on a
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FIG. 21 1. Comparison of cleaned remnant magnetization (RM)
susceptibility) for 72 samples from Gatecliff Shelter.

preliminary report prepared by Kopper who,
because of other commitments, was unable
to participate in the preparation of the final
report.

Gatecliff Shelter is situated approximately
39°00' north, 1 16047' west; these figures were
used subsequently to determine the stability
ofremnant magnetization ofthe sampled sec-
tion.

PALEOMAGNETISM AND CAVE
SEDIMENTS

For present purposes, cave deposits can be
considered in terms of two primary sedi-
mentary facies that differ sharply in paleo-
magnetic characteristics: entrance and inte-
rior debris (Kopper, 1976). Creer and Kopper
(1976) recognize the following essential dif-

logs with the Q-ratio (intensity/

ferences between the magnetic properties of
interior and exterior cave sediments:

1. Susceptibilities of entrance sediments are
lower than those of the interior (i.e., one
or two orders of magnitude lower).

2. The scatter in declination and inclination
logs is much greater in entrance paleo-
magnetic records. Part of this disparity is
due to the mechanical disturbance of sed-
iments by people and other animals.

3. Whereas ferrous compounds tend to form
in cave entrance deposits, the sediment
microflora in the interior facies tend to
produce ferric compounds.

Gatecliff Shelter contains only entrance de-
bris, facies that are generally exposed to sur-
face weathering processes, and are subjected
to aggradation, degradation, and neutral sed-
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iment accumulation as controlled by surface
climatic cycles (see chaps. 3, 4, and 5). Kop-
per and Creer (1976, pp. 2-3) have observed
sedimentation rates on the order of 20-100
cm./1000 years. Cycles of sediment erosion,
clastic and calcite deposition, calcite resolu-
tion, and then further erosion have been rec-
ognized for caves and rock-shelters through-
out the temperate zone (Kopper, 1976). Since
Gatecliff Shelter contains only entrance fa-
cies, the net result is expected to have lower
absolute values of intensity, and therefore a
low mean alternating magnetic field must be
used when cleaning such facies sediments.

PALEOMAGNETIC MEASUREMENTS
AND INTERPRETATIONS

The Gatecliff Shelter samples were pro-
cessed to determine the natural remnant
magnetization (NRM), and these findings are
presented in figure 209. These data were also
"cleaned" (fig. 210) to determine remnant
magnetization (RM), logs of declination (D),
inclination (I), intensity (J), and susceptibility
(K). These data are also compared with Q-ra-
tio (intensity/susceptibility) plots on figure
211.
Comparison of the natural remnant mag-

netization intensity curve (fig. 209) with the
cleaned remnant magnetization intensity log
(fig. 210) shows that the mean intensity (I)
remains about 600 throughout the sampled
portion of the Gatecliff section. Overall, the
mean inclination is close to that predicted for
an axial dipole field, namely 58° for the 390
latitude at Gatecliff Shelter (Mcllhinny, 1973,
fig. 17). This suggests that the Gatecliff sed-
iments acquired little or no secondary mag-
netization (or "overprint") after initial de-
position. More generally, the logs suggest that
magnetic remnance is stable at GatecliffShel-
ter, probably reflecting accurately the direc-
tion of the ancient magnetic field.

Unfortunately, neither the declination nor
inclination curves in eitherNRM or RM lows
show distinct oscillations that can be corre-
lated with established magnetochronological
data from Europe or the Near East (cf. Clark
and Thompson, 1978). Such clearly defined
swings of paleodirections have a mean peri-
odicity of 2775 years.
Even if the low inclination (I) and decli-

nation (D) values of figures 209 and 210 for
Stratum 21 are accepted as minimum stan-
dards, the radiocarbon age ofabout 5100 B.P.
does not correlate with known magnetic ages
ofC or E minima at 4490 B.P. and 7270 B.P.
(Creer and Kopper, 1976).
Correspondence is likewise lacking be-

tween the Gatecliff data and the paleomag-
netic direction oscillations recorded in paleo-
magnetic logs from North American lacustral
sediments. Creer ( 1977) reports distinct quasi-
periodic declination swings with an average
period ofabout 2000 years in sediments from
Lake Michigan. Part of this lack of corre-
spondence may be because, as mentioned
earlier, the Gatecliff deposits were formed in
an "entrance" cave sedimentation regimen.
Moreover, the Gatecliff sedimentation was
neither constant nor continuous (chaps. 3-5).
Although the short-term sedimentary epi-
sodes at Gatecliffprovide an excellent natural
and cultural record, they do not provide an
ideal matrix in which to detect datable swings
in the paleomagnetic record.
The natural remnant magnetization (NRM)

and remnant magnetization (RM) logs also
fail to provide evidence of major paleomag-
netic events ("excursions") during which one
or both directions were reversed. This is grat-
ifying, since no such excursions were expect-
ed to occur during the time-span ofthe Gate-
cliff sediments, the latest such excursion
evident in the western hemisphere having
taken place prior to 13,000 B.P. (based on
data summarized in Liddicoat, 1976, pp. 10-
11).
A number ofadditional features can be ob-

served on figures 209-21 1. These various pa-
rameters reflect the relative abundance of
mineralogical particles and the geochemical
history of differences in the sediments. The
Q-ratio in particular (fig. 21 1) smooths out
the variations in the intensity and suscepti-
bility for archaeological purposes (Kopper,
1976).
The paleomagnetic logs show coherence for

Strata 5-8 at the top of the profile, and for
Strata 21-22 at the bottom. The intervening
geological strata show rather large variations
in intensity (J) and a corresponding scatter
in the Q-ratio. Peaks in the susceptibility log
(K) are particularly noticeable for strata cor-
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responding to Horizons 9, 10, 12, 13, and 14.
In fact, it is possible to define, with some
accuracy, the presence of living surfaces
merely on the basis of susceptibility peaks.
These distinct inflection points are connected
by smoothly increasing, then decreasing, K
values. The susceptibility fluctuates only
gradually throughout the rapidly deposited
graded beds, but changes markedly on the
time-bearing surface exposures (such as the
cultural horizons).
Note further that the intensity (J) plots for

Strata 5-8 and 21-22 show relatively little
spread and relatively low values. The very
low in*_nsity values throughout Stratum 21
are clearly due to the low bulk quantity of
magnetic particles in this sand/silt layer. By
contrast, Horizon 7 (contained within Strata
6 and 7) and Horizon 8 (contained within
Stratum 9)-as well as the intervening Stra-
tum 8-show moderate intensities, despite
the coarse matrices of the cultural horizons.
Although the level of paleomagnetic res-

olution is relatively low, the general sequence
seems consistent with the geomorphological
data and interpretations previously offered in
chapters 3-5. The paleomagnetic profile falls
within the Late Fluvial stage ofMelhorn and
Trexler (chap. 5), and Stages 3-6 defined by
Davis (chap. 4). This was generally a time of
gradual climatic transition, when somewhat
warmer temperatures were accompanied by
increasing effective precipitation (see also
chap. 7). In terms ofDavis's stages, the lower
portion of the paleomagnetic profile begins
during Stage 3 times, prior to about 5 100 B.P.

(Strata 21 and 22). Stage 4 includes the thin
clay and silt layers of Stratum 20, overlain
by the voluminous rubble pile ofStratum 19.
Deposition was slow during this interval, with
Soil S-4 forming between about 5100 and
4250 B.P.

Strata 7-18 are grouped into Davis's Stage
5, dominated by continuous rubble, inter-
rupted at 150 to 300 year intervals by graded
beds. This mode ofdeposition prevailed from
about 4250 B.P. to about 3200 B.P. It is these
intermediate beds ofStage 5 that show a large
variation in geomagnetic intensity, and a cor-
responding scatter in the Q-ratio (relation-
ship of intensity to susceptibility). Although
the geomagnetic data are consistent with an
eolian mode of deposition (Kopper, person-
al commun.), the combined geomorpholog-
ical analysis strongly suggests that these strata
are fluvial in origin. The overlying deposits
in the paleomagnetic profile (Strata 5 and 6)
fall into Stage 6 and include Soil S-3.

Unfortunately, the paleomagnetic data add
little to what was previously known about the
sediments of Gatecliff Shelter (chaps. 3-5).
Part of the difficulty may be due to the rel-
atively gross sampling strategy employed; if
this analysis were repeated, we would employ
a 2 cm. sampling interval, rather than the 5
cm. interval used in 1975. We would also
collect additional lateral samples from the
major living surfaces, in order to quantify the
magnetic trends (particularly those related to
fire-building activities) on these relatively
stable surfaces.

AMINO ACID RACEMIZATION ANALYSIS

A series of 12 bone samples was selected
for amino acid racemization dating. Each
sample consisted of an unidentifiable artio-
dactyl long bone fragment, weighing an av-

erage of 10 grams. These samples were sub-
mitted with appropriate stratigraphic
information to Dr. Jeffrey L. Bada (Scripps
Institution of Oceanography) for racemiza-
tion analysis.
The objective of this analysis was to obtain

a ladder of amino acid dates that could be
correlated with the more than 40 radiocarbon
dates then available for the Gatecliff strati-
graphic column. Not only would such anal-
ysis provide further chronological control for

the Gatecliff excavations, but comparison
with the radiocarbon determinations would
provide a check on the somewhat controver-
sial results obtained by amino acid racemi-
zation dating.
We were subsequently informed that ac-

curate amino acid dates could not be ob-
tained for the GatecliffSamples "because the
[mean] temperature at the site (Austin's tem-
perature = 100 C.) is so cool that only very
small amounts ofracemization will have tak-
en place over a period of a few thousand
years" (Bada, personal commun.). Because of
this difficulty, the samples were apparently
not processed.
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ANALYSIS OF NON-HUMAN COPROLITES

LEONARD R. WILLIAMS

A number of coprolites were recovered
during the excavation of upper portions of
Gatecliff Shelter, and a sample of 21 copro-
lites from the 1974 field season was submit-
ted for analysis. Several previous investi-
gators (Callen, 1963; Heizer, 1967; Fry, 1977)
have pointed out that determining fecal or-
igin is a difficult problem. We are unaware
of any absolute criterion by which to distin-
guish between human and non-human cop-
rolites. In general, the Gatecliffspecimens did
not resemble known human coprolites in
composition, shape, size, or overall appear-
ance; in addition, none of the 21 specimens
colored an immersion solution dark brown
or black, as would be expected with human
samples. We think the bulk of the Gatecliff
coprolite sample is probably coyote or bobcat
in origin. This analysis will focus on describ-
ing the constituents in order to provide fur-
ther limited insights into the greater ecosys-
tem of Gatecliff Shelter. All samples were
found in Horizon 1, which has been dated
from approximately A.D. 1300 to A.D. 1500.

Fecal discharge normally contains a variety
of undigested and indigestible food remnants
which can be identified. Much ofthe material
such as particles ofmeat, vegetable cells, veg-
etable fibers, seeds, and bone are voided be-
fore absorption can take place. Similarly, ab-
normal amounts of normal constituents,
parasites and their ova, and various acci-
dentally ingested material may also be pres-
ent (Todd, Sanford, and Wells, 1958, p. 502).
Using a rehydration procedure modified from
Callen (1963), Heizer (1967), and Fry (1977),
six samples were selected for examination
based simply on their resemblance to human
specimens.

Table 81 lists the specific components en-
countered. In cases where material and con-
stituent elements were too macerated to be
identified, they were placed into general cat-
egories such as stalk and leaf material, fine
residue, etc. Thus each sample has a desig-
nated category, dry sample weight, total
weight, individual component weight, and
calculated weight loss. In cases where the ele-
ments were too small in number or size to

register a scale weight, they were simply re-
corded as present.
The recovery of Chenopodium seeds was

noted in only one sample, F-8-4 (Crampton,
personal commun.). Two other samples con-
tained one seed fragment each; however, no
identification could be made, and they were
recorded only as present.
The Goosefoot family (Chenopodiaceae) is

composed of herbs and shrubs; two of the
more notable varieties occur near Gatecliff,
Atriplex and Sarcobatus. A scan ofthe pollen
from the prepared slides suggests the seed
identification as Greasewood (Sarcobatus
vermiculatus). It is interesting to note the
rather high frequency of Chenopodium seeds
recovered from various hearths at Gatecliff
(see chap. 7).
A variety of vegetal material, which con-

stituted the major composition of the spec-
imens, was extracted from all six samples.
But except for the identifiable juniper leaf
scales (indigenous in one sample and intru-
sive in another), the stalks, leaves, and other
fibrous components were beyond identifica-
tion. The juniper scales were probably in-
gested accidentally while the animal was
feeding on the juniper berries.
Mammal bone fragments were present in

three of the six samples; however, they were
badly broken and unidentifiable. Hair re-
mains, occurring in a number of forms such
as "tufts," intermixed with vegetation, and
attached to the hide were also recovered.
A number of interesting microscopic ob-

servations resulted from sodium dichromate
flotation. Two acarid mites of the same
species were identified (Michael Lavoipierre,
personal commun.). These free-living, ter-
restrial forms are found in various decaying
matter such as surface litter of wood, vege-
tation, or, in this case, animal feces (Chan-
dler, 1956, p. 523; Hughes, 1961, p. 4). Both
acarid mites were probably intrusive.
The flotation process also revealed three

separate nematode genera Aphelenchoides sp.,
Acrobeles sp., and Panagrolaimus sp. (Ella
Mae Noffsinger, personal commun.). Each
genus is a free-living soil form and infests
moist properties within semiarid or arid cli-
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TABLE 81
Composition per Coprolite Specimen (in Grams)

E-12-1 E-12-2 E-12-3 F-8-4 F-14-5 F-14-6

Seeds
Chenopodiaceae - - - + - -

Macerated seed + + -

Faunal
Bone .5 - 1.2 +
Hair tufts .3 -

Vegetal
Juniper leaf scales .1 .1
Stalk & leaf material + - - - -

Macerated material 5.9 .5 2.0 4.5 3.2 2.6

Microscopic
Mites (acarid) + - - - - -

Nematodes - - - +
Pollen + + + + + +

Miscellaneous
Grit .1 .1 + +
Charcoal flecks
Glass + +
Ant head +
Exoskeleton (unknown) - - +
Scarab foreleg + -

Compacted material - .5 -

Fine residue .8 .3 .5 .8 - -

Weight loss 1.2 1.9 .6 .5 .5 .6
Total weights 8.9 3.4 4.3 5.3 3.7 3.2

Note: + = trace.

mates. Aphelenchoides is an insect parasite
or fungal feeder which could have been in-
gested along with insects or contained in the
leafsheath or stem ofingested plant material.
The ubiquitous Acrobeles and Panagrolai-
mus specimens are bacterial feeders, most
probably present in the soil before deposition
of the feces.
A pollen scan was also conducted on these

samples. The results were quite predictable
with a full range of modern pollen repre-
sented, e.g., Artemisia, Ephedra, Juniperus,
Pinus, Sarcobatus (James West, personal
commun.).

Several insect exoskeleton fragments were
recovered, two ofwhich were identifiable: the
foreleg of a scarab beetle (Scarabaeidae) and
the partial head and one eye of a fairly large
ant (Robert Schuster, personal commun.).

These creatures were probably ingested with
associated plant materials.
The compacted materials in specimen

E- 12-2 are composed ofhair and vegetal mat-
ter. Microscopic examination revealed nu-
merous fragmented chemical crystals, prob-
ably indicating the presence ofurine; however,
the resulting mass was too hard to reconsti-
tute.
The conclusions from the Gatecliff cop-

rolite analysis are obvious and limited: The
sample size is prohibitively small, the cop-
rolites are certainly non-human in origin, and
the materials recovered represent a very mi-
nor and biased picture of the surrounding
environment. Nevertheless, we think the re-
sults might ultimately contribute to a better
understanding of the natural history of Gate-
cliff and other Great Basin sites.



CHAPTER 20. SOME THEORETICAL AND METHODOLOGICAL
CONSIDERATIONS

Part 1 of this series dealt with the episte-
mological framework of the Monitor Valley
research (Thomas, 1983). The present vol-
ume concentrates strictly on the archaeology
of Gatecliff Shelter-a single site in the Mon-
itor Valley project. Many of the findings at
Gatecliff Shelter are relevant to the overall
Monitor Valley research framework, as de-
veloped in Part 1; these findings will be pre-
sented in the final chapter of this volume.
But there are some aspects of the Gatecliff

Shelter excavations and analyses that require
specific bodies of theory and method not rel-
evant to Monitor Valley as a whole. In this
chapter we consider a more specialized epis-
temology, establishing the structure of in-
quiry to be followed in the subsequent three
chapters.

MID-RANGE THEORY:
VARIABILITY IN LITHIC
STAGING BEHAVIOR

It is difficult to compare the assemblage
inventories of such disparate sites as surface
scatters, hunting stands, mixed cave deposits,
and stratified sites like Gatecliff Shelter. Tra-
ditional archaeological methods have few
systematic techniques for establishing the de-
gree ofinter-assemblage variability. This sec-
tion proposes a rather simple, yet effective
technique for doing so.

BIFACIAL TECHNOLOGY PROFILE

Earlier (chap. 10), we employed Muto's
(1971) concept ofthe blank-preform-product
continuum. The production stage bifaces in
the Gatecliff collection were categorized ac-
cording to a strict sequence of technological
stages: cores and roughouts, rough percussion
blanks, fine percussion blanks, pressure flaked
blanks, preforms, and finished products. Be-
cause these technological types were defined
on the basis ofa continuum, it is now possible
to construct a series of cumulative curves
(ogives) that express the relative degree of
staging behavior represented in the archae-
ological record (see Thomas, 1976-, pp. 49-
52).

Figure 212 presents a simple graphic meth-
od for displaying the relative proportions of
each technological stage within an assem-
blage. The X-axis arrays the strictly techno-
logical progression outlined above. Stage I
represents the initial stage in bifacial lithic
reduction (cores and roughouts). Stage II, the
next step in most reduction stages, consists
of discarded rough percussion blanks. Stage
III is progressively more advanced and con-
sists of fine percussion blanks. Stage IV con-
sists of pressure flaked blanks and preforms.
The final step in the technological contin-
uum, Stage V, includes all categories of fin-
ished bifaces (projectile points, finished bi-
facial knives, drills, etc). In a technological
sense, the function of the finished product is
irrelevant; the continuum is conceived strict-
ly in terms of lithic reduction strategy.
The Y-axis expresses the cumulative per-

centage frequency ofeach category. Thus each
curve must begin at 0 percent and end at 100
percent; it is the form of each curve which
conveys information regarding the relative
proportion of each bifacial stage.

HYPOTHETICAL ARTIFACT DISTRIBUTIONS

To explain how this graphic device works,
let me first consider a series of hypothetical
archaeological sites. At Site A, each of the
five technological stages appears in precisely
equal proportions: roughouts comprise 20
percent of the assemblage, rough percussion
blanks make up another 20 percent of the
total inventory, and so forth. The technolog-
ical profile of Site A can readily be expressed
in terms of the ideal biface reduction curve
shown in figure 212. The first data point (in
all cases) is zero. Since roughouts comprise
one-fifth of the assemblage, the second point
is plotted at 20 percent. The cumulative pro-
portion of Stage I bifaces (roughouts = 20%)
is then combined with Stage II bifaces (rough
percussion blanks = 20%) to equal a cumu-
lative total of 40 percent of the assemblage;
the third point is plotted at 40 percent. The
next point, for Stage III bifaces, includes the
cumulative proportions of roughouts, rough
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percussion blanks, and fine percussion blanks,
for a cumulative total of 60 percent, and so
forth.

Because Site A has exactly equal propor-
tions for all five biface categories, the ideal
biface reduction curve becomes the perfectly
straight line shown on figure 212. This is a
model case, rarely found in actual archaeo-
logical sites.

Figure 212 also shows two other logical
extremes. Hypothetical Site B is a quarry site
in the strictest sense, where only the initial
stage of biface reduction occurs. At this site,
100 percent of the assemblage consists of re-
jected roughouts; no later stages of lithic re-
duction are present. The ideal quarry curve,
plotted on figure 212, shows a rapid initial
rise, with a horizontal tail. Such a curve in-
dicates that only the crude end of the tech-
nological spectrum can be found at Site B;
finished products were manufactured else-
where.

Conversely, some sites contain only fin-
ished artifacts, and the bifacial technological
profile is quite different. At hypothetical Site
C, 100 percent of the assemblage consists of
finished bifaces. (It matters little, for present
purposes, whether these finished products
were projectile points, drills, or knives.) The
ideal repair curve remains horizontal through
Stages I-IV, then skyrockets at the terminal
end of the technological continuum. We find
no evidence ofprimary reduction at such sites.

ACTUAL ARTIFACT DISTRIBUTIONS

With these ideal cases considered, we can
now derive some technological profiles for
actual sites.

Barrel Springs (PelO4) is an open site lo-
cated on the southeastern margin ofthe Black
Rock Desert, in northwestern Nevada (Cow-
an, 1972). A total of 70 classifiable bifaces
were recovered in excavations at this site,
primarily projectile points of imported ob-
sidian and production stage roughouts and
blanks of locally procured rhyolite. Although
Cowan's categories and terminology differ
somewhat from those used in this volume, it
is relatively simple to correlate the two sys-
tems: Cowan's "projectile point blanks"
(1972, p. 9) correspond to the Gatecliff pre-
forms and pressure flaked blanks (Stage IV);

FIG. 212. Generalized, hypothetical configu-
rations ofvarious bifacial technology profiles. The
horizontal (X) axis is an ordinal scale of bifacial
lithic reduction stages; the vertical (Y) axis is the
cumulative proportion of each category.

10 "bifacial scrapers" from Barrel Springs
appear to be fine percussion bifaces (Cowan,
1972, plates II and III); Cowan's "Stage I
roughouts" are equivalent to the Gatecliff
rough percussion bifaces (Stage II); Cowan's
"Stage 2-4 roughouts" appear to be progres-
sive refinements of Stage III fine percussion
bifaces (see Cowan, 1972, pp. 12-14). The
projectile points, cores, and drills appear to
be equivalent to Gatecliff categories.
Table 82 presents the computations nec-

essary to derive the appropriate bifacial tech-
nology profile for the Barrel Springs site. The
eight roughouts and cores comprise 11 per-
cent of the total assemblage, so the Stage I
data point is plotted at 11 percent. The cu-
mulative frequency of Stage I plus Stage II
bifaces is 14/70 = 20 percent, so this becomes
the next point, and this procedure continues
to Stage V which, by definition, is 100 per-
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TABLE 82
Computations for Some Biface Technological Profiles Shown in Figure 213

Barrel Springs High Rock Canyon Stockhoff Basalt Quarry
(Cowan, 1972) (Ragir and Lancaster, 1966) (Womack, 1977)

Technological Cum. Cum. Cum.
Stage Freq. freq. Cum. % Freq. freq. Cum. % Freq. freq. Cum. %

Stage I 8 8 11% 78 78 35% 141 141 31%
Stage II 6 14 20% 34 112 51% 60 201 45%
Stage III 33 47 67% 34 146 66% 60 261 58%
Stage IV 3 50 71% 61 207 94% 158 419 93%
Stage V 20 70 100% 14 221 100% 31 450 100%

Total 70 - - 221 - - 450 - -

cent. Figure 213 shows that the profile for
Barrel Springs assemblage approximates the
straight line characteristic of the ideal biface
reduction curve offigure 212. The general form
of the curve graphically portrays Cowan's in-
terpretation of Barrel Springs as a site en-
compassing all episodes ofbifacial reduction,
from initial quarrying to final tool manufac-
ture and repair.

Figure 213 and table 82 also plot the tech-
nological profiles for two additional "quarry
sites," the High Rock Canyon obsidian work-
shop in northwestern Nevada (Ragir and
Lancaster, 1966) and the Stockhoff Basalt
Quarry in northeastern Oregon (Bryan and
Tuohy, 1960; Womack, 1977). The classifi-
cations employed by Ragir and Lancaster
(1966) and Womack (1977) are generally
compatible with the Gatecliff terminology;
percussion stage blanks, however, were
lumped into a single category at both the High
Rock and Stockhoff sites. For graphic pur-
poses, we interpolated the data point for Stage
II blanks, assuming equal proportions of
rough and fine percussion blanks.
The High Rock and Stockhoff profiles are

remarkably similar, and this similarity is par-
ticulary striking since the High Rock artifacts
were made of obsidian, while the Stockhoff
ones were of basalt.
A very different curve appears at the ex-

treme right of figure 213. Ofthe roughly three
dozen chipped stone artifacts recovered from
Humboldt Cave by Heizer and Krieger (1956,
pp. 29-31), 22 appear to have been bifacially
worked. A single unfinished stone tool is rep-
resented in this collection, a "nicely flaked
obsidian knife" (specimen 44468, illustrated

in their plate 14o). The artifact appears to be
a pressure flaked biface, lacking the charac-
teristics of a finished bifacial knife (see chap.
10). The rest of the bifaces appear to be fin-
ished artifacts, including several arrow points,
a single dart point, plus several hafted and
unhafted bifacial knives.
The bifacial technology profile for Hum-

boldt Cave is virtually identical with the ideal
repair curve suggested on figure 212, although
the sample is admittedly quite small. This
profile accurately and graphically mirrors the
excavator's interpretation of this site as a
cache, lacking in evidence for everyday ac-
tivities such as stone tool manufacture (Hei-
zer and Krieger, 1956, pp. 87-89). Similar
curves could doubtless be replicated for other
cache caves in the Humboldt and Carson
sinks.
The final curve on figure 213 summarizes

the artifact counts collected from the surface
near Bradshaw Shelter, a small cave west of
Goldfield, Nevada. This site is discussed in
detail in Part 3 of this monograph, and the
data are introduced at this point merely for
explanatory purposes. Bradshaw Shelter is
situated in a large vein of gem quality chal-
cedony, and prehistoric quarry debris litters
the surface. The curve on figure 213 is almost
identical with the ideal quarry curve, indi-
cating that only crude and preliminary biface
production was conducted in the immediate
area. At Bradshaw Shelter, the roughouts and
rough percussion blanks were probably taken
en masse to an area of more abundant sur-
vival resources, particularly food and water.
Once again, the bifacial technology curve
provides a useful means for characterizing
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and summarizing the overall nature of a bi-
facial tool assemblage.

A WORD OF CAUTION

We are confident that curves of this sort
are useful for comparing assemblages from
both surface and excavated sites; however,
some cautions must be expressed. First ofall,
we stress that the objective here is to char-
acterize the bifacial reduction sequence. The
aim is purely technological, and there are no
functional or stylistic implications in figures
212 or 213. As discussed in chapters 10 and
16, rejected production stage bifaces can (and
are) often utilized for other tasks.
There is also some degree oferror involved

in general summaries of this sort, in part be-
cause the initial categories are not necessarily
operationally distinct. That is, the definitions
provided in chapter 10 seem to be quite ser-
viceable, but they are by no means infallible.
I suspect that in the course of analysis of the
thousands oflithics from the Monitor Valley,
one might, from time to time, classify a
given artifact as a rough percussion blank,
whereas another investigator might justifia-
bly argue that the artifact is really a fine per-
cussion blank. Similarly, an occasional pres-
sure flaked blank could conceivably have been
classified as a fine percussion blank. Given
the size of the collection, the technological
complexities, and the range of raw materials
involved, some degree of technological am-
biguity is inevitable.

But any error of classification could not
exceed one step in either direction on the
blank-preform-product continuum. I am
confident, for instance, that no roughouts were
confused with pressure flaked blanks or pre-
forms.

Classification errors will, in the long run,
tend to be distributed randomly, hence can-
celing one another out. Such ambiguity mere-
ly introduces "noise" and serves to obscure
rather than to create correlations.
There are also some potential objections

to the use of cumulative percentage graphs
in general (see Kerrich and Clarke, 1967;
Thomas, 1971a, 1976; Ingersoll, 1981). The
major problem in the past has been the un-
fortunate practice by some archaeologists o'
plotting unrelated artifact categories along ti

-) -~ -~ u-a) C U) U)

U) 0 -
1 U C ,//U) A U-
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FIG. 213. Bifacial technology profiles for five
archaeological sites.

X-axis (e.g., Tixier, 1963; Irwin and Wor-
mington, 1970; Bordes, 1972). This practice
has the effect of treating artifact frequency
(usually a nominal variable) as if it were or-
dinal. This is simply not the case in the ap-
plications cited above, and such curves must
be viewed "with a certain amount of grim
suspicion" (Kerrich and Clarke, 1967, p. 66).
But the present application is immune to

this problem. The blank-preform-product
continuum is an ordinal level scale. It was
defined as such by Muto (1971) and has been
del ned as such by me in chapter 10. There
is lO difficulty in applying a cumulative curve
d agram to a legitimate ordinal scale.
There are, however, other possible errors

when dealing with a cumulative curve, in-
cluding sampling problems and errors in per-
centages, to say nothing of typological and
perceptive errors (see Kerrich and Clarke,
1967). The sampling problem is a major con-
cern of this monograph and will be discussed
at length in Part 3 of this series.
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FIG. 214. Raw bifacial technology profiles for
Horizons 1-9 at Gatecliff Shelter.

The sample size problem is even more dif-
ficult because some of the sample sizes in the
Gatecliff and Monitor Valley collections are
quite small, as is often the case with archae-
ological data. Exact sample sizes will be pro-
vided on all the cumulative technological
profiles in this volume, but the reader must
be aware of the dangers of interpreting very
small samples on cumulative curve diagrams.

Finally, as with any relatively simple in-
dex, there is the danger ofoversimplification,
of reading more into the curve than it is ca-
pable of telling us. But keeping these restric-
tions in mind, the cumulative curve method
has some distinct advantages over more com-
plex mathematical techniques. The curves are
easily derived and understood, even by those
not particularly mathematically inclined. In
fact, this is precisely the kind of "simple and
straightforward technique" for which I have
previously argued in archaeology (see Thom-
as, 1978, 1980).

BIFACIAL TECHNOLOGY PROFILES
FOR GATECLIFF SHELTER

Having introduced the cumulative tech-
nique, we can derive appropriate profiles for
the horizons at Gatecliff Shelter. The purpose
of this section is merely to provide the pri-
mary description of the Gatecliff assem-
blages; the technological implications ofthese
curves are taken up in chapters 21-23, where
additional relevant data can be added. These
curves will also serve as standards for com-
parisons of the data from survey and addi-
tional excavations in Monitor Valley.
RAW DATA: Cumulative curves have been

computed for Gatecliff Shelter using the
pooled data from tables 41 and 51. The meth-
od of computation is precisely as described
above: raw tool frequencies are tallied for
each production stage and then summed cu-
mulatively; percentages are then computed
and plotted in the familiar ogive format.
The bifacial technology profiles for the up-

per nine Gatecliff horizons appear on figure
214; small sample sizes for Horizon 10 and
below preclude use of the cumulative curve
technique.
POOLED TECHNOLOGICAL PROFILES: Cur-

sory examination of the curves on figure 214
indicates that there is considerable redun-
dancy between several horizons. But how may
we objectively determine whether these
curves are "similar" or "dissimilar"?

This is basically a statistical issue, which
requires recourse to probability theory. Since
the X-axis involves an ordinal level scale,
rank-order statistics will be useful in com-
paring two data sets plotted along that scale.
The appropriate statistical method in this
case for comparing two cumulative curves is
the Kolmogorov-Smirnov two-sample test
(see Thomas, 1976, pp. 322-327). Briefly
stated, the null hypothesis asserts that the
cumulative proportions ofthe first sample are
essentially similar to the cumulative propor-
tions of the second sample; the larger the
maximum absolute differences between the
proportions, the less likely is the null hy-
pothesis. The distribution of the Kolmogo-
rov-Smirnov statistic, D, is known, and the
critical value at the 0.05 level is computed
as follows:

IUUg I
inn..
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D05 =1.36 X
n1n2

This critical value must be computed for each
combination of profiles; it then becomes a
simple matter to see whether the greatest dif-
ference between proportions exceeds the crit-
ical value of D05. The curves will be judged
statistically different whenever this critical
value is exceeded. Whenever the actual D is
less than D05, the curves will be considered
to be operationally distinct.
On the basis of such Kolmogorov-Smir-

nov two-sample statistics, the nine curves of
figure 214 can be pooled into four statistically
distinct profiles, which have been plotted on
figure 215. The profiles for Horizons 1 and
7 are statistically independent and remain
unmodified from figure 214. The data from
Horizons 2, 3, 8, and 9 have been pooled into
a new profile, as have the data from Horizons
4, 5, and 6.
The significance of these four curves is dis-

cussed in detail in subsequent chapters, but
it is worthwhile to comment briefly about the
general meaning of figure 215.
The Horizon 1 profile shows an abnor-

mally high proportion of finished bifaces, as
compared to the rest of the Gatecliff assem-
blages. It is important to remember that by
Horizon 1 times (that is, after A.D. 1300), the
roof had collapsed at Gatecliff Shelter, cov-
ering more than half of the potential habi-
tation surface with tons of chert debris. The
profile suggests that Horizon 1 inhabitants
ceased to conduct primary lithic reduction
while at Gatecliff; the bifacial lithic technol-
ogy shifted to the repair and maintenance of
previously manufactured artifacts. In other
words, little primary flintknapping occurred
at Gatecliff over the past 600 years. Sup-
portive of this statement is the fact that the
mean chippage size for Horizon 1 is only
0.297 grams, somewhat below the average for
Gatecliff as a whole (chap. 14). This smaller
flake size suggests that Horizon 1 may have
been primarily an area of secondary repair
and maintenance.

In sharp contrast to this pattern is the pro-
file evident for Horizon 7, which more or less
approximates the ideal biface reduction pro-

FIG. 215. Pooled bifacial technology profiles
for Gatecliff Shelter.

file. The profile suggests that all stages oflithic
reduction were being conducted at Gatecliff
during Horizon 7 times; as discussed in chap-
ter 22, this is precisely the case. In fact, the
spatial analysis of Horizon 7 indicates that
distinct and stage-specific chippage stations
were present on this occupational surface.
Figure 215 is valuable because, at a glance,
it shows that a more or less complete reduc-
tion sequence is represented in the artifact
inventory from this horizon.
The two remaining profiles pool informa-

tion from seven distinct horizons at Gatecliff
Shelter. It is interesting to note that one of
these curves characterizes Horizons 4, 5, and
6. As discussed in detail in chapter 8, these
horizons exist within a single geological stra-
tum. The differentiation among these as cul-
tural horizons is purely arbitrary; the tech-
nological profile suggests that the distinction
may also be artificial, that similar staging be-
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havior characterizes the entire rubble unit
containing these horizons.

Both pooled curves indicate a pattern in-
termediate between Horizons 1 and 7; more
early bifacial reduction occurred in these ho-
rizons than on Horizon 1, but somewhat less
than was present on Horizon 7.
At this point, these profiles are little more

than descriptive summaries of artifact fre-
quencies. But in subsequent chapters it will
be possible to amplify the content with ad-
ditional data from Gatecliff Shelter, as well
as compare the Gatecliff profiles with those
for other Monitor Valley sites.

MID-RANGE THEORY: SAMPLE
SIZE EFFECT

Anthropologists and archaeologists have
generally adopted a rather naive, the-bigger-
the-better approach to the issue of sample
size. But as Jones, Grayson, and Beck (1982)
have recently pointed out, archaeologists-
particularly those analyzing the large data sets
generated in regional sampling programs-
should be quite cautious in drawing infer-
ences from samples ofmarkedly different size.

Early, in chapter 6 ofthis volume, Grayson
considered the effect of sample size on ar-
chaeological faunal analysis: "Sample size
effects in vertebrate faunal analysis are per-
nicious: they seem to lurk everywhere"
(Grayson, 1981a, p. 86; see also Grayson,
1978, 1979b). There is, for instance, a de-
monstrably high correlation between the size
of a given set offaunal samples, and the mag-
nitude of derived measures computed on
those samples (such as minimum number of
individuals, number of taxa present, or pro-
portion of xeric/mesic species).
To illustrate this relationship, Grayson

(1981 a, pp. 78, 79) examined the vertebrate
faunal remains recovered from Snaketown,
Arizona (Green and Matthews, 1976). Ig-
noring the effects of diverse sample size, one
might be tempted to estimate the relative im-
portance of deer utilization through the var-
ious Hohokam phases at Snaketown. But,
when these data are screened for sample size
effects-using Spearman's rho-it becomes
apparent that over half of the observed vari-
ability can be accounted for strictly in terms
of the variable sample sizes.

In other words, as sample size increases,
the relative abundance of deer appears to de-
crease. This relationship is inherent in the
measures involved, and may have little to do
with the archaeological record as such. The
sample size effect has been shown to operate
in a number of other cases in vertebrate fau-
nal analysis (see Grayson, this volume, chap.
6, 1978, 1979b, 1981a). One must be quite
cautious in making interpretive statements
about prehistoric behavior based on such
correlated data sets.

ASSEMBLAGE-LEVEL SAMPLE
SIZE EFFECTS

The sample size problem transcends faunal
analysis. Archaeologists are becoming in-
creasingly sophisticated in defining opera-
tional strategies for regional research, in de-
veloping field methods for approaching
settlement patterns in relatively unbiased,
systematic fashion. Unfortunately, the tech-
niques for analyzing systematic settlement
data lag far behind. Regional archaeology too
often still relies on relatively simplistic meth-
ods of site categorization; Part 1 of this series
has discussed the difficulties of hunter-gath-
erer site typology at some length.
There is now good reason to believe that

a significant sample size effect may be oper-
ative in many (if not most) regional archae-
ological data. In a stimulating paper, Jones,
Grayson, and Beck (1982) use regional data
from the Steens Mountains area of south-
eastern Oregon to demonstrate that a highly
significant correlation exists between the size
of surface assemblages and the diversity of
those assemblages. If this is a universal phe-
nomenon, as Jones, Grayson, and Beck (1982)
argue-and not unique to the Steens Moun-
tain assemblages-then regional archaeolo-
gists would do well to begin considering ways
of controlling for sample size effects in their
analyses.
BEHAVIORAL VARIABILITY: To fully appre-

ciate the sample size effect, we must return
briefly to a consideration of hunter-gatherer
settlement patterns. One ofcontemporary ar-
chaeology's greatest difficulties is the linkage
problem-the necessity to determine the ar-
chaeologically visible correlates for behav-
iorally significant events (Thomas, 1981).
Ethnographers, for instance, have relatively
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FIG. 216. Theoretical relationship between assemblage size and assemblage diversity in hunter-
gatherer base camps and task group sites. a. behavioral model for single-occupation sites; b. archaeological
model for sites with a high degree of occupational redundancy.

little difficulty in distinguishing base camps
from temporary field camps (sensu Binford,
1980) among living hunter-gatherers. But ar-

chaeologists have had very little success in
distinguishing these two site types in the ar-
chaeological record. Too often, it is tacitly
assumed that the larger sites must be base
camps, whereas the smaller scatters are prob-
ably remnants of field camps. This unsatis-
factory procedure creates more confusion than
clarification; many such assignments are mis-
leading, if not incorrect.

In Part 1 of this series (Thomas, 1983), we
considered a number of qualitative criteria
for distinguishing base camps from field
camps, but no truly satisfactory archaeolog-
ical signatures were found. Let us now adopt
an alternative approach, using the sample size
effect discussed above.

Base camps are where most maintenance
and habitation activities occur in hunter-
gatherer society; such sites are inhabited by
both sexes for varying lengths of time. Field
camps, however, are generally short-term,
single-sex camps inhabited for a period of
days or weeks, established for logistic ex-
ploitation ofa landscape too far from the base
camp for convenient commuting.

Figure 216a sets out this behavioral rela-

tionship in graphic form. The horizontal
X-axis represents assemblage size, some
measure of absolute raw abundance of cul-
tural items. The vertical Y-axis scales assem-
blage diversity (as approximated, say, by the
number of distinct artifact types present at a
given site). Due to the relatively longer du-
ration of stay, and the more people involved,
base camps are expected to contain a rela-
tively larger archaeological assemblage than
are field camps. This means that the base
camps should generally fall toward the right-
hand side of figure 21 6a, in the area of larger
assemblage sizes.

Base camps are also expected to contain a
relatively diverse artifact inventory, since
such settlements comprise the "hub" of a
hunter-gatherer existence (Binford, 1980,
1982). Because field camps are generally rath-
er task-specific, single-sex, short-term areas
of habitation, their artifact inventory is ex-
pected to be relatively homogeneous and
lacking in diversity.

Base camps should thus produce relatively
large, heterogeneous archaeological assem-

blages; task sites are commonly assumed to
contain relatively small, homogeneous as-

semblages. In terms ofthe size/diversity graph
(fig. 216a), residential bases should fall to-
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ward the upper right, whereas field camps
should cluster in the lower left. These behav-
ioral relationships are expected to hold for
all hunter-gatherer systems.
Both variables-assemblage size and as-

semblage diversity-are readily observable
in the archaeological record, and the form of
figure 21 6a seems to provide a graphic meth-
od oftranslating Binford's (1980) critical base
camp/field camp definition into archaeolog-
ically relevant categories.
ARCHAEOLOGICAL VARIABILITY: But the

picture becomes complicated when moving
from behavioral to archaeological contexts,
and this is why a more precise model of size
effects is required. Each behavioral base and
field camp considered here is represented by
a single, discrete point. These points can be
expected to cluster rather tightly (as on fig.
21 6a) because the behavioral assemblages can
be assumed to be spatially distinct one from
another: the assemblage on Base Camp A is
discrete from that of Field Camp B; the as-
semblage from Field Camp B can be easily
separated from that of Field Camp C, and so
on. Although this may be reasonable for be-
havioral contexts, this assumption is totally
unrealistic when applied to the archaeologi-
cal record.
Over time, hunter-gatherer groups com-

monly define their cultural geography in
highly redundant fashion. Regardless of the
nature ofthe habitation site, certain common
conditions must be satisfied-primarily shel-
ter, fuel, and water. This means that aban-
doned base camps are commonly reoccupied
as temporary field camps (Binford, 1982;
Thomas, 1983); lacking some sort of (highly
unusual) stratigraphic division, base camp
assemblages often become inextricably
blended with various field camp assemblages.
Similarly, it is entirely likely that several
functionally diverse field camps could be es-
tablished in the same physical camp site, once
again because the adequate conditions for life-
space are often in patchy distribution across
a landscape. It is not uncommon to find, say,
an archaeological assemblage resulting from
a short-term all-male bighorn ambush su-
perimposed upon, and intermingled with an
assemblage from an all-female pine nut gath-
ering camp. Once this occurs, the two discrete
behavioral assemblages have become inex-

FIG. 217. Ideal mathematical ralationship be-
tween assemblage size and assemblage diversity
in a totally redundant set of archaeological sites.

tricably intertwined into a single archaeolog-
ical assemblage.

Archaeological assemblages are only rarely
deposited with total stratigraphic integrity.
Because the archaeological record cannot be
assumed to contain only pristine assemblages
from single behavioral episodes, one can se-
riously question the possibility of reliably
identifying archaeological site types at all.

Figure 216a is an ideal case model-what
one would expect from total assemblage in-
tegrity. It is also useful to construct the con-
verse-a worst case model (fig. 216b).
Assume that extensive archaeological mix-

ture of discrete behavioral assemblages has
occurred: the large, heterogeneous base camp
assemblages have been wholly and randomly
mixed with the entire range ofrelatively small,
homogeneous field camp assemblages. The
behavioral integrity of individual site types
would have been totally subsumed into a set
of diverse artifact traps. Larger assemblages
will tend to contain greater diversity, whereas
the smaller assemblages will appear to be
more homogeneous.

This simple relationship is shown on figure
217. The point ofthis figure is to demonstrate
that once the behavioral integrity of discrete
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archaeological site types is compromised, as-
semblage diversity becomes strictly a func-
tion of assemblage size.

Figures 21 6a and 21 6b provide contrasting
models of the archaeological record. The be-
havioral phenomena represented are identi-
cal; they differ only in terms ofarchaeological
visibility.

Figure 217 compresses the sample size ef-
fect into a mathematical format. The linear
relationship displayed in this figure pertains
whenever sample diversity is a direct func-
tion of sample size, providing a control test
to determine the sample size skewing.
These figures indicate why caution is in

order when defining site types in the archae-
ological record. It is always tempting-and
often irresistible-to think of the largest sites
as representing "base camps," whereas the
small, thin lithic scatter is almost universally
considered to be merely a "chipping station,"
a "hunting lookout," or a "task-specific field
camp." Although some archaeologists resist
the temptation to apply such quick-and-dirty
field designations in their analyses, many do
not. The current literature abounds with site
function assignments based merely on the raw
artifact counts.

Archaeologists also assign site function on
the basis of artifact diversity. The reasoning
goes like this: temporary, ephemeral camps
tend to have a more restricted, homogeneous
artifact inventory than will base camps (which
should be more diversified, more heteroge-
neous in terms of artifact inventory). By this
line of reasoning, sites with relatively few ar-
tifact categories ("types") are commonly con-
sidered to be task-specific, whereas sites with
multiple artifact categories are judged to rep-
resent residential base camps.

This fairly common approach in today's
regional archaeology works only when the ar-
chaeological record is nearly totally con-
gruent with the behavioral activities that pro-
duced it. That is, one can employ the diverse
site = base camp/uniform site = field camp
equivalence only when assemblages have been
preserved in discrete contexts. But since the
nature of this preservation is always an un-
known in archaeology, one can never assume
a one-to-one correspondence between strati-
graphic and behavioral units.
A rather more prudent approach assumes

that a significant degree of stratigraphic/be-
havioral mixture has occurred and then at-
tempts to control for it. Although this argu-
ment has been expressed in human behavioral
terms, the precise point has been made pre-
viously by Grayson (chap. 6) with respect to
archaeological faunal analysis: because the
contexts of deposition are always unknown,
one must control for the sample size effect
before attempting to use the data for any oth-
er purpose.

SAMPLE SIZE EFFECT AT
GATECLIFF SHELTER

The sample size effect has been almost to-
tally ignored in the recent archaeological lit-
erature (Jones, Grayson, and Beck, 1982).
This topic will be explored in more detail in
Part 3, as part of the analysis of the Monitor
Valley survey data. But there is every reason
to believe that the sample size effect may also
influence the relative homogeneity/hetero-
geneity in samples deriving from excavated,
stratified archaeological sites as well.

Consider the case of Gatecliff Shelter. Some
horizons (such as 14, 15, and 16) contain only
a very few artifacts, whereas other horizons
(especially the rubble units such as Horizons
4-6) have a massive artifact inventory. Con-
ventional wisdom might suggest that sparse
occupations, such as Horizons 14-16, prob-
ably represent occasional use by highly mo-
bile task-specific groups, whereas dense and
diverse artifact assemblages in Horizons 4-
6 result from more intensive, perhaps resi-
dential, use of Gatecliff Shelter.

This interpretation totally ignores the sam-
ple size effect. Following procedures suggest-
ed by Jones, Grayson, and Beck (1982), the
Gatecliff data can be examined to determine
the relative degree of sample size bias.
The question is simple: to what extent is

the diversity ofan archaeological assemblage
determined by the size of the sample? The
notions of "sample size" and "sample diver-
sity" are general concepts that can be oper-
ationally defined in a number of ways. To
assess the overall impact ofsample size, these
two basic concepts will be operationally de-
fined in several ways.
MEASURING THE SAMPLE SIZE EFFECT: Con-

sider the first empirical case (figure 218).
"Sample size" in this bivariate plot is mea-
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sured as the raw artifact count per horizon;
sample sizes varying from n = 2 (for Hori-
zons 11 and 16) to n = 399 for Horizon 5.
To obtain a measure of "sample diversity,"
we have pooled the various descriptive ar-
tifact categories listed in the provenience ta-
bles (tables 41, 56, 57, 59, 60, 61, and 64).
This approach tends to magnify the absolute
degree of artifact diversity, defining 88 dif-
ferent artifact categories: Desert Side-notched
points are tallied separately from Elko Eared
points, splinter bone awls are distinguished
from scapula bone awls; block metates are
"different" from slab metates. Figure 218 thus
characterizes assemblage diversity from a de-
cidedly "splitter" point of view.
The relationship between sample size and

sample diversity is clearly log-linear, and the
correlation coefficient for figure 218 is r=
0.975.

In statistical terms, this means that over
95 percent of the variability in density and
diversity in the 16 Gatecliff assemblages can
be accounted for in terms ofsample size alone.
Given only sample size, one can very pre-
cisely predict assemblage diversity.

In archaeological terms, this means that
extreme caution is in order when interpreting
the behavioral meaning of Gatecliff assem-
blages. As expected, artifact-rich horizons
are also the most diverse, and it comes as
small surprise that sparse living surfaces
have a very narrow range of artifact cate-
gories represented.

Conventionally, this patterning would be
interpreted to mean that large, diverse ho-
rizons are probably base camps, whereas
sparse horizons are special-purpose, task-
specific occupations. Figure 218 indicates that
this conventional wisdom is incorrect: all but
5 percent ofthe diversity between the various
Gatecliff horizons can be accounted for by
sample size alone. Inferences explaining this
assemblage diversity in behavioral terms are
clearly unwarranted in the Gatecliff case. The
sample size effect explains nearly everything.

This is a significant finding (and one that
parallels the results obtained by Jones, Gray-
son, and Beck [1982] for surface materials
from the Steens Mountain project). In fact,
the sample size effect may be a relevant issue
in nearly all archaeological analysis attempt-
ing to define site types.

FIG. 218. Scattergram relating assemblage size
and assemblage diversity across the 16 horizons
of Gatecliff Shelter. "Sample diversity" is plotted
for the 88 artifact categories on tables 41, 56, 57,
59, 60, 61, and 64; "sample size" is defined as

total artifact count.

CONTROLLING THE VARIABLES: Problems
persist. To what extent, for instance, are such
findings influenced by the way in which we

choose to measure the variables? Despite de-
cades of research, little agreement exists re-

garding artifact-level typology. Do different
typologies produce different sample size ef-
fects? In addition, one can characterize as-
semblage size in a number of ways: does the
different way of counting influence the out-
come of the sample size test?
To assess the degree of bias introduced by

varying operational definitions, we can ex-
amine the Gatecliff horizons in a couple of
different ways. In figure 219, the definition
of sample size is unchanged, but we have
modified the way in which the various arti-
facts are categorized. Rather than employing
the 88 categories listed above, we group the
artifacts into larger, more general typological
categories. Thus instead ofdistinguishing be-
tween Desert Side-notched and Elko Eared
types, "projectile point" becomes the typol-
ogical designator for all the point types; sim-
ilarly, block and slab metates can be consid-
ered together, merely as "metates"; splinter
and scapula awls will be tallied simply as
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"awls." In this way, the "splitter" typology
of 88 categories can be lumped into 30 gen-
eral artifact categories.
But although one operational definition has

changed rather markedly, the relationship be-
tween sample abundance and sample diver-
sity in figure 219 remains virtually identical.
The form ofthe relationship is still log-linear,
with a very high degree of correlation (r =
0.960). Over 92 percent ofthe variability can
still be attributed to sample size effects. Com-
parison of figures 218 and 219 strongly sug-
gests that the sample size effect transcends
variability in artifact typology.

Let us also modify the operational defini-
tion of"sample abundance." Instead ofusing
raw artifact totals to indicate sample size, it
is possible to monitor the wider range ofma-
terial culture by considering debitage as well.
In figure 220, the X-axis tabulates the loga-
rithm of total sample size, defined as the sum
of artifacts and debitage per horizon. In this
case, sample size ranges from the extremely
sparse inventory of Horizon 11 (n = 10) to
n = 48,127 for Horizon 7.

Despite this rather drastic change in our
perception of"sample size," figure 220 shows
once again that the form of the relationship
remains log-linear and very strong (r = 0.8 59).
Over 70 percent of 'the variability in figure
220 is determined by the sample size effect,
and the outliers can be explored to explain
the residual variability.

Is THERE ARCHAEOLOGICAL LIFE
BEYOND THE SAMPLE SIZE EFFECT?

There is no escaping the conclusion that
inter-assemblage variability at GatecliffShel-
ter is overwhelmingly conditioned by sample
size, but several aspects of the diversity issue
are still unresolved. At least four avenues of
additional inquiry remain to be explored once
one has determined the magnitude of the
sample size effect (after Jones, Grayson, and
Beck, 1982):

1. Quantitative differences: If diversity is
a partial function of sample size-samples
becoming more diverse as they become larg-
er-then one must ask why the diverse sam-
ple sizes. In a site like Gatecliff Shelter, one
needs to explore the reasons for such small

FIG. 219. Scattergram relating assemblage size
and assemblage diversity across the 16 horizons
of Gatecliff Shelter. "Sample diversity" is plotted
for 30 generalized artifact categories; "sample size"
is defined as total artifact count.

sample sizes in the basal horizons, as com-

pared with such massive sample sizes in the
upper, rubble units. Obviously both cultural
and natural depositional factors may be in-
volved here, as well as significant post-de-
positional effects; these issues are considered
subsequently in the section on archaeological
grain size.

2. Qualitative differences: Likewise, even
ifdiversity is a partial function ofsample size,
the sample size effect cannot account for the
nature of the assemblage diversity. That is,
two Gatecliffhorizons might contain the same
sample sizes-and hence much the same de-
gree of diversity-but the tool classes that
make up those assemblages might differ rad-
ically.

3. Sample size/sample diversity slope:
When the sample size is projected to the re-
gional level (as done by Jones, Grayson, and
Beck, 1982), then it may be possible to ex-
amine the relative differences in the slopes of
the regression lines (as on fig. 217).

4. Residuals: To establish the relationship
between sample size and sample diversity,
one plots a scattergram and then computes
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the line that best describes the configuration.
Ifthe correlation coefficient is high (as in figs.
218-220), then most ofthe points will lie near
the regression line. But in some cases, there
will be points that lie far away from the line,
as residuals (e.g., fig. 220). These residuals,
of course, are monitoring variability not well
accounted for by the sample size effect. Once
again, it becomes necessary to explore the
nature ofthe residuals on a case by case basis,
looking for natural or cultural depositional
factors, as well as controlling for the relevant
post-depositional processes.
To summarize, after controlling for sample

size effects, it will be necessary to search for
additional sources of variability, particularly
the effects of assemblage size, assemblage di-
versity, differential slopes, and residuals. The
various lines of inquiry will be explored for
the various Gatecliff Shelter horizons in the
next three chapters.

MID-RANGE THEORY: REFUSE
DISPOSAL VARIABILITY

Archaeologists have commonly ap-
proached intra-site patterning using the ac-
tivity area and tool kit concepts as a primary
interpretive mechanism (e.g., Longacre and
Ayers, 1968; Ambro, 1970; Marks, 1971, p.
1242; MacNeish et al., 1972; Whallon, 1973;
Flannery, 1976, pp. 34-45). As Yellen (1977,
p. 97) points out, these concepts commonly
assume that artifacts found in archaeological
associations were likewise behaviorally as-
sociated with a single task (see also Schiffer,
1972, 1976, pp. 30-31, n.d.; Binford, 1976,
1983). Although this may sometimes be the
case, scores of other factors conspire in the
archaeological record to muddy such seem-
ingly clear-cut distinctions: differential pres-
ervation, variable use lives, curation, period-
ic episodes of site cleaning, recycling, caching,
to say nothing of a host of post-depositional
processes (e.g., Schiffer, 1976, n.d.; Wood and
Johnson, 1978; Gifford, 1978, 1981; DeBoer,
1983).

Relatively little mid-range theory is avail-
able linking the nature ofhunter-gatherer ref-
use to its archaeological deposition. At the
outset, we must caution that the following
"theory" is provisional, little more than an
initial step.

FIG. 220. Scattergram relating assemblage size
and assemblage diversity across the 16 horizons
of Gatecliff Shelter. "Sample diversity" is defined
for 88 artifact categories (as in fig. 218); "sample
size" includes both artifact and debitage counts.

THE MASK SITE MODEL

Binford (1978b) has examined the nature
of debris level patterning in limited use, spe-

cial purpose hunter-gatherer sites by using
the Mask site as an explanatory example. The
detailed intra-site patterns discussed are, of
course, specific to that single site, but the un-

derlying depositional processes operate in a
wider range ofsites and site-types. All hunter-
gatherer settlements will not be internally
patterned in the same way, but similar pro-

cesses are operative in such sites, in vary-

ing degrees and mixes.
The Mask site is situated atop a north-south

oriented glacial moraine, 2.4 km. southwest
of the present village ofAnaktuvuk (Binford,
1978a, p. 179). The Mask site is a hunting
stand, an area where men congregate to watch
for game and to plan hunting strategies once
game is spotted. The site itself covers about
65 sq. m. and centers about a cluster of five
fire hearths; the differential use of individual
hearths depends on wind direction and herd
movements. Figure 221 depicts an idealized,
abstracted version ofBinford's Mask site data.
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Around each hearth is a "drop zone," con-
taining primary refuse in the sense of Schiffer
(1976)-bone chips and splinters, wood
shavings, and the occasional "fumbled item"
dropped during the course of activities. In a
very different behavioral setting, Yellen
(1976, pp. 64, 65; 1977, p. 87) observed drop
zone patterning in a !Kung base camp; this
primary refuse area contained largely vege-
table remains (generally nut shells and fruit
and melon skins), bone fragments, and waste
products ofmanufacturing activities (such as
bits ofostrich egg shell, bone, and wood shav-
ings). Gould (1968, p. 110; 1977, pp. 32-48;
1980, chap. 5) made similar observations for
various site types in the Western Desert of
Australia.

Several processes condition what actually
ends up in the drop zone. Light or small ob-
jects are less visible and are incorporated into
the archaeological record more readily (par-
ticularly on coarse-grained substrates). Some
items are less likely to be removed as part of
clean-up activities. Cultural salience is often
a factor (Chilcott and Deetz, 1964; Gould,
1980, p. 135; DeBoer, 1983), as is "scuff-
age"-involving the size-sorted lateral dis-
placement of objects on occupational sur-
faces (Stockton, 1973). Additional
contributing factors to the structure of the
drop zone include use frequency and porta-
bility (Schiffer, 1977; Fehon and Scholtz,
1978; Hildebrand, 1978), potential obtru-
siveness (DeBoer, 1983), occupational du-
ration (Murray, 1980), as well as the density
and intensity of activity on that surface
(Gould, 1980, p. 197). Rick (1980) has also
explored size-sorted displacement as a func-
tion of sedentism and intensity of occupa-
tion. In these cases, drop zone size sorting
works in just the opposite direction; very large
items are sometimes simply left in place as
site furniture, to be used in situ on some an-
ticipated return to the site (Ebert, 1979;
Gould, 1980, pp. 71-72).

Outside the drop zone is a "toss zone"
containing relatively large items of refuse,
generally in secondary context. At the Mask
site, sardine and pop cans were thrown from
the immediate hearth/use area after the con-
tents were consumed; articular ends of var-
ious long bones were similarly tossed away
after marrow had been removed. The toss

FIG. 221. The Mask site refuse disposal model
(after Binford, 1 978b).

zone contains items merely tossed aside in
the act of preventative maintenance; as one
of Binford's Nunamiut informants put it,
"who wants to sit down on a large bone?"
(Binford, 1983). Silberbauer (1981, p. 230)
noted a "ridge of debris" located around the
perimeter ofG/wi dwellings, observable long
after the brush shelters had disappeared.
The most obvious consequence of such be-

havior is that debris becomes size sorted in
the process of discard. This size sorting effect
has been shown to operate in diverse settings
(Schiffer, 1976, p. 188; n.d.; South, 1977, p.
71; DeBoer and Lathrap, 1979, pp. 128-129;
Ebert, 1979, p. 71). In general, primary refuse
items discarded in the drop zone will be
smaller and less obtrusive than the secondary
refuse in the toss zone.
This can be a critical factor in the site for-

mation process. Contrary to a rigid tool kit/
activity area assumption, items can be pat-
terned in the archaeological record strictly on
the basis of size-without regard to function
or derivation. Toss areas, in effect, create
zones of spurious intra-site association; un-
imaginative application of the tool kit and
activity area concepts would mistakenly in-
terpret such patterning in a wholly different
manner.
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FIG. 222. The exogene cave refuse disposal
model.

The spatial configuration of the Mask site,
depicted in figure 221, is the result of several
distinct disposal modes: dropping, tossing,
resting, placing, and dumping (Binford,
1978b, pp. 344-347). The configuration of
drop and toss zone varies from site to site,
but similar underlying factors may be oper-
ative in a wide variety of hunter-gatherer
cases. A number of post-depositional factors
can, ofcourse, modify the drop zone/toss zone
patterning in the archaeological record.

AN EXOGENE CAVE MODEL

Before analyzing the spatial patterning evi-
dence from Gatecliff Shelter, it is useful and
necessary to frame a general model against
the specific archaeological record in question.
Binford's (1978b) toss zone/drop zone model
was specific to the Mask site, an open air
hunting stand. To apply this model to the
situation at hand, it must be recast into spe-
cific terms appropriate to a spatial configu-
ration such as that of Gatecliff Shelter (fig.
222).'

'" Exogene" caves are those in which the rear portion
is exposed daily to sunlight (Payen, 1968). GatecliffShel-
ter is an exogene cave. "Endogene" caves have a zone

of perennial darkness: Lovelock Cave, Danger Cave,
Hogup Cave, and Hidden Cave are all endogene caves.

The model formulated here applies only to the exogene

Since the toss zone can potentially be cre-
ated in any direction, Binford's Mask site
model operates along a full 360-degree front.
But directionality can be imposed through
natural or cultural factors (e.g., Portnoy, 198 1,
pp. 220-222). Construction of houses or ar-
tificial windbreaks, for instance, has a marked
effect on refuse disposal practices. But the
immovable rear wall of the exogene cave
rather tightly structures debris discard, pro-
viding a natural backdrop for all activities
conducted at the site.

Despite the constraints imposed by the
specifics ofendogene cave geometry, the same
depositional processes might be expected to
occur as in the Mask site model, creating pre-
dictable intra-site disposal areas. The hearth
(or hearths) still provides the focus of cook-
ing, eating, sleeping, tool manufacture, and
repair. Similarly, a drop zone can be pre-
sumed to exist surrounding the hearth.
Exogene cave geometry likewise influences

the direction and configuration of the toss
zone, since debris cannot be "tossed" toward
the rear of the site. Toss zones should occur
outside the shelter dripline, on the apron of
the site. In another context, Binford (1983,
p. 157) has noted that people never toss de-
bris toward the rear walls of temporary or
permanent shelters.
The exogene cave model depicts a delib-

erately simplified case in which the hearths
are constructed within a rather restricted area.
More detailed and more realistic modeling
would depict several such hearths (depending
on the size of the floor area available). These
hearths could perhaps be utilized simulta-
neously, but more likely the various hearths
would be used differentially, depending on
wind direction, group size, and duration of
occupation.

Figure 222 provides a departure point for
approaching the intra-site patterning at Gate-
cliff Shelter. Specifically, this model allows us
to examine the strategies of hearth position-
ing and potential size-sorting of artifacts and
debris, as well as the spatial covariation of
functional artifact types.

case. Intra-site structuring, particularly hearth position-
ing and discard behavior is rather different for endogene
caves, since additional factors such as darkness, wetness,
ventilation, ease ofaccess, and ceiling configuration must
be taken into account.

drop zone..

,-'--.,oss zone-
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SEASONALITY AT GATECLIFF SHELTER

DONALD K. GRAYSON AND DAVID HURST THOMAS

To this point, we have inferred seasonality
for the Gatecliff Shelter deposits only in the
relatively well-controlled cases of the Hori-
zon 2 fauna (chap. 18). Because the deter-
mination ofseasonality ofoccupation is a key
step in the analysis of prehistoric settlement
patterns, we shall consider this critical matter
in some detail. Literally thousands of "sea-
sonal indicators" were recovered at Gatecliff
Shelter, and it would be relatively easy for us
to provide a series of quick judgments based
on the presence or absence of seemingly "di-
agnostic" plants and animals. Unfortunately,
matters are not nearly so simple-at Gatecliff
Shelter or anywhere else-and we think that
the question of seasonality deserves a more
detailed consideration.

ASSUMPTIONS BEHIND PRESENCE/ABSENCE
SEASONALITY STUDIES

Most attempts to infer the season or sea-
sons during which a set of ancient deposits
accumulated depend heavily on the kinds of
organisms present in those deposits and on
the state of maturity of the organisms (see
the excellent review in Monks, 1981). Such
studies have an impressive antiquity. More
than 250 years ago, for instance, the British
natural historian John Woodward (1665-
1728) used the nature of fossils embedded in
the strata ofthe earth to infer the season dur-
ing which Noah's flood had occurred:

of all the various Leaves which I have yet seen
thus lodg'd in Stone, I have observ'd none in
any other State, nor Fruits further advanc'd in
Growth, and towards Maturity, than they are
wont to be at the latter End of the Spring Sea-
son. That the squamose Covers of the Germina
or Buds, and the ... Chaff of ... Trees and
Shrubs, that fall offin the Spring, and are found
in so vast Quantities in many Peat Marshes,
apparently point forth the same Season. As do
likewise the immense Sholes ofthe Ova ofFish-
es, so frequent in the upper Strata ofStone. That
the Shells of the Young of Fish of the current
Year, wherever digg'd up, are of the Size and
Bigness they are used to arrive to at that Season.
That of all the many Flies and Insects, that I

have yet seen inclos'd in Amber, I have never
observ'd any that were not of the vernal Tribes
and Kinds (Woodward, 1728, pp. 125-216).

Indeed, Woodward argued, the exact nature
ofthe fossils incorporated in the strata formed
at the time of the Deluge suggested not only
that this flood occurred during the spring, but
that it occurred during the month of May.
Woodward's seasonal inferences pro-

ceeded precisely as most contemporary ex-
tractions of seasonality from archaeological
deposits proceed: 1) he observed the kinds of
organisms embedded in his strata; 2) he ob-
served the state of maturity of those organ-
isms; and, 3) he inferred from these facts the
time ofyear during which the strata had been
laid down. That was nearly three centuries
ago, and it would seem reasonable to con-
clude that the approach must be very good,
or it would not have been around for so long.

Unfortunately, the approach is not very
good, and in this chapter we point out some
reasons why this is so. We also use these rea-
sons as cautionary background to our anal-
ysis of the seasonality at Gatecliff. Our com-
ments can be brief, since Monks (1981) has
recently provided a similar critique. If there
are differences between Monks's analysis and
our own, they stem from the fact that we are
somewhat more skeptical than he appears to
be. This difference may, in turn, be a reflec-
tion of the fact that our faunal remains come
from a rock-shelter, whereas his come mostly
from open sites.
Although many different kinds of animals

have been used to infer the seasons during
which archaeological deposits accumulated,
we have chosen birds to illustrate the basic
problems of the presence/absence approach.
Birds have often-perhaps most often-been
used to infer seasonality. Because their mod-
em migratory patterns are well known, sea-
sonal inferences that depend on them often
appear quite sound. However, although we
use birds as our prime example, the problems
and restrictions involved with the use ofbirds
generally apply to other organisms as well.
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All seasonality studies assume that modern
patterns of seasonal availability can be ex-
tended into the prehistoric past as a baseline
for interpreting seasonal data. There are two
overlapping problems with this approach.
The first problem is the easier to cure. Often

insufficient data are available to fix modern
patterns of seasonal availability. An archae-
ologist working in northeastern California,
for example, might assume that most species
of waterfowl would be good seasonal indi-
cators, absent during the cold winter months
and perhaps during part of the summer as
well. But detailed aerial censuses of the wild-
life refuges in this region show that this is
simply not the case. Numbers do indeed fluc-
tuate seasonally, and these fluctuations are
pronounced for all 23 species tracked here;
but in only five cases is a given species ac-
tually absent during a given season (see Gray-
son, 1973, table 3). The other species are only
predictably less abundant. To make matters
worse, of the five species of waterfowl that
appear from modern records to be good pres-
ence/absence seasonal indicators, four
(Trumpeter Swan, Cygnus buccinator, Ross'
Goose, Chen rossii; Wood Duck, Aix sponsa;
and Common Goldeneye, Bucephala clan-
gula) are very uncommon during the rest of
the year: across 36 months of census in the
Lower Klamath National Wildlife Refuge,
none ofthese birds were represented by more
than 1000 individuals in any given month.
We return to this point below. For now, we
simply note that without the exact informa-
tion provided by aerial censuses, it would
have been easy to rely on general descriptions
of waterfowl migratory patterns, concluding
that most waterfowl were, in fact, good sea-
sonal indicators. Instead, it must be conclud-
ed that almost none are. The same strictures
apply to small mammals, especially if it is
kept in mind that in climatically favorable
years many mammals that normally show
markedly seasonal patterns of activity mod-
ify those patterns dramatically (see, for in-
stance, the discussion of seasonal activity in
the California ground squirrel in Fitch, 1948).
The second less easily resolved problem

involved in using modern patterns of sea-
sonal activity as a baseline for interpreting
the seasonality of archaeological deposits re-

sults from the fact that abundances of mod-
ern species are often poor indicators of even
late prehistoric abundances of those species.
The Passenger Pigeon (Ectopistes migrator-
ius) provides a painfully obvious example.
It has been estimated that at the time of Eu-
ropean contact, one of every three breeding
birds in North America was a Passenger Pi-
geon, yet the last one succumbed in 1914
(Schorger, 1973). Clearly, the modern abun-
dance of these birds tells us little about their
abundance even a century ago.

This observation is relevant because sea-
sonal frequency distributions of migratory
birds are unimodal or bimodal, with many
animals present during one or two seasons of
the year. It is, of course, the troughs in these
distributions (the months when the animals
are generally unavailable) that supply the cru-
cial information for extracting presence/ab-
sence seasonality data. Increasing abundance
of a given migratory bird as a whole also
increases the chance that these troughs will
be occupied, while decreasing abundance of
that bird decreases these chances. It is thus
no accident that of the five species of water-
fowl in the Lower Klamath Basin, the four
that are seasonally absent are also four of the
rarest species of waterfowl during any time
ofthe year. We would not even hazard a guess,
for instance, as to whether or not Trumpeter
Swans would have been in the Lower Kla-
math Basin during prehistoric winters, given
the decrease in numbers that they have
undergone during historic times (Banko,
1960). Because we know so little about past
abundances ofanimals, we have little control
over the applicability of modern patterns of
seasonal presences and absences, and of sea-
sonal activity as a whole, to those ofthe past.
It is the pattern ofchanging frequencies across
seasons, and not seasonal absences, that car-
ries the most secure information on season-
ality.

Studies extracting seasonality from the
presence of immature animals avoid the
problems we have just discussed, since they
do not depend on taxonomic presences. But
even the timing of birth is not unalterable.
Studies of egg-laying among British passer-
ines, for instance, have shown tight correla-
tions between temperature and the date of
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the first egg laid. For the Great Tit (Parus
major), 30 days separated the first egg in the
warmest year from the first egg during the
coldest year over a period of 18 years (Lack,
1966). Such plasticity is not likely to cause
great problems for studying the past few
thousand years, since few people attempt, as
Woodward attempted, to infer the exact
month during which a deposit accumulated.
But it must certainly give us pause when deal-
ing with deposits laid down during times that
were environmentally very different from to-
day. The times at which young were produced
during the late Pleistocene, for instance, may
have been vastly different from the times they
are produced today. Seasonality arguments
relying on the presence of immature animals
in deposits of this age may be grossly mis-
leading. Indeed, the late Pleistocene poses
major seasonality problems, since there is no
firm proof that even the general structure of
modern migratory patterns for, say, water-
fowl, was then established (see Bokonyi, 1972,
for a very different opinion).
A further difficulty in using either taxo-

nomic presences, or the presence of imma-
ture animals, as a means of extracting sea-
sonal information is widely recognized. To
use such information validly, there must be
secure indication that the remains of the or-
ganism involved were incorportated into the
pertinent sediments at about the time of that
animal's death. Such control is particularly
difficult to gain when dealing with rock-shel-
ter sediments, such as those provided by
Gatecliff, since many mechanisms are known
to accumulate bones long after the contrib-
uting animal died.
A final, rarely discussed problem (see

Monks, 1981, for a welcome exception) is
probably also the most difficult to solve. There
is one overriding requirement that must be
met in order to extract archaeologically
meaningful data concerning the season or
seasons during which a set of sediments ac-
cumulated: we must know the precise rela-
tionship between the seasonal indicators being
employed and the event whose season of oc-
currence is of interest. Archaeologists have
long worried about similar contextual prob-
lems as regards absolute dating methods
(Michels, 1973), but they do not seem to have

recognized that the extraction of seasonality
data poses even greater problems because the
precision desired, on the order of months, is
so much greater.

PROBLEMS WITH THE GATECLIFF
SHELTER DATA

Most archaeological sites are extremely
complex affairs. Although some sites may ac-
cumulate from continuous human occupa-
tions through time, many sites represent a
series ofsuperimposed, separate occupations.
If a set of deposits provides strong and un-
deniable indications of accumulation during
all seasons of the year, that might be because
the materials involved accumulated from a
single occupation through an entire year or
set of years. Alternatively, it might also have
resulted from separate occupations at differ-
ent seasons of the year, superimposed and
mixed. Yet, the human meaning of these two
situations is vastly different. There are nu-
merous arguments in the Great Basin liter-
ature for the seasons of deposition within
rock-shelters based upon the presences of
particular kinds of animals in those strata,
arguments which ignore the fact that these
deposits probably accumulated as a result of
superimposed occupations. What does it
mean to say that more than a single season
of occupation is represented? Unless it can
be demonstrated that the animals being used
as seasonal indicators are tightly associated
with a particular occupation for which sea-
sonality is desired, there is little reason to
have faith in the results. In most cases, no
such demonstration has been made.
These varied problems constitute a heavy

burden for those attempting to infer the sea-
sonality of a set of archaeological deposits.
In the current setting, we have little control
over the mechanisms that deposited the or-
ganic remains in Gatecliff Shelter (see chap.
6), little control over changing patterns of
seasonal activity through time of the con-
tributing organisms, and with some excep-
tions (see chap. 18), insufficient control over
the relationship between these remains and
the human occupations at Gatecliff Shelter.
We think these considerations alone render
the extraction of seasonal data from most of
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TABLE 83
Relative Frequencies of Sciurids (Eutamias, Mar-
mota, and Spermophilus) across Gatecliff Shelter

Horizons

Total Number
of Identified

Small Mammal
Specimens Sciurid Sciurid

Horizon (NISP) NISP %

1 329 15 5
2 1152 69 6
3 1935 87 5
4 1126 58 5
5 701 62 9
6 1232 79 6
7 266 12 5
8 636 19 3
9 546 27 5
10 235 90 38
11 53 24 45
12 291 49 17
13 45 4 9
14 94 7 7
15 440 122 28
16 106 36 34

the Gatecliff "seasonal indicators" futile. An
examination of one set of those indicators
may make the problem even clearer. An ex-

ample: The Gatecliff sciurids.
The most secure indicators of seasonality

among the Gatecliff small mammals are the
chipmunks (Eutamias sp.), marmots (Mar-
mota flaviventris), and ground squirrels
(Spermophilus spp.). Taken as a group, these
animals are currently active in central Ne-
vada from late winter (February) to fall (Sep-
tember or October [see Hall, 1946]). The rel-
ative frequencies of chipmunk, marmot, and
ground squirrel bones per horizon is shown
in table 83. The relative frequencies of the
bones of these animals are not significantly
correlated with sample size across all strata
rs = 0.07, p > 0.50; see chap. 6). The fre-
quencies of squirrel bones vary from 3 per-
cent in Horizon 8 to 45 percent in Horizon
11. Perhaps the sciurid bones can be used as
seasonal indicators.

It could be argued from these data that the
presence of any of the sciurids on any of the
Gatecliff horizons indicates an occupation
between late winter and fall. If we so argue,

we might, in fact, be correct. We could also
argue, more conservatively, that as the fre-
quency of these animals increases across
strata, the chances that those strata accu-
mulated between late winter and fall corre-
spondingly increase. Ifwe argued in this fash-
ion, there is an even greater chance that we
might be correct.
But it is one thing to guess about the sea-

sons during which the strata accumulated,
and another to make secure statements about
the seasons during which the human occu-
pations at Gatecliff occurred. If the human
occupations at Gatecliffhad always occurred
on newly exposed and clean floors and were
sealed immediately after the occupation had
occurred, then we would have good reason
to argue that small mammal remains on those
horizons provided seasonal dating of those
occupations. But there is no reason to believe
that this happened at Gatecliff. We think that
the Gatecliff living surfaces were exposed for
lengthy periods both before and after the hu-
man occupations. These periods of exposure
seem to have been on the order of decades
in some cases, even centuries in others. As a
result, the small mammal bones could have
been deposited on those floors at any time of
the year, with the season ofdeposition totally
unrelated to the season ofhuman occupation.
Ifwe had a means of functionally relating the
small mammal bones to the human occu-
pation-for instance, through butchering
marks, or the secure association ofbones with
hearths, our problem would become easier to
solve, though still by no means simple. Lack-
ing such information, however, there is no
reason to think that the presence of squirrels
in association with any Gatecliff horizon is
indicative of the season during which human
occupation occurred on that horizon. The
problem seems evident.
There are, of course, more seasonal indi-

cators on each horizon than just sciurids. In
each stratum, for instance, there are also mi-
gratory birds, reptiles, and amphibians. Could
we not treat the seasonal information offered
by the squirrels as a hypothesis, and test it
against the other seasonal indicators? The an-
swer, unfortunately, is that while we could
do that the results would be equivocal. Test
as we might, all we could discover is that the
Gatecliff horizons were open to the deposi-
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tion of bone (or plants) at some given season
or seasons ofthe year. Without secure knowl-
edge of functional relationships between the
seasonal indicators and the human occupa-
tion, such as is available for the bone bed,
attempts at deriving seasonality of the Gate-
cliff horizons are futile.

CONCLUSIONS
With the possible exception ofthe Horizon

2 mountain sheep (chap. 18), we do not be-
lieve it wise to search for the seasons during
which the occupations at Gatecliff occurred.
We have presented and illustrated the rea-
sons for our opinion in this chapter. We may
be wrong, and others may disagree strongly
with us. Those who disagree are free to look

at the available data-presented fully in pre-
vious chapters-and form their own season-
ality appraisals. For those who see merit to
our arguments, we hasten to add that Gate-
cliff is not unique in these matters. Gatecliff
Shelter, in fact, has an extremely fine-grained
stratigraphic record for a rock-shelter. If one
can reasonably argue that the attempt to ex-
tract seasonality is unwarranted at Gatecliff,
then certainly it would be even easier to make
such arguments for rock-shelters whose rec-
ords are less precise. We note also that open
sites are hardly immune to the kinds ofprob-
lems outlined here. The extraction of valid
seasonal inferences from organic residues is
simply not as straightforward as the pub-
lished literature would have us believe.

SOME ADDITIONAL CONCEPTS AND CAUTIONS
DAVID HURST THOMAS

ARCHAEOLOGICAL GRAIN SIZE

The concept of archaeological grain size
has been developed by Binford (1980, p. 17).
Assemblages resulting from accretional ac-
tivities spanning relatively long periods of
time-the same season throughout several
years, continually throughout the same year,
several years, often several centuries-are
coarse grained: resolution between the ar-
chaeological record and behavioral events is
relatively low. By contrast, episodic assem-
blages accumulating over a short interval-
a few hours to a few weeks-can sometimes,
depending on the non-cultural depositional
and post-depositional processes involved, re-
tain a relatively high degree of resolution be-
tween debris and the events that created that
debris.
As the subsequent analysis demonstrates,

the quality of spatial information derived
from a given living surface may be inversely
proportional to the quantity of debris in-
volved. Ironically, we can sometimes learn
more from sparse than from artifact-rich ho-
rizons (see also Gould, 1980, p. 27).
The fine grain size on some Gatecliff ho-

rizons is often caused by the episodic summer
deluges that created massive debris flows that
characterize the summer-wet portions of the
Gatecliff sequence. This climatic input seems
to be regional-rather than specific to Gate-

cliff Shelter or Mill Canyon-since contem-
poraneous flood deposits and fine-grained ar-
chaeological assemblages likewise occur in
Triple T Shelter, located less than 10 km.
away but in an entirely different drainage sys-
tem; the archaeology of Triple T Shelter is
discussed in Part 3 of this series.
One cannot merely assume that fine-grained

assemblages must have resulted from short-
term, limited function occupations ofa given
site. Grain size is most heavily conditioned
by geomorphological rather than cultural
processes. Such behavioral interpretations are
to be demonstrated rather than assumed on
the basis of fine grain size alone.
A similar, and related point regards the

periodicity of usage at Gatecliff Shelter. Al-
though we have discussed 16 cultural hori-
zons at GatecliffShelter, this in no way means
that there were 16 human "occupations" at
that site.2
The microstratigraphic evidence shows that

Horizon 13, for instance, actually contains at
least two distinct episodes of human usage,
but these two floors could not be consistently
separated during excavation; the same is true

2 In fact, the term "occupation" should probably be
avoided whenever possible because ofits residential con-
notations. I prefer more general, less presumptuous terms
such as "usage" and "visitation."
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of Horizon 12. Exigencies of archaeological
technique must not be confused with prehis-
toric behavioral reality.

Literally dozens of discrete hearths have
been isolated on the various Gatecliff hori-
zons and it is likely that each hearth repre-
sents a separate visitation of Gatecliff. Fur-
ther, each individual hearth may well have
been reused multiple times. In no case can
an archaeological horizon, stratum, occupa-
tional floor, or activity area be automatically
assigned to a single behavioral event. Single
event associations are rare in the archaeo-
logical record.

THE AMAZINGLY INVISIBLE WOMAN

The skewing effect of the sexual division
of labor is also worth mentioning, because
female hunter-gatherers are almost invisible
archaeologically. Investigators concerned
with the prehistory ofhunting-gathering peo-
ples commonly assume a constant division
of labor: men hunt and women gather (e.g.,
Fried, 1967, p. 129; Binford, 1968, p. 270;
Lee, 1968, p. 42; Deetz, 1968, p. 282; Service,
1971 ).3 The sexual division of labor has an
undeniable biasing influence on the archae-
ological record: in many cases, females all but
disappear. This not overly astounding gen-
eralization is due to several factors.
ECOFACT VISIBILITY: Because males gen-

erally hunt and females characteristically
gather, the relative degree of archaeological
visibility for each sex is heavily conditioned
by evidence from the plant and animal king-
doms. Fauna preserve better than flora and,
recent developments in flotation and phy-
tolithic analysis notwithstanding, archaeol-
ogists are significantly better equipped to deal
with bones than plants. Except in the case of
extraordinary preservation, the archaeologi-
cal record is heavily skewed toward male ex-
tractive activities.
ARTIFACT VISIBILITY: There is also an im-

portant correlation between the sexual divi-
sion of labor and the productive modes in

3While this may be a viable empirical generalization,
the correlative notion-that women typically contribute
more calories than men to the overall subsistence (e.g.,
DeVore and Konner, 1974, pp. 120-122)-has been
shown to be false (Ember, 1978).

hunter-gatherer society. The most visible ac-
tivity in the archaeological record is stone
tool fabrication, an exclusively male endeav-
or. By contrast, the major female fabricative
activities are virtually invisible archaeologi-
cally. This is so because subtractive technol-
ogy (in the sense of Deetz, 1967) is pursued
almost entirely by males, whereas additive
technology is employed by both sexes.

This is an important distinction. "Sub-
tractive manufacture involves the removal of
raw material until the artifact emerges in fin-
ished form. In the manufacture of a stone
arrowhead, the maker ... extracts the arrow-
head from the piece of stone" (Deetz, 1967,
p. 48). The common forms of subtractive
technology-woodworking, ornament man-
ufacture, bone, horn, and hide working-are
centrifugal, technologies almost exclusively
the domain of male fabrication.

Subtractive technologies are highly visible
in the archaeological record because they
commonly employ rigid, relatively imperish-
able fabricators (flakers, hammerstones, chis-
els, etc.). By their nature, subtractive tech-
nologies also produce abundant byproducts,
many of which are also imperishable (espe-
cially those resulting from stone tool manu-
facture).

Perhaps more importantly, mistakes can-
not be repaired in subtractively produced ar-
tifacts. This means that a relatively large pro-
portion of "staged" (yet unfinished) artifacts
commonly enter the archaeological record
during the subtractive process.
Males tend to be highly visible in the ar-

chaeological record because many male fab-
rication activities involve subtractive tech-
nology. Conversely, females make few
artifacts subtractively, and their archaeolog-
ical visibility suffers accordingly.
Although both males and females employ

additive technology, female fabrication is
dominated by this self-corrective, centripetal
mode ofproduction, particularly basket mak-
ing, fiber clothing manufacture, weaving,
sewing, and, in some cases, pottery manu-
facture. With the exception of ceramic man-
ufacture and use, the additive process is rel-
atively invisible archaeologically: byproducts
are relatively rare and perishable, fabricating
artifacts tend to be less commonly preserved
and, perhaps most importantly, "staged,"
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unfinished artifacts are rarely discarded in
additive technology.

Neither technology is sex specific, but there
is an obvious association between the mode
of technology and the sexual division of la-
bor. Male tool kits are simply more archae-
ologically visible than female tool kits (De
Vore, 1968, p. 347).
The net result is that most hunter-gatherer

archaeological sites are intrinsically biased
toward maintenance, extraction, and fabri-
cation activities. This pattern changes only
as the nature of technology changes. Among
ceramic-using societies, females become
abundantly more visible through the ubiq-
uitous potsherd. Similarly, among iron-using
societies, male visibility decreases signifi-
cantly, corresponding to the decline in man-
ufacture and use of chipped stone artifacts.
But among the largely non-ceramic, non-

metal using groups (such as inhabited Gate-
cliff Shelter), the archaeological record tends
to greatly enhance the role of male subsis-
tence activities. This bias must be kept in
mind when reconstructing the activity struc-
ture ofthe various Gatecliffoccupational sur-
faces.

MOST PROBABLE INTERPRETATION

This analysis employs another important
concept-the most probable interpretation.
Any number of potential problems lurk to
muddy the interpretation ofGatecliff Shelter;
we have been quite candid about these dif-
ficulties (see especially chaps. 3, 6-8, and 20).
Interpretive complications have been stressed
not only to strike an appropriate note of cau-
tion, but also to spotlight some problems fac-
ing archaeology in general. I suppose that this
is what one colleague meant when he accused
me ofbeing "archaeologically conservative."
But an over-guarded, hyper-cautious ap-

proach will surely paralyze any investigator
fearful ofmaking a mistake. I happen to think

that substance still counts in today's archae-
ology, and I am unwilling to offer Gatecliff
Shelter as merely one more cautionary tale,
a 10 m.-deep exercise in methodology. The
substantive issues involved are far too in-
triguing for us to restrict discussion to current
methods and contemporary theories.
The dual objectives of methological virtue

and substantive relevance commonly evoke
contradictory conclusions (Deetz, 1968;
DeBoer and Lathrap, 1979, p. 103). Although
I wish to interpret the archaeological record
at Gatecliff Shelter, too many potential pit-
falls exist for us to consider the substantive
interpretations as somehow proven (or even
particularly solid). I rather doubt at this stage
that we are dealing with many ofGod's truths
in Great Basin archaeology (Thomas, 198 1 c).

So, once one has thoughtfully considered
the difficulties posed by depositional vari-
ability, differential preservation, conflicting
stratigraphy, functional variability, inconsis-
tent chronometrics-to say nothing of the
mid-range theoretical difficulties (considered
here, and also in Thomas, 1983)-it becomes
time simply to get on with it, to take a stand
on what Gatecliff Shelter can tell us about the
land and the people who once lived there.
The most probable interpretation bridges

the gap between method and substance. In-
terpretations stand merely as what I consider
to be the best bet, when all the presently avail-
able evidence is taken into account. Alter-
natives are entertained whenever possible,
and in many cases, it is possible to assess the
relative probabilities associated with each in-
terpretation (see Thomas, 1983). I think, for
instance, that the probability is rather high
that the Monitor Valley projectile point chro-
nology is substantially correct (chap. 9;
Thomas, 198 la). Conversely, the probabili-
ties associated with seasonality estimates for
Gatecliff horizons are distressing low. Please
keep these varying degrees of confidence in
mind.



CHAPTER 21. MICRO-SETTLETI
THE MIDDLE HOLOCENE PE'

This is the first of three chapters dealing
with intra-site variability at Gatecliff Shelter.
In this chapter, we examine evidence for the
Middle Holocene period. Chapters 22 and 23
examine the Gatecliff database for the early
and late parts of the Neoglacial (Late Holo-
cene) period.' The final chapter attempts to
meld the diverse natural and cultural data
into a single, relatively coherent picture of
cultural ecology in this area during the past
6000 years.

ANALYTICAL PROCEDURE
The initial step in the settlement analysis

was to reassemble the Gatecliff horizons at
one-quarter scale at the American Museum
of Natural History. Two large work tables
were gridded and the artifacts were reposi-
tioned according to the field notes and cat-
alogue entries. Chippage and faunal remains
were also added to this mock-up, together
with additional data available from radio-
carbon analysis, flotation, and other ancillary
studies.
We then prepared a series of living surface

maps, several of which are presented in this
(and subsequent) chapters. These figures are
merely updates of plan maps originally plot-
ted during excavation. Certain conventions
were involved in the preparation of these
maps. A 2-m. grid system has been super-
imposed on all the horizon maps. But this
grid should be used merely for scale; it does
not necessarily correspond to the physical ar-

' The terminology for post-Pleistocene time periods is
both confusing and ambiguous. As Kay (1982, p. 81) has
noted, "at best, we can only characterize long time pe-
riods in a general way." In this volume, we use the gen-
eral term "Middle Holocene" to denote that time period
between 5000 B.C. and 2500 B.C.; roughly correlative
terms are "Altithermal age" (Antevs, 1948, 1955) and
"Postpluvial" (Currey and James, 1982); note that Davis
(1982) uses the term "Mid-Holocene" to denote that
period from 6900 B.P. to 3200 B.P., extending the mid-
dle portion of the Holocene 1800 years longer than the
Middle Holocene discussed here; conversely, Van De-
vender and Spaulding (1979) begin their "Middle Ho-
locene" at 8000 B.P., a millenium earlier than the present
definition.

STRUCTURE DURING
(5000 B.C.-2500 B.C.)

chaeological units employed at the time of
excavation (we have followed the advice of
Jennings [1957] who urged archaeologists to
drop field nomenclatures from their site re-
ports whenever possible). The dripline is ba-
sically a composite of observations taken
throughout the seven years of excavation.
Whenever it rained-a relatively rare event
at Gatecliff- the modern dripline was plotted
on the master site map. Although the ceiling
at Gatecliff Shelter has changed somewhat
during the 6000 years of human usage (as
discussed in chap. 8), the dripline has not
been substantially modified during this time,
and the contemporary dripline adequately re-
flects that of prehistoric times.
Rear wall configuration differs from hori-

zon to horizon, changing the overall size of
the protected area (table 86). These changes
have been plotted on each living surface map;
when a floor was abnormally thick in some
areas, the rear wall was projected from the
middle of that horizon.
Whenever grain size was sufficiently fine,

we plotted artifact and ecofact distributions
on mylar master maps. These artifacts are
presented on the living surface maps using a
series of rub-on symbols developed specifi-
cally for this purpose.2 Keys to these symbols
appear in the legend of each map, but a few
words of explanation are necessary. Artifacts
found in situ are represented by "open"
(white) symbols. Although the artifact sym-
bols are not to scale, their position reflects
the exact location the artifact was found;
however, no attempt was made to preserve
original artifact orientations. Artifacts not
found in situ-those discovered in the
screen-are plotted with black symbols, po-
sitioned in the center of the appropriate ex-
cavations unit. In other words, white symbols
plot precise artifact locations, and black sym-

2 These symbols were designed specifically for this vol-
ume by Dennis O'Brien. The artifact-specific characters
were reproduced as film negatives, and then transposed
to 3M INT photosensitive sheets and exposed to UV
light. The resulting sheets consist ofcustom transfer sym-
bols which can be readily transferred to the living surface
maps.
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TABLE 84
Distributions of the Middle Holocene Hearths at Gatecliff Shelter

(Data derived from figs. 225-228.)

Hearthline/Dripline Distance (cm.) Hearthline/Rear Wall Distance (cm.)

Horizon X S n X S n

16 - - -

15 92 155.9 3 365 67.6 3
14 165 97.2 3 275 35.4 3
13 188 187.5 2 305 105.0 2
12 303 122.5 4 281 149.1 4

Grand total 196.7 161.7 12 304.6 109.0 12

bols represent estimates; the error of esti-
mation ranges from about 35 cm. (when a
1-m. excavation was employed) to slightly
over 1 m. for a 2-m. grid system.

Artifact distribution maps are hardly new
or revolutionary: "For the past thirty or forty
years, archaeological distribution maps have
been one ofthe main weapons in the armoury
of the prehistorian" (Clark, 1957, p. 153).
There has, however, been a dramatic in-

crease in the applications of quantitative
techniques for analyzing such spatial distri-
butions (e.g., Whallon, 1973, 1974; Hodder
and Orton, 1976; Carr, in press). But pattern
seeking methods for such analysis remain at
a rudimentary stage. As Whallon (1979) re-
cently noted "it is fair to say that most, if not
all, people working in this area [of spatial
analysis] are dissatisfied with the available
analytical methods." Whallon emphasizes the
virtues of simple quantitative methods for
spatial analysis in comments that echo my
own feelings about quantitative analysis in
general (Thomas, 1978, 1980; see also Clark
and Stafford, 1982). I use the simplest pos-
sible modes of analysis on the occupational
surfaces at Gatecliff Shelter.3

INTRA-SITE STRUCTURE

Four of the five Middle Holocene horizons
are sufficiently fine grained to allow accurate
plotting of hearth locations (figs. 225-228).
Hearth placement is uninfluenced by refuse
disposal and post-depositional processes, and

3The functional terminology employed in this chapter
essentially follows that of Winters (1969), as modified
by Thomas (1983) in Part 1 of this series.

some effort has been made to explore hearth
positioning strategies at Gatecliff Shelter; it
turns out that such micro-settlement pattern-
ing is relatively consistent throughout the
Middle Holocene at Gatecliff.

SIZE SORTING EFFECT

It is necessary to emphasize once again the
degree to which physical stratigraphy con-
ditions patterning in the archaeological rec-
ord. All the Middle Holocene horizons at
Gatecliff Shelter are separated from one
another by a layer ofvery compact calcareous
silt, varying in thickness from 15 to 50 cm.
The silt lenses effectively sandwich the living
surfaces between sterile layers, thus totally
isolating the intra-site patterning on earlier
horizons. In other words, the internal struc-
turing on each of these living surfaces at
Gatecliff is independent from one horizon to
another.
Twelve distinct hearths had been dug pre-

historically into the surfaces of Horizons 12-
15. Only one hearth (Hearth C, Horizon 12)
was near the rear wall; as discussed below
this single exception may be an aberrant case.
All other hearths occurred near the dripline.
In fact, many hearths were superimposed, one
on top of the other (figs. 225-228).

In effect, each horizon is characterized by
a distinct "hearthline," a band of seemingly
independently constructed hearths running
across the mouth of Gatecliff Shelter. The
hearthline is operationally defined as the mean
distance of hearths from the rear wall for a
given horizon. The mean and standard de-
viations of the Middle Holocene hearthlines
are provided on table 84.
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TABLE 85
The Size-sorting Effect on Middle Holocene Horizons at Gatecliff Shelter

A. Interiora B. Hearth Zoneb C. Outsidec

S n X S n X S n
(grams) (grams) (grams) (grams) (grams) (grams)

Horizon 12
Artifacts 1.9 0.81 3 11.5 22.11 14 131. 182.7 3
Debitage 0.57 - 304 0.30 - 940 0.28 - 47

Horizon 13
Artifacts 1.0 - 1 253. - 1 81.5 91.6 5
Debitage 0.51 - 43 0.37 - 705 2.11 - 88

Horizon 14
Artifacts 4.7 4.01 4 7.5 11.29 10 25.1 17.3 2
Debitage 0.09 - 787 0.07 - 1162 1.20 - 1

Horizon 15
Artifacts 2.6 0.15 2 0.8 - 1 - -

Debitage 0.30 - 13 0.43 - 21 2.36 - 8

Grand total
Artifacts 3.1 2.94 10 18.8 50.13 26 85.2 125.1 10
Debitage 0.24 - 1147 0.22 - 2828 1.52 - 144

a Defined as the area inside the mean hearthline.
bDefined as the area between the mean hearthline and the dripline.
c Defined as the area outside of the dripline.

Mean hearthlines provide a series of ho-
rizon-specific structuring points from which
to analyze artifact and debitage distributions.

Specifically, one can question the degree to
which observable patterning is conditioned
by artifact and debitage size sorting. But to
do this requires another independent classi-
fication based strictly on size.

Size is a general variable requiring opera-
tional definition. Although it might be useful
to consider size in terms ofmass-a measure
of inertia-the practical problems of deter-
mining mass on a diverse lot of material cul-
ture precludes its use here. Similarly, it might
be useful to devise some index of discomfort
(involving sharpness, smell, and perhaps at-
tractiveness to flies) to determine what debris
can readily be dropped, and what debris must
be tossed away from the central use area.
To expedite matters, however, we will use

simple weight as our operational measure of
size. Table 85 provides size sorting data for
all artifacts and debitage recovered from
Middle Holocene horizons at Gatecliff Shel-
ter.

Size sorting may have influenced the dis-
tribution of faunal remains as well, but the

uncertainties of distinguishing "natural" from
"cultural" bone in the archaeological record
poses problems too severe to allow quanti-
fication.

Table 85 employs a provisional three-part
division of the observed archaeological rec-
ord at Gatecliff Shelter (be certain here to
distinguish between these provisional zones
defined for the archaeological record and the
behavioral refuse zones discussed in chap.
20). The "interior" (A) zone ofGatecliffShel-
ter is that area between the mean hearthline
and the rear wall; this zone encloses between
about 12 and 20 sq. m., depending on the
configuration of the rear wall on each hori-
zon. The "hearth zone" (B) is that area be-
tween the mean hearthline and the dripline.
"Outside" (C) is taken as the excavated area
outside the dripline.

Figure 223 shows the relationship between
intra-site zonation and artifact size; it is ob-
vious that the distribution of the Middle Ho-
locene artifacts is heavily size sorted. In all
cases, artifacts found inside the mean hearth-
line are significantly smaller than those found
in the hearthline/dripline interface. Similar-
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ly, with the partial exception of Horizon 13,
artifacts found between the hearthline and
dripline are significantly smaller than those
found outside the dripline. The relationship
seems to be logarithmic, but the sample sizes
are too small and variable for adequate sta-
tistical analysis.
The distribution of Middle Holocene deb-

itage is also heavily size sorted (fig. 224), but
the effects are rather different than for arti-
facts. With the exception ofHorizon 12, chip-
page from inside the enclosed portion (the
"interior" and "hearth" zones) is consider-
ably smaller than the debitage found outside.

Clearly, the absolute size (measured as
weight) ofboth artifacts and chippage heavily
conditions where this debris will occur on the
Middle Holocene horizons at Gatecliff Shel-
ter.

HEARTH POSITIONING STRATEGIES

The hearths on Horizons 12-15 generally
define a narrow arc roughly 3 m. from the
rear of the shelter (table 84). Small hearths,
so positioned, would have several advan-
tages: a distinct work area could be defined
between the hearth zone and the rear wall;
such placement just inside the dripline in-
sured that the hearths were protected from
precipitation and windy gusts; smoke would
vent outside, across the front of the shelter;
the hearthline would also create a relatively
warm and smoke-free "rear room," a heated
work area from 15 to 30 sq. m. The rear wall
would effectively serve as a heat sink, warm-
ing the inner part of the shelter with a rela-
tively small fire.

Unfortunately, there is insufficient vari-
ability between the Middle Horizon floors to
define the determinants of hearth position-
ing. Additional evidence, discussed in the next
chapter, strongly suggests that the configu-
ration of the rear wall (rather than the loca-
tion ofthe dripline) largely conditioned hearth
placement.

INTRA-SITE PATTERNING: A
BEHAVIORAL INTERPRETATION

Having clarified the observed archaeolog-
ical patterning, it is now necessary to link

FIG. 223. The size sorting effect for Middle
Holocene artifacts at Gatecliff Shelter. Note that
the vertical scale (size) is plotted on a logarithmic
scale.

these empirical observations with the mid-
range model proposed in chapter 20. To re-

cap, the exogene cave model suggests that a

drop zone containing mostly primary ref-
use- small artifacts and byproducts- should
occur in a ring-shaped distribution around
hearths; a zone of larger, secondary refuse
(the toss zone) should occur toward the mouth
of the cave.
The fit between the model and the Middle

Holocene patterning at Gatecliff Shelter is
striking.
DROP ZONE: The artifacts and debitage

clearly conform to a drop zone configuration
on the Middle Holocene horizons at Gatecliff
Shelter. Artifact size becomes progressively
smaller toward the rear of the site, and figure
223 suggests that this relationship is roughly
a linear function, with no distinct break be-
tween the interior, hearth, and exterior por-
tions ofthe cave. Debitage distribution, how-
ever, shows a marked disjunction at the
dripline. Although we are not justified in
expressing the faunal inventories in similar
quantitative terms, it is my impression that
bones sort the same way. That is, artiodactyl
bones are found almost exclusively outside

A B
Interior Hearth

zone
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the dripline, whereas microfauna tend to be
strewn uniformly across the entire site.4
The Middle Holocene drop zone at Gate-

cliff Shelter basically fills all the available
space within the dripline (figs. 225-228). This
innermost zone covers an area varying in size
from about 26 to 40 sq. m., extending from
the rear ofthe shelter up to the dripline (table
86). This area remains almost completely dry
even during the most violent storm, and could
readily be heated by a single hearth (the rear
wall and overhang facilitating heat retention).
This drop zone is also relatively little affected
by the prevailing winds that whip up and
down Mill Canyon. About 90 artifacts were
recovered from the occupational surfaces of
Horizons 12-15 (and there is little reason to
believe that the positioning of these artifacts
has been significantly affected by post-de-
positional processes). Fully 78 percent (72 of
92) ofthese artifacts occurred inside the drop
zone.

Debitage densities are patterned similarly.
Nearly all microflakes from these horizons
were found inside the drop zone (fig. 224).
Artiodactyl bones were extremely rare in this
area, those present were mostly small splin-
ters. Microfauna were rather uniformly spread
throughout the rear portion of the cave (ex-
cept for the obvious packrat nest in the east-
ern alcove of Horizon 14); these microfaunal
elements could easily have resulted from non-
cultural deposition (although there is no way
to tell).
The contemporary terrain in the Mill Can-

yon area is relatively steep, uneven, and rocky.
Our excavation teams, attempting to camp
in this area had trouble finding suitably level
ground. Although the nature of this topog-
raphy has certainly changed since the Middle
Holocene, it is clear that the sheltered Gate-
cliff drop zone provided one of the very few
areas in Mill Canyon sufficiently flat to allow
overnight camping. The inner drop zone

4 It is likely that a trampling effect (see Gifford, 1981)
may also be operating here-simple foot traffic inside
the dripline could account in part for the smaller bone
size inside the shelter. It is impossible to segregate the
trampling effect, but the differential distributions of ar-
tiodactyl and microfaunal elements would suggest dif-
ferential disposal of the two sizes of bones.
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FIG. 224. The size sorting effect for Middle
Holocene debitage at Gatecliff Shelter.

seems to be where most maintenance and
extractive activities occurred. Although we

lack direct evidence, this protected and easily
heated area was probably also the sleeping
area when (and if) Gatecliff Shelter was uti-
lized overnight. The drop zone at Gatecliff
Shelter corresponds to the central portion,
what Yellen (1977, pp. 125-130) termed the
nuclear area.
THE Toss ZONE: With the exception of Ho-

rizon 12 (a rather special case), a distinctive
toss zone occurs outside the dripline of Gate-
cliff Shelter, as suggested by the exogene cave
model (fig. 222). The toss zone effectively
removes relatively large discarded items from
the immediate area of use (Binford, 1978b).
At Gatecliff, the toss zone begins at about the
dripline and extends in a roughly 1.5 m. band
across the shelter opening. This discard area

is much more clearly defined along the west-
ern side ofthe site, where the dripline is closer
to the rear wall (figs. 225-228).
The Middle Holocene toss zone appears to

be a deliberate discard zone, an area where
larger items (especially artiodactyl articular
ends and long bone fragments) were thrown
away. Although the toss zone contained only
about 20 percent of the total artifact inven-

C
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tory, those items recovered tend to be large
and bulky: hammerstones, production stage
biface fragments, and lithic scrap. This rather
well-defined area of secondary debris dis-
posal (in the sense of Schiffer, 1976, pp. 30-
33) is particularly well defined on Horizons
13, 14, and 15.
But there is some degree of variability in

the patterning of the Middle Holocene toss
zones. A concentration of artiodactyl bones
and a finished gray chert knife outside the
dripline on Horizon 14 suggests that rough
butchering and artiodactyl processing prob-
ably took place outside the shelter, within the
toss zone proper. It is curious that a finished,
yet completely serviceable bifacial knife
should be discarded in this manner; perhaps
by merely leaving the knife in place, the hunt-
ers were creating an ad hoc cache, making the
biface a piece ofsite furniture (Binford, 1978b,
p. 337). In this case, bones and tools may
have been deposited outside the dripline as
primary refuse, eliminating the need for
"tossing" (since the activity initially took
place outside). More will be said about the
correspondence between activity areas and
refuse disposal zones in the next two chap-
ters.
GENERAL INTRA-SITE MODEL: The general

exogene depositional model describes the
patterning observed during Middle Horizon
times-the debris is highly size sorted along
a gradient extending from the cave interior
toward the dripline. A number of features of
this model are similar to those offered by
Binford (1978b, fig. 4), but discussion ofthese
similarities will be postponed until the next
chapter, when additional relevant data can
be introduced.

ACTIVITY ANALYSIS

Having discussed the general patterning
over the Middle Holocene portion of Gate-
cliff Shelter, it is now useful to examine the
intra-site patterning from an artifact/ecofact
perspective. The objective of the following
sections is to determine the nature of activ-
ities preserved on each Middle Holocene ho-
rizon.
With the exception of Horizon 12, all the

evidence for human usage ofGatecliffShelter
during the Middle Holocene period can be
grouped into the Clipper Gap phase (Thom-

as, 1981 a, 1983), tentatively defined for the
interval between 4000 B.C. and 3000 B.C.
There is at present no way of assigning a cul-
tural phase to Horizon 12; "diagnostics" were
limited to Humboldt Concave Base points,
which are not very temporally diagnostic at
all (Thomas, 1981a). The designation ofHo-
rizons 16-13 as Clipper Gap is based pri-
marily on chronometric and stratigraphic
grounds; actual Clipper Gap diagnostics were
found only on Horizon 14. Because of this
ambiguity, the Clipper Gap phase remains
a most tenuous central Great Basin cultural
phase.

HORIZON 16 (3550 B.C.-3400 B.C.)

The first trace of human occupation at
Gatecliff Shelter was found at a depth of 7
m. below datum, approximately 10 m. below
the present ground level. "Horizon 16" con-
sists merely of two brown chert artifacts, a
projectile point fragment (probably broken in
manufacture), a piece ofpercussion scrap and
about three dozen flakes. Because the geo-
logical matrix is basal rubble (Stratum 26),
spatial relationships were not preserved. This
stratigraphic unit also contained about 100
identifiable small mammal bones, but lacked
artiodactyl remains. One radiocarbon deter-
mination was processed on charcoal re-
covered in association with the artifacts and
debitage: 3350 ± 170 B.C. (UCLA-1989B).

Other than establishing the initial presence
of people at Gatecliff, the Horizon 16 depos-
its tell us virtually nothing about the activi-
ties that took place there.

HORIZON 15 (3400 B.C.-3300 B.C.)

Horizon 15 is an extremely thin occupation
surface resting on a sterile silt lens (Stratum
25). Three radiocarbon dates are available
from the hearths of Horizon 15: 3145 B.C. ±
100 (QC-293), 3340 B.C. ± 180 (QC-289) and
3850 B.C. ± 170 (UCLA-1989A). Although
the means of these dates span 700 years, the
combined stratigraphic evidence suggests that
this surface was exposed for no more than a
century, as discussed in chapter 3.
The cultural debris on Horizon 15 is ex-

tremely sparse, consisting of a single projec-
tile point fragment and two pressure flaked
blanks, with very little associated debitage
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and bone. The spatial patterning of Horizon
15 is shown on figure 225.
TOPOGRAPHY: The occupation area is a rel-

atively flat silt floor. Habitation debris, roof
fall, and talus matrix are as thick as 29 cm.
in places.
FEATURES: Three hearths were present on

Horizon 15. Hearth A is a poorly defined
depression, filled with juniper and sagebrush
charcoal. Two radiocarbon dates (QC-289 and
UCLA-1989A) were processed on charcoal
contained in Hearth A.
Hearth B occurs on the southwestern por-

tion of the excavated area, consisting of a
discrete firepit approximately 40 cm. in di-
ameter, surrounded by an area of burnt, ox-
idized silt, roughly 140 cm. in diameter. Flo-
tation samples from this hearth contained
pinion charcoal and an isolated Gramineae
seed. The charcoal was scattered roughly 1
m. to the northeast; this may represent either
windblown debris or perhaps materials de-
liberately scooped from the hearth.
Hearth C occurs on the western margin of

the excavated area. The feature itselfconsists
of a zone of oxidized silt, with a scatter of
pinon charcoal and burnt pifion needles, ap-
proximately 50 cm. in diameter.

ARTIFACTS: The unnamed concave base
projectile point is complete, showing no sign
of use or wear. The two pressure flaked bi-
faces are both tips, probably fragments of
projectile points or knives; the edge of one
of these (20.3/2330) was lightly beveled and
nibbled. One seems to have broken from im-
pact, the other in manufacture. The single
piece of percussion scrap was also found near
the eastern dripline.

Forty-two flakes were found on Horizon
15. Although only finished (or nearly fin-
ished) artifacts were recovered on this hori-
zon, relatively large flake size-particularly
for flakes outside the dripline-suggests that
rough percussion reduction occurred on Ho-
rizon 15, even though broken or rejected ear-
ly stage artifacts were lacking.

ECOFACTS: Horizon 15 contained an ex-
tremely high frequency of microfaunal re-
mains (table 10), with the proportions of
squirrels, jack rabbits and pikas especially
high. Unfortunately, there is no way of re-
lating these bones to the human occupation
of Horizon 15 (see chaps. 6 and 20 for a
discussion of this problem).

Sixty-four artiodactyl bones were also found
on Horizon 15, and all identifiable fragments
were Ovis. Although the sample size is very
small, figure 198 is consistent with the kill-
butchering model proposed for Horizon 2
(chap. 18). Table 71 indicates an extremely
low shaft splinter/articular end ratio and also
a relatively high rib head/rib total ratio, sug-
gesting that relatively little on-site bone pro-
cessing occurred on Horizon 15.
Nearly all the artiodactyl fragments on the

Horizon 15 surface were concentrated out-
side the dripline, on the western margin of
the site near Hearth C. By contrast, small
mammal remains were rather uniformly dis-
tributed throughout the sheltered portion of
the site.

DISCUSSION: The low density of artifacts
and ecofacts on Horizon 15 makes activity
interpretations difficult and tenuous, but a
few observations are possible. The three spa-
tially discrete hearths seem to suggest mul-
tiple usage, an idea reinforced by the hearth
contents: Hearth A contained only juniper
and sagebrush charcoal, whereas Hearths B
and C contained only pinion charcoal.

Seasonal indicators are rare on Horizon 15,
but the relatively high frequency of squirrel
bones (28%), Gramineae seed in Hearth B,
and the absence of pi-non seed and cone
parts makes spring or summer the most prob-
able season of occupation, but the evidence
is extremely thin.
The preponderance of large percussion

flakes and broken pressure flaked bifaces sug-
gests that both rough reduction and artifact
finishing (or perhaps repair) occurred on Ho-
rizon 15. But we cannot establish whether
these events were linked in a single reduction
episode.
Most of the artifacts and artiodactyl bones

were found near Hearth C. The larger pieces
of debris (especially artiodactyl bones) tend
to have been discarded outside the dripline.
MOST PROBABLE INTERPRETATION: Hori-

zon 15 is an extremely fine-grained Clipper
Gap assemblage. The primary activity was
bighorn procurement, field butchering, and
transport of relatively high utility meat units.
The low degree of bone fragmentation sug-
gests that little on-site processing occurred.
The refuse from this preliminary butchering
was tossed outside the shelter.
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FIG. 225. Spatial distribution map for Horizon 15 at Gatecliff Shelter. On this and subsequent spatial
distribution maps the "open" (i.e., white) symbols denote artifacts found in situ; the "closed" (black)
symbols show approximate artifact placement. The narrow hachured stripe marks the extent ofexcavation
(see text for additional conventions followed).
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FIG. 225. Continued.

Secondary activities include the repair of
chipped stone weapons and general utility
tools and also the on-site fabrication of new
stone tools. The multiple hearths suggest that

Horizon 15 was visited repeatedly. Ifthe small
rodent and lagomorph bones are present be-
cause of cultural activities (a tenuous as-
sumption), then small mammal trapping
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could be added to the list of activities visible
on Horizon 15.

HORIZON 14 (3300 B.C.-3150 B.C.)

Horizon 14 is a thin occupation surface on
top of the sterile silt matrix of Stratum 23.
Four radiocarbon dates are available from
the hearths of Horizon 14: 2190 B.C. ± 125
(QC-292), 2900 B.C. ± 95 (QC-290), 3420
B.C. ± 90 (UCLA-1926B), and 3530 B.C. +
80 (UCLA- 1926F). Date QC-292 is nearly a
millennium too young (chapter 3); the com-
bined radiocarbon and stratigraphic evidence
suggests that the accumulation ofcultural de-
bris, roof fall, and talus occurred during a
relatively brief span of perhaps 150 years.
The artifact inventory from Horizon 14

consists offour Triple T Concave Base points,
two whole unnamed concave base points, a
point tip, two finished bifacial knives, an in-
cised stone, two rough percussion blank frag-
ments, a single uniface, a keeled metate, plus
pressure and percussion scrap. Horizon 14
also contained a localized flake and bone
scatter (fig. 226).
TOPOGRAPHY: The southwestern corner of

the excavated area slopes sharply upward,
overlying a portion of the large talus cone
which drapes the entire western face of
Gatecliff Shelter. The occupational debris in
this area is only a few centimeters deep, thick-
ening somewhat to the east.
The surface is littered with a scatter ofchert

roof fall, and desiccation cracks occur over
much of the occupational surface. In places,
these desiccation cracks are quite distinct,
completely penetrating the silt into the un-
derlying rubble below.

FEATURES: Three prominent hearths occur
on Horizon 14, and juniper charcoal is scat-
tered over much of the surface. Hearth A
consists oftwo adjacent burnt areas, with pi-
non charcoal concentrations included within.
The southern zone is approximately 1 m. in
diameter, and is ringed by an area of red ox-
idized silt. A second concentration occurs
about 1 m. to the north, and charcoal from
this area yielded radiocarbon date QC-290.
This charcoal was concentrated in an area
about 50 cm. in diameter, and a red oxidized
area connects the two charcoal deposits into
a single feature.
Hearth B occurs on the westernmost ex-

tension of the excavated area and shows
clearly in the sidewall (see fig. 226). The hearth
itself consists of a charcoal stain approxi-
mately 40 cm. in length, with a red oxidized
silt lens extending laterally for 80 cm.
Hearth C occurs approximately 5 m. due

east of Hearth A. This firepit consists of a
large zone of oxidation, approximately 1.5
m. in diameter, with rather large pi-non char-
coal chunks scattered throughout; charcoal
from this feature yielded the radiocarbon date
QC-292.

ARTIFACTS: The artifacts on Horizon 14 are
tightly clustered around the two major hearth
areas. The westernmost cluster occurred
within 1.5 m. of Hearth A (fig. 226). A gray
chert finished knife (fig. 90b) was found in
direct association with a number of artio-
dactyl long bone fragments. The distal end
of this knife had been blunted and polished,
and one lateral edge was nicked throughout
its entire length. The basal fragment of an
impact fractured Triple T point (20.3/9606,
fig. 83) was found to the west of Hearth A,
along with an unnamed concave base point
(20.3/9607)

Nearly 2000 flakes were recovered from
Horizon 14, and the average flake size (0.079
grams) is the smallest of any horizon of
Gatecliff Shelter. Dozens of microflakes oc-
curred in a concentration immediately to the
west of Hearth A, and some of this chippage
appears to be of the same light gray chert as
the rough percussion blank found in associ-
ation with Hearth A. Approximately three
dozen other microflakes in this concentration
are ofa deep red chert virtually identical with
one of the projectile points (20.3/9606). The
rest ofthe chippage around Hearth A consists
ofmore than 100 microflakes ofa distinctive
pink chert with phenocrist inclusions; all
flakes in this concentration were smaller than
1 cm. in length.
A Triple T projectile point (20.3/7471) also

occurred in this area, and an incised slate
(20.3/2428) was found near the rear wall. Im-
mediately adjacent to Hearth A were a num-
ber of flakes, mostly microflakes, but a few
of the larger flakes may have been removed
by a soft hammer.
A second artifact concentration occurred

immediately to the southwest of Hearth C.
Chippage, primarily microflakes, was abun-
dant in this area. An unbroken projectile point

450



THOMAS: GATECLIFF SHELTER

(20.3/7484), associated with the hearth and
showing no wear, was found 1 m. to the west.
This point was manufactured of the same
material as the point found in the western
edge of the site. A light brown chert scraper
was found to the east of Hearth A. Several
dozen tiny flakes of the same material were
found in association, and these had undoubt-
edly been removed from the scraper. The mi-
crowear evidence indicates soft scraping use
along the working edge.
A single keeled metate (20.3/1923) was

found to the northwest of Hearth C. The
complete unifacial metate was triangular in
shape, manufactured of limestone. A red
ocher stain occurred over the grinding sur-
face, which was very smooth and highly pol-
ished. Fine striations running parallel to the
long axis, suggest a transverse motion.

EcoFACTS: A few Pinus monophylla cone
scales were found in the flotation sample tak-
en from beneath the keeled metate near the
rear of the shelter. Although this could, per-
haps, be taken to indicate pi-non processing,
we think the mere association is insufficient
evidence (Thomas, 1981 c).
Only 156 artiodactyl bones were recovered

from Horizon 14; those that could be iden-
tified are Ovis canadensis (table 22). Perhaps
two individuals are represented (table 72).
The rib head/rib total ratio is rather high
(0.33) when compared with other living sur-
faces at Gatecliff (table 71), suggesting a
low degree of on-site dismemberment. Al-
though the artiodactyl sample is small, the
proportional diagram indicates general con-
formity to the kill-butchering model (fig.
198c); this impression is reinforced by the
relatively large number of artiodactyl tooth
fragments recovered (table 71).
Most of the microfaunal remains occurred

in a dense concentration on the eastern mar-
gin of the living surface (see fig. 226). Only a
single artiodacytyl tooth and a long bone frag-
ment were included in the concentration, sug-
gesting the presence of a packrat nest in this
eastern alcove.
DISCUSSION: Despite the limited artifact in-

ventory, it is possible to offer a few inferences
about the activities which occurred on Ho-
rizon 14. Several independent lines of evi-
dence suggest that lithic reduction was re-
stricted to the repair offinished artifacts. First
ofall, the average flake size is extremely small

and nearly all the Horizon 14 debitage was
the result of the pressure technique. Second,
most of the Horizon 14 artifacts are finished
and, although the sample size is too small to
permit construction of the technological pro-
files introduced in chapter 20, it is clear
that the lithic reduction strategy was heavily
weighted toward repair, not primary manu-
facture. It was also possible occasionally to
match stone types between debitage and ar-
tifacts, demonstrating the repair of several
projectile points and the single uniface. The
Triple T bases suggest that broken points were
being replaced, presumably onto the shafts
of spears or darts. This activity appears to
have been restricted to the area near Hearth
C, in the most protected portion of the site.
The distinctive brown chert scraper is of

interest not only because resharpening flakes
were found, but also because of the evidence
ofsoft-use scraping after the removal ofthose
flakes. The evidence, moreover, suggests that
working of artiodactyl hides may have oc-
curred during the occupation of Horizon 14.
There is also a slight tendency for distinc-

tive raw materials to cluster near each hearth.
This could suggest at least two periods ofusage
or, perhaps less likely, that two flintknappers
were operating simultaneously at different
hearths.
The larger bone fragments (almost exclu-

sively artiodactyl) are concentrated just out-
side the dripline. The finished bifacial knife
found in this concentration suggests an area
ofdismemberment and discard oflow utility
bone. If the kill-butchering model (fig. 1 98c)
holds, then it seems that a couple of bighorn
sheep were field-butchered at Gatecliff for
transport elsewhere. The discarded scraper
might further suggest that the hide was pre-
pared, at least in preliminary fashion, before
it too was transported. In both cases, prelim-
inary field butchering occurred outside the
shelter area proper, away from the hearths
and the area of tool repair.
A few fragments of Pinus monophylla cone

scales (table 30) were found beneath a keeled
metate, near the rear ofthe shelter. Although
this evidence could, perhaps, be taken to es-
tablish pifion processing on Horizon 14, the
association is weak.

Because the metate was stained with red
ocher, a stronger case can be made for its use
in the preparation of face or wall pigments.
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FIG. 226. Spatial distribution map for Horizon 14.

This pigment stain was analyzed by X-ray
diffraction and found to contain gypsum, with
traces of background calcite (table 80), and a

piece ofred ocher from Horizon 14 was found
to contain aragonite and a trace of hematite.
Analysis of Gatecliff wall art shows that sev-
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FIG. 226. Continued.

eral of the elements have a similar compo-
sition, but it cannot be categorically estab-
lished that the Horizon 14 pigments match

the wall art. The finding of a single incised
stone-what T. Thomas calls "portable rock
art" (chap. 17)-also seems to support the
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FIG. 227. Spatial distribution map for Horizon 13.

notion of rock art preparation on Horizon
14, but we will not push the point.
MOST PROBABLE INTERPRETATION: Hori-

zon 14 is a very fine-grained Clipper Gap

assemblage, probably reflecting multiple oc-
cupations by all-male hunting parties. The
primary activity was short-term bighorn pro-
curement, field butchering, and transport of
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FIG. 227. Continued.

relatively high utility cuts. Fragmentation ra- weapons, and very limited primary stone tool
tios suggest a low degree of on-site bone pro- manufacture. On-site hide processing is in-
cessing. dicated by a resharpened soft-use scraper. Red

Secondary activities included the repair of ocher was probably prepared on a keeled
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metate. The evidence for pifion processing
on Horizon 14 is extremely questionable.
The refuse disposal pattern indicates that

lithic repair occurred near the hearths, by-
products being deposited where created.
Butchering probably occurred outside the
shelter, where low utility items and the oc-
casional processing artifacts were deposited.
These artiodacytyl bone fragments may,
perhaps, represent a refuse toss zone.

HORIZON 13 (3150 B.C.-3050 B.C.)
Horizon 13 is a briefly occupied surface

atop the silt matrix of Stratum 21. It is pos-
sible to distinguish in cross section two strati-
graphically distinct lenses within Horizon 13,
but these minute distinctions were impossi-
ble for the excavators to follow with accuracy.
We are thus forced to lump these two inter-
vals into a single analytical event. No radio-
carbon determinations are available from this
living surface, but the stratigraphic super-
positions suggest that Horizon 13 was ex-
posed for no more than a century.
The cultural remains consist of roughout

fragments, a projectile point tip, edge-bat-
tered cobbles, and nearly 1000 flakes, asso-
ciated in places with artiodactyl bone con-
centrations (see fig. 227).
TOPOGRAPHY: The occupational debris is

generally very thin, although in places reach-
ing a thickness of 15 cm. The western portion
of the living floor is almost flat, but the east-
ern portion slopes up approximately 50 cm.
toward the cave wall.

FEATURES: Two distinct hearths were pres-
ent on Horizon 13. Hearth A is located ap-
proximately 1 m. east of the western margin
of the floor. A rock semicircle defined the
firepit, which was approximately 50 cm. in
diameter and contained abundant pinon and
Artemisia charcoal. Surrounding the center
of this hearth was a large oxidized area ap-
proximately 150 cm. in diameter.
Hearth B occurred approximately 4 m. to

the east of Hearth A. A pit was dug into the
silt of Stratum 21, and the depression con-
tained pifion charcoal and ash, surrounded
by a red oxidized silt. A small layer of oxi-
dized silt was also present about 1 m. east of
Hearth B; flotation revealed only a single ju-
niper seed.

ARTIFACTS: The artifact inventory of Ho-
rizon 13 is sparse, virtually all of it clustered
around Hearth A. The chipped stone artifacts

and debitage are manufactured from a dis-
tinctive green silicified rhyolite, available lo-
cally. It is possible that all lithics derived
from a single cobble or core.
The small sample makes it impossible to

construct a lithic reduction curve, but Ho-
rizon 13 is clearly weighted toward quarrying.
There is no evidence of the manufacturing of
finished products. Over 800 green rhyolite
flakes were found near Hearth A, and the
average flake size is 0.56 grams (a rather large
figure). Three green rhyolite roughouts were
found tightly associated with Hearth A and
the dense chippage concentration (fig. 227).
One of these roughouts (20.3/9625) is com-
plete, apparently deliberately rejected. A sec-
ond roughout (20.3/9623, 9627) was broken
during manufacture, and both halves were
discarded together (fig. 86). A tip, perhaps
from a projectile point, was also found on
Horizon 13. Two edge-battered cobbles were
found immediately to the east of Hearth A;
these may have been fabricating tools in-
volved in the lithic reduction noted above.

Pieces ofred ocher were also found on Ho-
rizon 13. X-ray diffraction revealed that one
was probably composed ofaragonite, a rather
rare pigment type (table 80).
ECOFACTS: Only 24 artiodactyl bones were

present on Horizon 13; the proportional dis-
tribution of these bones is plotted on figure
198. None of the bone fragments could be
identified, although they probably are big-
horn. Only 45 microfaunal elements were
found, mostly lagomorph and squirrel bones.
Flotation analysis from Horizon 13 revealed
relatively little except charcoal.

Virtually all the artiodactyl bones were
found outside the dripline of Gatecliff Shel-
ter; microfauna was scattered about inside
the shelter proper.

DISCUSSION: Despite the small artifact in-
ventory, the evidence from Horizon 13 seems
relatively clear-cut. It is obvious that about
3100 B.C. ± 500 years, a very few people-
perhaps a single individual-visited Gate-
cliff, prepared a rock-encircled hearth, built
a fire ofpi-non pine (probably) and sagebrush,
and proceeded to reduce one or more green
rhyolite cores. Three roughouts were dis-
carded, together with about 800 flakes. Two
ad hoc hammerstones were also discarded
nearby. This area of primary lithic reduction
was situated on the western margin of the
shelter. and the hearth was built almost di-
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rectly at the dripline. The distribution of de-
bitage further suggests that the flintknapper
sat on the western side of the hearth.
No artifacts or chippage were associated

with Hearth B on the eastern side of Horizon
13. We know from stratigraphic evidence that
at least two microstratigraphic lenses were
present in Horizon 13, and it is tempting to
ascribe each hearth to a different occupation.
We can say nothing about Hearth B, except
that the fire was made from both pinion and
juniper wood.

There is further evidence that parts of at
least one artiodactyl (probably a bighorn) were
discarded on Horizon 13. Although the pro-
portionate distribution ofthese bones is con-
sistent with a reverse utility strategy (chap.
18), the small sample precludes detailed eval-
uation. It is certainly possible that these bones
were deposited by natural processes, but the
distinctive distribution outside the dripline
argues for a cultural mode of deposition.
MOST PROBABLE INTERPRETATION: Hori-

zon 13 is a very fine-grained assemblage, re-
flecting multiple usage by an all-male task
group. The primary activity was tool fabri-
cation, the quarrying and reduction of locally
available green rhyolite cores and cobbles.
Most flintknapping occurred near Hearth A,
and there is no sign of finished artifact repair.
The secondary activity on Horizon 13 is pro-
curement and butchering of artiodactyls,
probably bighorn sheep. The refuse disposal
pattern involves discard of debitage and oth-
er lithic byproducts where they were pro-
duced, in a butterfly-shaped distribution
around Hearth A. Artiodactyl bones occur in
a toss zone outside the shelter dripline.

HORIZON 12 (3050 B.C.-2300 B.C.)
Horizon 12 is a relatively sparse cultural

occupation on top of the silt and clay matrix
of Stratum 20. Three radiocarbon dates are
available from Hearth C, at the rear of Ho-
rizon 12: 3050 B.C. ± 80 (UCLA-1926E),
3250 B.C. ± 120 (UCLA-1926A), and 3300
B.C. ± 120 (UCLA- 1926C). The combined
stratigraphic evidence suggests that the sur-
face of Horizon 12 was exposed for approx-
imately 700 years, but the radiocarbon dates
indicate that the actual occupation occurred
toward the beginning of this interval (table
3).
Five Humboldt Concave Base points were

recovered from the surface ofHorizon 12 (fig.
83g-k). This surface also contained obsidian
nubbins, a projectile point preform, fine per-
cussion blanks, a cobble hammerstone, a
point tip, and a piece of percussion scrap (see
fig. 228).
TOPOGRAPHY: The occupational debris of

Horizon 12 was embedded in a sand and rub-
ble matrix, which varied locally in thickness
from 40 to 70 cm. Horizon 12 actually con-
sists of at least two discrete occupational sur-
faces, separated in places by a thin ponded
silt lens. Although excavators could separate
these occupations in some areas, it was im-
possible to excavate the two subhorizons as
separate units throughout the site, and we are
forced to lump these two occupations for pur-
poses of analysis.
The western part of the surface is nearly

flat, but the eastern half of the floor slopes
steeply upward into a niche in the dolomite
bedrock. The total relief is about 80 cm. This
steeply sloping eastern portion is littered with
chert and dolomite roof fall.

FEATURES: Four distinct hearths can be
identified in Horizon 12 (see fig. 228). Hearth
A consists of two superimposed burnt areas.
The lower zone (not shown in the living floor
map) consists of an area of red oxidized silt,
roughly 2 m. in diameter, with charcoal scat-
tered throughout; the pit is about 10 cm. deep.
Near the center ofthis zone is a second hearth,
only 75 cm. in diameter (fig. 228). A flotation
sample from this hearth yielded pi-non char-
coal, juniper and Chenopodium seeds, plus
various pinion cone parts, bone, and chip-
page.
Hearth B, approximately 2.5 m. to the

southeast, consists of a charcoal concentra-
tion and red-stained silt, surrounded by a
fairly distinct rock circle. The hearth appears
to have been deliberately excavated into the
silt clay of Stratum 20. A flotation sample
from this hearth contained only pifion char-
coal and some small snails; a second sample,
taken 60 cm. to the south, revealed pifion
and sagebrush charcoal, a Chenopodium
atrovirens seed, pifnon cone scales, and more
snails.
Hearth C occurs on the extreme northern

extension of the living floor, adjacent to the
cave wall. All three radiocarbon samples
(UCLA-1826A, C and E) came from this
hearth as it was exposed in the Master Profile
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(see fig. 65). The feature is little more than
an area of sheet burning, and no deliberate
pit was found. Flotation revealed seeds of
Chenopodium atrovirens and pifion.

Hearth D is situated on the eastern margin
of Horizon 12. The nondescript burnt area
contained pifion and sagebrush charcoal, a

juniper seed, bone, and snail shells.
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ARTIFACTS: Two major artifact concentra-
tions occurred on Horizon 12, the most ob-
vious in association with Hearth A. Nearly
1300 flakes were found on this floor and a

fairly distinct chippage scatter occurred in-
side the dripline in this area. The average
flake size for Horizon 12 is 0.36 grams, sug-
gesting that primary reduction took place here.
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Immediately to the south of the chippage
concentration is a scatter ofartiodactyl bones,
discussed below.
The western concentration contained four

Humboldt Concave Base points (two broken
in manufacture), one complete and one bro-
ken limestone hammerstone, two obsidian
nodules, a fine percussion blank, a scraper,
and two obsidian nubbins. Source analysis
indicates that obsidian on Horizon 12 de-
rived exclusively from the Box Spring source
on the Monitor Valley floor, about 8 km. east
of Gatecliff (chap. 19). This obsidian is dis-
tinctive, and visual analysis can generally
separate Box Spring obsidian from the rest.
Roughly two-thirds of these flakes are pri-
mary and secondary decortication flakes.

It seems clear that small Box Spring nod-
ules were being processed in the vicinity
of Hearth A on Horizon 12. Further, it is
likely that we have evidence for the total re-
duction sequence in the manufacture of
Humboldt Concave Base points. Two Hum-
boldt points in this concentration (20.3/7467
and 20.3/7466) are manufactured of Box
Spring obsidian. Both are basal fragments
broken in the process of manufacture and
neither shows any evidence of edge attrition.
It is interesting to note, moreover, that the
fine percussion blank (20.3/9615) found be-
tween Hearths A and B is made of chert, but
no chippage of similar material occurred in
this area. Two nubbins are manufactured of
small Box Spring obsidian cobbles; both show
extensive nibbling, probably resulting from
scraping, but we could not determine the na-
ture of the medium.
An artifact scatter also occurred on the

eastern half of the site, in rough association
with Hearths B and D. A complete, unworn,
white chert Humboldt Concave Base projec-
tile point (20.3/7480) was found just north
of Hearth B, as was a fine percussion blank.
A backed blade was found near Hearth D,
the edges of which show moderate nicking
and medial blunting; this artifact appears to
have been resharpened after use. The end is
perversely fractured, perhaps broken during
resharpening.
The most interesting artifact in the eastern

concentration is a Box Spring obsidian pre-

form, probably an early manufacturing stage
for a Humboldt point (fig. 85i).
ECOFACTS: Nearly 200 artiodactyl bone

fragments were recovered from Horizon 12
(table 71). All the identifiable bone was Ovis
(table 22), and only one individual seems to
be represented. With the exception of a very
few cranial, rib, vertebra, and mandible
fragments, most of the Ovis remains are dis-
carded foot bones. The proportional Ovis dis-
tribution corresponds to the reverse utility,
kill-butchering model presented in chapter
18 (fig. 189), but the sample size is very small.
Only 291 small mammal bones were re-

covered. The relative frequency of squirrels
is slightly higher than in the underlying ho-
rizons (chap. 6). The lagomorphs were almost
all (95%) cottontails, a trend which continues
for later horizons as well (table 80).
The distribution of faunal remains paral-

lels that already noted for the other basal ho-
rizons: Almost all small mammal bones were
near the rear of the shelter, whereas the Ovis
bones tend to be outside the dripline (fig. 228).

DISCUSSION: The most striking human ac-
tivity on Horizon 12 was the primary man-
ufacture of Humboldt Concave Base points.
A number of unmodified Box Spring obsid-
ian nodules were present, as well as a pre-
form, broken Humboldt points, and two un-
broken points. A high proportion ofobsidian
decortication flakes documents quarrying of
the local Box Spring obsidian, and the rela-
tively large average flake size further supports
this contention.
Box Spring obsidian occurs as small nod-

ules, rarely exceeding 4 cm. in maximum di-
mension. This obsidian is relatively free of
imperfections, but the small size restricts the
size range of the end product. Close exami-
nation ofthe obsidian debitage from Horizon
12 suggests that the nodules were simply bat-
tered down into a number of pieces. These
flakes and pieces of core spall were poorly
shaped, indicating little in the way of system-
atic flintknapping. Apparently flakes of ap-
proximately suitable size were then selected
for further reduction. In this way, the "rough-
out" stage was probably bypassed, the se-
quence apparently moving from flake directly
to preform.
The final stage of manufacture is evident
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in the basal fragments of two Humboldt se-
ries points found in association with Hearth
A. Both points were made of Box Spring ob-
sidian, and both were broken during manu-
facture (fig. 83).

This simple reduction sequence seems suf-
ficient to explain the rather small size of the
Humboldt Concave Base points encountered
in Horizon 12. Small size, at least in the ob-
sidian specimens, results directly from the
size ofpotential raw materials. The three chert
Humboldt points from this same floor were
also fairly small, but we cannot determine
whether or not the source dictated the size in
this case.
The Ovis bones from Horizon 12 were re-

covered at the entrance ofthe shelter, outside
the dripline. Flintknapping occurred inside
the sheltered portion of the site.

Indicators of seasonality are difficult to in-
terpret. The frequency of squirrel bones is

somewhat higher than in the older horizons,
hinting at an occupation sometime between
February and October. The presence of both
summer ripening seeds and piiion cone parts
could support this estimate. That is, one could
make a case for a summer-fall occupation,
but that case would hardly be compelling.
MOST PROBABLE INTERPRETATION: Hori-

zon 12 is a very fine-grained assemblage re-
sulting from multiple usage by an all-male
task group. The primary activity was weapon
fabrication, the manufacture of Humboldt
Concave Base points from locally available
Box Spring obsidian. The secondary activity
was the procurement, butchering, and prob-
able transport of bighorn sheep. The refuse
disposal pattern indicates that weapon fab-
rication occurred primarily around Hearth A;
byproducts and fabricators were discarded
where they fell. The artiodactyl bones were
discarded in a toss zone outside the dripline.
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CHAPTER 22. MICRO-SETTLEMENT STRUCTURE DURING
THE EARLY NEOGLACIAL PERIOD (2500 B.C.-1250 B. C.)

This chapter discusses the intra-site and
activity structures at Gatecliff Shelter during
the Early Neoglacial period. "Neoglacial" in
this case refers to the interval dating from
2500 B.C. to the present. "Early Neoglacial"
is arbitrarily defined as from 2500 B.C. to
1250 B.C.'

INTRA-SITE PATTERNING

Gatecliff Shelter contains five archaeolog-
ical horizons from the Early Neoglacial pe-
riod. The three earliest living surfaces (Ho-
rizons 9, 10, and 11) belong to the Devils
Gate phase. Horizon 8 is a transitional Devils
Gate/Reveille horizon. Horizon 7 is a pure
Reveille phase component.

Early Neoglacial horizons are sufficiently
fine-grained to preserve intra-site patterning
(see chap. 20 and figs. 225-228). These living
surfaces were separated one from another by
extremely dense caps of calcareous silts or
debris flow rubble, varying in thickness from
29 cm. to 1.3 m. The physical stratigraphy
totally buried the stratigraphically lower liv-
ing surfaces; intra-site patterning is thus
seemingly independent of events occurring
on earlier horizons.
The internal structure of Gatecliff Shelter

changes somewhat between Middle Holo-
cene and Early Neoglacial times. Three fac-
tors seem particularly important in changing
the behavioral patterning: modifications in
the absolute size of Gatecliff Shelter, differ-
ences in the size sorting evident on given ho-
rizons, and the parameters conditioning the
hearth positioning strategies.

I The Neoglacial period, as used here, corresponds to
the global Neoglacial resurgence (e.g., Mercer, 1967;
Denten and Karlen, 1973, fig. 1; Currey and James, 1982).
Roughly correlative terms are the "Medithermal age" of
Antevs (1948, 1955), the Neoglacial, Neolacustral, Neo-
pluvial local hydrogeomorphic regimes of Currey and
James (1982, table 6), and Davis's (1982) continuum
from Late Mid-Holocene through Late Late Holocene;
note that Davis's Mid-Holocene spans a somewhat dif-
ferent period from that adopted here.

CHANGING CONFIGURATION OF
GATECLIFF SHELTER

The dripline remained constant at Gatecliff
Shelter. But because of the irregular profile
of the rear wall of Gatecliff, and because of
the 10 m. of sediment buildup over 7000
years, both the absolute size and shape of the
enclosed area have changed markedly through
time. Table 86 presents estimates of the
changing size of Gatecliff Shelter, measured
as (a) the rear wall to dripline distance (at the
dripline) and (b) the enclosed area. These two
measures are highly correlated (r = .892); fig-
ure 229 displays this relationship in terms of
enclosed area.

SIZE SORTING
The exogene cave refuse model (chap. 20)

clearly anticipates the Middle Holocene dis-
tributions of artifacts, debitage, and bone at
Gatecliff Shelter. Size sorting of debris is an
important component of this model, and the
relatively fine grain size of the Early Neogla-
cial horizons allows one to examine this mod-
el under somewhat different conditions.

Figures 230 and 231 document the size-
sorting effect during the Early Neoglacial pe-
riod. The mean artifact size inside the hearth-
line (70.6 grams) is significantly smaller than
that for artifacts found in either the hearth
or outside areas (table 87). Artifacts in the
hearth zone (mean size = 407.1 grams) are
larger than those in the outside area (mean
size = 300.4 grams).

In other words, during Early Neoglacial
times, the largest artifacts are deposited be-
tween the hearthline and the dripline at Gate-
cliff Shelter. Artifacts deposited outside the
dripline are somewhat smaller; artifacts de-
posited inside the hearthline are much small-
er.

Debitage distribution follows a similar pat-
tern. The largest flakes on the Early Neogla-
cial floors occur between the hearthline and
dripline (mean size = 0.464 grams). Flakes
deposited outside the driplines are slightly
smaller (mean size = 0.357 grams), whereas
debitage found near the rear wall of Gatecliff
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is much smaller, with a mean size of 0.214
grams.2

Early Neoglacial debris at Gatecliff Shelter
is thus tightly size sorted, but rather differ-
ently from the earlier horizons. Middle Ho-
locene debris is sorted in simple linear fash-
ion-smaller debris was deposited at the rear
ofthe site, and the larger pieces occurred out-
side the dripline. During Early Neoglacial
times, however, the larger debris accumulat-
ed inside the shelter, between the hearthline
and the dripline. As during Middle Holocene
times, debris at the rear of the site is quite
small; but unlike the earlier pattern, Early
Neoglacial debris deposited outside the drip-
line is also rather small.

HEARTH POSITIONING

Size sorting obviously influences the nature
of intra-site patterning at a site such as Gate-
cliff Shelter. Yet despite the size differentials
involved, Early Neoglacial horizons generally
conform to the exogene cave discard model
(chap. 20). As noted earlier, the shape of
Gatecliff Shelter changed rather markedly
since the Middle Holocene period (table 86,
fig. 229). As it turns out, variability in the
size and shape of Gatecliff Shelter provides
quasi-experimental conditions; although
some variables change, others remain con-
stant. This fortuitous circumstance allows us
to examine the dynamics behind the intra-
site configuration.
The 36 hearths on Horizons 7-14 at Gate-

cliffShelter are positioned in a fairly constant
pattern across these independent floors. Al-
most without exception, the hearths on a giv-
en floor occur a meter or two inside the drip-
line, but several meters from the rear wall;
this narrow band has been termed the hearth-
line.
But the distance between the rear wall and

the dripline of Gatecliff Shelter has changed
through time (table 86). Early in the occu-
pational history of the site, the enclosed area
was only about 36 sq. m. Gatecliff Shelter
expanded throughout the Early Neoglacial
period, ultimately reaching a maximum en-

2 The Horizon 10 and 11 samples appear to be slight
exceptions to this trend, but the samples are so small
that these results are suspect.
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FIG. 229. Changes in the size ofGatecliffShel-
ter through time.

closed area of 72 sq. m. during Horizon 7
times.
Given these two factors, one can explore

the conditions most responsible for hearth
positioning. Are hearths positioned relative
to the dripline, relative to the rear wall, or
perhaps relative to a third conditioning fac-
tor?
The quantitative data on hearth distribu-

tion are presented on figures 234-238, and
summarized on table 88. As in chapter 21,
the distance of a given hearth from the drip-
line and from the rear wall has been measured
along a magnetic north-south axis. Hearths
located outside the dripline were scored as
negative values.
RELATIONSHIP OF HEARTH POSITION TO

DRIPLINE: All but two of the 36 hearths in
the Middle Holocene/Early Neoglacial sam-
ple create a distinctive hearthline located in-
side the dripline, roughly parallel to the en-
trance ofGatecliff Shelter. These early hearths
were established an average of 213.1 cm. in-
side the dripline. But table 88 shows that there
is considerable variability in the hearth/drip-
line relationship. The hearths on Horizon 15,
for instance, were an average of only 92 cm.
inside the dripline; but on Horizon 7, the
hearths were found an average of 346 cm.
inside the dripline.

Late Neoglacial Early Neoglacial Middle Holocene
4

100-

90-

80-
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FIG. 230. The size sorting effect for Early Neo-
glacial artifacts at Gatecliff Shelter. Note that ver-
tical scale (size) is plotted on a logarithmic scale.

Because dripline position is a constant,
the changing hearthline to dripline distance
suggests that the hearth position strategy is
conditioned by other factors. Figure 232 plots
the bivariate relationship between the size of
the enclosed area at Gatecliff Shelter (X-axis)
against the hearthline-dripline distance (Y-
axis). This relationship is a positive linear
function, with a very high degree of corre-
lation (r = 0.822).
Simply stated, as GatecliffShelter becomes

larger, the hearths move farther inside in a
linear and predictable pattern. The absolute
location of the dripline is thus not a factor in
determining hearth position.
RELATIONSHIP OF HEARTH POSITION TO THE

REAR WALL: Since the dripline appears not
to determine hearth positioning, perhaps that
location is conditioned by the distance to the
rear wall. The mean distance of these 36
hearths from the rear wall is almost exactly
4 m. (table 88), suggesting that this distance
may be a causal positioning factor in the in-
tra-spatial configuration. To test this possi-
bility, a second bivariate plot (fig. 233) arrays
absolute cave area (X-axis) against the
hearthline-rear wall distance (Y-axis). Note
that the slope of the line is nearly horizontal

FIG. 231. The size sorting effect for Early Neo-
glacial debitage at Gatecliff Shelter.

in this scattergram and the correlation ap-
proaches zero (r = 0.098). This means that
the hearth position relative to the rear wall
is not strongly or directly related to the size
of Gatecliff Shelter.

TABLE 86
The Changing Size of Gatecliff Shelter

Rear Wall-
Dripline Enclosed

Horizon Distance (cm.) Area (sq. m.)

1 700a 26b
2 740 52
3 750 56
4 780 60
5 780 65
6 780 65
7 760 72
8 680 52
9 680 48
10 630 40
11 560 36
12 550 42
13 580 44
14 500 38
15 500 30
16 450 26

a Measured along the midline.
bReduction in size due to massive chert roof fall.
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TABLE 87
The Size-sorting Effect on Early Neoglacial Horizons at Gatecliff Shelter

Interiora Driplineb Outsidec

X s X s X S
(grams) (grams) n (grams) (grams) n (grams) (grams) n

Horizon 7
Artifacts 99.7 732.29 99 51.3 97.7 109 48.9 124.85 16
Debitage 0.22 - 21,357 0.57 - 10,556 0.39 - 15,218

Horizon 8
Artifacts 18.3 94.86 58 609.6 1724.2 173 707.5 1677.9 10
Debitage 0.14 - 3975 0.28 - 5847 0.31 - 10,695

Horizon 9
Artifacts 87.1 165.2 25 210.1 514.2 54 250.7 297.2 7
Debitage 0.14 - 1834 0.11 - 97 - -

Horizon 10
Artifacts 6.1 2.49 3 - - - -

Debitage 0.20 - 174 0.02 - 20 0.11 - 37
Horizon 11

Artifacts 52.2 28.1 2 - - - -

Debitage 1.71 - 7 0.20 - 1 1.53 - 8

Grand total
Artifacts 70.6 540.11 187 407.1 1384.8 336 300.4 994 33
Debitage 0.214 - 27,347 0.464 - 16,521 0.357 - 25,958
a Defined as the area north (inside) of the mean hearthline.
b Defined as the area between the mean hearthline and the dripline.
c Defined as the area outside of the dripline.

Regardless of how the absolute size of the
shelter changes inside the dripline, hearths
were apparently constructed roughly 4 m.
from the rear wall-creating a heated, en-
closed area of relatively constant size.

DEBRIS DISPOSAL PATTERNS

DROP ZONE: The rear portion of Gatecliff
Shelter remains a drop zone, as during Mid-
dle Holocene times. The enclosed area de-
fined by the rear wall and the hearthline var-
ies in size from about 12 to 24 sq. m. Artifacts
and byproducts deposited in this enclosed area
are significantly smaller than those discarded
elsewhere in the site, and many of them ap-
pear to have been dropped where they were
used or produced. Although there is some
variability evident in the Early Neoglacial
horizons (discussed below), the general refuse
disposal pattern is consistent with the exo-
gene cave model (chap. 20).
Toss ZONE: The outer portion of the site

still functions as a zone of secondary refuse

disposal, an area ofdiscard for the more bulky
artifacts and debris.
But the location of the toss zone changes

between Middle Holocene and Early Neogla-
cial times. In Horizons 12 and below, the toss
zone occurs almost exclusively outside the
dripline. Beginning with Horizon 1 1, how-
ever, the toss zone begins at the hearthline
(including areas both inside and outside the
dripline). Part ofthe patterning appears to be
due to the increased size ofthe enclosed areas
within Gatecliff Shelter. But there are also
certain functional variations in the debris dis-
posal pattern, and these are best considered
on a horizon-by-horizon basis.

ACTIVITY ANALYSIS

Although these various floors exhibit a high
degree of size sorting and generally conform
to the exogene refuse disposal model, there
is also some degree of variability between the
floors. The following sections consider the
artifact and ecofact patterning in detail, in
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FIG. 232. Scattergram relating the size of the
enclosed area inside Gatecliff Shelter (X-axis) to
the mean hearthline-dripline distance (Y-axis).

the attempt to flesh out the various activity
patterns evident on each horizon.

HORIZON 11 (2300 B.C.-2150 B.C.)

Horizon 11 is an extremely fine-grained
cultural floor on top of the sterile silty sand
of Stratum 18. A single radiocarbon date is
available from this surface (UCLA-1895E:
2190 B.C. ± 70); the geological evidence sug-
gests that Horizon 11 was subaerially ex-
posed for less than 150 years (chap. 3).
TOPOGRAPHY: The cultural remains oc-

curred in a talus rubble matrix, varying in
thickness from about 5 cm. in the southern
zone to 35 cm. along the western margin. The
surface is relatively flat and contains several
desiccation cracks and large caliche filled root
casts.

FEATURES: Two burnt areas occur on this
floor, defining a hearthline 500 cm. from the
rear wall and about 175 cm. inside the drip-
line.
Hearth A, on the eastern margin of the

excavated area consists ofa small pit dug into
the underlying silt. The zone ofoxidation was
restricted to a 40 cm. diameter area, con-
taining very little charcoal. A single Cheno-

podium seed was recovered from the flotation
sample.
Hearth B occurs on the west of the site,

near the dripline. The occupational debris is
less than 1 cm. thick in this area. The hearth
consists of a large zone of brown and red
oxidized silt, overlying a light scattering of
pi-non charcoal, ash, and unidentifiable seeds.
There is also an apparently windblown

charcoal scatter near the rear of the shelter;
radiocarbon date UCLA- 1 895E was pro-
cessed from charcoal in this area.

INTERPRETATION: The only two artifacts re-
covered from Horizon 11 are two incised
stones, found in association near the rear of
the shelter (fig. 234). Only 16 flakes were
found on this surface. Several of these were
small pressure flakes found in the drop zone
area, as well as a few larger flakes scattered
across the surface (table 87). No identifiable
artiodactyl bones were found, and micro-
fauna consisted strictly of cottontail and
squirrel bones.

HORIZON 10 (2100 B.C.-1450 B.C.)

Horizon 10 is a spatially limited debris
scatter across the compact sand and silt layer

FIG. 233. Scattergram relating the size of the
enclosed area inside Gatecliff Shelter (X-axis) to
the mean distance of the hearthline from the rear
wall (Y-axis).
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TABLE 88
Hearth Locations at Gatecliff Shelter for Middle Holocene and Early Neoglacial Horizons

(Data derived from figs. 225-228, 234-238.)

Hearthline-Dripline Hearthline-Rear Wall
Distance (cm.) Distance (cm.)

Horizon X S n X S n

7 346 155.6 9 378 142.6 9
8 225 172.6 7 476 192.7 7
9 219 75.8 4 519 102.1 4
10 209 195.0 2 463 112.5 2
11 175 100.0 2 500 100.0 2
12 303 122.5 4 281 149.1 4
13 188 187.5 2 305 105.0 2
14 165 97.2 3 275 35.4 3
15 92 155.9 3 365 63.6 3

Grand total 213.1 70.7 36 395.8 90.8 36

of Stratum 14. Two radiocarbon dates are
available for this horizon: 2025 B.C. ± 65
(UCLA- 1 895D) and 2150 B.C. ± 65 (UCLA-
1895L). Although this surface was probably
subaerially exposed for about six centuries,
the human usage seems to have occurred
within a relatively brief interval.
TOPOGRAPHY: The debris scatter occurs on

a rather flat sterile surface, and nowhere is
the Horizon 10 debris piled thicker than 10
cm. The artifacts and midden are concen-
trated near the northwestern corner of the
site, overlapping the cave wall where a mas-
sive dolomite block juts out from beneath
the Gatecliff chert formation.

FEATURES: The two hearths of Horizon 10
loosely define a hearthline about 460 cm. from
the rear wall, roughly 2,1 0 cm. inside the drip-
line (table 88).

Hearth A is an area of dark oxidized silt,
rubble, and light-colored ash. Charcoal
chunks are virtually absent, and flotation
failed to recover any carbonized plant re-
mains. The fire pit was about 50 cm. in di-
ameter, the burnt silt and ash extending about
20 cm. in a semicircle to the north of the
hearth. Both radiocarbon samples derived
from this feature.
Hearth B is situated on the western margin

of the site. This feature consists mainly of a
mottled reddish brown silt zone; there was
no deliberate pit. A flotation sample taken
immediately to the south contained juniper
charcoal and a single juniper seed,

There was also a light but extensive area
of charcoal at the rear of the shelter, seem-
ingly a windblown deposit rather than an in-
tentional feature.

ARTIFACTS: Horizon 10 contained only four
artifacts, all of them discarded in the drop
zone. A rough percussion blank (20.3/9597)
was found near the rear of the shelter, asso-
ciated with several flakes (apparently re-
moved by a soft hammer) of the same dis-
tinctive material.
A number of tiny pressure flakes, made of

bright red chert, also occurred in this area,
accompanied by a fine percussion blank
(20.3/7106) of the same material. The mi-
croflakes had almost certainly been removed
from this piece-or at least from the same
core-but the biface was too badly frag-
mented to indicate the nature of the final
product.
The base of a finely flaked Humboldt Con-

cave Base point (20.3/7476) occurred not far
from the above artifacts; all three chipped
stone artifacts showed similar perverse frac-
tures, suggesting breakage during manufac-
ture.
A single incised stone (20.3/9599) was also

found on Horizon 10.
A total of 231 flakes was recovered on this

floor. The average flake size is 0.17 grams.
ECOFACTS: Only 101 artiodactyl bone frag-

ments occurred on Horizon 10, and none of
these could be identified to species. The shaft
splinter/end ratio is rather high, indicating
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FIG. 234. Spatial distribution map for Horizon 11.

that these bones were relatively badly frag-
mented (probably from pre-depositional
rather than post-depositional factors). The

235 microfaunal elements contain a relative-
ly low proportion of lagomorphs.
MOST PROBABLE INTERPRETATION: Hori-
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FIG. 234. Continued.

zon 10 is an extremely fine-grained compo-
nent seemingly resulting from an all-male
Devils Gate phase task group. The primary

activity was the fabrication of chipped stone
weapons and general utility tools.
The lithic byproducts were generally de-
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FIG. 235. Spatial distribution map for Horizon 10.

posited as primary refuse in a distinct drop
zone. Artiodactyl long bones were generally
small and scattered across the floor, with a

slight concentration noted near Hearth A. No
bones were recovered outside the dripline.

HORIZON 9 (1450 B.C.-1350 B.C.)

Horizon 9 is a Devils Gate phase mani-
festation, deposited on top of the sterile Stra-
tum 12 silt. Three statistically identical ra-
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FIG. 235. Continued.

diocarbon dates are available from this
horizon: 1365 B.C. ± 65 (UCLA-1926D),
1390 B.C. ± 80 (UCLA-1895K), and 1425
B.C. ± 80 (UCLA-1895H). These dates seem
to pinpoint the period of usage within a cou-
ple of decades of 1400 B.C.; the surface was

subaerially exposed for less than a century
(chap. 3).
At least three episodes ofhuman usage are

evident on Horizon 9, separated in places by
a thin silt lens. It was not possible consis-
tently to separate these micro-surfaces during
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FIG. 236. Spatial distribution map for Horizon 9.

excavation, so Horizon 9 must be considered
as a single analytical event.
A rather large archaeological assemblage

was scattered across Horizon 9, including 15

Gatecliff series projectile points, one Hum-
boldt point, two point preforms, several pro-

duction stage blanks, two finished bifacial
knives, four unifaces, two large scraper planes,
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two incised stones, a core, and several bone
artifacts. Particularly striking is the concen-
tration of over two dozen grinding stones,
hammerstones, and edge-battered cobbles.
Horizon 9 is characterized by a relatively

"heavy" assemblage, reflected in the large
mean artifact sizes on table 87.
TOPOGRAPHY: The Horizon 9 surface var-

ies in thickness from 1 to 25 cm., cultural
debris occurring in abundance both inside
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and outside the dripline (fig. 236). The to-
pography of this surface is relatively flat, and
distinctive polygonal desiccation cracks oc-
cur along the eastern margin of the site (fig.
10).
FEATURES: The four hearths of Horizon 9

define a mean hearthline about 520 cm. from
the rear wall of the cave, roughly 220 cm.
inside the dripline.
Hearth A is a small zone of oxidized red

silt and fine gravel approximately 40 cm. in
diameter. The burnt and discolored area is
less than 10 cm. deep, and does not appear
to have been scooped out. Flotation samples
from this hearth were not processed due to
obvious contamination by recent woodrat
midden.
Hearth B, immediately to the west of

Hearth A, consists of a well-defined fire pit,
70 cm. in diameter and 25 cm. deep (fig. 236).
The hearth was filled with fire-fractured rock,
pinion and sagebrush charcoal, and ash. A
dark brown burnt stain occurred in an oval
pattern on the northern margin ofthe hearth,
extending 50 cm. to the north. The flotation
sample contained Gramineae and juniper
seeds.
The entire rear portion of the shelter is

blanketed with a mantle of pinion and sage-
brush charcoal, ash, and midden. This area
is denoted as Hearth C, even though a dis-
tinctive pit is lacking; the entire feature could
be a secondary windblown deposit. Interest-
ingly, Hearth C is one ofthe very few Middle
Holocene/Early Neoglacial hearths located
near the rear wall, further suggesting that this
may be a post-depositional feature.
Radiocarbon date UCLA-1926D was ob-

tained from Hearth C. A single Chenopodium
seed was recovered from the fill by flotation.
A complex feature at the midline is termed

Hearth D. Part of this feature is 1 m. in di-
ameter, 30 cm. deep, and contains primarily
ash, with juniper charcoal also present. Little
charcoal occurred in this pit-perhaps be-
cause juniper oxidizes much more readily
than does either pinion or sagebrush.
The other part of Hearth D occurs im-

mediately to the southwest, consisting of a
circular depression 60 cm. in diameter and
30 cm. deep (fig. 236). At the bottom of this
feature is an oxidized silt lens 2 cm. thick. A
heavy charcoal concentration 3-5 cm. thick

overlies the burnt silt, and the remainder of
the hearth is filled with charcoal chunks and
ash. The margins ofthe hearth are somewhat
obscure, but the top of the hearth seems to
rest slightly below Horizon 9 per se. It seems
that part ofHearth D was excavated and filled,
then subsequently covered with silt up to 6
cm. in places.

Hearth D is further complicated by the
presence of a third burnt area, slightly above
the floor of Horizon 9. This area consists of
an oxidized silt stain 1 m. in diameter, with
a small 50 cm. diameter hearth depression
scooped out in the middle; this pit contained
only juniper charcoal.
Hearth D thus consists of at least three

subfeatures, clustered together and contain-
ing only juniper charcoal. A thin scatter of
mixed piiion-juniper charcoal also occurs
throughout the general area of Hearth D, but
this scatter probably derives from one or more
of the hearth features nearby.
Radiocarbon dates UCLA-1895K and

UCLA- 1 895H were taken from Hearth D.
ARTIFACTS: Despite the apparent complex-

ity of Horizon 9, artifacts and cultural debris
cluster in rather distinct groupings. The drop
zone-roughly the rear 500 m. of the site-
contains about two dozen artifacts, with a
mean weight of 87.1 grams (table 87); al-
though this is a relatively large mean size for
Gatecliff in general, it is considerably smaller
than for the rest of Horizon 9. A mixed drop
zone/toss zone occurs in the immediate vi-
cinity of the hearthline, with over four dozen
artifacts averaging about 210 grams in size.
The toss zone per se-the area from the drip-
line outward-contains only seven artifacts
averaging 250 grams in size. Ninety percent
of the debitage occurs in the rear drop zone,
and the mean size is relatively small (0.14
grams); no debitage was recovered outside
the dripline (table 87). In addition to this
overall refuse patterning, a number ofsmaller
concentrations can be discerned on Hori-
zon 9.
The most striking such concentration is a

dense chippage scatter located between
Hearths A and B. Literally hundreds of mi-
croflakes occur here, with both primary and
secondary decortication flakes virtually ab-
sent. At least three kinds of chert are present,
as well as basalt, obsidian, and quartzite.
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Also found in this area were several Gate-
cliff Split Stem projectile points (20.3/7334,
20.3/6652, and 20.3/7335). A number of
production stage bifaces had been discarded
nearby; one ofthese is a broken pressure flaked
blank made ofthe same distinctive pink chert
as many ofthe microflakes found nearby. This
area was almost certainly a drop zone con-
taining primary discards from general utility
tool/weapon fabrication.
A second debitage concentration occurred

2 m. to the north of Hearths A and B, con-
taining dozens of extremely large limestone
and sandstone percussion flakes. Many of
these flakes have distinct bulbs ofpercussion,
and previous flake scars are common on the
dorsal surfaces. Three large pieces of lime-
stone spall were also present, one of them
showing multiple flake removal from a large
striking platform. Several large hammer-
stones, a number of edge-battered cobbles,
and a limestone block metate were also found
in this area.

This zone contains primary refuse and fab-
ricator discard from ground stone tool man-
ufacture. Although such primary discard is
to be expected in a drop zone context, the
extremely large size of the flakes and fabri-
cators contradicts the size sorting aspect of
the exogene cave model (chap. 20). In this
case, debris was apparently discarded where
it was produced, even though that debris was
quite bulky.
A number of additional artifacts occurred

along the drop zone/toss zone on the western
side of Horizon 9: several grinding stones,
projectile points, and a few production stage
bifaces. A second concentration ofabout 100
limestone and sandstone fabrication flakes
occurred nearby. These flakes averaged about
5 cm. in length, being much smaller than those
on the eastern half of the site. Ten pieces of
sandstone/limestone spall were also here,
probably byproducts from ground stone fab-
rication (or perhaps ad hoc preforms to be
ultimately manufactured into scraper planes).
The area outside the dripline contained only

a few large artifacts: scraper planes, a core,
and a production stage biface. No debitage
occurred here.

It is interesting to note that most of the
broken chipped stone tools (22 of 27 suffi-

ciently intact for analysis) were broken in
manufacture, as indicated by some form of
perverse fracture.

ECOFACTS: Despite a quantum increase in
the size and density of cultural debris, Ho-
rizon 9 does not show much of an increase
in faunal or floral remains. About 500 artio-
dactyl bones were recovered, roughly 60 per-
cent of these being shaft splinters (table 71);
10 of these could be identified as bighorn,
and a single antelope bone was also re-
covered. Although the small sample size pre-
cludes a viable assessment ofthe relative fau-
nal proportions, we sh6uld note that figure
199c is consistent with the kill-butchering
strategy, suggesting that most meat con-
sumption occurred elsewhere.
A total of 546 identifiable microfaunal ele-

ments were present (table 10). Squirrel fre-
quencies dropped significantly from earlier
horizons, a trend that continued throughout
the later Gatecliff horizons. Cottontail rabbit
is the only lagomorph present.
The faunal materials were apparently size

sorted, but the location ofactual discard zones
differed somewhat from the pattern on earlier
horizons in that 95 percent of the artiodactyl
and microfaunal elements occurred inside the
dripline ofHorizon 9. The larger bones form-
ing an apparent toss zone, a 2-m. band be-
tween the hearthline and the dripline. This
faunal discard area overlaps with the dense
chippage concentration on the eastern edge
of the site. Long bone fragments were vir-
tually absent in the drop zone at the rear of
the site.

DISCUSSION: Horizon 9 differs from early
horizons at Gatecliff in a number of ways.
Not only is there an obvious increase in ar-
tifact and feature density, but the material
culture embraces an increasing breadth ofon-
site activities.
Hunting continued in the Mill Canyon area,

and Gatecliff Shelter seems to have served as
a locus of primary dismemberment and pro-
cessing (as indicated by presence of soft-use
scrapers and finished bifacial knives).
But the density of artiodactyl bone does

not increase in proportion to tool and tool
byproducts. This would suggest a diversity in
on-site, near-site activities. The presence of
antelope as well as bighorn bone may also

1983 475



476 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY VOL. 59

suggest that multiple hunting episodes oc-
curred during Horizon 9 times (although one
cannot distinguish natural from cultural fau-
na with any degree of certainty).
Primary fabrication of chipped stone tools

clearly occurred on Horizon 9. The bifacial
technology profile (fig. 215) is statisticaly
identical with those from Horizons 8, 2, and
4. This profile indicates that although the en-
tire reduction sequence is represented, the
relative proportions are significantly skewed
toward final preparation and repair of fin-
ished products.
The diversity and distribution of lithic raw

materials also suggests that numerous flint-
knapping episodes occurred. Some of these
began with roughouts and cores, whereas oth-
ers seem to have involved only the repair of
already finished products.

Activity diversity is also evident from the
multiple usage of various artifact categories.
Microwear analysis (chap. 16) shows that
several of the Gatecliff Split Stem and all the
Gatecliff Contracting Stem points from Ho-
rizon 9 had significant edge blunting and pol-
ish. This edge attrition probably results from
use ofthese "projectile points" as light butch-
ering tools. Multiple functions can be ex-
pected ofhunting "gear" which is transported
in a a deliberately lightened tool kit (see Part
1 of this series).
A rather different pattern pertains for the

fabrication activities on Horizon 9. All the
rejected production stage bifaces from this
floor were examined for edge damage; in no
case was there such damage indicating that
these unfinished artifacts were used for any
utilitarian purpose. Apparently they were
discarded unused in the area ofprimary man-
ufacture.
Thus in one case, we see apparently curated

"gear," while at other times Horizon 9 was
the scene oflithic fabrication, the byproducts
being discarded wholesale. This evidence
suggests that Horizon 9 was positioned in at
least two different ways in the overall, re-
gional settlement network.

Other parts ofthe Horizon 9 archaeological
assemblage have a decidedly "heavy" char-
acter (table 87), particularly evident in the
large numbers ofgrinding stones, bulky lime-
stone/sandstone byproducts, scraper planes,

large hammerstones, and edge-battered cob-
bles. It is obvious that Horizon 9 functioned
as the locus of ground stone tool fabrication
(and perhaps also repair).

All the stages in ground stone fabrication
are present on Horizon 9: completed artifacts
(five whole block and wedge metates, plus
nearly a dozen utilized fragments), a stagger-
ing amount of ground stone "debitage," plus
a number of fabricating tools (large ham-
merstones and edge-battered cobbles).
While the discovery of ground stone fab-

rication is not particularly surprising-it had
to happen somewhere-there are some un-
usual elements in the Horizon 9 assemblage.
For one thing, the ground stone raw materials
are quite diverse, including welded tuff, lime-
stone, quartzite, and sandstone. All but sand-
stone occur in the immediate Gatecliff Shel-
ter/Mill Canyon vicinity.

But no sandstone has ever been found in
the Toquima Range (Edwin McKee, personal
commun.). The nearest source for sandstone
is probably the Toiyabe Range (to the west)
or the Monitor Range (to the east), and it is
possible that sandstone does not occur in these
ranges either. In other words, the nearest
sandstone quarry must be at least 15 km.
from Gatecliff Shelter; the unidentified quar-
ry may, in fact, be much farther away.

This is puzzling, since nearly 60 percent of
the Horizon 9 ground stones are made ofsuch
sandstone (table 58). One of these block me-
tates weighs over 15 kg.-roughly 70
pounds-and it is worked only slightly in the
center. This huge piece of sandstone was
transported over a distance of at least 15 km.,
but discarded after minimal usage.
Ground stone fabrication thus poses an

anomaly. Even more surprising is the abun-
dance ofnon-local sandstone debitage on Ho-
rizon 9. Unless some unknown sandstone
source is found near Gatecliff-an unlikely
event, given the geology of the Toquima
Range -Horizon 9 presents evidence for rel-
atively long distance transport of bulky
ground stone raw materials. Why was the raw
material not reduced prior to transport?
The difficulties of fabrication aside, the

presence of so many completed grinding stone
artifacts- 16 metates and two manos-like-
wise suggests the proximity of plant process-
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ing. Either plant processing occurred imme-
diately on-site, or these items of domestic
equipment were cached there for use not far
away.

This is the first firm evidence for plant pro-
cessing at Gatecliff Shelter. Only a single
grinding stone was found in the earlier ho-
rizons, and that Horizon 14 specimen was
probably used for grinding pigments rather
than (or perhaps in addition to) processing
plants.
The flotation evidence, however, does little

to establish the presence of plant processing.
Chenopodium seeds did occur in all the hearth
flotation samples. Pifion cone parts did not
occur in the hearths, yet they were not un-
common in the charcoal scatter at the rear of
the shelter. But the difficulty in interpreting
this information (chap. 20) means that the
mere presence of exploitable plant remains
is not compelling evidence for on-site plant
processing.

Items of personal adornment also make
their first appearance in the archaeological
record of Gatecliff on Horizon 9: bone and
shell beads, an unusual polished femur arti-
fact, and a complete paint palette. Several of
these items were stained with red ocher, al-
though ocher occurred on only one of the
grinding stones.3
Horizon 9 also marks the first appearance

at Gatecliff Shelter of evidence for long dis-
tance exchange. The Small Spire-lopped Oli-
vella biplicata bead clearly originated some-
where on the Pacific Coast, although the large
geographical range of occurrence for this
species makes it impossible for us to pinpoint
the locus of origin any more specifically.

Similarly, PIXE and X-ray fluorescence
analysis (chap. 19) indicate that Horizon 9
obsidian artifacts and debitage come pre-

3As emphasized in chapter 20, one must be extremely
cautious in interpreting the first appearance of new ar-
tifact categories such as grinding stones, ornaments, long
distance trade items, etc. The archaeological record at
Gatecliff Shelter is strongly conditioned by sample size:
assemblage diversity is closely correlated with sample
size. This fact alone means the relatively large sample
size of Horizon 9 would suggest the appearance of new
artifact categories. Although we need to explore the qual-
itative difference between horizons, the sample size effect
must be kept firmly in mind.

dominantly from the Queen source, located
in the Mono Basin, just east ofthe California-
Nevada border (ca. 180 km. southwest of
Gatecliff Shelter). There was no use of locally
available Box Spring source obsidian during
Horizon 9 times.

It is possible that Horizon 9 may have been
swept of debris. Charcoal was virtually ab-
sent from the center of the site, occurring
primarily as sheet deposits near the rear wall
(and, possibly, outside the dripline where it
was not preserved). Perhaps this patterning
is due to prevailing gusts of wind, but we
cannot discount the possibility of deliberate
sweeping (hence creating a secondary toss
zone at the rear of the site as well).
The question of Horizon 9 seasonality re-

mains totally unresolved (chap. 20). The
squirrel frequency is quite low, Chenopodium
seeds occur in all hearths, and pifion cone
parts occurred in the debris area at the rear
of the site. No pattern emerges and specu-
lation regarding seasonality is barren.
MOST PROBABLE INTERPRETATION: Hori-

zon 9 is a Devils Gate phase manifestation
of intermediate grain size, clearly resulting
from both male and female activities (though
not necessarily at the same time). Two pri-
mary activities are apparent. The first is the
fabrication of both chipped stone items
(weapons and general utility tools) and ground
stone artifacts (large block and slab metates,
as well as scraper planes). The abundant
ground stones, many of them heavily uti-
lized, also make it clear that plant processing
occurred either on-site or nearby in Mill Can-
yon.
A secondary activity is bighorn (and per-

haps antelope) procurement and preliminary
processing; hide processing may also have
taken place. The debris contains several items
of personal adornment, and some long dis-
tance exchange is indicated.
The refuse disposal pattern on Horizon 9

represents something of a departure in terms
ofintra-site patterning. Although the exogene
cave size sorting model (chap. 20) still holds,
the toss zone is somewhat less clearly defined
(perhaps because of the repeated occupation-
al episodes on Horizon 9). Most intentional
discard occurs inside the dripline, rather than
in a toss zone outside the cave. The greatest
change in spatial patterning is in the distri-
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FIG. 237. Spatial distribution map for Horizon 8.

bution of artiodactyl bones; fully 90 percent
of the Horizon 9 artiodactyl bone occurred
in a 2 m. band across the mouth of the site
(but inside the dripline).

HORIZON 8 (1350 B.C.-1300 B.C.)

Horizon 8 contains debris from very late
Devils Gate and very early Reveille times.
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Four somewhat conflicting radiocarbon dates
are available from Horizon 8: 945 B.C. ± 90
(QC-287), 1190 B.C. ± 90 (QC-288), 1605
B.C. ± 85 (UCLA-1895C), and 1710 B.C. +
55 (UCLA-18951). This dating problem has

been considered in chapter 3; it is clear from
the superpositions of Horizons 7, 8, and 9
that Horizon 8 was utilized only very briefly,
shortly after 1350 B.C.

This horizon contains a rather rich artifact
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inventory by Early Neoglacial standards: over
three dozen Gatecliff and Elko series points,
three dozen metates and fragments, five ma-
nos, four unifaces, 10 hammerstones, seven
edge-battered cobbles, two bifacial knives,
two drills, four incised stones, 10 bone beads,
12 bone awls, and four dozen production stage
blanks (see fig. 237).
TOPOGRAPHY: Cultural debris varies in

depth from a couple ofcentimeters to a dense,
artifact-rich rubble approaching 25 cm. in
thickness. The surface of the sterile under-
lying Stratum 10 silt is relatively flat, rising
somewhat toward the eastern part ofthe site.
The ws3tern surface is punctuated by a num-
ber of large pieces of chert roof fall. Along
the eastern margin is a series of polygonal
desiccation cracks and root casts.
FEATURES: The seven hearths on Horizon

8 define a mean hearthline roughly 475 cm.
from the rear wall and 225 cm. inside the
dripline (table 88). The surface of Horizon 8
was densely covered in places with charcoal,
and it was sometimes difficult for excavators
to define individual hearths or --features.
Nevertheless, the seven definite hearths could
be plotted fairly accurately.
Hearth A is a 50 cm. in diameter and 30

cm. deep pit excavated into the silt floor (fig.
237). The fill contained a number of artio-
dactyl long bones and tooth fragments, fire
fractured rocks, pinon charcoal, ash, and silt.
Radiocarbon date QC-287 was obtained from
this feature.
Hearth B is a small feature on the eastern

edge of the living area, consisting merely of
a small fire pit excavated into the desiccated
crack zone. No flotation samples were pro-
cessed for this feature.
Hearth C, near the dripline, consists of six

shallow depressions scooped into the under-
lying silt. Although each depression is quite
distinct, they generally contain little or no
charcoal, and can be distinguished mainly by
the presence ofred oxidized silt. Each depres-
sion was apparently excavated in a different
episode, and then swept clean (either delib-
erately or by wind or water action). Whenever
ash was present in Hearth C, it was accom-
panied by concentrations of artiodactyl long
bone and tooth fragments and broken arti-
facts; a few pifion cone parts also occurred in
these pits, but seeds were completely absent.

Charcoal from Hearth C provided radiocar-
bon date QC-288.
Hearth D is an extensive burnt area at the

rear of the shelter, and this feature appears
in the Master Profile (fig. 65). A distinctive
fire pit was lacking and-as on Horizon 9-
this concentration may be due to wind action
or deliberate sweeping toward the rear of the
site. Charcoal in this area was all juniper, and
flotation revealed a dozen juniper seeds, plus
a dozen pifion seeds and seed coats. Radio-
carbon date UCLA-1895C came from this
feature.
Hearth E is a small pit dug 20 cm. into the

silt floor; this feature also appears in the Mas-
ter Profile (fig. 65). The hearth contained ju-
niper charcoal only, and the scatter was blown
2 m. south toward the mouth of Gatecliff
Shelter. Several juniper and Amaranthus
seeds were also recovered in the flotation
sample.
Hearth F is a small pit filled with juniper

and sagebrush charcoal and oxidized silt,
covered in places by several large pieces of
roof fall.
Hearth G is a poorly defined concentration

ofcharcoal and burnt silt on the western mar-
gin of Gatecliff Shelter. Thirty Chenopodium
atrovirens seeds were floated from this fea-
ture.
ARTIFACTS: The relative quantity and di-

versity-known to be related factors (chap.
20)-almost vitiate spatial analysis, but some
degree of patterning remains.
The artifacts toward the rear of the shelter

are much smaller than those from the rest of
the Early Neoglacial horizons (table 87). The
hearth zone, however, contains over 170 ar-
tifacts that average 609.6 grams (reflecting
the high proportion of grinding stone frag-
ments). Although only 10 artifacts occurred
outside the dripline, they averaged 707.5
grams (the largest mean artifact size at Gate-
cliff Shelter). Debitage likewise became larger
moving from the rear to the outside of the
shelter (table 87), although the size sorting
was not nearly so marked as that noted for
artifacts. Aside from these general, horizon-
wide trends, a number of discrete artifact
constellations could be observed on this floor.
A Gatecliff Contracting Stem point (20.3/

3735) and a bone bead were found near
Hearth A; associated debitage ranged from
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large secondary decortication flakes to a
number of microflakes.
An extensive artifact and debitage scatter

was also associated with Hearth B, on the
extreme eastern edge of the site. Chippage
from this hearth consisted almost exclusively
of pink chert percussion flakes; a rough per-
cussion blank of identical material was dis-
covered on the southwestern margin of the
hearth. Several other production stage bifa-
ces were scattered about, as was a Gatecliff
Contracting Stem point (20.3/6383), appar-
ently broken in manufacture. Three bone awls
also occurred nearby.

Several artifacts were concentrated near the
shallow depressions (Hearth C): 10 projectile
points, a number ofproduction stage bifaces,
several bone beads, as well as a number of
grinding stone fragments. All scrapers on Ho-
rizon 8 also occurred in this area.

Hearth D, situated near the rear ofthe shel-
ter, was associated with three incised stones,
broken projectile points, bone awls, a finished
bifacial knife, and several grinding stone frag-
ments. The debitage in this area was quite
small, averaging about 0.1 grams.

Hearth E was associated with a scatter of
large hammerstones and grinding stones.
Several broken projectile points were also
found in this area. A dense concentration of
debitage (mostly biface thinning flakes) also
occurred here.
Horizon 8 (like Horizon 9) produced a sur-

prising quantity of large sandstone/limestone
chippage, but unlike the earlier concentra-
tion, the Horizon 8 limestone/sandstone
chippage was uniformly distributed over the
entire surface area. Roughly one-third ofthese
fragments are really spall rather than flakes
per se, apparently pieces dislodged from un-
modified sandstone/limestone slabs. That is,
the striking platforms were generally unmod-
ified, with occasional remnants of ocher
stained surfaces or slight grinding slicks.

This debris seems to have resulted from
grinding stone fabrication and repair. Several
of the rejected fragments would have been
suitable for scraper planes, although they do
not appear to have been so used. It would
appear that large limestone, sandstone, and
(occasionally) dolomite blocks were system-
atically reduced in several places across Ho-
rizon 8; the debris occurred mostly in the

hearth zone and outer areas of the site. Ap-
parently the first work was conducted by
heavy battering, followed by progressively
finer shaping. Ten hammerstones were found
on this floor, perhaps varying in size accord-
ing to their specific function in the reduction
sequence.
ECOFACTS: Unlike Horizon 9, a large sam-

ple of artiodactyl bones (2179 fragments) oc-
curred on Horizon 8, primarily low utility
items. Fragmentation was also less pro-
nounced than on earlier floors.

Eighty-four percent of the identifiable ar-
tiodactyl bones were bighorn, but both an-
telope and deer were also present. As figure
199 indicates, the proportional distribution
of artiodactyl elements follows the reverse
utility strategy almost perfectly, although
there seems to be less on-site consumption
than on Horizon 2.
The microfaunal sample is small, consist-

ing of only 636 elements. The largomorphs
are 92 percent cottontails.
Turning to seasonality estimators, there is

a relatively low proportion of squirrel bones,
summer ripening seeds are present, and a trace
ofpinion cone and seed parts was recovered-
precisely the same mix as on Horizon 9. More
zealous investigators might be tempted to
make a case for summer/fall occupation (but
see chap. 20).
MOST PROBABLE INTERPRETATION: Hori-

zon 8 is a rather coarse-grained Devils Gate/
Reveille assemblage that resulted from both
male and female activities (although they may
not have been contemporaneous). A primary
activity was artiodactyl procurement, pri-
marily bighorn but perhaps also deer and/or
antelope. The high quality cuts were probably
transported elsewhere, and the low degree of
fragmentation suggests little on-site bone
processing. Lithic fabrication also occurred,
manufacture of both chipped stone and
ground stone items.
Although the evidence is more difficult to

assess, it is probable that plant processing
also occurred during Horizon 8 times, either
on-site or nearby.
Female fabrication tools-awls, and per-

haps also the drills and the graver-suggest
on-site fabrication and/or repair of domestic
and harvesting implements, particularly bas-
ketry and hide clothing. Several personal or-
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portion of the site is a drop zone, containing
almost exclusively small artifacts and debi-
tage. The hearthline zone appears to be a

mixed toss/drop zone, with a great deal of

ground stone manufacture occurring
throughout the intermediate area. Only the
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line, although the relative frequency of de-
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bitage was extremely high in this area (table
87); artiodactyl bones were commonly dis-
carded in the hearthline drop/toss zone.

HORIZON 7 (CA. 1300 B.C.)
Horizon 7 is an extremely complex surface,

utilized during the very early Reveille phase.
Four radiocarbon dates are available from
this surface: 1175 B.C. ± 75 (UCLA-1895J),
1190 B.C. ± 120 (GAK-3615), 1345 B.C. ±
55 (UCLA-1895B), 1440 B.C. ± 45 (UCLA-
1895A). Although the means for these four
dates span 265 years, the combined geomor-
phological evidence suggests that the surface
was exposed for only a very short interval,
probably no more than a few decades.
Nearly 40 Elko series points occurred on

Horizon 7, plus almost 100 production stage
bifaces and a large assortment of grinding
stones, bone tools, hammerstones and uni-
faces (see tables 75-76, 81, 86-93, 97, 98,
100-102). It is clear that the grain size of
Horizon 7 is rather coarse, the evidence sug-
gesting multiple, often overlapping occupa-
tions. Adequate spatial analysis ofthese data
is not feasible, so figure 238 plots only feature
distributions. Although we have the field data
to produce a piece-plotted artifact map, its
interpretive value would be severely limited;
graphically, such a map would be an impos-
sibility.
TOPOGRAPHY: The cultural debris of Ho-

rizon 7 rests on the fine sandy silt of Stratum
8. This surface fluctuates over about 75 ver-
tical cm., the floor generally sloping toward
the east.

This is an extremely complex stratigraphic
situation. At least two distinct cultural facies
can be detected, separated in places by a thin
band of silt. But this interfingering silt is ab-
sent over most of the surface, and the two
cultural zones could only occasionally be sep-
arated by excavators.

FEATURES: Nine hearths were mapped on
Horizon 7 (fig. 238), defining a mean hearth-
line roughly half way between the rear wall
and the dripline (table 88). Gatecliff Shelter
achieved its maximum interior dimensions
during Horizon 7 times (table 86), and this
enlarged configuration probably explains why
the Horizon 7 hearths are positioned so far
inside the sheltered area.

Hearth A, roughly 1.5 m. in diameter, con-
sists ofburnt silt, angular chert (probably from
the cave roof and wall), ash and pi-non char-
coal. The angular rocks, superimposed on the
burnt silt and ash feature, were probably de-
posited after the hearth ceased being used.
Flotation samples contained seeds of Gra-
mineae and Chenopodium atrovirens.
Hearth B occurs immediately to the west

and it slightly overlaps Hearth A; the two are
separated in places by a thin band of sterile
silt. This feature is little more than a localized
burnt area.
Hearth C consists of a distinct pit, 40 cm.

in diameter. No macrofossils were obtained
from the hearth itself, but the ash scatter im-
mediately to the west contained pifion and
juniper charcoal, plus Gramineae and Che-
nopodium seeds.
Hearth D is a rock-lined pit, 1 m. in di-

ameter. There is an ash scatter and oxidized
silt zone immediately to the northeast of this
area, perhaps debris blown (or swept) from
the hearth onto the hard-packed sterile silt
floor.
Hearth E is an oblong pit, 1.5 m. long and

less than 1 m. wide, dug into the underlying
silt floor. Two radiocarbon samples (UCLA-
1895A and UCLA-1895B) came from this
hearth, which also appears in the Master Pro-
file (fig. 65). A third radiocarbon sample
(GAK-3615) was processed from a charcoal
scatter 1.5 m. to the north of this hearth.
Flotation samples contained pifion charcoal
and seeds ofGramineae, Juniperus, and Che-
nopodium. Scattered throughout this feature
was a deposit of angular roof fall, burnt silt,
charcoal, bones, and flakes.
Hearth G, immediately to the east ofHearth

E, is 1 m. by 65 cm. and 10cm. deep. Horizon
7 is divided into two occupational surfaces
in this area, with a thin living surface over-
lying the hearth. A flotation sample con-
tained both pifion and juniper charcoal; a
second sample, taken 75 cm. to the south,
included only pifion charcoal.
Hearth H is immediately to the south. Al-

though no distinct pit was noted, the hearth
area was clearly defined by the presence of
oxidized silt and pinon charcoal. Radiocar-
bon sample UCLA-1895J came from this
area.
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Hearth I consists of a well-defined fire pit,
1 m. in diameter. Flotation samples con-
tained pinion, Artemisia and Ephedra char-
coal, plus seeds of Gramineae and other un-
identifiable types.
CHIPPAGE CONCENTRATIONS: Several dis-

tinctive debitage concentrations were en-
countered across the surface of Horizon 7.
The most notable feature was found outside
the dripline (fig. 238). A very large piece of
chert roof fall was embedded in the under-
lying silt of Stratum 8, the top extending 75
cm. above the surface of Horizon 7. To the
northeast of this large rock was the most dis-
crete activity area encountered at Gatecliff
Shelter. There is no doubt that about 1300
B.C., a flintknapper sat on this boulder and
proceeded to reduce one or more chert cob-
bles.

Nearly 10,000 flakes were recovered from
the immediate area of this boulder. The raw
material is a medium grade, pink to yellowish
tan chert. The color varies considerably even
on single flakes, and it is possible that a single
large cobble could account for all the flakes
recovered. The flakes in the concentration are
generally quite thin and slightly expanding,
suggesting a soft hammer technique. Decor-
tication flakes were almost absent in this area.
A very large edge-battered cobble (20.3/

3174) was found near the base of the rock;
when whole, this artifact was about 15 cm.
in diameter and 50 cm. thick. A few produc-
tion stage bifaces were found nearby, each
made of the same chert as the chippage. One
very fine unifacial tool and two complete
points-one of them obsidian-were also
found in this area.

It is possible to trace this distinctive chert
throughout the rest ofthe living surface. Two
dozen nearly finished production stage bi-
faces occurred near the rear wall of the shel-
ter, near Hearths E and G. Perhaps rough
production stage blanks were being produced
outside the cave, then brought inside for final
finishing.

Interestingly, not a single projectile point
fragment on Horizon 7 was made ofthis char-
acteristic pink to yellowish tan chert, sug-
gesting perhaps that the reduction sequence
was aimed at biface production rather than
point fabrication.

A second chippage concentration occurred
near Hearth C, on the eastern margin of the
site. Debitage from this area was nearly as
abundant as in the outer work area, but the
composition differs sharply. The Hearth C
concentration contained some of the char-
acteristic pink/white medium grade chert
noted above, but comprised primarily yel-
low/red banded chert of very high quality, a
greasy brown chert, and the occasional obsid-
ian flake.
The Hearth C concentration also con-

tained a large number of production stage
bifaces mixed in with the chippage. Both
chippage and broken artifacts in this area
ranged from rough percussion to final pres-
sure flaking of bifacial artifacts. A number of
projectile point fragments made of the same
materials as the chippage occurred in the
Hearth C concentration. Sixteen (of 17) of
these point fragments were Elko Corner-
notched points.

This evidence indicates that one or more
flintknappers worked near Hearth C, pro-
ducing similar artifacts from dissimilar raw
materials. The flintknapper(s) made almost
exclusively Elko Corner-notched points.
Another concentration of very large lime-

stone flakes also occurred on Horizon 7,
northeast of Hearth C and overlapping with
the distribution of the smaller flakes dis-
cussed above. One hundred limestone flakes
occurred here, together with a large ham-
merstone, a small scraper plane, and a grind-
ing stone. Very crude grinding stone or scrap-
er plane fabrication occurred here, but the
finished products were probably transported
after manufacture.
Roughly 50 additional large limestone

flakes were scattered about Horizon 7, in no
particular pattern.

ARTIFACTS: The remaining artifact inven-
tory contrasts markedly with that on Horizon
8. Grinding stones are relatively rare on Ho-
rizon 7 (compared with the Devils Gate com-
ponent); this trend continues throughout
Reveille times at Gatecliff Shelter. Despite
the large sample size, Horizon 7 also contains
relatively few bone artifacts, bone and shell
beads, incised stones, drills, and perforators.

ECOFACTS: A total of 2266 badly frag-
mented artiodactyl long bone pieces occurred
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on Horizon 7 (table 71). Most (95%) of the
identifiable artiodactyl bones were bighom,
although antelope bones were also recovered.
The proportional faunal representation (fig.
199) is generally consistent with the Horizon
2 kill-butchering model.

Relatively few microfaunal remains were
recovered, considering the large cultural in-
ventory of Horizon 7.
MOST PROBABLE INTERPRETATION: Hori-

zon 7 is a very coarse-grained assemblage that
accumulated during early Reveille times; at
least two discrete periods of occupation were
involved. The primary activity was lithic re-
duction-both fabrication of chipped stone
artifacts and the shaping and trimming of
limestone grinding stones (and perhaps
scraper planes). Unlike Horizon 8, this floor
conspicuously lacks fabrication tools (drills
and perforators), ornamental artifacts, and
incised stones.

Secondary activities embrace mostly male
pursuits, probably artiodactyl procurement,

butchering, and perhaps preliminary hide
processing.
The evidence for plant processing is equiv-

ocal; if conducted in the Gatecliff area at this
time, plant procurement was less intensive
than on Horizon 8.
The debris disposal pattern is distinctive.

Debris is heavily size sorted (table 87), with
a drop zone inside and a toss zone occurring
both inside and outside the dripline. But there
is not a one-to-one correspondence between
debris size and mode of disposal. On many
floors, the toss zone seems to be an area of
secondary refuse-larger items "tossed" out
of the work area. But on Horizon 7, it is
abundantly clear that those activities pro-
ducing large debris were deliberately staged
in the area of large debris discard; it was not
necessary to "toss" many of the lithic by-
products on Horizon 7, since coarse reduc-
tion occurred outside the site, in the middle
ofthe major refuse area. There is thus a clear-
cut linkage between refuse disposal and ac-
tivity area patterning.



CHAPTER 23. MICRO-SETTLEMENT STRUCTURE DURING
THE LATE NEOGLACIAL PERIOD (POST-1250 B.C.)

This is the final chapter dealing with intra-
site variability at Gatecliff Shelter. Horizons
1-6 span the Late Neoglacial period, defined
as the post-1250 B.C. interval.

INTRA-SITE STRUCTURE

Because Late Neoglacial horizons at Gate-
cliff Shelter tend to be very coarse grained as
compared with the earlier horizons, relative-
ly little intra-site spatial patterning is pre-
served in the upper portion of Gatecliff. Ac-
cordingly, only two artifact distribution maps
are presented in this section; figure 239 dem-
onstrates the unusual clustering of incised
stones on the lower part of Horizon 6, and
figure 240 plots the artifact distributions on
Horizon 2. Additional maps could be pre-
pared from the field-notes, but the nature of
the depositional and post-depositional en-
vironments render such patterning spurious.

HORIZONs 4-6 (1250 B.C.-A.D. 700)

Horizons 4-6 are artificial stratigraphic di-
visions imposed within the relatively ho-
mogeneous rubble of Strata 3 and 5. These
distinctions were maintained to allow us to
search for possible temporal and/or func-
tional changes within this relatively thick un-
differentiated unit. Artifact level analysis has
shown these differences to be minimal (chaps.
9, 10, 1 1, and 20), and these three horizons
will be combined for further analysis.
There has undoubtedly been considerable

mixture within Horizons 4-6. But these units
have a high degree of integrity relative to the
surrounding horizons, since there were good
stratigraphic boundaries both below Horizon
6 and above Horizon 4. Mixture with adja-
cent units was minimal.

Eight radiocarbon dates are available from
Horizons 4-6, ranging in mean age from 1740
B.C. through A.D. 220 (table 2). The combined
stratigraphic evidence suggests that Horizons
4-6 spanned the earliest portion of the Late
Neoglacial, from about 1250 B.C. through A.D.
700.

Horizons 4-6 are, in a sense, one gigantic
cultural feature, the relatively undifferentiat-
ed debris stacked in places nearly 2 m. thick.
Hearths occurred throughout, but generally
as interfingered and overlapping thin char-
coal stains. Pits were evident here and there,
and artifacts sometimes appeared to lie on
previous occupational surfaces (especially on
the bottom of Horizon 6). But the deposi-
tional matrix of angular chert and limestone
fragments, together with a general absence of
silt caps, preclude identification of mean-
ingful surfaces and features within Horizons
4-6. Because of these factors, many of the
intra-spatial techniques applied to the earlier
horizons are irrelevant to the later Neoglacial
floors.
A number of flotation samples were ana-

lyzed from various charcoal scatters and
hearths, from beneath grinding stones, and
from small patches of oxidized silt (table 30),
but these results were not encouraging. Pifion
cone parts were almost entirely absent, ap-
pearing in only a single sample (out of 16
samples processed); similarly, summer rip-
ening seeds occurred in only three flotation
samples.
SAMPLE SIZE EFFECT: Although stratigraph-

ic and associational preservation was well be-
low Gatecliffstandards, the artifact haul from
Horizons 4-6 was truly remarkable. In fact,
the artifact density in these horizons proved
to be something ofan analytical problem. On
the artifact-sparse horizons, distribution and
abundance was a rough indicator of prehis-
toric activity patterning; similarly, the size
sorting of debris was closely conditioned by
behavioral factors. But such criteria were
generally not applicable to Horizons 4-6.
Roughly 2200 artifacts were recovered from

Gatecliff Shelter, and over half of these came
from Horizons 4-6. As demonstrated in
chapter 20, this extremely large sample size
is, in itself, sufficient to create a great deal of
assemblage variability-merely as a result of
the sample size effect.

Horizons 4-6 contained, for instance, 16
grinding stone fragments. But how does one
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FIG. 239. Distribution of incised stones on Horizon t; features and additional artifacts have not
been plotted. In this figure, black symbols denote in situ finds, white symbols denote approximate location
of others.

evaluate the number 16? Sixteen metates
make quite a stack on the laboratory table,
and one might be tempted to extoll the im-
portance of grinding stones in the Horizon
4-6 assemblage. But considered in light of
relative sample size, the Horizon 4-6 metates
account for only 17 percent (16 of 96) of all
metates recovered at Gatecliff Shelter. Be-
cause Horizons 4-6 accounted for over 50
percent ofthe Gatecliffartifacts, metates were
actually relatively scarce on these horizons.

Consider also the seven polished bone tubes
from Horizons 4-6 (table 64). By absolute
standards, seven is a small number. But since
only eight such artifacts were recovered from
the entire site, the seven bone tubes from
Horizons 4-6 become relatively an impor-
tant item (even though the absolute number
is rather small).
The sample size effect is particularly ex-

aggerated on Horizons 4-6. Since the abun-
dance of a given artifact class can be judged
only in a relative sense, one must keep the
53.7 percent threshold-the proportion ofar-

tifacts in Horizons 4-6-well in mind. When
artifact frequency within Horizons 4-6 ex-
ceeds this proportion, then that category can
be considered to be relatively abundant in
these strata; when proportions fall below 50
percent or so, then they must be considered
to be relatively sparse, even when the abso-
lute numbers seem to be rather large.

INTRA-SITE SIZE SORTING: Despite the
coarse-grained matrix in this part ofGatecliff,
it was clear that incised stones clustered
markedly at the rear of Horizon 6. Horizons
4-6 contain roughly 70 percent ofthe incised
stones found at Gatecliff, and nearly 1/4 of the
site total was clustered in a 2 m. square area
at the rear of the site. The distribution of
these 146 slates has been plotted on a spatial
distribution map for Horizon 6 (fig. 239).

Size sorting conditions much ofthe artifact
patterning on earlier horizons at Gatecliff, and
the question naturally arises as to what extent
the clustering of incised stones on Horizon 6
is due to the sample size effect.
To determine this, each of the 146 stones
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was weighed, then plotted according to its
distance from the rear wall (in the same man-
ner as the mean hearthline was determined).
The correlation coefficient between these two
variables (size and intra-site placement) is
near zero (r = 0.045).

This means that the extraordinary cluster-
ing of Horizon 6 incised stones cannot be
accounted for by mere size sorting of refuse
disposal. The patterning seems to reflect some
behavioral significance.
ACTIVITY ANALYSIS: Lacking adequate as-

sociations of artifacts and features, it is dif-
ficult to define the specific activities that took
place during Horizon 4-6 times. Despite this,
it is still possible to flesh out an outline of
activity patterning.
Male fabrication tasks are well represented.

The relevant bifacial staging profiles (chap.
20) indicate that Horizons 4-6 are undoubt-
edly a single analytical unit. The bifacial pro-
files for these three Reveille phase horizons
(figs. 214 and 215) are statistically indistin-
guishable from one another, yet statistically
independent from all other Gatecliff hori-
zons. This means that bifacial staging behav-
ior on Horizons 4, 5, and 6 was identical and
unique.
The form of the pooled Horizon 4-6 tech-

nology curve suggests an intermediate staging
strategy involving the entire sequence, from
the earliest reduction stages to the finished
products: over a dozen roughouts, six point
preforms, and literally hundreds of inter-
mediate and finished bifacial artifacts, as well
as several lithic fabrication tools, ranging from
dozens of hammerstones and edge battered
cobbles to a single bone flaker.
One must not, however, overemphasize the

importance of primary quarrying and lithic
reduction in Horizons 4-6. The apparent di-
versification of lithic reduction is quite likely
influenced once again by sample size: the
larger the sample, the more diverse the as-
semblage. The relative proportion ofchipped
stone fabricators, for instance, is roughly what
one expects from sample size alone; although
53 hammerstones and edge-battered cobbles
were found in Horizon 4-6 contexts, this rep-
resents only 44 percent of the total from
Gatecliff Shelter. Similarly, production stage
rejects comprise about 43 percent of the
Gateclifftotals (table 51), well below the 53.7

percent of the total assemblage contained on
Horizons 4-6.

Finished products, especially projectile
points, would also superficially seem to be
abundant on Horizons 4-6, but the absolute
total (51.3%) is almost precisely what is pre-
dicted from sample size alone.
Only fine percussion blanks seem to be un-

commonly abundant (over 60 percent).
The sample size effect thus complicates the

interpretation of figures 214 and 215. It is
clear that Horizons 4-6 contain the entire
bifacial reduction sequence, and plenty of
fabrication tools were discarded in this con-
text. But the role of primary lithic reduction
does not seem to be inordinately important
during Horizon 4-6 times, despite the mas-
sive numbers of artifacts involved.
A separate lithic reduction sequence is in-

volved in fabrication of ground stone arti-
facts. Horizon 4 contained a superlative me-
tate preform (fig. 99), bifacially flaked around
the margins with the intended grinding sur-
face carefully pecked. Striations and use pa-
tination were entirely lacking, however, in-
dicating that this preform was never utilized.
Debitage from the manufacture of ground
stone artifacts is also common on Horizons
4-6. Although the sample sizes are insuffi-
cient to allow construction of a technological
profile, similar principles of lithic reduction
clearly apply to both ground stone and
chipped stone fabrication.
Horizons 4-6 contain other telltale signs

of male fabrication. The only shaft straight-
ener at Gatecliff Shelter (fig. 1 05b) occurred
in this context, as did a fragment of a por-
phyry smoking pipe broken in manufacture
(fig. 105a).
Male maintenance activities are also well

represented by the "finished" end of the bi-
facial technology curve. Although some of
these artifacts were probably manufactured
elsewhere, the relative abundance of finished
chipped stone tools-many of them re-
worked-strongly suggests repair and main-
tenance during Horizon 4-6 times.

Artiodactyl remains also seem to suggest a
degree of male extraction at Gatecliff during
the Horizon 4-6 interval. The proportional
skeletal element distributions (fig. 200) are
strikingly similar to one another (chap. 20),
corresponding closely to the reverse utility
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model developed for Horizon 2. If these ar-
tiodactyl bones are cultural in origin, then
they strongly suggest local artiodactyl pro-
curement, followed by preliminary field
butchering and probable transport of high
utility cuts. The high shaft splinter/articular
end ratio and the very low rib head/total rib
ratio further indicate that many of the (pre-
sumably low utility) bones were processed
on-site.
Over 13,000 artiodactyl bones were re-

covered from Horizons 4-6, but caution is
in order, since this figure represents only 36.5
percent of the total artiodactyl faunal assem-
blage from Gatecliff Shelter. This evidence,
together with the uncertainties ofdistinguish-
ing natural from cultural bone, means that
one should resist the temptation to over-
emphasize the relative importance of artio-
dactyl procurement during Horizon 4-6
times.
The artiodactyl assemblage from Horizons

4-6 also contains a relative diversity of iden-
tifiable bone; Ovis, antelope, deer, and bison
are all present (table 22). This species diver-
sity is quite likely a function of the relatively
large faunal sample recovered from these ho-
rizons (chaps. 6 and 20).

Artiodactyl butchering may also be indi-
cated by discard of a finished bifacial knife
(20.3/2605) showing signs ofboth slicing and
scraping functions; a very similar tool was
discarded amidst an artiodactyl long bone
concentration on Horizon 14. The abun-
dance of ocher-stained metates may also re-
late to male hunting ritual.

Assessing female fabrication activities is
hampered by the general invisibility of fe-
male-specific archaeological signatures (chap.
20). It is noteworthy, however, that 29 bone
awls were recovered in Horizons 4-6 (rough-
ly 60 percent of the total from GatecliffShel-
ter). These artifacts can probably be taken as
evidence of on-site fabrication and/or repair
of basketry, and perhaps also sewing of skin
clothing. Four drills, perhaps another female
fabrication tool, first appear in the archaeo-
logical record at Gatecliff (except for an iso-
late in Horizon 8). Three perforators (¾/4 of
those found at Gatecliff) also occurred in Ho-
rizon 4-6 contexts. These items would seem
to imply that on-site female fabrication oc-
curred during Horizon 4-6 times.

Female extraction activities are more dif-
ficult to assess. Eighty percent (37 of 42) of
the Horizon 4-6 grinding stones showed evi-
dence of extensive grinding use (table 58) af-
ter initial fabrication. Although some of the
Horizon 4-6 grinding stones undoubtedly re-
sult from on-site grinding stone fabrication,
the use-wear evidence clearly indicates that
plant processing also occurred on-site (or at
least near-site). These stones retain evidence
of both linear striations (especially on bread-
loaf manos) and circular wear patterns, sug-
gesting a certain diversity in the species of
plants processed.
But the sample size effect intrudes once

again. Although Horizons 4-6 contained 42
grinding stones, this total represents only 47
percent of the Gatecliff manos, and less than
18 percent of the metates. We do not doubt
the existence of on-site/near-site plant pro-
cessing, but the artifact frequencies suggest
that such female extraction may not be in-
ordinately represented on Horizons 4-6.

This finding is further supported by the
presence of red or yellow ocher stains on
nearly 40 percent (16 of 42) of the Horizons
4-6 grinding stones. This is a relatively high
percentage, especially when compared with
the 14 percent of ocher staining on Horizons
8 and 9. It seems likely that ground stone
surfaces served multiple functions-for both
pigment and plant processing-but these
trends further suggest an increased activity
diversity during Horizon 4-6 times.
Horizons 4-6 also contains 32 soft-use

scrapers, raising yet another difficulty. This
total comprises 54 percent of the Gatecliff
Shelter total, the quantity roughly in line with
the sample size effect (table 56). It is unclear
whether these are male- or female-specific
artifacts, but it seems that some on-site hide
preparation occurred during Horizon 4-6
times. Note that the absolutely large number
of scrapers is not disproportionate; hide pro-
cessing may be no more important on Ho-
rizons 4-6 than on several earlier Gatecliff
floors.
A slightly high proportion of ornaments

also occurred in Horizon 4-6 contexts: 52
bone beads (57 percent ofthe Gatecliff total),
48 percent of the total shell beads and or-
naments, plus a bone jingle (fig. 148a). The
high incidence of ocher-stained grinding
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stones and ocher nodules in these horizons
may also indicate personal adornment (or,
equally likely, wall adornment).
A rather wide variety of shell ornaments

and beads were found in Horizon 6: Spire-
lopped Olivella beads, an Olivella Saucer, four
Haliotis Disks, and a Ring ornament. Only
three Olivella/Haliotis artifacts were found in
Horizon 5, and the shell ornament frequency
dropped to only two items in Horizon 4. No
later shell beads or ornaments occurred at
Gatecliff Shelter. This apparently decreasing
evidence of Great Basin/Pacific Slope ex-
change during the Late Neoglacial period is
a trend that can be observed at archaeological
sites throughout the Desert West (as is dis-
cussed later in this series).
The striking concentration of incised stones

in Horizon 6 is intriguing, but not easily ex-
plained (see size sorting discussion above).
Nearly one-fourth of the total Gatecliff col-
lection of incised stones were deposited in a
2 sq. m. area at the rear of Horizon 6 (fig.
239). This incised stone feature cannot be
accounted for either by sample size or size-
sorting effects; it is a deliberate, but as yet
unexplained, cultural feature.

Perhaps relevant is the suggestion by T.
Thomas (chap. 11), that Horizon 6 marks "a
qualitative change in the incising of stone (at
Gatecliff Shelter)." Not only does the spatial
discard pattern seem distinctive, but curvi-
linear elements first appear at this time, as
well as striated and walked elements. She fur-
ther suggests that the introduction of these
new motifs and elements may relate to the
development of wall art at other Monitor
Valley sites, particularly at Toquima Cave.
Other aspects of ritual behavior are sug-

gested by the relative abundance of ocher-
stained artifacts, and four well-made bone
tubes. Although other interpretations are
possible, it is likely that these tubes were in-
volved in the ritual process, perhaps sha-
manistic curing.
MOST PROBABLE INTERPRETATION: Hori-

zons 4-6 are extremely coarse-grained Rev-
eille phase assemblages that accumulated over
a period ofroughly two millenia. These com-
ponents result from a complex interplay of
both male and female maintenance, extrac-
tion, and fabrication activities. Although it
is difficult to assess the relative significance

of these various pursuits, it seems probable
that the primary activities were as follows:
lithic reduction (especially quarrying and ini-
tial manufacture of chipped stone tools); ar-
tiodactyl procurement, field butchering, and
transport; fabrication of hide clothing and/or
basketry. Secondary activities included
ground stone tool fabrication, plant procure-
ment and processing, on-site male fabrica-
tion of both utilitarian and luxury items, and
male maintenance of chipped stone artifacts.
Additional activities might have included on-
site preparation of hides and use of personal
artifacts of ornamentation and ritual.
Horizons 4-6 tell us little about refuse dis-

posal pattern.

HORIZON 3 (A.D. 700-CA. A.D. 1300)

The Underdown phase lasted from A.D. 700
to about A.D. 1300 in the central Great Basin.
Two Gatecliff horizons contain pure Under-
down manifestations-a relatively unpat-
terned rubble unit (Horizon 3) and a tightly
structured, fine-grained deposit resulting from
bighorn kill/butchering (Horizon 2). The
presence of the rubble matrix and the mas-
sive chert roof fall tend to obscure the con-
trast between late Underdown and Early
Yankee Blade components (i.e., Horizons 1
and 2). A large blanket of sagebrush matting
divides these two components, but the strati-
graphic break is less distinct than between
most Gatecliff components.
Horizon 3 occurred at the bottom portion

ofthe Stratum 1 rubble. A single radiocarbon
date is available from this horizon, a charcoal
determination from a hearth excavated into
the underlying Stratum 2 silt: A.D. 950 ± 90
(GAK-3608); this date applies to the Horizon
2/3 contact. Horizon 3 clearly lasts until
A.D. 1200 or 1300, but the absence of radio-
carbon evidence from the Horizon 3/4 con-
tact makes it difficult to determine when the
Underdown component actually began at
Gatecliff Shelter.

Discrete features were rare in Horizon 3
due to the matrix rubble. Although such rub-
ble units serve as effective artifact traps-
rather dramatically increasing the cultural in-
ventory-they preserve little in the way of
spatial contexts.
ARTIFACTS: The Horizon 3 rubble con-
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tained a wide variety of bone and lithic ar-
tifacts, but it is not realistic to prepare a dis-
tribution map such as those presented for the
Middle Holocene and Early Neoglacial ho-
rizons.
Twenty-four of the 29 projectile points in

this horizon belong to the Rosegate series. A
fairly large sample ofproduction stage bifaces
was recovered, as well as three drills (the
highest absolute frequency on any Gatecliff
horizon). Fifty-six incised stones were also
recovered from this horizon.
Ground stone was rare on Horizon 3, con-

sisting merely of a single block metate and
two breadloaf manos (one of which was
heavily battered, indicating use as a ham-
merstone; table 58).
The bifacial staging profile (figs. 214, 215)

is statistically identical with those from Ho-
rizons 2, 8, and 9 and heavily weighted to-
ward finishing and repair of products rather
than primary manufacture.

Because Horizon 3 was relatively close to
the surface, a number of perishable artifacts
were preserved, including a wall fragment of
a charred, close simple twined tray with ad-
hering organic residue (perhaps pi-non nut
meat). Adovasio and Andrews (chap. 12) sug-
gest that this fragment could have been part
of a pi-non nut parching tray.
A single Promontory peg was recovered,

but this artifact may have been mixed from
the overlying Yankee Blade component (Ho-
rizon 1). A firedrill foreshaft was also re-
covered, as well as a relatively high propor-
tion ofbone artifacts (particularly bone beads
and awls). No shell artifacts were found in
Underdown or Yankee Blade contexts.

ECOFACTS: Because most of Horizon 3 was
excavated in 1971 and 1973, before we in-
stituted a comprehensive flotation program,
few flotation samples were processed from
this zone (table 30). One hearth yielded char-
coal from both juniper and sagebrush, as well
as Pinus monophylla cone scales. But because
of the sampling bias, these floral data must
be used cautiously.
Horizon 3 contained the second largest

concentration ofidentifiable bighorn remains
at GatecliffShelter (table 22). Antelope, mule
deer, and Bison!Cervus bones were also rec-
ognized.

It is of interest that the proportional ele-

ment distribution of artiodactyl bones on
Horizon 3 is almost identical with that from
Horizon 2. The bones associated with both
Underdown components (Horizons 2 and 3)
tend to be relatively intact, as indicated by
the shaft splinter/articular end ratio, and the
rib head/total rib ratio.
Horizon 3 also contained an extremely large

sample of microfauna, particularly a large
number of Sylvilagus and Neotoma bones.
MOST PROBABLE INTERPRETATION: Hori-

zon 3 is a coarse-grained assemblage dating
to the early and middle Underdown phase.
The primary activity appears to have been
artiodactyl procurement (probably similar to
the well-developed pattern on Horizon 2).
Secondary activities include fabrication and/
or repair of finished chipped stone artifacts,
and perhaps also female extraction and main-
tenance (suggested by the relatively high pro-
portion of scrapers, drills, and bone awls). A
high frequency ofornaments (bone beads and
cut mica) was also noted.

HORIZON 2 (CA. A.D. 1300)
Horizon 2 is an exceptionally distinct cul-

tural unit, contained within the otherwise un-
differentiated rubble of Stratum 1 (fig. 240).
Two statistically identical radiocarbon dates
are available from charcoal contained within
Horizon 2: A.D. 1200 ± 90 B.C. (GAK-3606)
and A.D. 1360 ± 90 (GAK-3607).
A dense concentration ofbone from at least

two dozen butchered bighorn sheep defines
the vertical and horizontal extent of Horizon
2 (chap. 18). This bone mass allowed the ex-
cavators to follow readily this distinctive ho-
rizon throughout Gatecliff Shelter, even in
the initial test pits.

Stratigraphic identification was further fa-
cilitated by the presence of a sagebrush mat
constructed over much ofthe eastern portion
of the site (discussed in chap. 12). Although
the stratigraphy of the three upper horizons
is confounded somewhat by the massive chert
roof fall (chap. 8), Horizon 2 was clearly de-
posited during the Underdown phase. After
the bones were discarded, the entire area was
subjected to sheet burning. A couple ofYan-
kee Blade artifacts were then deposited before
the sagebrush mat was constructed over most
of the site surface. The roof collapsed shortly
thereafter.
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TOPOGRAPHY: The organics on Horizon 2
were heavily charred, the matrix consisting
mostly of burnt bighorn bones and ash. Ho-
rizon 2 itself rests on a rubble matrix base,
and no major topographic features were ap-
parent for this surface.

FEATURES: The most striking feature on
Horizon 2 is, of course, the bighorn butch-
ering feature (chap. 20). Although hearths may
have been present during the occupation of
Horizon 2, such features have been totally
obscured by the later sheet burning. A num-
ber of flotation samples were processed from
throughout Horizon 2; these samples gener-
ally contained pinon and juniper charcoal,
plus an occasional seed (table 30). Sagebrush
was apparently not used for fuel during the
Horizon 2 interval at Gatecliff Shelter.

SITE SORTING EFFECT: The spatial pattern-
ing on Horizon 2 was sufficiently intact to
allow intra-site analysis (fig. 240). The ab-
sence of definable hearths precludes defini-
tion of the hearthline patterning observed on
many earlier horizons. Without a mean
hearthline, we cannot define the toss zone/
drop zone areas as before. But it is still of
interest to determine how well Horizon 2 fits
the exogene refuse disposal model.
As an alternative approach, the spatial

analysis will proceed by examining size sort-
ing in an azonal context (table 89 and fig.
241). In this case, the degree of size sorting
is determined directly by comparing mean
artifact size to distance from the rear wall
(without reference to a mean hearthline).

Figure 241 and table 89 leave little doubt
that the Horizon 2 artifacts are heavily size
sorted. But in contrast to earlier horizons,
Horizon 2 artifacts become smaller as the
distance from the cave wall increases (fig.
241). This size sorting is quite the opposite
of what one expects from the exogene cave
disposal model, suggesting that a different
refuse disposal behavior occurred during the
Horizon 2 episode.
ARTIFACTS AND EcoFACTS: The faunal ma-

terials from Horizon 2 were discussed in
chapters 6 and 18. The artifact inventory as-
sociated with the bighorn feature consists
predominantly of chipped stone tools, ac-
companied by a few bone artifacts, a scraper
plane, six ground stone fragments, and sev-
eral incised stones. Nearly two dozen projec-

TABLE 89
Artifact Size Sorting on Horizon 2

Artifact Size

Distance from X S
Rear Wall (grams) (grams) n

Less than 1 m. 338.4 365.8 10
1.0-1.99 m. 181.0 723.1 21
2.0-2.99 m. 140.1 538.9 24
3.0-3.99 m. 17.1 51.4 20
4.0-4.99 m. 34.5 58.4 20
5.0-5.99 m. 26.4 42.2 19
6.0-6.99 m. 4.9 3.6 12
7.0-7.99 m. 17.9 37.9 7
8.0-8.99 m. 19.6 - 1
9.0-9.99 m. 6.0 5.3 6

tile points occurred on Horizon 2, and most
of these were unbroken. An unbroken, fin-
ished bifacial knife (RR28 15) occurred near
the rear of the bighorn bone feature (fig. 240).
Chippage is virtually absent from the east-

ern quarter of the site (the area with the
heaviest bone concentration). A modest chip-
page concentration, primarily large limestone
flakes, occurred near the alcove on the ex-
treme eastern part of the floor. This material
is identical with that ofthe large scraper plane
(20.3/872) from the extreme rear of the site,
and it is tempting to suggest that this same
scraper plane was resharpened on the eastern
margin of the site.
A dense concentration of finished artifacts

occurred at the rear of the site, in association
with several articulated bighorn elements (fig.
240; chap. 18). Chippage is dense in this area,
predominantly biface thinning flakes made
of a distinctive reddish brown chert. Several
broken artifacts of this same chert (including
a number of production stage bifaces) oc-
curred in the northeastern corner of Horizon
2 (fig. 240). Several projectile point bases,
made of the same reddish brown chert, were
also found in this area. A few reddish brown
chert artifact fragments were scattered
throughout the rest of the floor, primarily
restricted to the northeastern quadrant of
Horizon 2.
The northwestern part of the floor con-

tained few artifacts, and only a handful of
biface thinning flakes. There was, however,
a concentration of brownish gray chert flakes
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FIG. 240. Spatial distribution map for Horizon 2.

and a projectile point tip discarded near the was found near the dripline of Horizon 2.
rear wall. Chippage was relatively dense in this area,
A second major artifact concentration that mostly medium-sized flakes resulting from

included several projectile point fragments, biface reduction. A number of white chal-
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two production stage bifaces. An edge ground
cobble and chert hammerstone were also
found associated with this concentration. Ap-

parently the earlier stages of a biface reduc-
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tinct clusters. One concentration of four in-
cised stones occurred in the narrow alcove
on the eastern edge of the site; a second clus-
ter occurred on the extreme northeastern cor-
ner ofthe site. A few slates were also scattered
across the western part of Horizon 2.

DISCUSSION: As discussed in chapter 18, it
is impossible to determine whether Horizon
2 is episodic or accretional (although we
strongly suspect the former). But regardless
of the exact behavioral context of Horizon 2,
it is clear that the intra-site patterning differs
radically from that on any previous living
surface at Gatecliff Shelter.
The field butchered, yet predominantly ar-

ticulated bighorn carcasses were stacked up
inside the dripline, near the center ofHorizon
2. The bighorn were then further disarticulat-
ed in place, and three artifact, chippage, and
bone scatters resulted around the margin of
the central bone mass. By matching discarded
artifacts and debitage, it seems clear that pri-
mary tool manufacture occurred around the
edge of the bighorn concentration. One can-
not tell whether these workshop areas were
used simultaneously by different individuals,
or created sequentially by a single flintknap-
per. Horizon 2 is thus distinctive because the
bulk of the refuse was discarded in a heap
near the center of the site, rather than in a
toss zone near the dripline.

Size sorting also differs from earlier floors.
Rather than being tossed outside, the larger
artifacts on Horizon 2 were discarded near
the rear wall (figs. 240, 241; table 89).
The Horizon 2 disposal pattern thus re-

verses the exogene cave model. The most
abundant (and most bulky) faunal and arti-
fact debris accumulated near the center ofthe
site; peripheral areas were relatively debris-
free. The Horizon 2 pattern obviously pro-
vides for little life-space inside GatecliffShel-
ter-little room for construction of hearths
or specialized use areas for fabrication, main-
tenance or for sleeping.
The Horizon 2 grinding stones remain to

be explained. Two grinding stones-a com-
plete limestone block metate (20.2/2127) and
a palette fragment (RR2662) are heavily
stained with red ocher, and ocher fragments
were not uncommon in the Horizon 2 matrix.
Perhaps these ground stone artifacts were re-
lated to ritual, rather than plant processing.

FIG. 241. Relationship between artifact weight
and distance of artifacts from rear wall. A size-
sorting effect operates here but, unlike that on ear-
lier horizons, Horizon 2 artifacts become smaller
(rather than larger) toward the dripline.

But the other ground stone artifacts show
no signs of ocher, and their use seems to in-
dicate on-site or near-site plant processing.
They may represent site furniture from other,
less discernible uses of Horizon 2, or they
may have been used in marrow extraction (or
both).
One complete unshaped sandstone mano

(20.2/9398) may be a rubbing tool rather than
a conventional grinding stone. The surface is
flat and smooth, but the crystals are not trun-
cated, suggesting use on a soft medium (such
as hide). A hard surface, such as a metate,
would leave a very different wear pattern.

Unlike several earlier horizons, a very high
proportion ofthe Horizon 2 production stage
bifaces were utilized (as indicated by edge
blunting and polish; see chap. 16). Perhaps
these were expedient tools, used for butch-
ering or light hide processing. The Horizon
2 butchering marks indicate that the bighorn
were carefully skinned to save the hides, and
the bone awls and stone drill might have
served as fabricating tools for hide prepara-
tion.
MOST PROBABLE INTERPRETATION: Hori-

zon 2 is a fine-grained assemblage that ac-
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cumulated in very late Underdown times. The
primary activity was the field butchering of
two dozen bighorn sheep, and the prepara-
tion of high utility cuts for transport. Sec-
ondary activities may include limited repair
of broken projectile points, preliminary hide
preparation, and perhaps also limited plant
processing.
The refuse of Horizon 2 was deliberately

deposited in a large trash heap in the center
ofthe site; butchering and tool manufacturing
areas occurred around the margins. Appar-
ently intentional sheet burning is evident af-
ter the Horizon 2 artifacts and ecofacts had
been deposited.

HORIZON 1 (POST-A.D. 1300)

The Yankee Blade component at Gatecliff
Shelter is isomorphic with Horizon 1, a cul-
tural unit enclosed in the upper rubble of
Stratum 1. Two radiocarbon dates are avail-
able from hearths within Horizon 1: A.D. 1400
± 90(GAK-3614)andA.D. 1480 ± 90(GAK-
3616). The bottom of Horizon 1 is defined
by an extensive sagebrush mat (discussed in
chaps. 8 and 12; see also fig. 240). A major
portion ofthe ceiling ofGatecliffShelter caved
in within a few decades after this mat was
laid down, covering the entire eastern half of
the site with several tons of chert rubble (figs.
4, 14). The two radiocarbon dates from Ho-
rizon 1 came from directly beneath the roof
fall; the cave-in probably occurred shortly af-
ter A.D. 1450 or so.

This roof fall effectively obliterated half of
the available life-space inside Gatecliff Shel-
ter, reducing the area within the dripline from
about 50 sq. m. to about 25 sq. m. Clearly,
this natural event had a radical influence on
the intra-site patterning at Gatecliff.
FEATURES: The rubble matrix of Horizon

1 precluded isolation of individual cultural
features. As in Horizons 3-6, hearth remains
occurred sporadically throughout the midden
area, interfingering with a number of thin
charcoal stains. The angular chert and lime-
stone matrix vitiated identification of any
meaningful occupational surfaces within Ho-
rizon 1.

ARTIFACTS: Horizon 1 contained a rela-
tively sparse assemblage of chipped stone ar-
tifacts: 19 Desert series projectile points, an

isolated Elko point, plus rough percussion
blanks, drills (fig. 9 1 i, j), a small flake perfora-
tor coated with red ocher (fig. 91 m), five
scrapers, and a single core.
The chipped stone assemblage is heavily

weighted toward finished artifact fabrication
and repair. This staging profile (figs. 214, 215)
is the Gatecliff case most closely resembling
the ideal repair curve model (fig. 212).1

Little ground stone occurred on Horizon
1: two slab metates and a single unshaped
handstone. One of these metates (RR2732;
fig. 101 c) was found at the rear of the shelter.
This very thin and well-made milling stone
had been cached upside down, the working
face heavily coated with red ocher. About 10
cm. away, in apparent association, was an
ocher-encrusted perforator. Ocher was liter-
ally caked on the metate, and it would have
been impossible to use this implement for
plant processing. Clearly, these items were
employed in the preparation ofpigment, per-
haps for use on clothing, walls, or the body.

Eleven incised stones also occurred on Ho-
rizon 1.
The conditions of preservation were ex-

cellent on Horizon 1, and the overall assem-
blage is strongly skewed toward perishable
artifacts. Most of these items were found in
the extreme northeastern corner of the site,
where they had been incorporated into a Neo-
toma nest.

Several basketry and fiber constructions
were also recovered from Horizon 1. An open
and close diagonally twined basketry frag-
ment seems to have been part of a conical
burden basket, or a winnowing tray. This
specimen is unmended, unpitched, and not
naturally watertight (fig. 1 37e). Another piece,
an unidentifiable kind oftwining, is probably
a fragment of a cradle or perhaps another

' There is an alternative interpretation. The bifacial
profiles assume that all lithic reduction proceeds through
an established sequence of stages, from core/roughout
through finished product. Clearly, this is not always the
case. Desert series projectile points, for instance, are
commonly made on relatively small flakes, by-passing
the intermediate production stages. Depending on the
mix between projectile point and other bifacial tool man-
ufacture, it is possible that the Horizon 1 technological
profile might be spuriously overemphasizing the finished
end of the spectrum.
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winnowing tray. Two extremely well-con-
structed pieces of netting also occurred.
Two pieces of Artemisia cordage and sev-

eral knotted fibers-were found on this floor,
as well as two pieces ofmodified willow, each
wrapped with Apocynum and sagebrush cor-
dage. These artifacts seem to be snare parts,
although isolated cordage fragments could
have been used for countless functions.
Two pieces of wooden scrap (145g-h) are

byproducts from the fabrication of Promon-
tory pegs (several of which were found on
Horizon 1). These scraps probably served as
"handles" while the pegs were whittled, and
they indicate on-site fabrication of Promon-
tory pegs. Four carved wooden cylinders also
seem to have functioned as snare parts, or
perhaps as the working portion of a deadfall.
A grass bundle secured by a length of split

sagebrush was cached in a small alcove on
the extreme eastern margin of the site. En-
closed within were wrapped bundles ofheavi-
ly macerated Apocynum fibers. The grass en-
velope seems to have been a cache of raw
materials for cordage and/or basketry.
Firemaking apparatus also occurred on

Horizon 1 (a sagebrush fire drill hearth, and
three fire drill foreshafts), plus a Ribes twig
fashioned into a small torch.
Horizon 1 also contained weapons parts.

The tip of a bow fragment (20.2/81 10) was
decorated with minute cutmarks (fig. 145a).
This fragment was deliberately cut offthe bow
mainshaft, perhaps to maintain its symmetry
once the other end had been broken; a similar
fragment occurred at Gypsum Cave (Har-
rington, 1957, fig. 57c). A piece ofPhragmites
also probably served as an arrow mainshaft.

Except for a single bead, bone artifacts-
awls, bone tubes, and other modified bone-
were totally lacking on Horizon 1.
An apparent moccasin fragment was also

found, decorated with a red-orange ocher
strip.
Three sherds of Shoshone ware occurred

on Horizon 1, and a large, white trade bead
was found in Horizon 2 (undoubtedly a mix-
ture from Horizon 1).

Finally, there is also the ubiquitous sage-
brush mat that formed the operational di-
vision between Horizons 1 and 2. This mat
extended over the entire northeastern portion

ofthe site, beneath the massive roof fall. The
sagebrush mat would seem to have func-
tioned as bedding or flooring, covering the
protruding bighorn bone mass from Hori-
zon 2.

ECOFACTS: Few flotation samples were pro-
cessed from Horizon 1, and the limited re-
sults (table 30) indicate the presence of ju-
niper charcoal, and seeds of Gramineae,
Juniperus, and Chenopodium atrovirens.
A surprising variety of artiodactyl bones

was found on Horizon 1: Ovis, Antilocapra,
Cervus and a possible Bison bone (table 22).
Despite this species diversity, the sample size
is very small, consisting of only 18 identifi-
able elements. The microfaunal assemblage
contained the usual assortment of rabbits,
hares, and squirrels; cottontail bones were
particularly abundant (table 10).

DISCUSSION: Addition of perishable indus-
tries increased the apparent diversity of Ho-
rizon 1. Male fabrication activities are evi-
dent from a number of finished lithic tools
and weapons; the technological profile indi-
cates that repair and/or final finishing of small
chipped stone artifacts predominated. There
is evidence ofon-site manufacture ofhunting
and trapping gear, bow repair, and perhaps
also arrow fabrication. Snare parts seem to
have been cached at Gatecliff Shelter during
this interval.
Maintenance activities are represented in

the firemaking apparatus, particularly the fire
hearths and drill parts. Extraction is evident
in the faunal assemblage, although one can-
not be certain what proportion ofthese bones
are actually cultural in origin.

Because of the abundance of perishable ar-
tifacts, female activities are considerably more
apparent on Horizon 1 than on any other of
the Gatecliff horizons (chap. 20). Apocynum
and sagebrush caches suggest local procure-
ment of raw materials for use in fabrication
of cordage and probably also basketry. The
total lack ofbone fabrication tools, however,
suggests that the actual basketry manufacture
may have occurred elsewhere (although such
fabrication tools are highly curated, and hence
often not archaeologically visible).
Female maintenance is evident from the

presence of ceramics, and perhaps also the
basketry fragments. Female extraction may
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well be indicated by the ground stone arti-
facts, although these do not necessarily relate
exclusively to plant processing.
MOST PROBABLE INTERPRETATION: Hori-

zon 1 is a coarse-grained Yankee Blade as-

semblage, contained within the rubble matrix
of limestone and chert chunks. The nature of
this matrix and the obvious Neotoma dis-
turbance preclude spatial analysis.
The primary activity was the fabrication

and repair of hunting and trapping equip-
ment. The primary female activity was pro-

curement of raw materials for use in cordage
and basketry.

Secondary activities on Horizon 1 consist
of maintenance functions: making fires, stor-
age and cooking, preparation ofbedding. The
lack of ornamental and luxury items is note-
worthy.
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CHAPTER 24. INTEGRATIVE SYNTHESIS:
PALEOENVIRONMENTAL AND
CULTURAL CHRONOLOGY

We dug Gatecliff Shelter for two reasons:
(a) to clarify the paleoenvironmental and cul-
tural chronological record for the central
Great Basin, and (b) to explore the prehistor-
ic/protohistoric adaptive system in this re-
gion. The first objective was clear-cut from
the beginning-that is why we tried to find a
site like Gatecliff Shelter in the first place.
But the second objective became clarified only
during the process of executing the Monitor
Valley fieldwork. We certainly had cultural
ecological issues in mind when we started
digging at Gatecliff Shelter. But in 1970, we
understood little of the potential of the site.
And, much more important, the advances in
mid-range and general theory during the
1970s significantly changed our perception of
the archaeology in general, and of the ar-
chaeological record of Gatecliff Shelter in
particular (see Thomas, 1983).
The final two chapters in this volume syn-

thesize and integrate what we learned from
the excavations at Gatecliff Shelter. Of ne-
cessity, we address the archaeology of Gate-
cliffShelter from a single site perspective; but
keep in mind that the Gatecliff dig was but
one aspect of the Monitor Valley fieldwork.
The regional significance of Gatecliff Shelter
is considered in subsequent parts of this se-
ries.

GEOGRAPHIC AND
GEOMORPHOLOGICAL SETTING

Gatecliff Shelter (26Ny301) is situated in
Monitor Valley, about 1.6 km. from the
mouth of Mill Canyon. The master site da-
tum is 2319 m. (7607 ft.) above sea level.
The archaeological deposits vary in depth
from about 2 m. above the datum point to
somewhat over 7 m. below the site datum.

Subsurface drilling revealed that the more
than 10 m. profile at Gatecliff Shelter is an
accurate reflection of the general depth ofthe
sedimentary fill throughout the entire Mill
Canyon area-Gatecliff Shelter is not a
breached solution cavity in the carbonate
bedrock. Geophysical profiling indicates that

about 23 m. of valley fill exists below and
immediately to the south of the site datum
point.

Gatecliff Shelter is named after the type
section of the Gatecliff Formation, a massive
chert and dolomite unit that forms a prom-
inent cliffalong the northern side ofMill Can-
yon.
A large fan trench occurs at the fan apex,

where Mill Creek debouches from Mill Can-
yon into Monitor Valley proper. The area is
tectonically active, and the fault trench tran-
secting the Mill Canyon fan probably changed
the base level, thereby controlling the mag-
nitude and rate of cut-and-fill processes act-
ing on these fans.
Sometime in the past, GatecliffShelter may

have been completely filled, subsequently
emptied, and then filled a second time (with
the archaeological and geomorphological rec-
ord discussed in this volume). Melhorn and
Trexler (chap. 2) suggest that a "proto-shel-
ter" was once buried by alluvial fill, only later
to be exhumed when renewed downcutting
removed the valley fill and cut the present
Mill Canyon fan trench. Such renewed valley
incision and fan trenching could have begun
as late as 14,000-12,000 years B.P. Some-
time prior to 6300 B.P., Monitor Valley had
been incised at least 5 m. below the present
berm in front of Gatecliff Shelter. Since 3200
B.P., the site has been filled by an increasing
input of coarse-grained, predominantly col-
luvial debris cascading into Gatecliff Shelter
and the surrounding Mill Canyon area. This
pattern persists today.

EXCAVATION STRATEGIES

Gatecliff Shelter was discovered as part of
the Reese River Valley fieldwork being con-
ducted 25 km. to the west. Test explorations
began in 1970 and full-scale excavations oc-
curred during the summers of 1971, 1973,
1974, 1975, 1976, and 1978. Approximately
5000 person-days were invested in excavat-
ing this site, and roughly 600 cu. m. of de-
posits were removed.
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Initial excavation was concerned largely
with cultural, chronological, and paleoenvi-
ronmental objectives-attempting to pro-
vide an independent test of the assumptions
of the Reese River surface survey (Thomas,
1971b, 1973). Following a vertical excava-
tion strategy, we exposed a stratified column
of artifacts and ecofacts associated with dat-
able materials. All cultural levels were pro-
cessed through 1/8 in. screens, and a dump
sifter was employed to screen all sterile fill.
The excavation shifted to a horizontal strate-
gy in 1975, exposing relatively large areas of
in situ artifacts, ecofacts, and features.

Several plans were explored for the stabi-
lization and preservation ofGatecliff Shelter,
but all such "feasibility studies" proved un-
feasible. In late 1980 the excavation walls
were coated with thick plastic and plywood
sheeting, and the site was backfilled.

CHRONOLOGICAL CONTROLS
The primary chronostratigraphic control

for Gatecliff Shelter derives from 47 uncor-
rected radiocarbon dates (table 2). Additional
chronological control is provided by a 2 cm.-
thick layer of sand-size tephra in the basal
rubble of Gatecliff Shelter. Petrographic and
chemical data indicate that this pyroclastic
debris is Mazama tephra, laid down about
6900 years ago. Ancillary data on the age of
the Gatecliff sediments has been obtained
from comparative geomorphology, obsidian
hydration, and geomagnetism.

STRATIGRAPHIC CONTROLS
The stratigraphic column of GatecliffShel-

ter is divided into 56 geological strata, each
defined as a layer of more or less homoge-
neous or gradational sedimentary material.
Each stratum is bounded froni adjacent strata
by surfaces of non-deposition, indications of
pedogenesis, or some other abrupt change.
The 10+ m. of sediments are unusual be-

cause there is an almost total absence of evi-
dence for erosion inside GatecliffShelter. The
site contains no features resembling channel
cut-and-fill episodes. Most of the Gatecliff
sequence was deposited by sediment-laden
and extremely turbulent water, filtered from

the toes of debris flows upslope and upcan-
yon.

Sixteen cultural horizons can be recognized
within Gatecliff Shelter. In this context,
"stratum" is a geomorphological term and
"horizon" is a cultural designator.
The raw stratigraphic observations (chap.

3) have been synthesized in two independent,
yet relatively complementary analyses. Re-
lying heavily on a study ofcontemporary land
forms and debris flow processes, Davis (chap.
4) proposes a facies model to account for the
depositional column at Gatecliff Shelter. Da-
vis views Gatecliff as containing eight major
depositional stages that define temporal in-
tervals during which definable depositional
processes were dominant (and therefore pre-
sumed to reflect specific climatic regimes).
The seasonality of non-cultural deposition

at Gatecliff Shelter can be inferred in a num-
ber of ways. Winter precipitation promotes
slope activity (facies 1 and 2), whereas sum-
mer precipitation promotes debris flows (fa-
cies 3 and 4). Temperature also affects the
facies of deposition, colder climates presum-
ably resulting in more freeze-thaw cycles,
freezing further beneath the surface (produc-
ing facies 1, 2, and 2/1). Higher temperatures
presumably increase the evaporation rate-
perhaps also increasing the deposition ofsalts
in the soil profile-reducing the production
of facies 1, 2, and 2/1.

Melhorn and Trexler (chap. 5) synthesize
the same basic geomorphological data into a
different, yet compatible sequence, recogniz-
ing four major rock-stratigraphic units, each
with definite paleoclimatic implications. The
Early Colluvial Stage (IV) consists primarily
of coarse-grained, angular clastic debris, de-
posited as slow infilling by talus creep, ac-
companied by occasional dry rock slides. The
Early Fluvial (III) and Late Fluvial (II) Stages
are interpreted as encroachment of stream
waters depositing sediments interspersed with
lesser deposits of rubble. The Late Colluvial
Stage (I) marks a return to sedimentation by
mud flow slurries.

MAMMALIAN BIOGEOGRAPHY

The deep, tightly stratified, and well-dated
deposits at Gatecliff Shelter were processed
through fine mesh screens, yielding over
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5 1,000 identifiable bones ofmammals, birds,
reptiles, amphibians, and fish. In assessing
the Gatecliff paleontological data, it is im-
portant to keep in mind the processes of fau-
nal deposition at this site. Only in the rela-
tively rare case of Horizon 2 is it reasonable
to conclude that the bones resulted directly
from human activities. In other horizons,
some bones were embedded in owl pellets
(obviously accumulated as a result of avian
predation). Other bones probably resulted
from animals dying on-site or transport by
woodrats, carnivores, and raptors. Our lack
of precise taphonomic knowledge of individ-
ual cases both defines and limits the scope of
the paleontological analysis.

All the potential mechanisms ofdeposition
seem to have been biotic. Apparently none
of the bones were transported into the site by
the fluvial or colluvial processes responsible
for laying down the Gatecliff stratigraphic
column.
The paleontological data from Gatecliff

Shelter have been used by Grayson (chap. 6)
to examine Brown's (1971) model dealing
with the distribution of boreal mammals
across mountain islands in the Great Basin.
Brown had previously argued that immigra-
tion of boreal mammals into the isolated
mountain ranges of the Great Basin does not
occur today, that the boreal mammals in these
areas are true relic populations from Pleis-
tocene times. But because Brown's argu-
ments were based strictly on modern mam-
malian distributions, the Gatecliff Shelter
fauna provides an independent test ofBrown's
thesis.
The most important distributional finding

at Gatecliff is the presence ofPhenacomys cf.
intermedius, the heather vole, dating about
5300 B.P. (Grayson, 198 lb; chap. 6, this vol-
ume). This alpine and subalpine animal has
been previously reported only for the western
and eastern reaches of the Great Basin; the
nearest modern record for the heather vole
is more than 300 km. from Gatecliff Shelter.
The Phenacomys specimens at Gatecliff

probably represent a population of heather
voles that had been isolated on the Toquima
Range since the end of the Pleistocene or the
beginning of the Holocene. Their presence is
predicted by Brown's hypothesis, and thus
provides powerful support for this model.
The Gatecliff Shelter data may also fill a

sizable gap in the distribution of Lepus cf.
townsendii although there remain serious
problems of identification with this species.
The small mammal data from Gatecliff

seem to support Brown's model by docu-
menting the presence of these two taxa in the
Monitor/Toquima area during the Middle
Holocene.
The microfauna from GatecliffShelter also

have significant paleoclimatic implications,
discussed below.

PALEOBOTANY

The paleobotany of Gatecliff Shelter was
approached through palynology, flotation
analysis ofcultural features, and examination
of plant macrofossils contained within fossil
packrat middens (chap. 7). An additional at-
tempt was made to derive an independent
pollen record from the Monitor playa, but
the sediments were oxidized and contained
no pollen. Correlative pollen records are
available, however, from nearby Triple T
Shelter.
The substantive paleobotanical findings

from Gatecliff Shelter are discussed below.

PALEOENVIRONMENTAL AND
CULTURAL SEQUENCE
THE MAZAMA EPISODE

(CA. 6900 B.P.)

REGIONAL CLIMATE: The presence of Ma-
zama tephra deposits throughout the central
and western Great Basin make 6900 B.P. a
useful datum point for paleoenvironmental
reconstruction (see especially Davis, 1982).
Shallow lakes are known to have existed
throughout the Lahontan Basin at this time:
Water in the Carson-Humboldt Sink stood
at about 1200 m., and Pyramid Lake had
regressed to perhaps 180 m. Standing water
was also present in Dixie and Big Smoky val-
leys. The overall landscape appeared much
as it does today, although the climate was
somewhat cooler and moister. Precipitation
occurred mostly in the winter, but the degree
ofsummer precipitation was beginning to in-
crease.

Benedict and Olson (1978, p. 184) suggest
that the interval from 7000 to 6500 B.P. was
extremely arid throughout much of the
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American West, although these data have
been questioned (Davis and Waterman,
1979). Currey and James (1982) think that
the Benedict/Olson model probably does not
apply to the northeastern Great Basin; these
investigators do, however, see increasingly
xeric conditions beginning about 7500 B.P.,
ultimately resulting in up to 150 m. upward
shift of vegetational zones on some Basin
ranges (Currey and James, 1982). It is pos-
sible that the Great Salt Lake was totally des-
iccated sometime during that interval. But
lacking numerous exposures of Mazama te-
phra, fine-grained correlations (such as exist
in the central and western Basin) are not pres-
ently possible for the eastern Great Basin.
PALEOCLIMATIC EVIDENCE: The paleobo-

tanical data suggest that the Gatecliff/Mill
Canyon area was a sagebrush-dominated
steppe at the time of the Mazama eruption.
We think but cannot prove that limber pine
(rather than pi-non pine) was present but not
common in Mill Canyon at 6900 B.P. Utah
juniper was relatively sparse, if at all present.
Low frequencies of Chenopodiaceae-Ama-
ranthus pollen relative to sagebrush pollen
probably indicate the persistence ofrelatively
cool temperatures during this period (chap.
7).

Paleontological data from the Mazama pe-
riod show relatively higher abundances of pi-
kas as compared to later strata. Grayson
(1977a, 1979a) found a similar decrease in
pika at the Connley Caves in southcentral
Oregon, and in chapter 6 he suggests that
decreasing pika abundances at Gatecliff may
reflect an increase in the lower elevational
limits of pikas in the Toquima range.
Pygmy rabbits also decrease significantly

through time at both Gatecliff Shelter and
also the Connley Caves (Grayson, 1979a;
chap. 6). The decreasing abundances at Gate-
cliff seems to correlate with the reduction of
the sagebrush-dominated steppe, thought to
have occurred in the Mill Canyon area during
and shortly after Mazama times.
The physical geology of Gatecliff Shelter

indicates that mud flows are both frequent
and voluminous during this interval. Davis
(chap. 4) includes the Mazama interval in his
Gatecliff Stage 1 (7100 B.P.-6500 B.P.), cor-

related to the Sehoo Formation of Morrison
(1964). Stage 1 is considered to be a relatively
moist interval, dominated by winter-wet
conditions. This interpretation generally
agrees with Van Devender and Spaulding
(1979), Mehringer (1967), and Davis (1982).
Melhorn and Trexler include the Mazama

interval in their Early Colluvial stage (chap.
5). The depositional matrix of primarily
coarse-grained, angular clastic debris suggests
to them a relatively cool, moist period of
winter-dominated precipitation. They sug-
gest that the relatively abundant snowfall cor-
relates with the apparently active glacial or
periglacial processes on nearby Mt. Jefferson,
and the adjacent upland surfaces.
To summarize, the combined paleoenvi-

ronmental data from Gatecliff Shelter suggest
that the 6900 B.P. interval was a relatively
moist time dominated by winter precipita-
tion. The local vegetation was probably a
sagebrush steppe; Utahjuniper and pi-non pine
were either rare or entirely absent.
CULTURAL EVIDENCE: There is no evidence

ofhuman occupation at GatecliffShelter dur-
ing the Mazama interval.

THE MIDDLE HOLOCENE PERIOD
(6900 B.P.-5000 B.P.)

REGIONAL CLIMATE: Davis (1982) defines
the period from 6900 B.P. to 5100 B.P. as a
time of increasing summer rainfall and pre-
cipitation in the Lahontan Basin. Winter pre-
cipitation apparently declined during this pe-
riod, and aggradation gradually ceased on
major streams throughout central and west-
ern Nevada, although water tables remained
at least seasonally high. This factor, coupled
with higher temperatures, contributed to a
high degree of evaporation in the soil profile,
and ultimately to the forming of part of the
Toyeh soil (Morrison, 1964). Pyramid Lake
fell below 1160 m. during this period, and
the Carson Sink was probably deflated (Mor-
rison, 1964; see also Davis, 1982). For dis-
cussions ofthe Middle Holocene in other parts
of the Great Basin, see Mehringer (1977),
Benedict and Olson (1978), Van Devender
and Spaulding (1979), and Currey and James
(1982).
PALEOCLIMATIC EVIDENCE: The most sig-
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nificant paleoenvironmental event in central
Nevada during the Middle Holocene was the
invasion of the pinion-juniper woodland
shortly after 6000 B.P.
This important vegetational change is sug-

gested by three lines of evidence at Gatecliff
Shelter: pollen frequencies, packrat midden
contents, and flotation analysis. There was
during this interval a rapid jump in the fre-
quencies of pine and juniper pollen (chap. 7).
A similar increase in arboreal pollen fre-
quency is noted at Triple T Shelter (despite
the fact that Triple T is at a lower elevation
and a more xeric setting than Gatecliff Shel-
ter). The increase in pine and juniper pollen
may indicate a migration event caused by an
increase in summer precipitation, although
other explanations are possible. An increase
in summer precipitation is, however, also
suggested by the geological evidence outlined
above (chaps. 4 and 5).

Pifion and juniper macrofossils are absent
in the Gatecliff midden prior to 6000 B.P.,
but relatively abundant after that time (chap.
7). Thompson and Hattori argue that the pi-
nion and juniper woodland was absent from
the Gatecliff/Mill Canyon area prior to this
time.

This interpretation is further strengthened
by flotation analysis ofGatecliffhearths (chap.
7). Carbonized pinon macrofossils first ap-
pear in a hearth dating 5400 B.P., and pi-non
remains are relatively common in the later
deposits. Lanner, Thompson, and Hattori
(chap. 7) discuss various processes that might
be responsible for this vegetation dislocation.

Considerable deposition occurred inside
Gatecliff Shelter during the Middle Holo-
cene, characterized by Davis (chap. 4) as parts
of Stages 1, 2, and 3. Stage 2 is comprised of
several graded beds, each very thin with little
rubble between them. Davis argues that these
strata reflect a precipitation regimen similar
to that of the present, with especially intense
intervals ofsummer rainfall. In Stage 3 (after
5500 B.P.), increasingly large debris flows
were deposited inside Gatecliff Shelter, and
rubble influx increased as well, probably re-
flecting a slightly increased rate of precipi-
tation.
The Middle Holocene spans the Early Col-

luvial, Early Fluvial, and Late Fluvial stages

defined by Melhorn and Trexler for Gatecliff
Shelter (chap. 5). These investigators note that
the oldest flood deposits (ca. 6240 B.P.) at
nearby Triple T Shelter closely correlate with
the Early Colluvial/Early Fluvial contact at
Gatecliff Shelter, a transitional period marked
by deposition of fluvial sediments. Major
flood events also occurred at Gatecliff and
Triple T Shelters 5500 and 5100 B.P. Mel-
horn and Trexler interpret the Early Fluvial
stage at Gatecliff (6300 to 5700 B.P.) as a
time of climatic transition, when somewhat
warmer temperatures were accompanied by
increased effective precipitation, and a more
uniform seasonal distribution ofmoisture and
stream runoff was attained, with occasional
minor flooding. The Late Fluvial stage seems
to continue the summer-wet trend, with re-
current floods and debris flows repeatedly en-
tering Gatecliff Shelter at intervals of 150 to
250 years.
The paleontological evidence, especially the

decreasing pika frequencies after 5500 B.P.
(chap. 6), is consistent with the suggestion of
the establishment of a precipitation regime
similar to today's. The decreasing relative
abundance ofpygmy rabbits and hares is con-
sistent with the decreasing frequencies of
sagebrush and chenopod pollen in the same
strata.
To summarize, the climate at Gatecliff

Shelter during the Middle Holocene seems to
have been a relatively mesic interval, dom-
inated by intense summer rainfall. Davis
(chap. 4) thinks that this interval corre-
sponds, at least in part, to the "moist Alti-
thermal" posited some years ago by Martin
(1963). The piinon-juniper woodland appar-
ently makes its first appearance in the Gate-
cliff area about 6000 B.P.
CULTURAL EVIDENCE: Horizon 16 is the first

evidence ofhuman usage ofGatecliff Shelter,
dating between 5500 B.P. and 5350 B.P. Ho-
rizons 12-15 likewise contain evidence ofhu-
man presence at Gatecliff Shelter during the
Middle Holocene period. With the exception
ofHorizon 12, all the Middle Holocene living
surfaces can be grouped into the newly de-
fined Clipper Gap phase on the basis of ra-
diocarbon age (although Clipper Gap diag-
nostics were recovered only from Horizon
14).
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THE EARLY NEOGLACIAL PERIOD
(5000 B.P.-3200 B.P.)

REGIONAL CLIMATE: Davis (1982) consid-
ers the early portion of this period to be a
time of increasing temperature and summer
precipitation, reaching a maximum between
about 5000 B.P. and 4250 B.P. in the Lahon-
tan Basin. Pyramid Lake remained at rela-
tively low levels (below 1160 m.), but ap-
parently did not dry up completely. Walker
Lake maintained a level of at least 1245 m.
The Carson Sink was probably completely
dry during this period. Sand dunes accu-
mulated throughout the western Great Basin
along river drainages. This is the final part of
the Toyeh interval of Morrison (1964).
Davis (1982) thinks the latter part of this

period (4250 B.P.-3200 B.P.) was a time
when summer and winter precipitation was
fairly abundant in the Lahontan Basin; tem-
peratures were also relatively lower than dur-
ing the previous period. Lake Tahoe appar-
ently rose to its inlet during this period, but
Pyramid Lake remained below 1 160 m. (the
low stand suggesting that conditions were
warmer than present during this period). Gla-
ciation was generally lacking in the Sierra Ne-
vada.
PALEOCLIMATIC EVIDENCE: The early por-

tion ofthe Early Neoglacial period (5000 B.P.-
4250 B.P.) is isomorphic with Davis' Stage
4 at Gatecliff, the 1850 year interval during
which no debris flows reached inside the shel-
ter. Davis suggests that this was a time of
relatively less precipitation; the slow and
continued growth of the southwest talus pile
may suggest relatively winter-wet conditions.
Melhorn and Trexler (chap. 5) include the

earliest part of the Neoglacial period in their
Late Fluvial Stage. They think that the de-
positional hiatus in Stratum 19 may corre-
late, in part, to the "long drought" of Antevs
(1948). They suggest that this interval may
be summer-wet, with recurrent floods or de-
bris flows.
The Gatecliff Shelter pollen profile shows

relatively high levels ofjuniper and pine (pre-
sumably pifion) during the early part of the
Neoglacial. Chenopodiaceae/A maranthus
pollen has relatively lower levels of represen-
tation than in the modern period. Ephedra

was apparently absent from Mill Canyon dur-
ing this period. Thus the vegetative cover
around Gatecliff during the earliest Neogla-
cial period seems to have been pifnon-juniper
woodland, with perhaps a higher proportion
ofjuniper than is present today (Thompson
and Kautz, chap. 7). The midden record also
shows that a juniper (J. scopulorum), today
absent from Mill Canyon, was abundant at
Gatecliff during this period. This juniper
probably reflects moister (and/or colder) con-
ditions.
The late portion of the Early Neoglacial

(i.e., 4250 B.P.-3200 B.P.) is correlated by
Davis (chap. 4) with Stage 5 at Gatecliff, a
time when debris flows once again were rath-
er frequent and voluminous (although rubble
deposition was becoming increasing promi-
nent). Debris flows tended to occur at 150 to
300 year intervals, and Davis thinks that pre-
cipitation in the area was perhaps similar to
that of today.
Melhorn and Trexler (chap. 5) include this

period in their Late Fluvial stage, suggesting
that a 650 year depositional hiatus may be
another local manifestation of the "long
drought" (Antevs, 1948).

Juniper and pine pollen at Gatecliff con-
tinue at relatively high levels during the late
part ofthe Early Neoglacial period. The local
vegetation was probably similar to that ofthe
previous period, the relatively high propor-
tions of juniper perhaps reflecting the in-
crease in summer precipitation.
CULTURAL EVIDENCE: Horizons 7-1 1 occur

in the Early Neoglacial sediments at Gatecliff
Shelter. This interval begins during the Dev-
ils Gate phase and ends in the middle of the
Reveille phase. Horizon 8, ca. 3300 B.P.
marks the transition between these two cul-
tural phases.

THE LATE NEOGLACIAL PERIOD
(PosT-3200 B.P.)

REGIONAL CLIMATE: The last 3200 years
provide a climatic record "much more com-
plete than that of earlier time, yet it is no
clearer" (Davis, 1982). The early part of the
Late Neoglacial (ca. 3200 B.P.-2000 B.P.) is
a time of relatively low temperatures, with
waning summer precipitation (Davis, 1982);
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winter precipitation apparently became dom-
inant throughout the central and western
Great Basin. Pyramid Lake rose to about 1180
m., although the level fluctuated considerably
during this interval. Water levels were also
apparently high at Walker Lake, showing that
Walker River followed its present course at
that time. By contrast, the water level in the
Carson and Humboldt Sinks was relatively
low. Glaciers formed in the cirques of the
Sierra Nevada during the early part of the
Late Neoglacial.
The middle portion ofthis period (ca. 2000

B.P.-600 B.P.) was a time of rising temper-
atures and lessening winter precipitation, al-
though Davis (1982) emphasizes the conflict-
ing nature of the data for the central and
western Great Basin. The level ofWalker Lake
was relatively low, and the Carson Sink may
have stood below 1196 m.
The last 600 years was a winter-wet inter-

val, with relatively more precipitation than
previously (Davis, 1982). Pyramid Lake rose
to a historic highstand at 1181 m. during the
late 1800s. By the twentieth century, the cli-
mate seems to have become more xeric.

PALEOCLIMATIC EVIDENCE: This period cor-
responds to Davis's Stage 6 at Gatecliff, com-
prised primarily of rubble fill topped by a
humic A- 1 horizon. Davis infers that precip-
itation levels were generally winter-domi-
nated in the Mill Canyon area, not very dif-
ferent from the modern regime, although
temperatures may have been somewhat low-
er.
Melhorn and Trexler correlate this period

with their Late Fluvial stage, a time ofsudden
reversion to cooler temperatures and in-
creased incidence of mechanical breakdown
of rock, accompanied by talus creep and dry
slides. Rock glaciation commenced once again
on nearby Mt. Jefferson during the early part
of this interval, suggesting colder winter tem-
peratures, accompanied by increased winter
snowfall, providing interstitial water for rock
glaciers (chap. 6). From this regional per-
spective, Melhorn and Trexler suggest that
there was minor temperature variability
throughout this period, but the evidence is
more apparent in the upland cirque basins of
Monitor Valley, and not readily visible at
Gatecliff Shelter.

The vegetation of the Mill Canyon/Gate-
cliffShelter area changed markedly during the
earliest Late Neoglacial period. Juniper pol-
len declined, with a corresponding increase
of pine and non-arboreal pollen. This period
also indicates the decline and eventual dis-
appearance of J. scopulorum in the packrat
midden sequence
The relative increase ofpine pollen and the

decrease in juniper pollen between 3400 and
2800 B.P. may reflect an end of the summer
storms characteristic of the Late Neoglacial
period. The climate during the Early Neogla-
cial seems to have shifted to a predominantly
winter/spring precipitation pattern. These
high levels of pine pollen may reflect higher
levels of effective moisture, with the domi-
nance of cool-season precipitation and gen-
erally lower summer temperatures.
A second pollen shift occurs at about 2800

B.P. Juniper pollen once again increases, and
the dramatic appearance of Ephedra pollen
probably reflects the true introduction of this
species into the Mill Canyon area (a finding
supported by the Neotoma midden studies
as well).
The period from 2800 B.P. to 2000 B.P.

seems to have had more effective moisture,
with cooler summer temperatures. Between
about 1500 B.P. and 800 B.P., however, there
may have been a brief return to summer-
dominated precipitation, during which ju-
niper pollen increased and debris flows oc-
curred once again at Gatecliff Shelter.
The addition of Ephedra to the pollen dia-

gram imposes statistical constraints, making
it difficult to interpret the upper portion of
the diagram. The packrat midden data, how-
ever, provide evidence that relatively little
vegetational change has occurred in the last
2500 or so years at Gatecliff.
CULTURAL EVIDENCE: Gatecliff Shelter was

rather heavily utilized by aboriginal popu-
lations during the last 3200 years. The Late
Neoglacial period began with three Reveille
phase components (Horizons 4-6), contained
within the relatively undifferentiated rubble
of Strata 3 and 5. Two Underdown compo-
nents, Horizons 2 and 3, occur in the lower
portion of Stratum 1, and the uppermost cul-
tural layer, Horizon 1, accumulated during
the Yankee Blade phase.
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SOME ADDITIONAL COMMENTS
ABOUT CHRONOLOGY

Is GATECLIFF A LOCAL OR REGIONAL REC-
ORD? Table 90 summarizes the paleoenvi-
romental chronology from Gatecliff Shelter.
The immediate question is, whether the sed-
iments at Gatecliff represent merely a record
of Mill Canyon-specific events, or whether
they can be extended to a regional frame-
work.

Additional data from Monitor Valley re-
solve this issue (as discussed in Part 3 of this
series). The GatecliffShelter stratigraphy cor-
relates closely with a 6+ m. exposure at Triple
T Shelter, in West Northumberland Canyon,
about 12 km. southwest of Gatecliff.
These two sites differ in critical ways: Tri-

ple T Shelter is in a different drainage system
and has a markedly different topographic as-
pect and exposure. The flora of this portion
of Northumberland Canyon differs signifi-
cantly from that of contemporary Mill Can-
yon (chap. 7). The elevation ofTriple T Shel-
ter is nearly 295 m. below that of Gatecliff
Shelter.

Neverthless, these two sites show remark-
ably similar geomorphological and paleo-
botanical records. Because of the great geo-
graphic, altitudinal, and geological separation
between the two sites, the strong similarity
in depositional sequences and the fair con-
cordance of radiocarbon dates clearly indi-
cates that an areal (and probably a regional)
climatologic and sedimentological pattern is
being monitored at both sites.
THE PINON/PEOPLE INVASION: The com-

bined paleobotanical evidence from Gatecliff
Shelter, enumerated above, suggests that the
pifnon-juniper woodland first appeared in the
Monitor Valley area about 6000 years ago.
This accords with phytogeographic evidence
from elsewhere. To date, no evidence of sin-
gleleaf pifion from Pleistocene or pre-6000
B.P. Holocene deposits has been found in the
Great Basin proper (Thompson and Hattori,
this volume). Pinus monophylla commonly
occurs, however, at a variety of sites in the
northern Mojave Desert (Van Devender and
Spaulding, 1979).

In other words, between 21,000 and 12,000
B.P., the pifion-juniper zone was poised on
the southern margin ofthe Great Basin, ready

to make a relatively rapid expansion outward
with the advent of the Holocene.
The mechanism of the pinion-juniper in-

vasion is interesting because the wingless pi-
non seeds can be dispersed only through biot-
ic agents. The range of Pinus monophylla is
heavily conditioned by the ecological and be-
havioral characteristics ofcertain corvid birds
that harvest pifion seeds directly from the
cones, carry them some distance, then cache
them in the upper soil layers for subsequent
retrieval as winter or spring food. Unre-
trieved seeds frequently germinate, thereby
establishing stands ofnew trees, or increasing
the density of existing stands (Lanner, 1980;
chap. 7, this volume).
Based upon optimal foraging studies ofthe

four primary corvids, Lanner concludes that
a migration rate of about 13 km. per century
would not be unrealistic for pinion movement
south to north. Using this assumed rate, a
northward moving pifion "front" could
have arrived at Gatecliff Shelter sometime
between 9670 B.P. and 8910 B.P.
Thus in principle, singleleaf pinon could

have traversed the Great Basin during the
Early Holocene. But the Gatecliff paleobo-
tanical data suggest that pifion did not arrive
in the Monitor Valley area until about 6000
B.P. The actual migration of Pinus mono-
phylla seems to have lagged millennia behind
the theoretically possible rate.

It is of no small importance that the first
well-dated evidence ofhuman occupation in
Monitor Valley also occurred about 6000 B.P.
The earliest usage of Gatecliff Shelter oc-
curred as a very thin, but indisputable in situ,
artifact scatter in the basal rubble of Stratum
26. A radiocarbon date associated with Ho-
rizon 16 pinpoints this occupation at about
5300 ± 170 B.P. (UCLA-1989B). Nearby
Triple T Shelter was also first occupied at
about the same time, as indicated by a suite
of five radiocarbon dates (see Part 3 of this
series). The oldest ofthese dates (6340 ± 160
B.P.: QC- 1 70) appears to be several centuries
too ancient, and the remaining dates at Triple
T Shelter cluster at about 5400 B.P.

Isn't it tempting to frame a simplistic causal
argument linking the nearly contemporane-
ous invasions of the Monitor Valley area by
pifion and people?
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Such a temptation should be resisted until
further data are available. Notwithstanding
the well-dated paleobotanical and archaeo-
logical sequences at Gatecliff and Triple T
Shelters, no single site-or even pair ofsites-
can reasonably be taken to define complex
man-land relationships that spanned literally
millennia and thousands of kilometers.
THE ALTITHERMAL AS VIEWED FROM GATE-

CLIFF SHELTER: The classic Altithermal pe-
riod of Antevs began about 7000 B.P. and
ended between 5000 B.P. (Antevs, 1948, ta-
ble 176) and 4500 B.P. (Antevs, 1955, fig.
90). Antevs argued that the Altithermal was
a hot/dry interval, but a number of investi-
gators have either modified the premise, or
challenged the concept outright. Martin
(1963) argued that, in the Southwest, the Al-
tithermal was a moist, rather than arid in-
terval. Aschmann (1958) and more recently
Mehringer (1977) point out that the contem-
porary year-to-year geographic variability in
climate across the Great Basin makes the Al-
tithermal concept-a regionally warm/dry
episode with firm temporal boundaries-dif-
ficult to sustain empirically.
Van Devender and Spaulding (1979) re-

cently concluded that Antevs's Altithermal
was a time when temperatures were only
slightly warmer than during the preceding or
following intervals. But this increase in tem-
perature was sufficient to shift the maximum
incidence of precipitation to the summer
months. To Van Devender and Spaulding
(1979), the Altithermal was a time ofseasonal
dryness but not of annual aridity.

It is important to note that both Van De-
vender and Martin were discussing primarily
the American Southwest, an area that today
receives much more summer precipitation
than the Great Basin. Antevs, on the other
hand, based his original arguments on data
from the extreme northwestern Basin, an area
that today receives virtually no summer pre-
cipitation. GatecliffShelter lies between these
two regions, and might be expected to have
had a middle Holocene climatic regime
somewhere in between the two extremes (and
this is certainly what is indicated by the com-
bined paleoenvironmental records from
Gatecliff Shelter).

Gatecliff Shelter contains both geomor-

phological and paleobotanical data relevant
to the Altithermal issue. The Altithermal in-
terval is commonly recorded in many Desert
West localities as merely an interval of ero-
sion; relatively little can be inferred from such
exposures about the Altithermal climatic re-
gime.

However, at GatecliffShelter, considerable
deposition occurred during the Altithermal.
This is important since the climatic and pa-
leoenvironmental interpretation for the Al-
tithermal at Gateliff is based on geomorphic
deposits, rather than merely a depositional
unconformity.
On geomorphological grounds, Davis,

Melhorn, and Trexler (chaps. 3-5) have in-
terpreted the Altithermal interval as being
moist at times (between 6500 B.P. and 5100
B.P.), yet dry at others (5100 B.P. to 4250
B.P.). The Gatecliff high non-arboreal pollen
frequencies may reflect aridity for the period
between 7000 B.P. and 5700 B.P., or simply
the absence of pinon and juniper due to mi-
grational lags. Although the period from 5700
B.P. to 3400 B.P. appears to be quite arid at
many sites in the Great Basin, the Gatecliff
data show that this interval was characterized
by more precipitation than today (chap. 6).
The Gatecliff Shelter data thus suggest that

the Altithermal as a whole was neither wet
nor dry-it was both.

It is also worth pointing out that Horizons
12-16 are "Altithermal occupations" at
Gatecliff Shelter. This point is of interest
mainly from a historical perspective, given
the now-superannuated dialogue regarding the
presence/absence of people in the Great Ba-
sin during the Altithermal (e.g., Heizer, 1951;
Baumhoff and Heizer, 1965; Jennings, 1964;
Aikens 1970; Layton, 1970, 1972; Benedict
and Olson 1978; Benedict, 1979).
There is no longer a question whether peo-

ple were present in the Great Basin between
7000 B.P. and 5000 B.P. They were-not only
at Gatecliff Shelter, but also at several other
sites including Leonard Rockshelter (Heizer,
1951; Byrne, Busby and Heizer, 1979), Dan-
ger and Hogup Caves (Jennings, 1964; Ai-
kens, 1970), Corn Creek Dunes (Williams and
Orlins, 1963), the Menlo Baths and King's
Dog sites (O'Connell, 1971; O'Connell and
Hayward, 1972).
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It is likely, however, that human pop-
ulation levels were depressed during much of
the classic "Altithermal" interval, as Elston
(1982) has recently pointed out.
CULTURAL TIME-MARKERS: Although some

investigators (e.g., Jennings, 1957, p. 279)
have questioned the value of projectile point
typology as a valid temporal indicator, others
(especially Heizer and Baumhoff, 1961, p.
123) correctly realized that projectile points
provide the best single method ofmonitoring
Great Basin cultural change.
The Gatecliff Shelter deposits contained

more than 400 typable projectile points, each
of which could be correlated with the estab-
lished radiocarbon and paleoenvironmental
sequence. These data have been synthesized
elsewhere (Thomas, 198 la), and need not be
reiterated here.
The general chronological framework of

Heizer and Hester (1978) remains intact for
the central Great Basin. The Monitor Valley
point typology refines the Heizer and Hester
scheme in two basic ways. First of all, the
Monitor Valley types are based on more op-
erational criteria, resulting in a higher degree
of replicability. This is important because
several of the chronological disputes in the
Great Basin were directly the result of sloppy
and idiosyncratic typology. Properly applied,
the Monitor Valley criteria offer a chance to
standardize the terminology, and focus on
real rather than merely semantic issues.

Secondly, the Gatecliff Shelter and Moni-
tor Valley data suggest a somewhat different
alignment in the various Great Basin types.
The fundamentals of the Heizer and Hester
(1978) analysis remain, but the Monitor Val-
ley criteria provide more fine-grained con-
trol.



CHAPTER 25. INTEGRATIVE SYNTHESIS:
BEHAVIORAL IMPLICATIONS

The theoretical and epistemological frame-
work behind the Gatecliff excavations are
presented in Thomas (1983). In this final
chapter, I recap that background briefly, and
then examine what the Gatecliff Shelter has
to tell us.

ECOLOGICAL VARIABILITY:
TO BE EXPLAINED,

OR EXPLAINED AWAY?

I begin the inquiry with the relevant gen-
eral and mid-range theory relating to seasonal
and long-term mobility in a hunter-gatherer
society. Although recent mobility studies
commonly emphasize a global, cross-cultural
perspective, such inquiries can assume a de-
cidedly normative posture, unnecessarily re-
stricting the utility of the comparative ap-
proach.

I wish to emphasize rather than minimize
the degree of ecological variability. The pro-
tohistoric Great Basin contained a surpris-
ingly broad range of adaptive poses, and the
Monitor Valley inquiry began by exploring
variability in subsistence, settlement, social
organization, and territoriality. Three proto-
historic case studies were examined: the Ka-
wich Mountain Shoshone (a predominantly
forager economy), the Owens Valley Paiute
(a group following a collector strategy), and
the Reese River Shoshone (a mixed-mode
society who seasonally alternate between for-
aging and collecting strategies).

Despite overriding cultural similarities,
each society employed a rather different
adaptive strategy. They spoke mutually in-
telligible languages. Their technologies were
virtually identical, and they exploited rough-
ly the same resources. All three systems func-
tioned within the same culture area, and each
is easily subsumed under the common rubric
of "Steward's (1938) model of Great Basin
Shoshoneans."
That is, even when holding culture con-

stant, one is confronted with three structur-
ally distinct adaptive strategies operating at
the same time within a radius of less than
100 km.

All three adaptive strategies can be readily
scaled along Binford's (1980) forager-collec-
tor continuum. But the surprising degree of
adaptive diversity simply cannot be satisfac-
torily explained by today's general mid-range
theory. Clarifying the causal factors that
broaden or constrict the degree of ecological
variability in a given ecosystem is a major
focus of the Monitor Valley research.
Of course documenting ecological vari-

ability is one thing; explaining it is something
else again. The Monitor Valley inquiry com-
menced by examining selected structural parts
of the Great Basin resource base, then defin-
ing the relevant biogeographic and techno-
logical parameters involved in the three case
study adaptations.
The study was synchronic up to this point,

relating strictly to the protohistoric period
(Thomas, 1983, chap. 4). To examine the mi-
croevolution of each strategy, one must link
these protohistoric exploitative strategies with
their assemblage-specific archaeological con-
sequences. Adapting Winters's (1969) criteria
to the Great Basin Shoshonean case, we
moved on to examine the protohistoric ar-
chaeological record in terms of seven func-
tional assemblage categories: general utility
tools, weapons, harvesting equipment, fab-
ricating equipment, domestic equipment,
recreational equipment, and ceremonial
equipment (Thomas, 1983, chap. 5).

FUNCTIONAL SITE VARIABILITY
Assemblage-level correlates could then be

synthesized into a regional model of proto-
historic cultural geography. At the heart of
this model lies the behavioral definition and
archaeological recognition of key sites and
non-sites.
The residential base-the "hub of all sub-

sistence activities" (Binford, 1980, p. 9)-is
where most processing, manufacturing, and
maintenance is expected to occur. The "typ-
ical" base camp might contain evidence of
domestic dwellings and site furniture, spe-
cialized utilitarian structures and outdoor
work areas, service centers, diversified tool
fabrication and repair, child rearing, storage
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of food, raw materials, and tools, a relatively
high degree of internal site differentiation,
luxury items, and debris from recreational
and ceremonial activities.

Base camps are generally positioned with
respect to the necessities of adequate life-
space, protection from the elements, and a
location central to survival resources (Wag-
ner, 1960, chap. 6; Binford and Binford, 1966,
p. 288; Binford, 1980; Kelly, 1980, in press).
Specific, assemblage level consequences for
protohistoric Great Basin base camps are
presented elsewhere (Thomas, 1983, chap. 5).
The field camp, the temporary operational

center, is where a special-purpose task group
sleeps, eats, and otherwise maintains itself
while absent from the residential base (Bin-
ford, 1980, p. 10). Task groups establish field
camps whenever they are required to travel
beyond the normal foraging radius (see be-
low). Because people live at field camps, po-
sitioning is partially determined by the same
factors conditioning base camp placement-
adequate life-space, plus the availability of
shelter, fuel, temporary food supplies and, in
some cases, water. But domestic require-
ments are commonly superseded by special-
ized functional considerations: proximity to
areas of plant harvesting, intercept strategy
hunting, collecting or quarrying of raw ma-
terials, and location of exchange partners.
Field camps are almost always single-sex, but
their structure varies to reflect differentiation
in both target resources and overall position-
ing strategies.

Archaeological visibility of field camps is
variable (Thomas, 1983, chap. 5). Because
field camps are only temporarily inhabited,
caves and rock-shelters were generally more
suitable for use as field camps than as base
camps. Field camp assemblages are expected
to be relatively sparse and homogeneous
(chap. 20, this volume), consisting largely of
highly curated personal "gear," specialized
extractive implements, debris from limited
artifact repair, and the occasional boredom
reducer. Primary fabrication is relatively un-
common, although production staging takes
place in some field camps. Food consump-
tion is often limited to snacking, sometimes
heavily biased toward relatively low utility
faunal items (Binford, 1978a; Gould, 1980,
pp. 15, 20; chap. 18, this volume).

The field camp commonly contains evi-
dence of specialized subsistence, limited ar-
tifact manufacture, low diversity byproducts,
restricted faunal and floral inventory, low in-
vestment in construction of dwelling or fea-
tures (except possibly cache areas), an ab-
sence of child rearing activities, emphasizing
logistic over domestic positioning.
These criteria unfortunately provide no

clear-cut archaeological signature for distin-
guishing the residential base camp from the
single-sex, task-specific field camp. Field
camps are often built on abandoned base
camps, commonly superimposing the two site
types in the archaeological record. Because
field camp assemblages are merely subsets of
base camp assemblages (chap. 20, this vol-
ume), the archaeological differentiation of
base camps from field camps often ap-
proaches invisibility. Distinguishing the two
site types remains a major problem for the
regionally oriented archaeologist. Ad hoc field
designations are simply not to be trusted.
The resource cache, another basic site type,

reflects the basic attempt to control for tem-
poral incongruity in an ecosystem (Binford,
1980, p. 12). Caches prolong the availability
of key resources, and commonly have a rel-
atively high degree of archaeological visibil-
ity. Because caching behavior implies reli-
ance on storage, the cache provides a fairly
reliable archaeological signature of the col-
lecting procurement strategy.

Daily extractive activities occur at loca-
tions. In general, animal procurement loca-
tions are more visible than plant procure-
ment locations, and the intercept strategy
hunting location is more visible than the en-
counter location (Thomas, 1983, chap. 5).
Locations exist in the archaeological record
generally as low visibility, non-site artifact
and debris scatters.

VARIABILITY IN
HUNTER-GATHERER CULTURAL

GEOGRAPHY

Rather than merely reify yet another ty-
pology of hunter-gatherer sites, our objective
is to explore the causal factors conditioning
the various mobility options. Site reposition-
ing is basically a homeostatic tactic, creating
some degree ofyear-to-year flexibility within
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the sequence ofseasonal poses (Wagner, 1960;
Kelly, 1980, in press; Binford, 1982; Thom-
as, 1983, chap. 5).

Figure 242 presents a general positioning
model. The innermost circle is the camp-
ground radius, defining immediate workings
of the residential base. Although resources of
this area are commonly overexploited, the
campground can often contain important re-
newable or unearned resources-not only
firewood and water, but also lightly exploited
resource patches such as willow stands (for
basketry), various roots and herbs for med-
icines, and small game hunted on a low den-
sity encounter basis. The camp range extends
for a kilometer or so in all directions.
The foraging radius extends beyond to in-

clude the area systematically searched and
exploited by task-specific work parties who
forage from camp daily, returning home at
night. The foraging radius rarely exceeds 10
km. from the base camp (Yengoyan, 1968;
Lee, 1969; Binford, 1982). Beyond this dis-
tance, it seems generally more efficient to
establish a field camp for overnight accom-
modation. The foraging radius defines di-
verse procurement areas for seed harvesting,
fishing, limited intercept hunting, salt collec-
tion, lithic procurement, and so forth.

Further out still, collectors establish a lo-
gistic radius zone exploited by specialized task
groups staying away from the base camp for
at least one night (and sometimes longer).
Because ofthe overnight factor, camps in the
logistic range must provide at least minimal
maintenance accommodations such as shel-
ter, water, firewood, and on occasion, a local
food supply.
The campground, foraging, and logistic ra-

dii are encompassed within an extended range,
the zone commonly monitored relative to re-
source abundance and distribution (fig. 242).
The size of the extended range depends on
the resource structure and the degree of inter-
group communication and exchange.

Figure 242 is an ideal case model, in which
the various economic zones are abstracted as
uniform, concentric circles. The actual zones
are strongly conditioned by the transport and
labor costs associated with each resource, by
the local topography, distribution ofresource
patches, the tethering effects of water avail-
ability, animal migration routes, and so forth.

FIG. 242. Idealized model of logistic strategy
of cultural geography (taken from discussion by
Binford, 1982; also Thomas, 1983, fig. 1 1).

In our three Great Basin case studies-the
Kawich Mountain Shoshone, the Reese Riv-
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er Shoshone, and the Owens Valley Paiute-
the distribution of such cultural zones during
the protohistoric period can be plotted
(Thomas, 1981b; 1983, figs. 5-7).

WHY REESE RIVER MODELS
WILL NOT NECESSARILY WORK

IN MONITOR VALLEY

Gatecliff Shelter is at an elevation of
2319 m., within the protohistoric pifnon-
juniper zone. It is tempting to think that
Monitor Valley should manifest a pattern
similar to the Reese River Valley, based on
superficial ecological similarity. Mid-range
considerations presented elsewhere (Thom-
as, 1983, chap. 10) suggest that the niche
breadth of the pi-non-juniper zone endows
this area with the highest residential potential
in protohistoric Monitor Valley, for several
reasons:

1. The pifion-juniper belt has the most mod-
erate winter temperatures in Monitor Val-
ley; winters are considerably more severe
both upslope and downslope.

2. Water is relatively abundant throughout
the Monitor Valley woodland.

3. The Monitor Valley woodland contains a
year-round fuel supply.

4. During all but the most severe winters,
some ofthe woodland areas are snow free.

5. The pifnon-juniper zone contains key sub-
sistence resources dispersed both tempo-
rally and spatially (i.e., pine nuts, seeds,
roots, berries, and greens).

6. Subsistence resources of both the upland
slope and valley bottom are available
within 9 km. of the foraging radius of the
woodland camp.

7. The woodland offers ample ancillary re-
sources (i.e., willows, Apocynum, lithic raw
materials, ocher, etc.).

8. The woodland provides a number of nat-
ural caves and rock-shelters.

We have argued that-given the protohisto-
ric Basin Shoshonean level of technology-
the pinion-juniper zone has the greatest niche
breadth, and hence the greatest residential
potential of all the Monitor Valley microen-
vironments.

But Monitor Valley is not Reese River Val-
ley. The settlement potential for the Monitor
Valley pinion-juniper woodland is consider-
ably lower than that for corresponding areas
in the Reese River Valley (Thomas, 1973;
Thomas and Bettinger, 1976).
The protohistoric Reese River Valley was

a more mesic environment than Monitor
Valley, but mere availability of water is only
one factor. Recent research into the structure
of Great Basin climatic patterns and vege-
tational distribution provides additional in-
formation regarding the differences between
the two areas (especially West et al., 1978;
Tueller et al., 1979; Robin Tausch, personal
commun.).

Differential moisture between the Reese
River and Monitor valleys derives from Pa-
cific frontal storm systems. The relatively
mesic Reese River Valley has a unique to-
pographic situation, that directly affects the
local weather systems. The Toiyabe Moun-
tains are not only high, but the major ridge-
line is more than 50 km. long. The Reese
River Valley increases slightly in elevation
from north to south and is closed off to the
south by a substantial mountain mass linking
the Toiyabe and Shoshone mountains. Be-
cause of this, a portion of a Pacific frontal
ridgeline is also orographically uplifted, fur-
ther increasing the precipitation levels.
The relatively high and long Toiyabe

Mountains effectively rainshadow the Mon-
itor Valley area from Pacific frontal systems.
The higher elevations of Mount Jefferson in
the Toquima Range and Table Mountain in
the Monitor Range offset this effect to some
degree, but at the same elevation, the average
precipitation in Monitor Valley will be less
than in the Reese River Valley.

Increased moisture creates more produc-
tive and more diverse plant communities in
the Reese River Valley area, also creating
higher productivity in important seed and
root crops, as well as small game: more pine
nuts, more summer-ripening seeds, more sage
grouse, more rabbits, and more ground squir-
rels.
Water is also distributed differently be-

tween the two areas. Most ofthe surface water
in the Reese River Valley occurs as relatively
permanent and seasonal streams. Although
springs occur thoroughout the Reese River
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high country, the surface flow is usually suf-
ficient to support a stream or creek, a linear
resource.
By contrast, surface water in the Monitor

Valley woodland consists largely of point re-
sources, with their self-limiting residential
potential. There are exceptions, but overall,
water tends to be a limiting-rather than a
facilitating-factor for aboriginal base camps
in most of the Monitor Valley woodland (see
Thomas, 1979, chap. 9; 1982b; 1983, chap.
10).
Phytogeographic factors also influenced

aboriginal settlement pattern. The more re-
stricted Reese River pifion-juniper woodland
occurs as a "belt." But in Monitor Valley, the
trees tend to blanket the entire mountain
slope, extending over larger geographic areas
(see Thomas, 1983, fig. 35). The Monitor
Valley woodland thus lacks the well-defined
upper and lower margins ("edges") charac-
teristic of the Reese River area.
The pinion-juniper woodland holds the

highest potential for hunter-gatherer resi-
dences in Monitor Valley. Life-space condi-
tions in the pinion-juniper zone are about as
good as they get in Monitor Valley; if base
camps are present at all in this valley, they
should occur in the woodland area. But the
residential potential of Monitor Valley does
not approach that of Reese River Valley.

HOW MANY WAYS COULD
HUNTER-GATHERERS MAKE A
LIVING IN MONITOR VALLEY?

There is never a single best way to exploit
an ecosystem; even stipulating relatively con-
stant levels of technology, population den-
sity, and sociocultural interaction, there will
always be a broad range of strategic possi-
bilities for a particular landscape (Bettinger,
1978, 1980; Binford, 1980; Smith and Win-
terhalder, 1981). First priority strategies may
commonly be implemented whenever con-
ditions allow, but there may also be several
back-up strategies designed to accommodate
short-range ecological and social variability
(Vayda and McCay, 1975; Colson, 1979; Kel-
ly, 1980, in press). It is heuristically more
productive to seek out the full range of adap-
tive variability rather than to simplistically
search for a modal solution.

To this point, three relatively independent
axes of mid-range theory have been devel-
oped: the general nature of aboriginal pro-
curement strategies, the general nature of ab-
original cultural geography, and the specifics
of the protohistoric Monitor Valley resource
structure. These three axes were synthesized
into a series of five strategic models designed
to anticipate the archaeological record of the
entire Monitor Valley area (see Thomas, 1983,
chaps. 8-11); at present, we are concerned
only with the immediate landscape of Gate-
cliff Shelter (other areas in Monitor Valley
will be considered in subsequent parts of this
series).
These models are neither independent nor

mutually exclusive; they comprise a spec-
trum of mid-range theoretical anticipation for
the archaeological record ofa particular land-
scape.

STRATEGY I. HIGH RESIDENTIAL MOBILITY
GENERAL MODEL: Foragers (such as the Ka-

wich Mountain Shoshone) could have ex-
ploited Monitor Valley as part of their ex-
tended range, creating low density residential
bases and locations, with a few caches con-
structed in areas of high bulk resources.
PI&ON-JUNIPER WOODLAND PROBABILI-

TIES: Quite likely; foraging base camps could
occur at certain selected residential loci in the
woodland, with satellite procurement loca-
tions occurring throughout Monitor Valley.

STRATEGY II. SEASONAL FuSION-FISSION
(MONITORED FROM WITHIN THE

CAMP/FORAGING RADII)

GENERAL MODEL: Mixed-mode forager/
collectors (such as the Reese River Shoshone)
could have exploited Monitor Valley by es-
tablishing residential bases in areas of opti-
mal positioning, then pursuing alternative
foraging and wider ranging logistic exploita-
tion throughout the rest of the valley.
PI&ON-JUNIPER WOODLAND PROBABILI-

TIES: Dispersed residences-summer strategy
settlements-are a possibility, but larger base
camps- winter strategy encampments- seem
unlikely; these base camps would be almost
identical from those resulting from a strategy
of high residential mobility (Strategy I), and
extraction locations should be similar as well.
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STRATEGY III. SEASONAL FuSION-FISSION:
(MONITORED FROM WITHIN THE

LOGISTIC RADIUS)

GENERAL MODEL: Mixed-mode forager/
collectors could have exploited Monitor Val-
ley from residential bases located elsewhere,
visiting Monitor Valley proper only in logis-
tic, special-purpose task groups. This pattern
would create a series of high visibility inter-
cept locations, field camps, evidence of cach-
ing and transport of high utility, low bulk
resources to distant bases. Base camps should
be conspicuous by their absence.

PI&ON-JuNIPER WOODLAND PROBABILI-
TIES: Together with Strategies I and V, this is
the most likely possibility; evidence of logis-
tic strategies are relatively visible, primarily
as field camps and game procurement loca-
tions. Base camps should be absent.

STRATEGY IV. MINIMAL RESIDENTIAL
MOBILITY (MONITORED FROM WITHIN

THE CAMP/FORAGING RADII)

GENERAL MODEL: Collectors (such as the
Owens Valley Paiute) could conceivably have
exploited Monitor Valley by establishing
nearly permanent and optimally positioned
residential bases, then pursuing foraging and
logistic procurement throughout the rest of
the valley. This pattern would create a rela-
tively few high-visibility residential bases
showing signs of high labor and materials in-
vestment, surrounded by locations, field
camps, and an extensive caching system, es-
pecially in areas of high bulk resources.

PINON-JUNIPER WOODLAND PROBABILI-
TIES: Quite unlikely; any nearly sedentary base
camp established in Monitor Valley should
occur in the pifion-juniper zone, but the re-
source densities make this a long shot.

STRATEGY V. MINIMAL RESIDENTIAL
MOBILITY (MONITORED FROM WITHIN

THE LOGISTIC RADIUS)

GENERAL MODEL: Collectors could have
exploited Monitor Valley from nearly per-
manent residential bases located elsewhere,
visiting Monitor Valley proper only as logis-
tic, special-purpose groups. This pattern
would create a series of highly visible inter-
cept locations, field camps, caching spots, and
evidence oftransport ofhigh utility, low bulk

resources. Like Strategy III, this pattern would
be characterized by a conspicuous absence of
base camps.
PINON-JUNIPER WOODLAND PROBABILI-

TIES: Highly likely; game and plant procure-
ment locations and temporary field camps
would be identical with those of Strategy III.
The major limiting factor would have been
whether any set of microenvironments was
sufficiently productive and diverse to allow
a nearly sedentary base camp to be located
close enough so that Monitor Valley falls in-
side the logistical radius.
Other strategic mixes are possible, but these

five strategies, and their associated rank-or-
dered probabilities, form the epistemological
basis for evaluating the GatecliffShelter data.
These strategies are defined (a) to assist in

an understanding of the protohistoric period
per se, and (b) as a bridge between an ob-
servable archaeological and now-extinct be-
havioral contexts. These are not ethnograph-
ic analogies, not empirical generalizations, not
models to be tested against the archaeological
record.
These five behavioral models define the

potential variability in the procurement and
positioning strategies for the protohistoric
Monitor Valley. The nature of this environ-
ment is known for the protohistoric period,
and can be assumed to be a constant (for that
period). To evaluate the prehistoric archae-
ological record, however, we must rely on the
paleoenvironmental data synthesized in
chapter 24.

THE ACTIVITY STRUCTURE
OF GATECLIFF SHELTER

The rest of this chapter integrates and syn-
thesizes the Gatecliff Shelter data with re-
spect to the propositions summarized above
(and detailed in Thomas, 1983). This over-
view begins by considering the activity struc-
tures at Gatecliff (table 91), moving to a dis-
cussion of intra-site patterning, finally
considering the role of Gatecliff Shelter in
regional settlement patterns of Monitor Val-
ley.

EVIDENCE FOR ON-SITE EXTRACTION

"Extraction" refers to activities that center
about direct procurement of subsistence
items, or of the raw materials to be used in
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the manufacture of artifacts (Binford and
Binford, 1966, p. 268). Archaeological as-
semblages of field camps are expected to be
dominated by debris resulting from sex-spe-
cific extractive activities. Forager base camps
can also contain evidence of on-site extrac-
tion.
MALE EXTRACTIVE ACTIVITIES: At Gatecliff

Shelter, the procurement of artiodactyls,
mostly bighorn sheep, seems to have been
the primary visible activity on several hori-
zons (2, 3, 4-6, 8, 14, and 15), and a sec-
ondary activity on other floors (Horizons 7,
9, 12, and 13). Game was most commonly
field dressed, to prepare the high utility units
for transport and consumption elsewhere.
This behavior is most vividly evident on Ho-
rizon 2.
The extensive fabrication of both chipped

and ground stone artifacts, discussed below,
required that craftsmen secure locally avail-
able lithic raw materials. This pattern is par-
ticularly evident during the Middle Holocene
and Early Neoglacial periods.
FEMALE EXTRACTIVE ACTIVITIES: The ar-

chaeological record is commonly biased
against the detection of female hunter-gath-
erer activities (chap. 20). Direct archaeolog-
ical evidence for female extractive activities
is limited to Horizon 1, but this is almost
certainly due to the skewing effect of pres-
ervation rather than a true absence of female
extraction during earlier times at Gatecliff
Shelter.
The cache of prepared Apocynum fibers

clearly represents on-site female procure-
ment. Apocynum grows in moist soil along
stream beds, or wherever the water table is
relatively high. The green stalks appear each
year, grow to shoulder height, then dry up in
the fall. Apocynum can be collected for use
in cordage only when new and covered with
reddish brown outer fibers; when available,
large quantities were cut, sorted and then
cached (Wheat, 1967, p. 55; Heizer, 1970).
Although Apocynum apparently does not

grow near Gatecliff Shelter today (Thomas,
1983, table 4), the presence of cached Apo-
cynum fibers at Gatecliff Shelter might sug-
gest that this species grew nearby sometime
in the past six centuries or so.

It is also likely that the dozens of heavily
utilized grinding stones at Gatecliff represent
female extractive activities (see below).

EVIDENCE FOR ON-SITE FABRICATION

"Fabrication" is the alteration or assem-
bling ofraw materials for use in various stages
of manufacturing implements or equipment
(Winters, 1969, p. 47). Sites sometimes con-
tain the actual fabricators (tools used to make
tools), either cached or otherwise discarded:
flakers, perforating tools, sewing implements,
weaving tools, shaft straighteners, edge-
abraded cobbles, hammerstones, etc. Fabri-
cation can also be detected by recovery of
manufacturing byproducts-broken produc-
tion stage artifacts, unfinished artifacts, or
byproducts of perishable artifact fabrication.
MALE FABRICATION ACTIVITIES: On-site

male fabrication is evident as the primary
manufacture of chipped stone weapons and
general utility tools. This is a very visible
activity in the archaeological record because
of the high frequency and durability of both
fabricators and byproducts involved in
chipped stone manufacture. Chipped stone
fabrication is a subtractive technology, and
staged artifacts are commonly discarded.
Fabrication of chipped stone artifacts was
probably a major activity throughout the ar-
chaeological record of Gatecliff Shelter: the
primary activity on Horizons 1, 4-6, 7, 8, 9,
12, and 13, and a secondary activity on Ho-
rizons 3 and 15.

On-site manufacture of ground stone im-
plements-large block and slab metates and
scraper planes-is also surprisingly common
at Gatecliff Shelter, clearly evident on Ho-
rizons 4-6, 7, 9, and 10. It is important here
to distinguish the manufacture of ground
stone artifacts (a male fabrication activity)
from the utilization of these artifacts (a fe-
male extractive/maintenance activity).
Horizon 1 also contains the byproducts

from the fabrication of hunting and trapping
equipment, additional artifacts manufac-
tured by substractive technology.
FEMALE FABRICATION ACTIVITIES: Evi-

dence of female fabrication is rarely pre-
served in the archaeological record; most by-
products are perishable and, since female
technology is primarily additive, staged arti-
facts are rarely discarded (chap. 20). The best
evidence of female fabrication would seem
to be fabricating tools-bone awls, and prob-
ably also drills, gravers, perforating tools-
either cached or discarded on-site. Unfortu-
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nately, many female fabrication artifacts are
what Winters (1969, p. 32) termed "general
utility tools," not isomorphic with any single
activity.
Female fabricators are common on Hori-

zons 3, 4-6, and 8- suggesting on-site artifact
manufacture by women during these inter-
vals. But these floors have relatively large
sample sizes, and one must keep in mind the
skewing effects ofthe differential sample sizes
(chap. 20).

It is likely that the two dozen or so soft-
use scrapers in the Gatecliff assemblage (on
Horizons 3, 4-6, 7, 9, and perhaps also 14)
were used for hide processing, but we do not
know whether such scrapers were used by
males or females.

EVIDENCE OF ON-SITE MAINTENANCE

"Maintenance activities are related to the
preparation and distribution of subsistence
goods already on hand and to the processing
of on-hand raw materials in the production
oftools" (Binford,and Binford, 1966, p. 268).

Hearths observed on nearly all floors (ex-
cept Horizon 2) probably indicate on-site food
preparation (by either sex). The firemaking
equipment on Horizon 1 is also indicative of
on-site maintenance.
The sagebrush matting on the Horizon 1/2

contact likewise indicates preparation of a
sleeping area; this could easily have occurred
on other horizons as well, but conditions of
preservation generally make sleeping an in-
visible activity.
Male maintenance is poorly represented at

Gatecliff Shelter. The most visible task seems
to be the repair of"gear," hunting and general
utility tools used primarily for game pro-
curement, most amply represented on Ho-
rizons 1, 2, 3, 4-6, 14, and 15.
The occurrence of dozens of heavily uti-

lized grinding stones is difficult to interpret.
At times, grinding stones are cached, to avoid
having to transport these bulky items be-
tween base camp and plant procurement area
(Wheat, 1967, p. 36; see also Thomas, 1983,
chap. 5). These cached ground stone imple-
ments would thus function as items of pro-
curement.

But grinding stones are also cached as site
furniture at residential bases, where they are
used for on-site food preparation, i.e., as items
ofmaintenance. Despite the large sample size
and relatively fine intra-site controls, it is im-
possible to tell whether the Gatecliff ground
stone assemblage resulted from on-site pro-
curement, maintenance, or both. This is un-
fortunate, since these two activities have
rather different implications for regional cul-
tural geography (see below).

EVIDENCE OF ADDITIONAL
ON-SITE ACTIVITIES

A number of artifact assemblages in the
Gatecliff inventory suggest further the nature
ofon-site behavior; they are considered in no
particular order.
BASKETRY AND FIBER CONSTRUCTIONS: The

perishable artifacts from Gatecliff Shelter
demonstrate a surprisingly high degree of
variability in the kinds of basketry and cor-
dage being manufactured in Monitor Valley
after A.D. 1000; there are no data available
from earlier horizons (chap. 12). Adovasio
and Andrews argue that the Gatecliff Shelter/
Monitor Valley perishable industries can be
"virtually duplicated" in Numic ethnograph-
ic assemblages. Considering the chronologi-
cal position and technological characteristics,
Adovasio and Andrews believe that basketry
and associated perishables from Gatecliff
Shelter were made by prehistoric populations
of Western Shoshone people.

Because basketry, however, is unavailable
from pre-A.D. 1000 contexts, the perishable
evidence provides little solid data regarding
the timing of the Numic expansion (cf., Bet-
tinger and Baumhoff, 1982).
REGIONAL AND LONG-DISTANCE EXCHANGE:

Limited data are available regarding the na-
ture of exchange between those groups using
Gatecliff Shelter and people from surround-
ing regions.
A total of 21 shell beads and ornaments

were found in the Gatecliff deposits (chap.
13). These artifacts document at least indirect
exchange ties with the Pacific Coast area; the
nature of this exchange complex is consid-
ered in a subsequent volume of this series.
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Obsidian is a relatively rare commodity at
Gatecliff Shelter, comprising less than 5 per-
cent of the total lithic raw materials (as mon-
itored through rejected artifacts and debi-
tage). Despite the relative scarcity ofobsidian,
source fingerprinting can tell us something
about prehistoric exchange.
The earliest evidence of obsidian use oc-

curs on Horizon 12 as debitage and produc-
tion stage bifaces made ofBox Spring nodules
collected about 8 km. east ofGatecliffShelter.
This surface, from approximately 3000 B.C.,
is a specialized workshop for the manufacture
of Humboldt series projectile points.
The first signs of regional obsidian ex-

change at Gatecliff were found on Horizons
8 and 9 dating from the late portion of the
Early Neoglacial period-about 1400 B.C.:
several pieces ofQueen obsidian from a source
located about 185 km. to the southwest.
Queen obsidian is apparently absent from lat-
er horizons. It is interesting that over half (11
of 21) ofthe Pacific Coast shell beads at Gate-
cliff Shelter also occur in Horizons 8 and 9.
The other horizons contain obsidian from

the Bodie Hills (a source located 225 km. to
the southwest), Crow Springs (located not far
to the west ofTonopah, Nevada) and several
unidentified sources.
VISUAL SYMBOLISM AT GATECLIFF SHELTER:

A relatively large amount of symbolic infor-
mation are encoded in the rock art and ar-
tifact assemblages from Gatecliff Shelter. Only
recently have archaeologists begun to ex-
amine this symbolic, ideational component
of the archaeological record (e.g., Marshack,
various; Conkey, 1978, 1980; Hodder, 1982a,
1982b; Pfeiffer, 1982; see also Thomas, 1979,
chap. 3). Although substantive results of
symbolic archaeology lag far behind those of
the more common materialistic approach,
chapters 11 and 17 provide initial attempts
to explore the extinct symbol systems once
operative in the prehistoric Desert West.

Gatecliff Shelter was discovered in 1970
only because rock art was visible on the rear
walls-there were no additional indications
that prehistoric people had once lived there.
A total of 53 recognizable images are present
at Gatecliff: 13 motifs painted across eight
panels (chap. 15).
An alum compound made up the white

paint, and also seems to have served as a
binder for some of the other pigment com-
binations. Yellow paint was created by mix-
ing goethite and lepidocrocite, and hematite
was added to this mixture to make orange
and red paint.
Many, ifnot most, ofthe rock art elements

were painted prior to the major cave-in that
occurred about A.D. 1450. The underside of
the rooffall mass, removed during the course
of excavation, contained a number of shat-
tered rock art elements.
Perhaps the most unusual find at Gatecliff

Shelter was the recovery of over 400 incised
stones. Although similar stones have been
found in archaeological sites across the Great
Basin and throughout the world, the Gatecliff
Shelter sample comprises, to our knowledge,
the largest concentration in any New World
site.

All Gatecliff incised stones are made of
platy Roberts Mountain limestone (McKee,
1976), outcrops of which occur throughout
the Toquima Range. In fact, one outcrop of
Roberts Mountain limestone occurs imme-
diately above Gatecliff Shelter, and the ar-
chaeological deposits were filled with literally
thousands of "slate blanks," unmodified
pieces ofthe same raw material as the incised
stones.
Because ofthe excessive sample size, a sub-

set of the collection (denoted as Sample A)
was selected for detailed microscopic study.
T. Thomas (chaps. 11 and 17) adopting the
analytical procedures ofAlexander Marshack
(especially 1972a, 1972b), placed special em-
phasis on detecting the nature ofmarking ep-
isodes through tool changes, superposition,
and differential patination. Roughly half of
the Sample A incised stones from Gatecliff
Shelter exhibited a characteristic wear pat-
tern. Although no directional abrasion was
noted, these stones had been smoothed by
some relatively soft medium, quite likely the
result of handling over long periods of time.

Design variability in the Gatecliff incised
stones can be reduced to five core elements:
line, row, chevron, circle, and striation. De-
signs range from a single element to relatively
complex surfaces, with up to six different mo-
tifs. Most of the incised motifs correspond to
painted and pecked designs seen elsewhere in
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the Great Basin, and defined by Heizer and
Baumhoff (1962) as the Rectilinear Abstract
style of rock art. Because of this similarity,
T. Thomas refers to the Gatecliff incised
stones as "portable rock art."
The motif inventory on the incised stones

changes through time (chap. 1 1). At approx-
imately 3300 B.C.-within two centuries of
the initial usage of Gatecliff Shelter- incised
stones bearing simple double line motifs were
manufactured and discarded. Thereafter the
first truly "constructed" designs appear, and
by about 1300 B.C. (Horizon 7), two new mo-
tifs had been introduced. During the Middle
Holocene and Early Neoglacial periods, the
incised stones at Gatecliff contained fewer
than 7 motifs, produced by a single marking
technique.

After about 1300 B.C., both the sample size
and the number of motifs increased dramat-
ically (and it is likely that the increase in mo-
tif diversity is due, at least in part, to the
same sample size effect discussed in chap.
20). The Late Holocene horizons contain a
large number of incised stones, and Horizon
6 ushers in a qualitative change in the incising
stone tradition. The first curvilinear motifs
appear at this time, along with the first oc-
currences of striations and rocked motifs. Al-
though the earliest concepts of repetition and
rectilinearity continue throughout the Gate-
cliff sequence, a number of new elements,
new motifs, new techniques, and new spatial
arrangements appear at 1300 B.C.

Significant parallels exist between the wall
art and the portable rock art at GatecliffShel-
ter. Not only were both traditions pursued
with multiple marking strategies, but four of
five pictograph elements-the baseline, the
row of lines, the chevron, and the circle-
also appear in the painted wall art (chap. 15).

Microscopic analysis also indicates a con-
sistent visual structuring between wall art and
portable art. Elements sometimes act as da-
tum points or baselines, subdividing the area
for future marking episodes. But in other
cases, motifs are seemingly incised haphaz-
ardly over previously integrated designs, to-
tally ignoring the previous visual structure of
wall art and portable art.

Nearly one-third of the analyzed stones
show evidence of accumulation of marks on
a single surface. Based on variations of width

and cross section ofindividual marking tools,
we know that up to five different tools were
used to mark a single incised stone (fig. 177);
pigment analysis suggests that a similar ac-
cretional technique characterized non-port-
able Gatecliff art as well. Although one can-
not determine how much time elapsed
between marking episodes, a similar sequen-
tial marking strategy appears to be involved.
Trudy Thomas argues that the symbol sys-

tem evident on the portable Gatecliff art cor-
responds closely to the non-portable wall art
at Toquima Cave (also in Monitor Valley;
see Part 3 of this series). Based on the struc-
tural similarity between the well-dated incis-
ing tradition at Gatecliff, she suggests that the
Rectilinear Abstract style of rock art in gen-
eral may date as early as the third millennium
B.C. (a much earlier date than previously as-
signed by Heizer and Baumhoff, 1962).
Trudy Thomas further suggests that the

tradition of incising stones relates to the pe-
riodicity of pifion harvesting. Whereas inter-
cept strategy hunting locations are a spatially
fixed referent in the cultural geography ofthese
people, pi-non procurement locations are spa-
tially variable. The portable incising tradi-
tion of Monitor Valley may have functioned
as a pi-non-related symbolic correlate of the
non-portable wall art commonly found in as-
sociation with intercept hunting locations. In
this way, both rock art traditions could relate
to the fission-fusion models developed by
Conkey (1980) and Isaac (1972). It is perhaps
significant that Ritter (1980) has recently
found incised stones at a historic period Sho-
shonean pinon processing site.
Trudy Thomas argues that the incised

stones ultimately refer to the dramatization
of sequential and periodic behaviors. On the
basis of technological, stylistic, and compo-
sitional correspondences, the Gatecliff Shel-
ter incising style is considered to be yet
another aspect ofGreat Basin rock art in gen-
eral.

INTRA-SITE VARIABILITY AT
GATECLIFF SHELTER

Because the archaeological strata at Gate-
cliff Shelter were laid down with minimal
post-depositional artifact displacement, we
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thought that this site would be a useful place
to examine intra-site variability. This pre-
sumption proved true.

THE SAMPLE SIZE EFFECT

The primary behavioral objective of the
Gatecliff excavations was to determine the
nature of 16 relatively discrete occupational
surfaces: are these base camps? field camps?
hunting stands? a combination of all site
types? This is a definitional problem that de-
pends on mid-range theory to link the archae-
ological record with the systemic contexts that
produced it.
Too many archaeologists still assume that

base camps must be characterized by large,
relatively heterogeneous assemblages, where-
as field camps will produce relatively small,
homogeneous assemblages (chap. 20). These
archaeologists rely on the interaction be-
tween assemblage size and assemblage di-
versity to identify behavioral site types.
But this rather common procedure ignores

the sample size effect, a phenomenon vir-
tually unexplored in archaeological contexts,
but well known for archaeological faunal re-
mains (especially Grayson, 1978, 1979b,
1981 a, chap. 6, this volume). For many ar-
chaeofaunas, it has been convincingly shown
that sample diversity is a direct result ofsam-
ple size: larger samples are intrinsically more
diverse than smaller samples.

SAMPLE SIZES AT GATECLIFF SHELTER

Chapter 20 extends Grayson's sample size
argument to the assemblage level at Gatecliff
Shelter. Figures 216-220 explore both the
theoretical and empirical relationship be-
tween sample size and sample diversity for
the 16 Gatecliff horizons.
As these figures demonstrate, regardless of

how one measures assemblage size or diver-
sity, there is a strong and linear relationship
between these two variables at GatecliffShel-
ter; the correlation coefficients vary between
0.975 and 0.859.

In non-mathematical terms, this means that
based strictly on a knowledge of assemblage
size, one can predict the degree ofassemblage
diversity with an accuracy ranging from 75
to 95 percent (depending on how one defines

the variables). There is no escaping the reality
that inter-assemblage variability is over-
whelmingly conditioned by the size of the
samples-large samples will be heteroge-
neous and small samples will be homoge-
neous. While discovery of this relationship
does not vitiate behavioral analysis, the as-
semblage size/assemblage diversity curves
dramatically underscore the fallacy of equat-
ing large, diverse assemblages with base
camps and small, homogenous assemblages
with field camps.

THE SIZE SORTING EFFECT

Archaeologists commonly approach intra-
site variability employing the tool kit/activity
areas concept as a major mid-range theoret-
ical viewpoint: artifacts and ecofacts found
spatially associated in archaeological con-
texts must likewise have been associated in
the behavioral context. Unfortunately, many
factors intervene between the two contexts.

In chapter 20, we considered the mid-range
theory of hunter-gatherer refuse disposal be-
havior. Binford's (1978b) discussion of the
Mask site, Anaktuvuk, Alaska provides a de-
parture point, defining a generalized model
ofconcentric disposal zones, a pattern known
to exist on a number ofdiverse open air hunt-
er-gatherer sites. The major characteristic of
the Mask site model (fig. 221) is the presence
of an interior "drop zone" and an exterior
"toss zone."
The Mask site model emphasizes the im-

portance of size sorting as a site formation
process: smaller, lighter items tend to be fum-
bled or otherwise discarded in the drop zone,
whereas larger, heavier items are "tossed"
outside of the central behavioral zone. This
model applies only to open air sites, 360-
degree occupational surfaces: all else being
equal, debris will accumulate in concentric
rings around the core occupational area. A
derivative model is presented in chapter 20:
ifcharacteristic drop zone/toss zone behavior
is transplanted to a 180-degree locus-such
as a shallow cave or rock-shelter-then the
debris patterning will be different (even
though it resulted from the same behavioral
processes).

Figure 222 recasts the 360-degree Mask site
model into a 180-degree "exogene cave mod-
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el" appropriate to the configuration of Gate-
cliffShelter. Similar debris disposal processes
stand behind each model, but the exigencies
of site geometry strongly influence the way
this behavior translates into the archaeolog-
ical record.
The exogene cave model explains why the

archaeological debris at Gatecliff Shelter
should be heavily size sorted, smaller items
occurring in a drop zone at the rear of the
site, the larger items tossed into a secondary
refuse area outside the life-space proper.

SIZE SORTING AT GATECLIFF SHELTER

The 16 cultural horizons were then ana-
lyzed to determine how debris size sorting is
manifest in the archaeological record of
Gatecliff Shelter. It turns out that the Gate-
cliffdebris is indeed heavily size sorted. With
the important exception of Horizon 2 (dis-
cussed below), all horizons with fine- to me-
dium-grain size clearly indicated that the ar-
tifacts, debitage, and ecofacts at the rear of
the site are significantly smaller than those
deposited near the dripline.
Debris size is the single most important

factor influencing intra-spatial patterning
at Gateclif Shelter. This means that if one
wanted to predict where certain items would
be found in Gatecliff Shelter, weight would
be the most significant variable: regardless of
material, stage ofmanufacture, potential use-
life, edge attrition, typological or functional
category, the internal positioning of debris is
best predicted by one variable-weight.

This finding is important because, like the
sample size effect discussed above, it seri-
ously limits a tool kit/activity area concept
as an explanatory principle of intra-site pat-
terning.

HEARTH POSITIONING AT
GATECLIFF SHELTER

A total of 36 hearths could be plotted on
the medium- and fine-grained living surfaces
at Gatecliff Shelter (Horizons 7-14). The
placement of these hearths is tightly pat-
terned according to the exogene cave refuse
disposal model discussed above (fig. 222).

In effect, each of these horizons is char-
acterized by a distinct "hearthline," a band

of apparently independently constructed fire
hearths running across the mouth of Gatecliff
Shelter.
The parallels of hearth positioning are

striking because each horizon is capped with
a layer of very compact calcareous silt, vary-
ing in thickness from 15 cm. to over 50 cm.
The silt lenses effectively sandwich living sur-
faces between sterile layers, totally isolating
the intra-site patterning from earlier hori-
zons. Consequently, the internal structuring
on each living surface is independent from
one horizon to another.
The configuration of Gatecliff Shelter re-

mained essentially constant during the Mid-
dle Holocene period (5000 B.C.-2500 B.C.),
enclosing an area of between 30 and 45 sq.
m. Hearth position was also constant during
this period. One can predict the relative lo-
cation of the Middle Holocene hearths with
a fairly high degree of accuracy, the hearths
being created across Horizons 12-15 in a very
narrow arc, roughly 3-4 m. from the rear wall
of the shelter, averaging about 2 m. inside
the dripline (table 84).
The dripline remained constant at Gatecliff

over the last 7000 years, but because of the
irregular profile of the rear wall, the 10 m. of
accumulating sediments modified both the
absolute size and configuration of the en-
closed area. During the Early Neoglacial pe-
riod (2500 B.C.-1250 B.C.), the available in-
tra-site area at GatecliffShelter nearly doubled
(table 86).
The 36 hearths on Horizons 7-14 are po-

sitioned relative to the dripline and the rear
wall. This changing configuration provides
quasi-experimental conditions through which
to examine the variables of hearth position-
ing strategies: some variables change and
others remain constant.
RELATIONSHIP TO THE DRIPLINE: Although

the 36 hearths are placed an average of 213
cm. inside the dripline, there is considerable
variability in this placement (table 88):
hearths on Horizon 15, for instance, were
built an average of only 92 cm. inside the
dripline, whereas the Horizon 7 hearths oc-
curred an average of 346 cm. inside the drip-
line.
Because dripline position was constant, this

changing hearthline/dripline distance indi-
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cates that hearth positioning must have been
conditioned by other factors.
RELATIONSHIP TO THE REAR WALL: The

main rear wall-hearthline distance is a virtual
constant, almost exactly 4 m. (table 88). In
other words, as GatecliffShelter became larg-
er, the hearths move farther inside the site in
a predictable and linear fashion. But regard-
less of site size, hearths were built an average
of 4 m. from the rear wall. So positioned,
these small hearths offered several advan-
tages: a distinct work area is defined between
the hearthline and the rear wall; such place-
ment, somewhat inside the dripline protects
the fires from precipitation and windy gusts,
the smoke venting outside. In effect, each
hearth creates a relatively warm and smoke-
free "rear room," a heated work and sleep
area of nearly constant size between 15 and
20 sq. m. The rear wall effectively served as
a heat sink, warming the inner part of the
shelter with a relatively small fire.

HORIZON 2: AN EXCEPTION TO THE
Toss ZONE/DROP ZONE MODEL

All medium- and fine-grained living sur-
faces at Gatecliff Shelter showed unmistak-
able signs of debris size sorting, with most of
the smaller, lighter debris restricted to the
rear of the site, and the bulkier debris tossed
toward the dripline. Furthermore, the hearths
on these surfaces were positioned in tightly
patterned, highly predictable fashion.
But Horizon 2 has markedly different in-

tra-site patterning, an almost total reverse of
the exogene cave model (fig. 222). The most
obvious difference is that Horizon 2 lacks a
definable hearthline; in fact, Horizon 2 lacks
hearths ofany kind. Ifhearths had been there,
they were obscured by the mass sheet burning
which occurred shortly after the surface was
abandoned.

Size sorting ofHorizon 2 debris also differs
from the exogene model. Rather than having
debris increasing in size toward the dripline,
Horizon 2 showed the opposite patterning:
the most abundant (and bulkiest) faunal and
artifact debris accumulated in the center of
the site, and the peripheral areas were rela-
tively free of debris. The central dump area
contained the partially articulated, field-
butchered carcasses of about two dozen big-

horn; assorted butchering implements were
discarded near the edges of this bone mass.

This Horizon 2 dump zone/drop zone pat-
tern is unique at Gatecliff Shelter because
the central garbage heap took up most of the
enclosed area, leaving virtually no room for
construction of hearths, sleeping areas, or the
specialized zones of fabrication and main-
tenance observed on most other Gatecliffho-
rizons.

Clearly Horizon 2 reflected a rather differ-
ent set of behaviors from those evident on
other living surfaces at this site.
There is limited mid-range theory avail-

able to interpret the behavior implied by the
spatial patterning on Horizon 2. Binford
(1983) has argued that butchering tends to be
a "stand up" activity (as opposed to the
"seated" models that seem to apply in the
drop zone/toss zone models considered
above). Butchering surfaces commonly lack
a central facility, debris instead accumulating
in the middle ofthe work surface: the butcher
". . . may flip over the carcass from one side
to the other, using the skin as a work surface.
The result is (1) an empty walk/work space
[italics added] focused around the animal and
(2) debris which has been tossed away from
this work zone and has accumulated on the
periphery of the work area" (Binford, 1983,
p. 169).

This is almost precisely the Horizon 2 pat-
tern: a central zone of primary refuse, sur-
rounded by a "walk-work" space around the
periphery. This patterning is of interest, since
it shows a distinct lack of "preventative
maintenance" during the Horizon 2 butch-
ering episode. If it is true, as Binford (1983)
has argued, that the degree of preventative
maintenance is proportional to the antici-
pated reuse of an area, then only areas in-
tended for reoccupation would be regularly
cleaned up.
The presence ofthe central debris zone (and

the absence of a distinct toss zone) suggests
that little effort was expended to clean up the
surface of Horizon 2. This, in turn, implies
that Horizon 2 was used for a relatively short,
but intense interval.

This interpretation is in complete agree-
ment with the sequencing implied by the rel-
ative proportion of faunal elements: Horizon
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2 was a short-term, task-specific occupation
during which bighorn were relatively hur-
riedly butchered, and the high utility parts
transported elsewhere for consumption.

THE REGIONAL SETTLEMENT
STRUCTURE OF GATECLIFF

SHELTER

The five strategic models derived in Part
1 of this series (and summarized in the be-
ginning of this chapter) were expressed in be-
havioral, cultural geographic terms: base
camps, field camps, locations, etc. But it is
extremely difficult for archaeologists to deal
with true behavioral archaeology, and to this
point, we have approached the archaeology
of Gatecliff Shelter only in terms of activity
structures and intra-site patterning. A more
difficult task is to determine how Gatecliff
Shelter fit into the regional cultural geography
of the past 6000 years.
There is no one-to-one correspondence be-

tween activity and intra-site structure to a
behavioral site typology. Too many inter-
vening factors-archaeological grain size,
settlement redundancy, the sample size ef-
fect, and differential preservation-intrude to
allow simple definition of base camps, field
camps, and so forth.

Positioning is one factor that helps bridge
this gap. Base camps are generally located in
areas of adequate life-space, with protection
from the elements and centrally located with
respect to key resources in the area. The ar-
chaeological record of base camps should re-
flect diverse maintenance and fabrication
tasks-the preparation of food as well as the
manufacture of tools for use in other loca-
tions (see references in Thomas, 1983, chap.
5).

Field camps, on the other hand, are oc-
cupied by specialized groups conducting
mostly extractive tasks: game and plant pro-
curement, lithic quarrying, and so forth. Field
camps should generally have archaeological
assemblages dominated by tools used in spe-
cific extractive tasks. The degree to which
maintenance activities are conducted at field
camps will depend on the composition and
size of the task groups, and how much time
they spent there. The importance of main-
tenance activities at a field camp will also be

conditioned by the distance to the base camp.
If the two sites are relatively close, then few
maintenance activities will be reflected; ifthe
distance is great, then an increase of main-
tenance equipment should be expected.

All ofthese considerations reflect the over-
all cultural geography of the area (fig. 242).
There are no definable archaeological signa-
tures to define these site types, but we do have
some clues about the way in which Gatecliff
Shelter articulated with the overall settlement
structure.

CULTURAL GEOGRAPHY OF THE
EARLY HOLOCENE PERIOD

The GatecliffShelter area looked rather dif-
ferent during the Early Holocene. Although
limber pines grew much closer to Gatecliff
than today, the pifnon-juniper zone was ab-
sent; the lower Mill Canyon/Monitor Valley
area was a sagebrush-dominated steppe. Ef-
fective precipitation was much higher than
today, occurring mostly during the winter;
the climate was somewhat cooler.
Although people may have been living

somewhere in the central Great Basin-even
elsewhere in Monitor Valley-there is no evi-
dence of Early Holocene human occupation
of Gatecliff Shelter. This interval ended with
the eruption of Mt. Mazama, when Gatecliff
Shelter was covered with a thin band ofwind-
blown pyroclastic debris.

CULTURAL GEOGRAPHY OF THE
MIDDLE HOLOCENE PERIOD

The climate changed somewhat between
5000 B.C. and 2500 B.C., modifying the Mill
Canyon/Gatecliff Shelter environment. Pre-
cipitation decreased, shifting to a summer-
wet regime-characterized by intense sum-
mer storms-and mean annual temperatures
increased.
The pifion-juniper woodland had been

slowly advancing northward during the Early
Holocene, finally reaching Gatecliff Shelter
about 4000 B.C.
When people first arrived at GatecliffShel-

ter, about 3400 B.C., the floor of the shallow
cave was covered by chert and limestone rub-
ble. Not long after this, the cave floor was
capped with a relatively smooth, flat surface
of silt and fine-grained sand.
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Over the next two millennia, people re-
turned sporadically to Gatecliff. Episodic
summer floods deluged the Mill Canyon area
now and then, obliterating all signs of pre-
vious human usage of the site.

Gatecliff Shelter actually contained five
discrete Middle Holocene archaeological
"sites" (stacked one on top of another), and
the structure of these independent accumu-
lations was remarkably similar. Several small
fire hearths were built near the mouth of the
cave, just inside the dripline. Broken arti-
facts, waste chippage, and discarded animal
bones littered the surface of the site, the
smaller items accumulating at the rear of the
site, the larger debris was deliberately tossed
(or swept) toward the lip of the site.

Visitors to Gatecliff Shelter made weapons
and general utility tools from cobbles ofgreen
chert that could be collected nearby. Once,
about 3000 B.C., people manufactured con-
cave base projectile points from small obsi-
dian nodules they had carried from a spring
on the flat of Monitor Valley. Other times,
they simply repaired the gear they had brought
with them.
The hunters occasionally killed bighorn

sheep not far from Gatecliff, dragging the car-
casses onto the site to be butchered. Low util-
ity items-foot bones, skulls, pelves-were
often cracked open for marrow and the bro-
ken bones discarded on-site. But most of the
high quality cuts-the shoulders, the rumps,
the rib slabs, the neck pieces-were either
cached nearby or carried back to the base
camp. At least one person lost a scraper that
had been used to soften skins.
A keeled grinding stone, left at Gatecliff

about 3300 B.C., had been stained with red
ocher being prepared either to paint the black
cave walls, or perhaps as body paint for those
briefly stopping there. The lightly utilized
surface ofthe metate may also have been used
to process seeds collected nearby.
Middle Holocene visitors to GatecliffShel-

ter were mostly hunters who stayed only brief-
ly before moving on. Women may also have
visited Gatecliff during this period, but if so,
they left little behind. Gatecliff Shelter en-
closed a fairly small area during the Middle
Holocene period, and the debris seems to in-
dicate that very few people stayed there at
any one time.

MOST PROBABLE INTERPRETATION: During
the Middle Holocene, Gateclifffunctioned as
a field camp, a place where small groups of
people stayed no more than a few days. Those
stopping at Gatecliffwere traveling light, often
making new ad hoc tools during their absence
from the base camp. Determining the loca-
tion of that base camp must be done from a
regional-not a single site-perspective.

CULTURAL GEOGRAPHY OF THE
EARLY NEOGLACIAL PERIOD

The Early Neoglacial period began as a rel-
atively warm, arid period, and little debris
flowed into Gatecliffbetween about 3000 B.C.,
and 2250 B.C. After this, the temperature
dropped somewhat, and the precipitation
shifted to a winter-wet pattern. Talus debris
spilled into Gatecliff Shelter at 150 to 300
year intervals, and the floor of the site was
periodically coated with a smooth layer of
fine sand and silt. The Mill Canyon vegeta-
tion was dominated by pifnon-juniper wood-
land, with perhaps a higher proportion ofju-
niper than is present today.
The configuration of Gatecliff Shelter

changed slightly during the Middle Holocene
period; the enclosed area increased as the cave
filled up. But people utilized Gatecliff Shelter
in much the same way as before: hearths were
still built about 4 m. from the rear wall and
the larger debris was discarded toward the
dripline.
A few artifacts were manufactured from

local chert cobbles, and a couple of incised
limestone slates were discarded near the rear
of the site.
The occupational tempo of Gatecliff Shel-

ter changed about 1500 B.C. Although men
continued to hunt and butcher artiodactyls,
manufacture and repair chipped stone tools,
and build fires inside Gatecliff Shelter, they
started doing other things as well: They car-
ried huge chunks of limestone and sandstone
into the site, then flaked these stones into
grinding slabs and scraper planes. Women
also visited GatecliffShelter more frequently,
using the grinding stones manufactured there
for processing seeds collected nearby. Wom-
en also made basketry and hide clothing while
at Gatecliff.
As more people visited Gatecliff, the floor
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began to accumulate hundreds ofitems oflost
and discarded material culture-not only
broken tools and other garbage, but also small,
expensive items such as shell and bone beads,
ornaments, small pieces of decorated bone,
even pieces of worked turquoise.
MOST PROBABLE INTERPRETATION: Despite

the changing occupational intensity, the basic
character of Gatecliff Shelter continued dur-
ing Early Neoglacial times: hearths were still
built in the same places; debris accumulated
in the same pattern. Gatecliff was probably
still a field camp serving as a convenient stop-
over for people moving through Mill Canyon.
Sometimes hunters spent the night there, and
women probably ducked -inside Gatecliff to
escape the heat of the day, or to avoid a sud-
den thunderstorm while collecting the native
seeds of the Mill Canyon area.

It remains possible (though not likely) that
Gatecliff Shelter also functioned as an Early
Neoglacial base camp.

CULTURAL GEOGRAPHY OF THE
LATE NEOGLACIAL PERIOD

The Late Neoglacial period at Gatecliff
Shelter basically continues the Early Neogla-
cial patterning, and there is no reason to think
that the local cultural geography shifted sig-
nificantly during this interval. Horizon 2,
however, is something of a departure from
the Gatecliff pattern, a case in which behav-
ioral inferences can be considerably refined.
HORIZON 2: AN UNDERDOWN PHASE KILL/

BUTCHERING SITE: Horizon 2 was established
by an all-male hunting group about A.D. 1300.
This group killed approximately two dozen
bighorn, a herd comprised either exclusively
of ewes or a mixture of ewes and rams. Evi-
dence from tooth sections suggests that this
kill may have occurred between February and
April.

Analysis of bone damage and butchering
marks indicates four things about the Hori-
zon 2 behavior:
1. There was extensive post-depositional de-

struction by non-human agents (massive
roof fall, wild carnivores, and perhaps do-
mesticated dogs).

2. Horizon 2 bones generally lack evidence

of impact scars, suggesting little on-site
marrow extraction.

3. Only primary dismemberment seems to
have occurred, mainly the disarticulation
of bighorn carcasses preparatory to trans-
port, storage, or drying. Secondary butch-
ering marks, particularly those associated
with filleting, were almost totally absent.

4. The carcasses were carefully "skinned for
skin," presumably retaining all possible
hide for tanning and manufacture of hide
clothing. Even the hide on head and feet
was carefully removed intact.

Frequency analysis shows that the prime
cuts of high utility-neck, rib rack, breast,
loin, and rump-were removed for con-
sumption and storage elsewhere, with the less
usable bones being discarded on site.
The artifact inventory indicates the

ephemeral nature of Horizon 2. The debris
is size sorted, with the items becoming small-
er toward the dripline. The most abundant
and bulky debris was deliberately discarded
in the center of the site and the peripheral
areas were relatively debris-free. The Hori-
zon 2 debris was obviously discarded with
little regard toward preserving adequate life-
space inside the site-little room for building
hearths, for constructing sleeping areas, for
specialized intra-site use areas.
The artifact inventory probably resulted

from male extractive activities (table 9 1) and
provides important clues about the local cul-
tural geography. The kill location could not
have been far from Gatecliff Shelter. As dis-
cussed in detail elsewhere (Thomas, 1983,
chap. 4; Pendleton and Thomas, 1983), the
best locations for hunting bighorn occur along
the numerous seasonal and diurnal trails that
generally follow the ridgelines. These areas,
associated as they are with side canyons, pro-
vide both the "change ofpace" and funneling
factors necessary for successful intercept
hunting.
The Mill Canyon landscape immediately

outside GatecliffShelter is well suited for such
hunting, especially in the late winter. Al-
though bighorn herd size and composition
depend on environmental factors that are sel-
dom constant, the available mid-range the-
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ory anticipates that hunting bighorn in their
winter range would be the most expedient
and most predictable because the animals are
known to concentrate in selected, traditional
areas in that season (see discussion and ref-
erences in Thomas, 1983, chap. 4). The con-
temporary herds of the Toiyabe Mountains
winter at low elevations in only certain can-
yons because of the limited availability of
adequate escape cover.
At least a ton of bighom carcasses were

carried into Gatecliff Shelter after prelimi-
nary field butchering, and, roughly 1500
pounds of usable meat was transported else-
where. Either the meat was cached nearby or
taken directly to the base camp, depending
on the location of that (unknown) residential
base.
MOST PROBABLE INTERPRETATION: The

combined evidence strongly suggests that
Gatecliff Shelter in A.D. 1300 was a short-
term field camp located within the logistic
radius (fig. 242).

THE EXPLOITATIVE STRATEGIES
BEHIND GATECLIFF SHELTER

Synthesizing the archaeology of Gatecliff
Shelter is both enlightening and frustrating.
The 16 Gatecliffhorizons encode a large mea-
sure of asssemblage and activity level infor-
mation. But the Gatecliff exercise is frustrat-
ing because there is so much we cannot know
(yet). Five exploitative strategies were de-
fined to anticipate the archaeological record
ofMonitor Valley (Thomas, 1983), but these
strategies have only been evaluated at the
activity level; inferences regarding site types
and cultural geography-based only on the
data from Gatecliff Shelter-must be ex-
tremely tentative. The overarching research
objectives in this project were regional, not
site specific. Gatecliff Shelter was only one of
dozens of sites investigated in the course of
research in Monitor Valley. No single site will
contain all the answers. The next two vol-
umes in this series will examine these re-
gional data.
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