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Ichnology, the study of modern and fossil 
traces, has a long and venerated history as a sci-
ence with diverse applications, such as in paleo-
ecology (cadée and goldring, 2007; maceach-
ern et al., 2007a; mángano and Buatois, 2007; 
savrda, 2007), stratigraphy (maceachern et al., 
2007b), evolutionary biology (walker, 2007; 
wilson, 2007), petroleum production (Pember-
ton, 1992; hubbard et al., 2002), and archaeol-
ogy (gautier, 1993; Johnson, 2002; lim et al., 
2007; west and hasiotis, 2007; roberts, 2009). 
with regard to the latter, ichnology has been used 
to interpret paleoenvironments of archaeological 
sites, as well as discern the effects of bioturbation 
on provenance of artifacts (Johnson, 2002; canti, 
2003). In a broader sense, though, ichnology can 
continue to assist in developing models for the 
geological history of a given place, such as the 
Pleistocene and holocene of the georgia barrier 
islands (e.g., weimer and hoyt, 1964; hoyt and 
hails, 1967; hoyt, henry, and weimer, 1968; far-
rell, hoffman, and henry, 1993; gregory, martin, 
and campbell, 2004). In this respect, one of the 
advantages enjoyed by ichnologists on the geor-
gia coast is the ready availability of modern ana-
logs of traces and tracemakers in a wide variety of 
environments, which lend easily to comparisons 
with fossil examples (weimer and hoyt, 1964; 
frey and howard, 1969; howard and reineck, 
1972; Basan and frey, 1977; morris and rollins, 
1977; howard and scott, 1983; Pemberton and 
frey, 1985; Bishop and Bishop, 1992; farrell, 
henry, and cofer-shabica, 1993; gregory, mar-
tin, and campbell, 2004; gregory et al., 2006; 
martin and rindsberg, 2007a, 2007b).

with such facility in mind, in this study we 

will (1) look at storm-washover fans as environ-
ments that contribute to stratigraphic and eco-
logical changes in coastal ecosystems; and (2) 
demonstrate how modern traces of these envi-
ronments, when incorporated with other facies 
information, can provide models for interpreting 
ancient examples of storm-washover fans. with 
regard to the latter, we further explore a hypoth-
esis proposed recently about the storm washover 
origin of enigmatic strata within Yellow Banks 
Bluff, the most extensive purported outcrop of 
the Pleistocene silver Bluff formation on st. 
catherines Island (martin and rindsberg, 2008). 
we also hope to convey how trace fossils can be 
used to better discern paleoenvironmental chang-
es that contribute to the geological history of the 
georgia barrier islands, especially when such 
interpretations are informed by ichnological pro-
cesses and tracemakers observed in the context 
of modern environments. although the washover 
fans interpreted here predate human occupation 
of st. catherines and other georgia barrier islands 
(vento and stahlman, chap. 4), their interpreta-
tion will add to a more general understanding of 
the geological history of the island (Bishop et al., 
2007; linsley, Bishop, and rollins, 2008).

PrevIous research on IchnologY 
of storm-washover fans

Overview of Modern-Ancient
Storm-washover Fans and Ichnology
this study is one of a few to focus on the ich-

nology of washover fan deposits (frey and may-
ou, 1971; hippensteel and martin, 1999; martin 
and rindsberg, 2008). more studies are available 
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on the physical stratigraphy and geomorphol-
ogy of washover fans (andrews, 1970; Deery 
and howard, 1977; sedgewick and Davis, 2003; 
morton, 2007), some of which include valuable 
ichnological data. In addition, several works on 
georgia coastal ichnology contain information 
pertaining specifically to washover fans (Frey 
and mayou, 1971; Deery and howard, 1977; 
frey and Pemberton, 1987; linsley, Bishop, and 
rollins, 2008; martin and rindsberg, 2008).

washover fans, among the most readily acces-
sibly coastal environments, are generally glossed 
over in works on coastal ichnology, apparently 
because they are not as interesting as neighbor-
ing environments such as dunes, beaches, and 
marshes (Dörjes and hertweck, 1975; Basan and 
frey, 1977; frey and howard, 1986, 1988; frey 
and Pemberton, 1987; martin, 2006; martin and 
rindsberg, 2007a). washover fans tend to have 
not only a low degree of bioturbation (with some 
exceptions, as noted later), but also a low diver-
sity of tracemakers. ancient washover fans are 
recognized largely by their stratigraphic position 
and physical sedimentary structures, especially 
planar lamination, proximal channels, and distal 
delta foresets, but also antidunes and trace fossils 
(schwartz, 1975, 1982; Barwis and hayes, 1985; 
Zonneveld, gingras, and Pemberton, 2001; Don-
nelly and sallenger, 2007). washovers common-
ly contain a low diversity of molluscan shells, as 
well, especially robust forms in an abraded and 
broken condition, explained further on. algal 
mats may develop on top surfaces of washover 
fans, particularly where they may wash over into 
intertidal or ponded areas (sedgewick and Davis, 
2003). washover fans form at, or slightly above, 
high tide level along the backbeach (Deery and 
howard, 1977), which constrains the elevation of 
high tide level in the past.

Plants that inhabit washover fans are of low 
diversity but may have large populations. the 
few species that can tolerate the difficult physi-
cal conditions prevailing on washovers may 
thrive here particularly, and can be valuable as 
indicator species where abundant. In general, 
however, plant cover is incomplete, leading to 
excellent preservation of original physical sedi-
mentary structures with relatively little biogenic 
reworking (with some exceptions, noted later), 
as long as storm washovers continue to repeat-
edly drape the fan with sediment. Plants living on 
washover fans commonly include low-growing 
marsh plants, rather than trees or shrubs; among 

these on the georgia barrier islands are some 
halophytes, including Spartina alterniflora, S. 
patens, and Salicornia virginica. In instances 
where washovers spill into the edges of maritime 
forests, plants may also include red cedar (Juni-
perus virginiana), wax myrtle (Myrica cerifera), 
and other plants more adapted to freshwater, yet 
tolerant of some salinity. for example, in cores 
from st. catherines Island, linsley, Bishop, and 
rollins (2008) described and interpreted modern 
washover fans overlying Pleistocene deposits. 
these bioturbated muddy deposits were inter-
preted as evidence of poststorm colonization by 
high marsh organisms, which are typically repre-
sented by halophytes (Spartina, Salicornia, and 
Distichlis), as well as ribbed mussels (Geukensia 
demissa), marsh periwinkles (Littoraria irrora-
ta), and fiddler crabs (Uca spp.). linsley, Bishop, 
and rollins (2008) also point out, however, that 
such ecosystems may be short-lived as contin-
ued deposition of storm washovers soon places 
sedimentary surfaces well above the mean tidal 
range, resulting in a more depauperate halophyte 
assemblage or one more typical of eolian dunes.

animals may live permanently in wash-
over fans or enter briefly to forage. Permanent 
inhabitants must respond to extreme daily and 
seasonal changes in physical conditions, which 
may include high ranges of temperature, im-
mersion, and exposure to sunlight, wind, and 
predators. as a result, elite residents tend to be 
animals that are active and can burrow rapidly, 
such as some arthropods (e.g., ocypodid deca-
pods, talitrid amphipods), and the largest resi-
dents may burrow deeply to escape inclement 
conditions at the surface. ocypodids include 
sand fiddlers (Uca pugilator), mud fiddlers (U. 
pugnax), and ghost crabs (Ocypode quadrata). 
where washovers breach dunes and spill over 
into marshes, fiddlers tend to occupy the marsh-
ward (distal) areas, whereas ghost crabs prefer 
the shoreward margin (frey and mayou, 1971). 
abundant snails (Littoraria irrorata) feed on 
microbiota, including algal films, on grass stems 
and the sediment surface, making characteristic 
trails (Basan and frey, 1977). terrestrial verte-
brates, some of which are common tracemakers 
in supratidal environments of the georgia coast 
(frey and Pemberton, 1986), frequently affect 
surfaces and upper portions of fan deposits by 
walking across these open areas or digging into 
fans in search of sustenance. on the georgia 
coast, common tracemakers include sandhill 
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cranes (Grus canadensis), great blue herons 
(Ardea herodias), raccoons (Procyon lotor), 
armadillos (Dasypus novemcinctus), deer (Odo-
coileus virginianus), and feral hogs (Sus scro-
fa). on the shoreward sides of washovers and 
closer to dunes and the upper beach, sea turtles 
(e.g., the loggerhead Caretta caretta) will nest 
in thick, sandy deposits they deem suitable for 
egg laying (Brannen and Bishop, 1993; Bishop 
et al., chap. 13).

although washover fans might be less attrac-
tive than other coastal environments as objects 
for study, to an ichnologist they have certain ad-
vantages. for example, modern washover fans 
are prominent in beach and barrier geomorphol-
ogy, especially in the study of storm effects. such 
deposits and their geometry are easily identified 
from aerial photographs or satellite imagery. for 
example, with the georgia barrier islands, in-
cluding st. catherines, fans can be detected by 
using the freeware google earth™, enabling 
better planning for ichnological investigations. 
additionally, traces of washovers have a fairly 
high potential for preservation in the geological 
record, particularly if filled with contrasting sedi-
ments. the traces, moreover, should be easily dis-
tinguishable because of low overall bioturbation, 
especially where sandstone beds are bound by 
algal films on top surfaces or separated by films 
of clay (sedgewick and Davis, 2003), which can 
provide for readily split surfaces. contrasts in 
sediment color and texture among microbially 
bound layers, muddy sediments, and sandy sedi-
ments also should help in identifying trace fos-
sils in ancient washover fan deposits, explained 
in detail later.

criteria for recognition of ancient washover 
fan deposits are chiefly based on physical sedi-
mentary structures, and secondarily on body fos-
sils and biogenic sedimentary structures (frey 
and mayou, 1971; Deery and howard, 1977; 
anderson and mcBride, 1996). washover fan de-
posits are characteristically transported through a 
channel cut in previous beach and/or dune sedi-
ments, and spread laterally on the landward side 
of a barrier. this avulsion results in the fanlike 
geometry of modern washover fans, analogous 
to crevasse splays in fluvial systems. Sediments 
composing washover fans tend to consist of sand 
to gravel originating in beach and dune environ-
ments (Deery and howard, 1977; sedgewick and 
Davis, 2003; morton, 2007). sorting in general 
is poor, and organic matter may be lacking, al-

though driftwood may be incorporated with the 
sediment load along with suspended, fine-grained 
organic matter (Deery and howard, 1977).

additionally, anderson and mcBride (1996: 
table 3) summarized previous work on shell beds 
in washover fan deposits and showed that storms 
may carry large amounts of shell debris in wash-
overs, creating single-event shell beds without bi-
ological reworking. molluscan species in such de-
posits are typically shallow-marine, but may also 
include shells from exhumed estuarine deposits. 
shells are commonly abraded and consist largely 
of robust species; individual shells are oriented 
convex-upward, convex-downward, or at ran-
dom, and may be nested (albertzart and wilkin-
son, 1990; sedgewick and Davis, 2003). coarse 
and fine shell beds may alternate; individual beds 
are ungraded and commonly are cross-stratified. 
similarly, foraminifera in washover fans may 
have low diversity but very high populations. for 
example, on the atlantic shore of the virginia part 
of the Delmarva Peninsula, culver et al. (1996) 
found an average of about 42 specimens ml-1 (es-
pecially of the indicator species Quinqueloculina 
seminula) in washover samples.

Biological signatures of former inhabitants 
of washover fans, represented by trace fossils, 
can be distinctive. as mentioned earlier, actual 
biodiversity is low but can be coupled with nu-
merous individuals for each species living on 
or near fan deposits. the most abundant mod-
ern animals living on, within, and near georgia 
washovers include ocypodids, especially fiddler 
crabs (e.g., Uca pugnax and U. pugilator: frey 
and mayou, 1971; Deery and howard, 1977). 
hence trace fossils matching known forms of 
modern ocypodid traces should be present in 
any Pleistocene interglacial deposits in the same 
area. similarly, root traces of plants common 
to or ecologically succeeding washover fans 
should be present; such traces are especially 
valuable in falsifying interpretations of shallow 
marine paleoenvironments (gregory, martin, 
and campbell, 2004). where depositional rates 
become low, plant bioturbation may dominate 
the ichnoassemblage (warme, 1971; edwards 
and frey, 1977). In general, the animal traces 
of the georgia littoral environments are much 
better characterized than the plant traces. more 
work is needed to describe modern roots in 
these environments. lastly, escape (equilib-
rium) traces may also be present in washover 
deposits where infauna attempted to burrow up 
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in reaction to a rapid influx of sand. Although 
such traces have not been documented in detail, 
bivalve escape traces have been noted in wash-
over fans of st. catherines Island (harold rol-
lins, personal commun., 2009).

Yellow Banks Bluff:
DescrIPtIon anD InterPretatIon

Geological Setting, Previous
Investigations of St. Catherines Island
st. catherines Island is one of several regres-

sive barrier islands formed along the atlantic 
coast of georgia and south carolina from Pleis-
tocene times to the present (fig. 5.1). Bishop 
et al. (2007) and linsley, Bishop, and rollins 
(2008) outlined the stratigraphy of the island 
and provided interpretations of its geological 
history. Johnson et al. (1974), hudson (1978), 
and coile and Jones (1988) studied island vege-
tation, whereas Booth, rich, and Bishop (1999), 
Booth et al. (1999), Booth and rich (1999), and 
rich and Booth (chap. 6, this volume) examined 
the palynology and other plant fossils of Pleis-
tocene-holocene deposits, including those at 
Yellow Banks Bluff. morris and rollins (1977), 
fierstien and rollins (1987), and Prezant et al. 
(2002) provided thorough reviews of the island’s 
marine invertebrates. Ichnological studies have 
been limited mostly to neoichnology, the study 
of modern traces and their makers, such as inter-
tidal and subtidal tracemakers (morris and rol-
lins, 1977; Bishop and Bishop, 1992) and sea 
turtles in beach-dune environments (Brannen 
and Bishop, 1993). In contrast, Booth, rich, and 
Bishop (1999), Bishop et al. (2007), linsley, 
Bishop, and rollins (2008), vento and stahlman 
(chap. 4, this volume) studied different geologi-
cal aspects of the silver Bluff formation on st. 
catherines Island, but did not focus on its ich-
nology. Our study is the first in-depth examina-
tion of trace fossils on St. Catherines, specifi-
cally in the silver Bluff formation as exposed 
on Yellow Banks Bluff.

Stratigraphic Description
of Yellow Banks Bluff

Yellow Banks Bluff is a seacliff and the tall-
est exposure on the island, revealing about 5 m 
of vertical section, with the lowermost portion 
representing the Pleistocene silver Bluff for-
mation (figs. 5.2, 5.3). Most of the bluff consists 
of poorly consolidated yellowish sand, with mi-

fig. 5.1. locality map of Yellow Banks Bluff and 
modern storm-washover fans, st. catherines Island, 
georgia. map created by Brian k. meyer.
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nor clay in lenticular deposits. Dark-brown to 
black clay is also exposed at the northern and 
southern ends of the cliff, interpreted as relict 
holocene marsh deposits, with the southern de-
posit explained in more detail later. geographi-
cal coordinates of the magnolia Bluff overlook 
toward the southern end of Yellow Banks Bluff 
are 31.67791°n, 81.13721°w.

the silver Bluff shoreline complex was de-
posited during a sea level highstand of about 1.5 
m (Bishop et al., 2007; linsley, Bishop, and rol-
lins, 2008). Yellow Banks Bluff probably origi-
nated as a cut bank along an estuarine channel 
between st. catherines Island and a hypothetical 
guale Island eroded away during the holocene, 
which is now represented by the submerged 
substrate lying off Yellow Banks Bluff (Bishop, 
1990) and by sediment transported southward as 
guale Island was eroded. within historical time, 
the bluff has been rapidly eroded and refreshed 
when storms (hurricanes or nor’easters) coin-
cide with high spring tides, and is now retreat-
ing at an average of about 1.8 m per year (Potter, 
chap. 7). the oak-pine-palm forest atop the bluff 
contributes fallen trees to the beach, forming a 
“tree bone yard,” which complicates reconnais-
sance of the outcrop in places. furthermore, the 
outcrop face is riddled with the roots of modern 
trees, particularly those of cabbage palms (Sabal 
palmetto) and saw palmettos (Serenoa repens), 

which will be discussed later with regard to their 
impact on proper diagnosis of trace fossils in the 
silver Bluff formation.

Basal strata of the examined section (fig. 5.3) 
have planar to ripple laminae composed primar-
ily of very fine quartz sand; some laminae are 
rich in dark heavy minerals, also present as very 
fine sand. These beds show some evidence of 
disruption by bioturbation, and although trace 
fossils are difficult to classify from vertical sec-
tions, they seem to include: 0.5–1.0 cm wide 
Skolithos isp. (simple vertical burrows); abun-
dant 1–3 mm wide Planolites isp. (simple hori-
zontal burrows with organic-enriched, structure-
less fill); and 0.5–2.5 cm wide Psilonichnus up-
silon (vertical and oblique burrows) (fig. 5.4A, 
B). sections scraped parallel to bedding planes 
revealed that Psilonichnus is indeed the most 
likely ichnogenus for the larger burrows, which 
are more common just above the zone contain-
ing Planolites and Skolithos. accompanying this 
upward increase in Psilonichnus is a decrease 
in heavy minerals and ripple bedding, which is 
probably a direct result of increased bioturba-
tion. this zone grades upward into sediments 
dominated by 0.5–1.0 cm wide Taenidium isp., 
evident as horizontal and oblique burrows with 
meniscate fill.

overlying strata include two or more weakly 
consolidated (possibly with humate) dark brown-

fig. 5.2. outcrop view of Yellow Banks Bluff, indicating relative position of one thin, dark, ephemeral 
stratum examined in this study and interpreted as an ancient storm-washover fan; arrows point toward lateral 
extent of bed, which is about 29 m wide. Photograph is a digital composite of three successive, lateral shots (left 
to right) taken from same vantage point.
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ish, bioturbated zones separated by a complete-
ly bioturbated quartz sand. these beds are thin 
(5–15 cm) and ephemeral, but can be as much 
as 30 m in lateral extent. the beds contain lami-
nae discernible as dark brown and light brown 
alternations of sediment, and also are crosscut 
by Thalassinoides isp., small Psilonichnus isp., 
and Skolithos isp., which in turn are crosscut by 
Taenidium isp. (fig. 5.4C–E). These trace fos-
sils have sharp boundaries with surrounding 
sediment, and most are contrasted from the host 
lithology by white quartz-sand fills. Bedding-
plane views of burrows show circular to oval 
cross sections with discrete boundaries, ranging 
from 0.5 to 1.5 cm wide, but with most about 
1.0 cm. most burrows and strata are crosscut by 
large, conical-downward root traces in places, 
which are also crosscut by Taenidium isp. (fig. 
5.5), obscuring outlines of former root traces 
that are now only detectable through original 
color differences (i.e., root traces are typically 
dark brown against a pale brown host sediment). 
some root traces originate at the upper of the 
two brownish beds and extend vertically below 
for nearly a meter, whereas others do not have a 

clear upper origin.
aside from sandy deposits, Yellow Banks 

Bluff includes a lenticle of peat, peaty clay, and 
very fine quartz sand exposed near the south end 
of the outcrop. Based on outcrop expressions and 
some excavation, this channellike deposit, which 
crosscuts older strata, is at least 1.5 m deep and 
3–5 m wide, incised into sandy deposits below 
that are similar to the lowermost part of the strati-
graphic section described previously. the peat 
contains terrestrial plant debris such as wood 
fragments, pinecones, and nuts, the latter possi-
bly from hickory. this peat is also noteworthy for 
what it lacks, such as in situ remains of Spartina 
alterniflora, Geukensia demissa, and other spe-
cies characteristic of exhumed relict salt marshes 
on st. catherines and other georgia barrier islands 
(morris and rollins, 1977; frey and Basan, 1981; 
Pemberton and frey, 1985). the contact between 
the peat and overlying fine-grained quartz sand 
is gradational because of extensive bioturbation, 
most of it attributable to Taenidium isp. we also 
noted that the lowermost part of the boundary be-
tween the dark clay and the underlying sand, cor-
responding to the base of a channel, is sharp and 

fig. 5.3. graphic log and photograph of studied 1.5 m thick interval in lower part of Yellow Banks Bluff, 
accompanied by verbal descriptions and paleoenvironmental interpretations: A, graphic log; B, photograph of 
excavated interval, with bedding-plane exposure at about 25 cm above modern berm level.
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Teichichnus apparent in places
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Skolithos; crosscut by root trace fossils;
root traces bioturbated (Teichichnus)
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unbioturbated, but further up the original channel 
banks the higher portions of that same contact 
are blurred by bioturbation. remarkably, a 9.1 
m vibracore taken in relict marsh mud south of 
the bluff consisted entirely of marsh mud, whose 
unusual thickness is still anomalous, and used as 
evidence of an extensive marsh system between 
st. catherines and guale islands (Bishop et al., 
2007: 43, 50).

as mentioned earlier, modern roots from the 

overlying oak-pine forest extend downward to 
as much as 5 m, or the total exposed thickness of 
the outcrop above the beach surface. these roots 
include those of live oak (Quercus virginiana), 
longleaf pine (Pinus palustris), cabbage palm 
(Sabal palmetto), and saw palmetto (Serenoa 
repens). live oak-dominated forests are likely 
to have existed in prehistoric times (coile and 
Jones, 1988), hence these modern root traces are 
potentially confused with fossil ones. In regard 
to abiogenic structures that might be mistaken 
for root traces (modern and fossil), Bishop et al. 
(2007: 50) also reported obscure, nearly vertical 
joints in the bluff sand. some joints have been 
followed by roots or marked by clay deposition 
from soil eluviation. mass wasting of undercut 
slopes follows joints in places.

fig. 5.4. trace fossils within studied interval of 
Yellow Banks Bluff (see fig. 5.3 for stratigraphic 
positions): A, Planolites isp. (Pl), cross-sectional view, 
with organic fills contrasting with surrounding cross-
bedded sand, at 10–20 cm in vertical section (see fig. 
5.3a); scale in cm (left); B, larger Psilonichnus isp. 
(Ps), bedding plane view, showing partial collapse and 
fill of heavy minerals in burrows, at about 20 cm; scale 
= 10 cm; C, Thalassinoides isp. (th), cross-sectional 
view, in upper dark-brown laminated bed, at about 
135–150 cm in vertical section; scale bar = 5 cm; D, 
Skolithos isp. (sk), and Taenidum isp. (ta), cross-
sectional view, in lower dark-brown laminated bed, at 
about 110 cm; scale in centimeters (left); E, Taenidium 
isp. and circular cross sections of smaller Psilonichnus 
isp. and Skolithos isp., bedding plane view, at about 
150 cm; scale bar = 5 cm.

fig. 5.5. root trace fossil in Yellow Banks Bluff. 
A, root trace fossil in vertical view; scale bar = 10 cm. 
B, cross-sectional (bedding plane) view of same root 
trace fossil, showing dark halo, associated Taenidium 
isp., and other forms of bioturbation; scale bar = 5 cm. 
C, root trace originating from dark laminated zone 
and extending into bioturbated zone; scale in cm. D, 
close-up of distal end of root trace, showing direct 
association of Taenidium isp. in former site of root.

PsPs

PsPs
PsPs

ThTh

TaTa

ThTh

SkSk

SkSk

TaTa

TaTa

SkSk PsPs

ThTh

AA BB

CC

DD EE

AA BB

CC DD

RtRt
TaTa TaTa



anthroPologIcal PaPers amerIcan museum of natural hIstorY               120 no. 94

Ichnology of Yellow Banks Bluff
Diagnosis of Yellow Banks Bluff: Be-

cause Yellow Banks Bluff is the only extensive 
outcrop of its age on the island, the two dark-
brown laminated beds are key for determining a 
part of st. catherines prehistory. Partly on the ba-
sis of the bioturbate textures of the beds, Bishop et 
al. (2007: 50) proposed two hypotheses regarding 
their origin: (1) the beds might be marine firm-
grounds formed during Pleistocene highstands 
preceding the silver Bluff highstand; or (2) they 
might represent marine erosional terraces on the 
silver Bluff shoreline. During our initial visit to 
the island in march 2007, we discussed these 
possibilities with Bishop et al.; an in-depth inves-
tigation of the ichnology of the outcrop then took 
place during a follow-up visit in June 2007.

aided by the newly described ichnological 
data related previously, we interpret the lower-
most 1.5 m of the silver Bluff formation exposed 
at Yellow Banks Bluff as foredune facies suc-
ceeded vertically by backdune, storm-washover 
fans, and backdune meadow facies. these new 
interpretations overturn previous hypotheses of 
the silver Bluff formation as marine still-stand 
facies and the dark-brown strata as marine firm-
grounds or terraces formed during a silver Bluff 
sea level high (Bishop et al., 2007). Instead, we 
propose that facies were deposited well above 
the high-tide mark and adjacent to terrestrial en-
vironments, albeit affected occasionally by ma-
rine processes such as storm surges. accordingly, 
facies must have been deposited while sea level 
was only slightly higher than the current level; 
moreover, the vertical succession of facies sug-
gests a shallowing-upward sequence similar to 
that interpreted from the raccoon Bluff forma-
tion (Pleistocene) of sapelo Island (gregory, 
martin, and campbell, 2004).

foredune facies are inferred from low-angle 
cross-bedding of very fine sand, heavy mineral 
concentrations in the basal part of the section, 
small-diameter burrows (Skolithos, Planolites) 
that are likely from insects or juvenile ghost crabs 
(Ocypode quadrata), and large-diameter sand-
filled burrows consistent with those of Psilon-
ichnus and attributable to ghost crabs. Backdune 
facies are diagnosed from a gradual decrease in 
heavy mineral abundance corresponding with an 
increase in pervasive, small-diameter backfilled 
burrows (Taenidium). this facies is punctuated 
by two thin dark-brown laminated beds (each 
separated vertically by about 30 cm), which are 

from storm-washovers that breached coastal 
dunes. their distinctive color was imparted by 
suspended organics mixed with very fine sand 
and mud deposited in low-amplitude, mostly 
continuous sheet deposits (fans), some of which 
later had their surfaces bound by algal mats.

rapid poststorm colonization of fan surfaces 
was mainly facilitated by fiddler crabs (U. pug-
nax or U. pugilator), as evinced by crosscut-
ting vertical, J-shaped, and horizontal burrows 
(Skolithos, Psilonichnus, and Thalassinoides); 
the abundance and numerous intersections of 
these burrows suggest multiple generations of 
burrowing, although some may also represent 
branching networks. these burrows were later 
passively filled with eolian sand, burrowed in 
places by insects and crosscut by root traces 
that were then burrowed by insects. some root 
traces, which imparted darker hues to affected 
sediment, originate at this stratum and extend 
downward for 40–50 cm, further supporting 
poststorm colonization and the start of ecologi-
cal succession. Eolian sand buried and filled 
open fiddler crab burrows, which provided for 
excellent visual contrast and definition of the 
trace fossils (fig. 5.6). Infaunal insects biotur-
bated these eolian sands, forming more perva-
sive zones of Taenidium, some of which are 
more easily discerned around root traces because 
of sediment contrast; some Taenidium crosscut 
the burrows of the washover fan, further dem-
onstrating ecological succession. Different spe-
cies and/or growth stages of infaunal insects are 
probable, based on significant size differences 
between some backfilled burrows. At least some 
of the root traces, however, are related to recent 
roots of extant trees on the top of Yellow Banks 
Bluff (fig. 5.6A); some of these even contain 
root tissues. this circumstance hints at the po-
tential complexity of root-trace histories within 
the outcrop.

Invertebrate Trace Fossils: Taenidium 
(figs. 5.4C–E, 5.5D) is interpreted as an actively 
backfilled burrow made by either an insect larva 
or nymph; among the most commonly invoked 
tracemakers for Taenidium in terrestrial deposits 
are cicada nymphs (o’geen and Busacca, 2001; 
gregory, martin, and campbell, 2004; smith and 
hasiotis, 2008), but beetle larvae are also impli-
cated as possible tracemakers (ekdale, Bromley, 
and loope, 2007). Taenidium has been previously 
identified in Pleistocene deposits of the Georgia 
barrier islands, specifically in the Raccoon Bluff 
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formation of neighboring sapelo Island (grego-
ry, martin, and campbell, 2004).

larger-diameter Psilonichnus (fig. 5.4B) are 
interpreted as the burrows of Ocypode quadrata, 
a common infaunal component of foredune ar-
eas, particularly along the georgia coast. these 
burrows consist of gently curved J-shaped bur-
rows with subcircular cross section and distinct 
walls; the tracemaker generally added a branch 
in the same plane to form a Y-shaped burrow 
system (fürsich, 1981; frey, curran, and Pem-
berton, 1984; frey and Pemberton, 1987; nesbitt 
and campbell, 2006). although not as clearly 
defined in vertical section, horizontal sections 
scraped from the lower portion of the section re-
vealed large-diameter burrows marked by sedi-
ment contrasts provided by heavy minerals. one 
caveat is that the loose consolidation of the silver 
Bluff formation here allows for the possibility of 
modern ghost crabs burrowing into the forma-
tion, then having these burrows filled by water- 
or wind-borne sand to give a false appearance of 
being part of the original ichnocoenose. we re-
duced this possibility of mistaken interpretation 
by digging nearly 1 m horizontally into the out-

crop; moreover, the rapid rate of erosion of Yel-
low Banks Bluff makes it less likely that recently 
made burrows would have been filled and buried 
before our excavations.

smaller Psilonichnus and Thalassinoides 
(figs. 5.4D, E) are interpreted as the burrows 
of fiddler crabs belonging to various species of 
Uca, although we think they are most likely at-
tributable to the sand fiddler crab Uca pugilator. 
This is the only local fiddler crab whose mouth-
parts are modified to feed on sandy substrates 
(miller, 1961), although Uca pugnax and U. 
minax also live in high marsh sandy substrates. 
Basan and frey (1977: 59) described similar 
burrows from sandy high marshes on nearby 
sapelo Island. the modern burrows of Uca pu-
gilator are simple, l- to J-shaped, with the upper 
shaft steeply inclined or vertical and the lower 
gallery angled to a gentler slope, in many cases 
terminating with a flat-floored, horizontal cham-
ber at a depth of 10–20 cm within the substrate. 
the burrows’ cross sections are circular to sub-
circular or somewhat irregular, ranging from 1 
to 2 cm in diameter. the animals also construct 
shallow excavations that may represent tempo-

A B

fig. 5.6. taphonomic comparison of bedding-plane views for burrows attributed to Uca spp. in relict marsh 
from cabretta Beach (sapelo) and Yellow Banks Bluff. A, probable Uca spp. burrows in relict marsh, showing 
eolian sand filling burrows with circular cross sections and causing sediment contrast between host sediment and 
fill. B, probable Uca spp. burrows, cross sections of Thalassinoides isp., Skolithos isp., and Psilonichnus isp., in 
interpreted washover fan, with similar sediment contrast between host lithology and fill.
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rary hiding or resting burrows (Basan, 1975). 
Prezant et al. (2002) reported that Uca pugilator 
is also common in St. Catherines marsh flats and 
tidal creeks. the burrows of Uca pugilator are 
generally unconnected with one another.

a slight alternative to this hypothesis is that 
these burrows were made by the mud fiddler crab 
Uca pugnax, the only local fiddler known to exca-
vate multibranched burrows, which occur where 
populations are especially dense. Basan and frey 
(1977: 59) described burrows of U. pugnax on 
sapelo Island as “unbranched, nearly straight or 
highly sinuous shafts, to simple or complex sys-
tems consisting of shafts and u-shaped compo-
nents; all burrows unlined, mostly 1–2 cm in di-
ameter, commonly intersecting burrows of other 
species.” many variations of these burrow forms 
exist, and they would thus account for the geo-
metric complexity of the burrows. Interactions 
with plants are also important. Uca pugnax tends 
to dig more shallowly in densely rooted substrates 
than in root-free areas; moreover, roots commonly 
penetrate open burrows (Basan, 1975). nonethe-
less, Uca pugnax and U. pugilator are restricted 
ecologically by grain size and probably represent 
amensalism (habitat displacement); various spe-
cies of Uca represent divergence from a common 
ancestor influenced by behavioral and ecologi-
cal selection pressures (strumbauer, levinton, 
and christy, 1996; rosenberg, 2001). at Yellow 
Banks Bluff, with numerous interconnected hori-
zontal, oblique, and vertical burrow components, 
we interpret the complexity of the ichnofabric in 
the inferred washover fans as a result of intersect-
ing individual burrows, rendering a false branch-
ing and “networks” that may be only apparent.

Root Trace Fossils: the ichnological as-
pects of the root traces (fig. 5.5) at Yellow Banks 
Bluff are complex owing to the taphonomic mix-
ing of modern and fossil root traces along with 
closely associated invertebrate traces and trace 
fossils, discussed in the following section. none-
theless, root trace fossils are discernible within 
Yellow Banks Bluff, particularly where such 
traces originate at washover horizons; according-
ly, these are interpreted as having formed shortly 
after deposition of washover sediments and rep-
resenting poststorm ecological succession.

criteria used for distinguishing root trace 
fossils from abiogenic structures (e.g., joint fills) 
or invertebrate trace fossils were those outlined 
by gregory, martin, and campbell (2004): (1) 
inconsistent diameters within any given length, 

which are especially notable if they taper; (2) 
secondary and tertiary branching that also shows 
distal tapering with each successive branch; (3) 
dichotomous, Y-shaped branching with junc-
tions that are not noticeably enlarged; (4) down-
ward, near-vertical to oblique orientations (with 
some exceptions based on responses of a plant 
to the originally affected substrate); (5) lack of 
evidence for active fill (or, conversely, evidence 
favoring passive fill from overlying layers); and 
(6) carbonized or otherwise preserved plant ma-
terial in the structures (noting, however, that 
some invertebrate traces contain plant material 
placed in burrows). the most diagnostic traits 
of root traces include both distal tapering and 
dichotomous branching, unaccompanied by en-
larged branch junctions.

The only one of these criteria not fulfilled by 
the suspected Yellow Banks Bluff root-trace fos-
sils is the presence of carbonized material within 
traces, signifying former tissue. of course, as is 
typical for trace fossils, body-fossil evidence of 
the tracemaker is not necessary for confirming 
identity, but the in situ nature of roots as trace-
making parts of vascular plants makes such a 
combination more likely.

Modern Traces: as mentioned previously, 
Yellow Banks Bluff is eroding actively at a rapid 
rate (nearly 2 m per year), resulting in the foun-
dering of mature trees from the maritime forest 
adjacent to the bluff (Potter, chap. 7). this ero-
sion has also exposed the roots of trees still in 
place (however temporarily), which allows for 
viewing their root architecture and effects on the 
underlying Pleistocene sediments. In particular, 
examples of the root systems of the saw palmetto 
(Serenoa repens) and cabbage palm (Sabal pal-
metto) (fig. 5.7A) have their full subsurface ar-
chitecture defined above and on the outcrop. In 
brief, these palms have 5–10 mm roots that radi-
ate outward from a much thicker trunk (in the case 
of the cabbage palm) or rhizome (saw palmetto). 
the cabbage palm (wade and langdon, 1990) 
has a root system similar to that of the more fully 
described date palm (Zaid and de wet, 2002). In 
contrast, the saw palmetto has a reclining, shal-
lowly buried to emergent rhizome whose roots 
radiate from the rhizome’s lower half (fisher and 
Jayachandran, 1999). accordingly, the two local 
palms are readily distinguished both from other 
plants and also from one another. the roots have 
a pervasive effect through their numerous down-
wardly oriented and radial penetrations of nearly 
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5 vertical m of strata in the outcrop.
other considerations are of modern infauna 

mixing their traces with trace fossils in the out-
crop, alluded to earlier with regard to modern 
Ocypode quadrata burrows. one of us (martin) 
also noted that sphecid wasps (tentatively iden-
tified as Stictia signata) were actively burrow-
ing into sandy slopes of eroded sand and verti-
cal faces of the outcrop (fig. 5.7B), presumably 
constructing brooding chambers. we also won-
der about the depth of bioturbation by modern 
infaunal insects toward the top of the strati-
graphic section, and the amount of overprinting 
that may occur between modern meniscate bur-
rows and fossil ones.

comParIson of moDern
anD ancIent storm-washover fans

Keeping in mind Tobler’s first law of geogra-
phy, “everything is related to everything else, but 
near things are more related than distant things” 
(tobler, 1970), we examined some washover 
fans on St. Catherines Island (fig. 5.8), as well 
as some on Sapelo Island (fig. 5.8A). Some of 
the best-developed modern washover fans on st. 
catherines are distributed along seaside spit, 
south of Yellow Banks Bluff (compare with fig. 
5.1), behind a beach flanked with a narrow strip 

of low dunes. washovers consist of an apron 
of partly coalesced fans extending into seaside 
marsh; the apron makes up about 80% of seaside 
spit, which is 1.7 km long (Bishop et al., 2007: 
51). these washovers are active during the same 
storms that erode Yellow Banks Bluff. the shore-
line has retreated at rates ranging from 6.5 to 21 
m a-1 from 1979 to 2005, averaging 3.8 m a-1 over 
the past 50 years (goodfriend and rollins, 1998; 
Prezant et al., 2002; Bishop et al., 2007). as sand 
is washed over protected intertidal marsh, relict 
marsh mud is exposed along the beach (morris 
and rollins, 1977). Bishop et al. (2007) reported 
that waves sort and deposit denser, dark heavy 
minerals over lighter quartz sand in the fans.

the surfaces of the washover fans are nearly 
smooth, gentle slopes that merge westward into 
sandy marsh and shallow sandy channels (fig. 
5.9). these surfaces, particularly on their edges, 
are moist and are microbially bound, which sub-
dues erosion by wind or water. the lower parts 
of the fans are the wettest, and these areas are 
inhabited by dense populations of fiddler crabs, 
either Uca pugilator or Uca pugnax, depending 
on whether the substrates are muddy or sandy, 
respectively (fig. 5.9B, C). The adjoining marsh 
is dominated by cordgrass (Spartina alternifolia) 
but higher sand flats are dominated by black rush 
(Juncus roemerianus). washover fans support 

A B

fig. 5.7. modern tracemakers associated with Yellow Banks Bluff. A, modern roots of cabbage palm (Sabal 
palmetto), imparting darker coloration around roots and staining nearby trace fossils; B, vespoidean (tentatively 
identified as Stictia signata) burrowing into sand talus on eroded face of Yellow Banks Bluff.
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only a few species of plants and animals. the 
dominant organism is the sand fiddler crab, Uca 
pugilator (Prezant et al., 2002: 24). accordingly, 
fiddler-crab tracks, scrape marks, feeding pellets, 
feces, and burrows are the most voluminous trac-
es on fans. In addition, during our visit on June 
1–6, 2007, we noted the presence of trackways 
of feral hogs (Sus scrofa), raccoons (Procyon 
lotor), great blue herons (Ardea herodias), san-
dhill cranes (Grus canadensis), and, closer to the 
shore, burrows of ghost crabs (Ocypode quadra-
ta: fig. 5.9D–G). All of these animals can feed on 
fiddler crabs, which represent an abundant food 
source. raccoons were responsible for numerous 
excavations of fiddler crab burrows; these ranged 
considerably in outline and depth, but represent-
ed significant disruptions of surface and subsur-
face sediments of the fan deposits, some as much 
as 20 cm deep and 30 cm wide (fig. 5.9E) Other 
potential vertebrate tracemakers on or adjacent to 
washover fans that are, or historically were, pres-
ent on the georgia coast include canids, felines, 

otter, skunk, black bear, beaver, rabbit, opossum, 
bison, alligator, tortoise, terrapin, and rattlesnake, 
as well as numerous species of birds (larsen, 
1982: 164–165; laerm et al., 1999). a newcomer 
to sapelo Island is the armadillo, which may have 
come over to the island in the 1970s (fig. 5.9G). 
on the proximal side of fans (abutting coastal 
dunes), sea turtle nests might also be incorporat-
ed in the proximal portions of washovers.

trackways are common on the surface of the 
fans. vertebrate trackways are dominant on the 
distal part of the fan, and invertebrate trackways 
on the proximal part. microbial binding of fan 
surfaces (fig. 5.9C) also may aid in preserving 
trackways, which can be identified to species for 
several days or weeks after their formation. as 
mentioned earlier, vertebrate trackways include 
those of great blue heron (Ardea herodias), rac-
coon (Procyon lotor), feral hog (Sus scrofa), and 
other birds and mammals. In marked contrast to 
their behavior in other environments, all the ani-
mals tend to forage in straight lines while on the 
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fig. 5.8. aerial view of modern washover fans, st. catherines Island, georgia. A, overall view of northern 
third of st. catherines, with seaside spit area (south of Yellow Banks Bluff) containing prominent washover 
fans; B, close-up of inset area showing fans (arrows) and characteristic fan morphology; note overlapping 
(coalescing) fans in places. Base maps from google earth™.
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relatively featureless parts of the washover fans 
(fig. 5.9G). Raccoons and feral hogs typically fol-
low established paths in the dunes and marsh edg-
es, fanning out to forage nocturnally in more open 
areas of the marsh and washover fans. In contrast, 
herons are solitary and stalk their prey diurnally.

raccoons (Procyon lotor litoreus) have been 
intensively studied on st. catherines Island (har-
man and stains, 1979; anderson and hudson, 
1980). these omnivores have extremely varied 
diets, but feed largely on fruits when available 
(harman and stains, 1979). In the winter and 
spring, as plant foods such as acorns and fruits 
become scarce, their diet shifts to small inver-
tebrates, including marsh crustaceans. Sand fid-
dler crabs (Uca pugilator) are the raccoons’ most 
important food item during these seasons (fig. 
5.8e); other marsh crabs (“Eurytium depres-
sum,” Panopeus herbstii, Sesarma reticulatum, 
and probably Uca minax) are eaten as well, but 
mainly along marsh creeks and oyster beds. the 
brown squareback crab, Sesarma cinereum, is 
available in high marsh areas but is present (and 
eaten) only in low numbers. harman and stains 
(1979) observed groups of as many as six rac-
coons foraging in the marsh on relatively warm 
days in the coldest months (January and febru-
ary); the fiddler crabs become active when their 
burrow temperatures reach 16°c (teal and teal, 
1969), and this is when the raccoons prey upon 
them. raccoons on st. catherines tend to forage 
within ranges that may exceed 100 ha, but ranges 
shift seasonally with food availability (harman 
and stains, 1979; anderson and hudson, 1980). 
the animals are basically nocturnal but are some-
times active during the day as well.

In terms of invertebrate trackways, ghost 
crabs (Ocypode quadrata) dominate the up-
per (proximal) part of a fan, whereas the lower 
(distal) fan would primarily contain sand-fiddler 
crab tracks (Uca pugilator). we expect that other 
invertebrates may also leave tracks on washover 
surfaces, but we currently have no information 
on which taxa. ghost crabs (Ocypode quadrata) 
are most common in back-beach and foredune 
facies on georgia islands, but also live on wash-
over fans within a short distance of the sea; these 
decapods require seawater for reproduction, res-
piration, and hydration (martin, 2006). further-
more, Duncan (1986) found that: (1) the more in-
land ghost crab burrows are particularly large; (2) 
burrows made on gently sloping surfaces, such as 
washovers, dip relatively steeply; and (3) burrow 

apertures tend to point downslope. as mentioned 
earlier, the fossil burrow Psilonichnus is often 
ascribed to ghost crabs (frey, curran, and Pem-
berton, 1984; frey and Pemberton, 1987), but 
also could have been formed by other ocypodids 
(such as fiddler crabs) and other decapods (Nes-
bitt and campbell, 2006).

The tracemaking activities of the sand fiddler 
crab (Uca pugilator) have been documented on 
st. catherines washover fans (frey, curran, and 
Pemberton, 1984: figs. 3a–c), and more exten-
sively on sapelo Island (frey, Basan, and scott, 
1973: fig. 1a; Basan and Frey, 1977). These fid-
dlers walk and burrow sideways as well as grazing 
on the substrate as surface-deposit feeders, and 
all of these activities create distinctive traces with 
some potential for preservation in the geological 
record. as described above, these are simple, l- 
to J-shaped burrows having a circular to oblate 
cross section about 1–2 cm in diameter (Basan 
and frey, 1977). Deery and howard (1977) also 
point out how washover fans on ossabaw Island 
had thin layers of eolian sands on their top sur-
faces, which we observed as well on st. cath-
erines and sapelo Island fans. these windblown 
sands then can passively fill concavities, such as 
fiddler crab burrows, which one of us (Martin) 
documented on Sapelo Island (fig. 5.6).

Uca pugnax digs complex burrow systems, 
though they start out as simple burrows simi-
lar to those of Uca pugilator (frey, Basan, and 
Scott, 1973: fig. 1d; Basan and Frey, 1977). 
simple l- to J-shaped burrows may be indistin-
guishable from those of Uca pugilator in form 
and size, but (as described above) Uca pugnax 
can proceed to construct a u-shaped burrow, or 
even a complex system consisting of u-shaped 
components. the basal part of the burrow of U. 
pugnax tends to be curved, while that of U. pu-
gilator tends to be more level (frey and Basan, 
1977). Burrows of both may be present in high 
marsh environments, and one or both are prob-
ably present at Yellow Banks Bluff.

Presumably, washover fans during silver 
Bluff time and today share a common biota; sea 
level, forest vegetation, and hence climate may 
have been similar. the Pleistocene network bur-
rows we interpret here are morphologically sim-
ilar to modern fiddler crab burrows, and were 
probably made by Uca pugnax, perhaps ac-
companied by Uca pugilator in a mostly barren 
high marsh environment atop a washover fan. 
Pleistocene Taenidium resembles the burrows 
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of modern cicada nymphs (gregory, martin, 
and campbell, 2004), and attests to the freshen-
ing of the high marsh. evidently the washover 
fan surface was eventually buried and covered 
by a backdune meadow; today it is the site of a 
modern maritime forest. Pleistocene trackways, 
if present, would not be readily seen in verti-
cal exposures of unconsolidated sand, but might 
be visible on bedding planes after consolida-
tion to sandstone. slight lithologic differences, 
for instance, in heavy mineral concentration or 
microbial consolidation, might result in bedding 
planes being more easily split in the distant fu-
ture. the species list would have been markedly 
different before the Pleistocene mass extinction, 
which eliminated most of the larger animals. 
Pigs were introduced in historical times; they 
commonly forage along beaches and in marshes 
as well as in the forests. the only known Pleis-
tocene hooved mammals (artiodactyls) that 
may have inhabited georgia barrier islands, 
and thus made trackways analogous to those of 
hogs, would have been deer and bison (kurtén 
and anderson, 1980; laerm et al., 1999). other 
traces of hogs, particularly their extensive root-

ing and excavation of deep subterranean nests 
(e.g., those of sea-turtle eggs) have no known 
Pleistocene equivalent.

summarY of washover
fan IchnologY

In summary, we propose that ancient storm- 
washover fans, such as those interpreted here 
from the silver Bluff formation, may contain 
distinctive and diagnostic suites of plant, inver-
tebrate, and vertebrate trace fossils that can be 
applied to interpreting similar ancient deposits 
on the georgia barrier islands and elsewhere. 
Discerning such suites requires a thorough 
knowledge of the behavioral ecology of modern 
tracemakers and their traces in washover fans, 
the latter of which can then be reasonably com-
pared to trace fossils in ancient deposits. as a re-
sult, the geological histories of these islands can 
be more accurately assessed; in some instances, 
the smallest macroscopic evidence (e.g., fiddler 
crab burrows) can be the most important in dis-
cerning large paleoenvironmental changes in 
the georgia barrier islands.

fig. 5.9 (left). modern washover fans and their ichnology. A, washover fan immediately adjacent to (west of) 
cabretta Beach, sapelo Island; photograph is digital composite of three successive, lateral shots (left to right) from 
same vantage point; B, distal end of same washover fan showing transition between sandy substrates of fan and 
muddy marsh, including abundant burrows of Uca pugnax at transition; C, organic-rich muddy zone in transition 
of same washover fan with algal films (shiny area to the right), presenting a probable model for Yellow Banks 
washover-fan strata; D, typical vertebrate tracks of modern washover fans: tridactyl tracks of sandhill crane (Grus 
canadensis) and artiodactyl hoofprints of feral hog (Sus scrofa); note abundant burrows and feeding pellets of Uca 
pugilator, and how some of the pellets fill the tracks of both vertebrates: St. Catherines Island; scale = 10 cm. E, 
excavation trace of raccoon (Procyon lotor) predation on Uca pugilator, plus dead fiddler crab (left): St. Catherines 
Island; scale = 10 cm. F, raccoon trail in proximal part of washover fan: st. catherines Island; G, raccoon 
and armadillo (Dasypus novemcinctus) trackways crossing edge of washover fan depicted in a, with Spartina 
alterniflora (tall grass) and groundcover of Salicornia virginica denoting marsh: sapelo Island, georgia.
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