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Preface

NEIL H. LANDMAN, A. GUY PLINT, AND IRENEUSZ WALASZCZYK

This bulletin contains three closely integrated papers that treat Upper Cretaceous (Coniacian-San-
tonian) strata of the Western Canada Foreland Basin (WCFB). Our research is the culmination of the
collective efforts of seven scientists from eight institutions in the United States, Canada, Poland, and
the United Kingdom. It presents the results of 12 seasons of geological fieldwork in the Rocky Moun-
tain Foothills of Alberta. As in many other high-latitude studies, some sites were difficult to access and
required transport by helicopter, and fieldwork could be carried out only in July and August. The
outcrops were measured in detail, with particular attention to depositional cycles and bounding sur-
faces that indicate relative changes in sea level. Fossils of molluscs were collected at each locality and
placed precisely within each section. The results of these outcrop investigations were integrated with
a public database comprising thousands of wireline logs, supplemented by cores, which provided the
regional control to reconstruct the stratal geometry, facies relationships, and paleogeography of the
basin in three dimensions.

The principal purpose of our research is to present a detailed allostratigraphic and biostratigraphic
framework for the Coniacian and basal Santonian succession in the WCFB. The studied strata, approx-
imately 100 m thick, comprise the lower part of the Wapiabi Formation (Coniacian to lower Campan-
ian) that extends east from the Rocky Mountain Foothills and covers much of Alberta, and parts of
Saskatchewan and Manitoba. Because of rapid flexural subsidence in the western foredeep, the Wapiabi
Formation preserves an expanded record of terrestrial and shallow marine sedimentation. The rocks
are dominated by mudstone and subordinate sandstone and were deposited on a very low-gradient,
storm-dominated marine ramp. The rocks are organized into a series of upward-coarsening, upward-
shoaling successions, bounded by marine flooding surfaces. These surfaces constitute proxy time
planes that provide a framework within which to assess the temporal and spatial distribution of the
molluscan fossils that furnish the basis for biostratigraphic correlation. The WCFB thus represents a
natural laboratory in which to elucidate the interplay between the principal physical controls on sedi-
mentation, namely tectonism, sediment supply, and eustasy, as well as the evolutionary patterns of the
organisms that lived in the area during this time.

In the first paper of the bulletin, Plint et al. synthesize information from well-exposed sections in
the fold-and-thrust belt of the Rocky Mountain Foothills and combine this information with data from
a large correlation grid of wireline logs, supplemented by a few cores. In the Coniacian part of the
section, they identify 24 flooding surfaces that can be traced for >750 km along strike in the subsur-
face. These flooding surfaces form the boundaries of 24 informal allomembers. Some of these surfaces
are mantled with intra- or extrabasinal pebbles that imply a phase of shallowing and, potentially,
subaerial emergence of the inner part of the ramp. Flooding surfaces represent small intervals of time
relative to the rock units that they bound and, therefore, allow the subsidence history of the basin to
be reconstructed in a series of relatively short time-steps. This new allostratigraphic framework empha-
sizes the importance of marine erosional surfaces, and their genetic relationship to relative changes in
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sea level. Development of such a regional subsurface allostratigraphic framework helps resolve stratal
geometry and facies distributions, from which paleogeography, paleobathymetry, subsidence patterns,
relative sea-level changes, and overall depositional history can be reconstructed.

The allostratigraphic framework constitutes the physical and temporal matrix within which the
vertical and lateral distribution of molluscan fossils, principally inoceramid bivalves and scaphitid
ammonites, can be assessed. Regional mapping reveals that allomembers, which exhibit a near-
tabular geometry, can be grouped into “tectono-stratigraphic units” that span hundreds of thousands
of years and fill saucer-shaped, flexural depocenters. Successive depocenters are offset laterally by
several hundred km, which probably reflects episodic lateral shifts in the locus of active thickening
in the Cordilleran orogenic wedge, and a corresponding lateral shift in the locus of maximum iso-
static subsidence.

As a complement to the allostratigraphic study, Plint et al. present preliminary carbon-isotope data
from one section of Coniacian strata in Alberta, and compare the results to the reference curve from
the UK Chalk succession, and to results from coeval rocks in Colorado. On the basis of shape-match-
ing and biostratigraphic tie-points, the Light Point, East Cliff, and White Fall carbon-isotope events
(CIE) of the UK Chalk succession appear to be present in Alberta. The astronomically calibrated suc-
cession of CIE in the English Chalk suggests that each of the 24 mapped allomembers in Alberta has
an average duration of approximately 125,000 kyr. Because allomembers can be traced for hundreds
of km, an allogenic control, probably eustasy, appears to be the most likely genetic mechanism respon-
sible for sea-level cycles.

The WCEB yields a rich and well-preserved molluscan fauna dominated by inoceramid bivalves.
This is treated by Walaszczyk et al. in the second paper in this volume. In the upper lower Coniacian
to basal Santonian, six successive inoceramid zones are recognized. In ascending stratigraphic order,
they are the Cremnoceramus crassus crassus—deformis deformis Zone, the Inoceramus gibbosus Zone,
the Volviceramus koeneni Zone, the V. involutus Zone, the Sphenoceramus subcardissoides Zone, and
the Sphenoceramus ex gr. pachti Zone. The base of the middle Coniacian is marked by the lowest
occurrence of the taxonomically variable Volviceramus fauna including V. koeneni (Miiller, 1888), V.
exogyroides (Meek and Hayden, 1862), and V. cardinalensis, sp. nov., in association with I. undabundus
Meek and Hayden, 1862. The base of the upper Coniacian is marked by the lowest occurrence of the
characteristically northern inoceramid species S. subcardissoides (Schliiter, 1877). The lowest occur-
rence of V. stotti sp. nov., described for the first time from the Canadian sections, is also close to this
boundary. The base of the Santonian is marked by the lowest occurrence of S. ex gr. pachti (Arkhan-
gelsky, 1912). Several of the zonal assemblages are known widely from the Euramerican biogeographic
region, although they are mostly representative of the northern boreal area. This new inoceramid-
based zonation allows correlation with other parts of the Euramerican biogeographic region.

The lowest occurrence of each inoceramid species can be interpreted in the context of the relative
sea-level framework developed by Plint et al. The lowest occurrences of Cremnoceramus crassus crassus
(Petrascheck, 1903), various species of Volviceramus, Sphenoceramus subcardissoides, and S. ex gr.
pachti are immediately above major flooding surfaces, suggesting that the first appearances of these
taxa are closely linked to episodes of relative sea-level rise. Thus, the boundaries of biozones appear
to coincide with physical stratigraphic (flooding) surfaces. The generally rare species Inoceramus gib-
bosus Schliiter, 1877, is abundant in the upper part of the lower Coniacian. This species is usually
absent in both Europe and North America due to a stratigraphic gap resulting from a eustatic low-
stand. The preservation of this species in Canada is attributed to rapid subsidence of the foredeep,
which outpaced the eustatic sea-level fall.
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The WCEFB also contains a rich record of scaphitid ammonites (scaphites), which are described by
Landman et al. in the third paper in this issue. These species are widespread and restricted to higher
latitudes and allow correlation with other parts of the Western Interior of North America, as well as
with western Greenland. In ascending order, Landman et al. recognized four ammonite zones, the
Scaphites (S.) preventricosus Zone, the base of which coincides with the base of the lower Coniacian,
the S. (S.) ventricosus Zone, the base of which coincides with the base of the Inoceramus gibbosus Zone
and marks the upper part of the lower Coniacian, the S. (S.) depressus Zone, the base of which coin-
cides with the base of the upper Coniacian, and the Clioscaphites saxitonianus Zone, the base of which
coincides with the base of the Santonian. The lowest occurrence of each scaphite species can be inter-
preted in the context of the relative sea-level framework developed by Plint et al. The lowest occurrence
of S. (8.) preventricosus Cobban, 1952, is just above an erosional surface that indicates the beginning
of a major transgression that commenced in the very latest Turonian. The lowest occurrence of S. (S.)
ventricosus Meek and Hayden, 1862, is just below an interpreted highstand and prior to a regression
in the latest early Coniacian. The lowest occurrence of S. (S.) depressus Reeside, 1927, is in an overall
regressive succession, which marks the base of the upper Coniacian, and the lowest occurrence of
Clioscaphites saxitonianus (McLearn, 1929) coincides with a major transgression at the base of the
Santonian. All of these species exhibit some degree of stratigraphic overlap, which implies evolutionary
episodes of cladogenesis rather than anagenesis, which was the mechanism previously postulated to
explain the evolution of these scaphites.

The most distinctive feature in the ontogenetic development of these scaphites is the change in coiling
during ontogeny. At the approach of maturity, the shell uncoils slightly, forming a shaft, which then
recurves backward approaching the earlier secreted phragmocone. As a result, the aperture faces upward
during the lifetime of the animal, so that the buccal apparatus can extend outward to collect small organ-
isms in the water column. The sequence of species leading from Scaphites (S.) preventricosus to Clioscaph-
ites saxitonianus appears to form an evolutionary lineage, suggesting a long-term trend toward recoiling
of the adult shell, while still maintaining the same position of the aperture during life. This trend is
accompanied by an increase in adult size (possibly caused by a delay in the timing of maturation) and
degree of shell depression. This tendency toward more recoiled shell shapes and larger adult sizes
occurred against a background of changing environmental conditions in the Western Interior Seaway
during the Coniacian that reflected an overall relative rise in sea level and the expansion of the seaway
to cover nearly all of Alberta. This transgression resulted in an expansion of offshore habitats that may
have promoted the evolutionary appearance of larger scaphite species with more closely coiled shapes
and more depressed whorl sections, which were better adapted to these environments.
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Chapter 1

Integrated, High-Resolution Allostratigraphic,
Biostratigraphic and Carbon-Isotope Correlation of
Coniacian Strata (Upper Cretaceous),
Western Alberta and Northern Montana

A. GUY PLINT,! ELIZABETH A. HOOPER,!
MERIEM D. GRIFL,2 IRENEUSZ WALASZCZYK,?* NEIL H. LANDMAN,*
DARREN R. GROCKE,* JOAO P. TRABUCHO ALEXANDRE,®
AND IAN JARVIS/

ABSTRACT

Lower to upper Coniacian rocks in the foredeep of the Western Canada Foreland Basin are
dominated by mudstone and subordinate sandstone and were deposited on a very low-gradient,
storm-dominated marine ramp. The rocks are organized into several scales of upward-coarsen-
ing, upward-shoaling succession, bounded by marine flooding surfaces. Abundant, publicly
available wireline log data permit flooding surfaces to be traced for hundreds of kilometers in
subsurface. Flooding surfaces can be considered to approximate time surfaces that allow the
subsidence history of the basin to be reconstructed. Particularly widely traceable flooding sur-
faces were chosen, on pragmatic grounds, as the boundaries of 24 informal allomembers, most
of which can be mapped along the foredeep for >750 km. Allomembers can also be traced
westward into the fold-and-thrust belt to outcrop in the Rocky Mountain Foothills. Some flood-
ing surfaces are mantled with intra- or extrabasinal pebbles that imply a phase of shallowing
and, potentially, subaerial emergence of part of the ramp.

The rocks yield a rich and well-preserved molluscan fauna dominated by inoceramid bivalves and
scaphitid ammonites. Several major inoceramid speciation events are recognized. The lowest occur-
rence of Cremnoceramus crassus crassus, various species of Volviceramus, Sphenoceramus subcardis-
soides, and S. pachti all appear immediately above major flooding surfaces, suggesting that speciation,
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and dispersal of new inoceramid taxa were closely linked to episodes of relative sea-level rise. Thus,
the boundaries of biozones can be shown to coincide with physical stratigraphic (flooding) surfaces.
The generally rare species Inoceramus gibbosus is abundant in the upper part of the lower Coniacian;
the preservation of this zonal form may be attributed to rapid subsidence of the foredeep that outpaced
a major eustatic? sea-level fall that took place at the end of the early Coniacian and that is marked by
a hiatus in most epicontinental basins. Regional mapping shows that allomembers, which have a near-
tabular geometry, can be grouped into “tectono-stratigraphic units” that fill saucer-shaped, flexural
depocenters. Individual depocenters appear to have been active for ca. 0.5 to 1.5 m.y,, and successive
depocenters are offset laterally, probably reflecting episodic shifts in the locus of active thickening in
the Cordilleran orogenic wedge and related subsidence in the foreland basin. Preliminary carbon-
isotope results from one section are tentatively correlated, using biostratigraphic tie-points, to the
English Chalk reference curve: the Light Point, East Cliff, and White Fall carbon-isotope events (CIE)
are recognized with some degree of confidence. The astronomically calibrated succession of CIE in the
English Chalk suggests that the 24 mapped allomembers in Alberta each had an average duration of
about 125,000 yr. Because allomembers can be traced for hundreds of km, an allogenic control, prob-

NO. 414

ably eustasy, appears to be the most likely genetic mechanism.

INTRODUCTION

The Western Canada Foreland Basin (WCFB)
contains a preserved stratigraphic succession, over
5 km thick, that forms an expanded record of ter-
restrial and shallow-marine sedimentation
through much of the Late Jurassic, Cretaceous,
and Paleocene (Wright et al., 1994). Well-exposed
sections in the Rocky Mountain Foothills, coupled
with a public database of tens of thousands of
wireline logs and thousands of cores permit
reconstruction of basin-scale stratal geometry,
facies relationships, and paleogeography in a
high-resolution allostratigraphic framework (e.g.,
Plint et al., 1986; Bhattacharya and Walker, 1991a,
1991b; Plint, 2000; Varban and Plint, 2008a,
2008b; Roca et al., 2008). Allostratigraphic units
are mappable bodies of rock defined by bounding
discontinuities (NACSN, 2005: Article 58). In the
succession studied here, marine flooding or trans-
gressive surfaces form the mappable bounding
surfaces of allomembers. Such surfaces typically
have low diachroneity relative to the time repre-
sented by the rock units that they bound, and
hence can be considered to approximate time
planes (e.g., Cross and Lessenger, 1988). In conse-
quence, the WCFB provides an unparalleled natu-
ral laboratory in which to assess the principal
physical controls on sedimentation, namely: sedi-

ment supply, tectonism, and eustasy. The temporal
framework provided by physical, marine flooding
surfaces also makes it possible to determine the
temporal and spatial distribution of evolving lin-
eages of molluscs that provide the principal basis
for biostratigraphic correlation. It is then possible
to address the question: Are biotic speciation and
extinction events consistently associated with
physical stratigraphic surfaces, and the relative
sea-level changes that those surfaces are consid-
ered to represent?

The principal purpose of this paper is to pres-
ent a very detailed allostratigraphic framework,
developed for Coniacian strata across the foredeep
of the Western Canada Foreland Basin. That
framework then constitutes a physical, and near-
temporal matrix in which to plot the vertical and
lateral distribution of molluscan fossils, princi-
pally inoceramid bivalves and scaphitid ammo-
nites. Full taxonomic documentation of the
inoceramid and ammonite faunas is provided in
companijon papers (Landman et al. and Walas-
zczyk et al, this issue). A secondary objective is to
present preliminary carbon-isotope data from
Coniacian strata in Alberta, and to compare those
results with the reference curve from the UK
Chalk succession (Jarvis et al., 2006), and with
results from coeval rocks in Colorado (Joo and
Sageman, 2014). An interpretation of relative sea-
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level changes is given in the companion papers by
Landman et al. and Walaszczyk et al. (this issue).

TECTONIC AND PALEOGEOGRAPHIC
OVERVIEW OF THE BASIN

Subsidence of the Western Canada Foreland
Basin was initiated in the Jurassic as the result of
isostatic flexure of underlying cratonic lithosphere
under the load of the tectonically thickened Cor-
dilleran fold-and-thrust belt to the west (Price,
1994; Evenchick et al., 2007). The earliest pre-
served foreland strata were deposited from the
Late Jurassic (Kimmeridgian) to Early Cretaceous
(Valanginian), when sediment was supplied to the
Canadian portion of the basin by both local rivers
and a continent-scale, north-flowing drainage sys-
tem with headwaters in the southwestern and pos-
sibly also the southeastern United States (Williams
and Stelck, 1975; Wright et al., 1994; Raines et al.,
2013). In the Berriasian to Barremian, diminished
tectonic activity in the Rocky Mountain Cordil-
lera, resulted in widespread erosion and isostatic
uplift of Upper Jurassic to Lower Cretaceous sedi-
ments in the foredeep (Leckie and Cheel, 1997;
Leier and Gehrels, 2011). Subsidence of the West-
ern Canada Foreland Basin resumed in the Aptian,
accompanied by gradual marine flooding by a
southward-advancing arm of the Polar Ocean.
One or more continent-scale, north- and west-
flowing river systems delivered sediment to the
basin from headwaters in the Canadian Shield, the
Appalachians, and the Cordillera (Benyon et al.,
2014; Blum and Pecha, 2014).

At about the Albian-Cenomanian boundary
(about 100.5 Ma), a southward-encroaching
embayment of the Polar Ocean (the Mowry Sea)
merged with a northward-encroaching arm of the
Gulf of Mexico to form the early Greenhorn Sea
(Williams and Stelck, 1975). This seaway contin-
ued to widen through the late Cenomanian to a
maximum extent in the early Turonian, before
progressive eustatic sea-level fall caused the sea-
way to narrow to a minimum in the late Turonian
and earliest Coniacian, as recorded by rocks of the
Cardium Formation (e.g., Nielsen et al., 2008;
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Shank and Plint, 2013; Walaszczyk et al., 2014).
Earliest Coniacian regressive sandstones in the
upper part of the Cardium Formation were buried
by marine mudstone of the early to middle Conia-
cian Muskiki Member of the Wapiabi Formation.
Muskiki strata record the onset of the Niobrara
Cycle (Kauffman, 1977), which is expressed as a
major transgression that drove the shoreline so far
to the west that no near-shore deposits are pre-
served in outcrop sections exposed in the Alberta
or British Columbia (BC) foothills (Stott, 1963,
1967; fig. 1). In late Coniacian time, the broadly
regressive, siltstone- and sandstone-dominated
Marshybank Member was deposited along the
western margin of the basin. The slightly younger
Bad Heart Formation was deposited in the north-
eastern part of the basin, and is confined to the
Peace River Plains (Stott, 1963, 1967; Plint et al.,
1990; Donaldson et al, 1998). Late Coniacian
regression was followed by major regional trans-
gression in latest Coniacian and early Santonian
time, leading to widespread deposition of marine
mudstone across Alberta and BC; this transgres-
sion coincided with a period of renewed flexural
subsidence of the foredeep of the foreland basin
(Nielsen et al., 2008; Hu and Plint, 2009; Plint et
al., 2012a).

PREVIOUS STRATIGRAPHIC STUDIES

LITHOSTRATIGRAPHY

The early history of stratigraphic investiga-
tion of Upper Cretaceous rocks in Alberta was
thoroughly reviewed by Stott (1963, 1967). The
present study is focused on Coniacian rocks
that form part of the Wapiabi Formation, a unit
that was originally recognized and named by
Malloch (1911). The Wapiabi Formation com-
prises up to about 650 m of marine mudstone
with minor intercalations of sandstone and silt-
stone. Stott (1956, 1963, 1967) showed that the
Wapiabi Formation could consistently be
divided into seven members, each characterized
by a distinct suite of lithologies that could be
traced along most of the Rocky Mountain Foot-
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hills from NE BC to the Montana border (figs.
2, 3; fig. 3 inserted after p. 52). The lowest unit,
the Muskiki Member, rests disconformably on
the underlying Cardium Formation and com-
prises primarily offshore marine mudstone.

The boundary between the Muskiki and
overlying Marshybank Member is typically a
rapidly gradational to sharp contact between
mudstone and siltstone and overlying, intensely
bioturbated siltstone and silty sandstone.
Toward the north, particularly north of the
Athabasca River, the siltstone-dominated
Marshybank Member undergoes a lateral facies
change to include clean, well-sorted sandstone
as well as siltstone and minor mudstone. Even
further to the NW, in BC, the Marshybank
includes not only near-shore sandstone but also
a unit of terrestrial deposits (Plint and Norris,
1991). Stott (1967) did not extend the term
“Marshybank” to describe these northern, sand-
stone-rich rocks, but instead chose to assign
them to the “Bad Heart” Formation, inferring
that sandy rocks in the foothills correlated with
the type Bad Heart Formation that is exposed
about 150 km to the NE on the Smoky River in
the Peace River Plains. In the latter area, the
Bad Heart Formation comprises fine-grained
sandstone and ooidal ironstone with minor
dark silty claystone.

A change of lithostratigraphic terminology
occurs at the Canada-U.S. border: rocks of the
Cardium and Wapiabi formations in Alberta
being broadly correlative with the Ferdig and
Kevin members of the Marias River Formation in
Montana (Cobban et al., 1976; Nielsen et al.,
2003; figs. 2, 3; figs. 3-13 inserted after p. 52).

BIOSTRATIGRAPHIC STUDIES

Stott (1963, 1967) summarized existing bio-
stratigraphic information regarding the age of

<
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the Wapiabi Formation. Stott reported that the
lowest part of the Muskiki Member contained
Scaphites (S.) preventricosus Cobban and Inoc-
eramus deformis Meek. Stott used the strati-
graphical interpretation of Jeletzky (who
followed the traditional German subdivision)
and dated these two taxa to the late Turonian,
although he (Stott, 1963) did note that Jeletzky
(personal commun.) considered that they
might be of earliest Coniacian age (as treated
at that time in the U.S,; see e.g., Seitz, 1959).
The higher part of the Muskiki contained
Scaphites (S.) ventricosus Meek and Hayden
and Inoceramus involutus Sowerby, indicative
of a Coniacian age. Neither I. involutus nor S.
(S.) ventricosus were found to range up into
the Marshybank Member (Stott, 1963). The
Marshybank Member contained Scaphites (S.)
depressus Reeside, which Stott did not find
below the base of the member. At the time of
Stott’s studies, S. (S.) depressus was considered
by Jeletzky (see also discussion in Obradovich
and Cobban, 1975) to indicate an early Santo-
nian age, but that zone was later reassigned to
the upper Coniacian (Kennedy and Cobban,
1991). Collom (2001) undertook a litho- and
biostratigraphic study of the Wapiabi Forma-
tion and equivalent strata between Highwood
River in the south and the lower Smoky River
in the north. Collom’s correlation of deposi-
tional cycles along the Foothills was, however,
made without reference to subsurface data,
and his stratigraphic sections contain insuffi-
cient detail to be related to our own observa-
tions. Moreover, Collom’s inoceramid
taxonomy, and consequently his stratigraphic
interpretation, cannot be confirmed in most of
the cases (see companion paper by Walaszczyk
et al., this issue).

In Montana, Cobban et al. (1976) recog-
nized ammonite and bivalve zones in the Fer-

<

FIG 1. Paleogeographic reconstruction of North America for the middle Coniacian (Scaphites (S.) ventricosus
time). This map is representative of the paleogeography during deposition of the Muskiki Member of the
Wapiabi Formation when the Coniacian transgression was at approximately its greatest extent. The study area
in Alberta and Montana is indicated. (Map adapted from R. Blakey, http://cpgeosystems.com).
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FIG. 2. Summary of stratigraphic schemes that have been applied to Upper Cretaceous strata in Alberta, Brit-
ish Columbia and northern Montana. The far left column shows the allostratigraphically defined limits of the
Cardium alloformation, the base of which (surface E1) is placed below the lithostratigraphically defined posi-

tion of Stott (1963, 1967).

dig and Kevin members of the Marias River
Formation, allowing them to establish a broad
correlation with the Cardium Formation and
the Muskiki and Marshybank members of the
Wapiabi Formation in Alberta. Cobban et al.
(2005) made a detailed study of a thin (typi-
cally 10-20 cm) carbonate-cemented conglom-
erate bed (Bed 100 of the Kevin Member;
Cobban et al., 1976) that, because it was so
distinctive and widespread, was named by
Cobban et al. (1959) the MacGowan Concre-
tionary Bed. The bed contains small, well-
rounded chert pebbles as well as reworked

phosphate nodules and molluscan fossils. This
bed lies at, or just above, the boundary between
middle and upper Coniacian strata. A second
bed of green-stained phosphate nodules, some
of which are bivalve steinkerns, is located 3.5
m above the MacGowan Bed at the Type Sec-
tion of the Kevin Member (Bed 108 of Cobban
et al., 1976). Cobban et al. (2005) speculated
that the MacGowan Bed in Montana might be
correlative with the erosion surface docu-
mented beneath the Bad Heart Formation in
Alberta, 850 km to the NW (Plint et al., 1990;
Donaldson et al., 1998, 1999).
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ALLOSTRATIGRAPHIC STUDIES
PrEVIOUS WORK

Regional allostratigraphic correlation of
Coniacian rocks was initially conducted in
northwestern Alberta and adjacent BC, where it
was shown that upward-coarsening successions,
bounded by marine flooding surfaces, could be
traced for several hundred km in the subsurface,
and also correlated into outcrop (Norris, 1989;
Plint, 1990; Plint et al., 1990; Plint and Norris,
1991). These studies showed that the erosion sur-
face that defined the top of the “Bad Heart” For-
mation in the foothills could be correlated with
an erosion surface that defined the base of the
type Bad Heart in the Peace River Plains. Plint et
al. (1990) therefore proposed that Stott’s term
“Marshybank” be applied to all siltstone and
sandstone facies overlying the Muskiki mud-
stones, throughout the foothills (fig. 2). The
sandy and ooidal Bad Heart Formation was
shown to be restricted to the plains, where it
onlaps westward onto the top of the Marshybank
Member and pinches out before reaching out-
crop (Donaldson et al., 1998, 1999). Subsequent
study of additional outcrop and surface sections
in the Peace River Plains, coupled with dinofla-
gellate biostratigraphy, confirmed the existence
and significance of the erosional contact between
the Bad Heart Formation and the underlying
Muskiki Formation, or older strata (Kafle et al.,
2013).

Within the Muskiki Member, Plint (1990)
traced two regional flooding surfaces, informally
termed M1 and M2 (equivalent to surfaces CS4
and CS15 in the present study), and also divided
the Marshybank Member into 12 informal “units,
termed A through L, bounded by erosion surfaces.
Simple upward-coarsening “parasequences” in the
offshore part of the basin could be traced westward
(landward) to areas where the rocks became sand-
ier and commonly included clean, well-sorted,
hummocky- and swaley-cross-stratified sandstone
deposited in a shoreface environment (Plint, 1991;
Plint and Norris, 1991). Where exposed in the
Rocky Mountain Foothills, most shoreface sand-

stone bodies have a sharp, erosional basal contact
that was interpreted as evidence for deposition
during relative sea-level fall (Plint, 1991; Plint and
Norris, 1991). Thus it could be shown that upward-
shoaling “parasequences” deposited offshore,
passed laterally landward into “sequences” that
preserved evidence for both relative sea-level rise
and fall. The sharp-based shoreface sandbodies in
the Marshybank Member provided some of the
initial stimulus to develop the concept of “forced
regression” (Plint, 1991), and ultimately, contrib-
uted to the establishment of the falling-stage sys-
tems tract (Plint and Nummedal, 2000), which is
now the widely accepted “fourth component” of
the standard depositional sequence model (e.g.,
Catuneanu, 2006).

A reconnaissance study by Durbano (2009),
extended allostratigraphic correlations south-
ward, enabling Grifi (2012) to establish an allos-
tratigraphic scheme for Coniacian rocks over
60,000 km? of southern Alberta, extending from
Township 26 southward into the most northerly
Montana Plains (fig. 3, inserted after p. 52). Grifi
(2012) extended correlations from the subsurface
of Alberta and Montana to outcrop sections,
including the Type Section of the Kevin Member
of the Marias River Formation, and to various
sections in the Alberta Foothills. It was shown
that depositional sequences in the lower (Conia-
cian) part of the Kevin Member in the Type Sec-
tion near Kevin, MT, could be correlated, via
wireline logs, to the Muskiki and Marshybank
rocks in Canada (Grifi et al., 2013). Current
investigation (Hooper, in prep.) has now linked
the correlations of Plint (1990) and Grifi (2012)
in the area between townships 26 and 44 (fig. 3).

DATA AND METHODS

The results reported here are founded on a series
of linked studies that, collectively, involved over
4800 wireline well logs, 74 outcrop sections, and 30
cores, spanning about 200,000 km? of the foredeep
in Alberta and northern Montana (Norris, 1989;
Plint, 1990; Plint and Norris, 1991; Donaldson,
1997; Donaldson et al., 1998, 1999; Durbano, 2009;
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Grifi, 2012; Grifi et al., 2013; Hooper, Ph.D. in prep.;
fig. 3, after p. 52). Allostratigraphic units were
defined by marine flooding surfaces, recognizable in
wireline logs by an abrupt increase in gamma-ray
intensity and a decrease in resistivity, corresponding
to an increase in clay content. These surfaces were
traced and “looped” through grids of log cross sec-
tions to ensure that they were correlated consistently
(figs. 4-13, inserted after p. 52). Outcrop sections in
the foothills were palinspastically restored using bal-
anced structural cross sections constructed by Rot-
tenfusser et al. (2002) on the basis of outcrop
mapping, drilling, and seismic data. On the base
map (fig. 3), outcrop sections relevant to the present
study are shown in their present and restored posi-
tions, and distances between wells and outcrop are
noted on the cross sections (figs. 4-13, after p. 52).

Most major outcrop sections of Coniacian
strata exposed in the Rocky Mountain Foothills
were measured in detail, with particular attention
paid to depositional cyclicity and bounding sur-
faces that were indicative of relative sea-level
changes (appendix 1). A gamma-ray log was made
for selected outcrop sections using an Exploran-
ium GR-130 portable gamma-ray spectrometer,
with a sampling period of 30 seconds per site.
Simultaneous collection of in situ molluscan mac-
rofauna was conducted, with specimens located
precisely in each measured section.

All fossil material collected during this inves-
tigation is archived at the Royal Tyrrell Museum
of Palaeontology. Details of specimens and acces-
sion numbers are given in Walaszczyk et al. and
Landman et al,, in this issue.

ALLOSTRATIGRAPHIC TERMINOLOGY

In order to make an allostratigraphic descrip-
tion of the Muskiki and Marshybank strata, it is
necessary to give names to both the stratigraphic
surfaces that bound rock units as well as to the
rock units themselves. In the following discussion,
the regionally mappable flooding surfaces within
Coniacian rocks have been designated as CS1
(Coniacian surface 1) to CS23. The erosion sur-
face separating the Cardium Formation from the
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overlying Muskiki Member is termed E7 following
Plint et al. (1986), and the basal surface of Santo-
nian strata is designated SSO (Santonian surface
0). Allostratigraphically defined rock units are
designated CA1 (Coniacian allomember 1) to
CA24. Note that allomembers defined herein are
considered to be informal stratigraphic units, des-
ignated by letters and numbers rather than for-
mally defined names, and therefore are not
capitalized in the text (NACSN, 2005).

CARBON-ISOTOPE ANALYSIS

Seven sections through Coniacian rocks (six
outcrop, one core) were selected for carbon-isoto-
pic analysis. Results of carbon-isotope analysis for
the Cutpick Creek section (fig. 4) are reported
here (appendix 2). At this site, 106 samples were
collected at 1 m intervals from all lithologies
except clean sandstone, in which the organic mat-
ter content was too low. Analyses were under-
taken at the Stable Isotope Biogeochemistry
Laboratory at the University of Durham. Rock
samples were ground to a fine powder (ca. 10 pm)
using a Retsch agate mortar grinder RM100. The
bulk rock powders (ca. 5 mL) were decalcified
overnight at room temperature (20° C) using a
3 M HCI solution in 50 mL centrifuge tubes.
Insoluble residues were rinsed three or four times
in deionized water, dried at 50° C, reground in an
agate mortar, and stored in glass vials.

Organic carbon isotope (8"°C,,,) measurements
were performed on 2.5-3 mg splits of the insoluble
residues using a Costech elemental analyser (ESC
4010) connected to a Thermo Scientific Delta V
Advantage isotope ratio mass spectrometer via a
Conflo III interface. Carbon isotope ratios are cor-
rected for 7O contribution and reported in stan-
dard delta (8) notation in per mil (%o) relative to
VPDB. Data accuracy was monitored through
analyses of international and in-house standards
calibrated against the international standards (viz.,
IAEA 600, USGS 24, and USGS 40). Analytical
uncertainty for carbon isotope measurements was
10.1%o for replicate analyses of standards and
<0.2%o on replicate sample analyses.
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ESTABLISHING REGIONAL ALLOSTRATIGRAPHIC
CORRELATIONS

A series of cross sections (figs. 4-13) that
integrate wireline logs with outcrop sections,
form the physical basis for the new allo- and bio-
stratigraphic scheme presented here. To con-
strain the stratigraphic relationships between
separate outcrop sections scattered along the
Rocky Mountain Foothills, a summary, strike-
oriented (NW-SE) well-log cross section was
constructed (fig. 4), extending more than 750 km
from Cutpick Creek, NW Alberta (in the vicinity
of Grande Cache; Township 58, latitude 54° 5’
N), to Kevin, Montana (latitude 49° 45’ N; fig. 3).
The correlations shown in the strike section are
tightly constrained by a large grid of cross sec-
tions to the north and east, which are not shown
on the base map (Plint, 1990; Grifi, 2012, Hooper,
Ph.D. in prep.; fig. 3). Each principal section
exposed in the Foothills between Cutpick Creek
in the north, and Kevin in the south was corre-
lated to this master cross section using wireline
logs, some of which were from wells drilled in
the deformed belt (figs. 3, 5-13).

Systematic tracing of marine flooding surfaces
through the regional correlation grids of Plint,
(1990), Grifi (2012) and Hooper (in prep.),
showed that 24 flooding surfaces, designated CS1
to CS23 and SSO, were particularly robust, and
could be traced through large parts, if not all of
the study area (figs. 4-13).

THE CHARACTER AND SIGNIFICANCE OF
FLOODING SURFACES

Although each of the studied allomembers is
typified by one or more, upward-coarsening suc-
cessions (e.g., fig. 14), the nature of the flooding
surface that bounds each allomember is variable.
Four categories of surface are recognized: either
the surface lacks a coarse-grained lag, or one of
three types of granule to pebble lag is present. It
is important to appreciate that these lags, which
may be up to about 20 cm thick, can also be very
discontinuous across a given exposure, to the
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extent that, on a lateral scale of a few meters,
coarse grains may be entirely absent from some
parts of the flooding surface (fig. 15). In some
places, it is clear that lag deposits are confined to
shallow erosional depressions on the flooding
surface (fig. 16).

No coarse-grained lag: Flooding surfaces CS2,
CS3, CS7, and CS9 have no coarse-grained lag and
are characterized by an abrupt upward transition
from coarser- to finer-grained sediment at which
there is no evidence for concentration or winnow-
ing of coarser grains, or formation of an irregular
erosion surface. This type of flooding surface pro-
vides no evidence of relative sea-level fall and con-
comitant sea-floor erosion, and therefore is
parsimoniously interpreted to record only relative
sea-level rise and shoreline transgression, accom-
panied by a decrease in the volume and caliber of
sediment supplied to the shelf.

Lag of intrabasinal clasts: Flooding surfaces
CS6 and CS14 locally have a lag comprising
intrabasinal phosphate and/or siderite pebbles
that range in diameter up to about 100 mm.
These clasts are indicative of some degree of ero-
sion, probably to a depth of at least several dm,
sufficient to expose early diagenetic nodules and
to allow their concentration on the erosion sur-
face. The presence of reworked intraclasts sug-
gests that a phase of relative sea-level fall
terminated deposition of the underlying
allomember. The absence of extrabasinal pebbles
suggests that erosion took place subaqueously,
although subaerial emergence can not be ruled
out. Subsequent relative sea-level rise reduced
current energy at the bed, allowing the clasts to
be buried in mud.

Lag of mixed extra- and intrabasinal clasts: In
foothills exposures, flooding surfaces E7 and
CS1, CS4, CS8, CS11, CS13 and CS15 to CS23
inclusive are, at least locally, mantled with a mix-
ture of extrabasinal chert pebbles, typically 5-15
mm in diameter, and intrabasinal phosphate and
siderite pebbles, typically 20 to 100 mm in diam-
eter. Because of the asymmetry of wave-gener-
ated currents in shallow water, pebbles are not
transported seaward across a marine shelf for
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FIG. 14. A portion of the Muskiki Member exposed in Sheep River (fig. 11), illustrating typical sandier-upward
successions (arrows) bounded by flooding surfaces. The regionally mappable surface CS3 is indicated.

more than a few hundred m to a few km from
shore (e.g., Clifton, 2006), and it is not possible
to concentrate chert pebbles by winnowing
underlying sediment lacking such clasts. It is
therefore concluded that the presence of chert
pebbles on a flooding surface is an indication
that the surface had previously been subaerially
exposed, when extrabasinal pebbles were sup-
plied by rivers flowing to a lowstand shoreline.
This interpretation was initially advanced to

explain the extensive mantles of chert pebbles on
erosion surfaces in the Cardium Formation (e.g.,
Plint et al., 1986). Applying similar reasoning, it
is inferred that at least the more westerly parts of
the chert pebble-bearing surfaces in the Muskiki
and Marshybank members experienced a phase
of subaerial exposure.

Lag of mixed extra- and intrabasinal clasts in
a matrix of ferruginous clay ooids: In the south-
ern portion of the study area, flooding surface
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FIG. 15. A. Overview of surface CS1 exposed at river level at the mouth of Oldfort Creek (fig. 10). At right, a
coarse-grained wave ripple composed of granules and small pebbles of chert and quartz rests sharply on regional
erosion surface CS1. Traced laterally over only 3 m, the coarse lag pinches out and surface CS1 is manifest simply
as a sharp mud-on-mud contact; scale bar = 20 cm. B. Detail of the coarse-grained wave ripple.

CS23 is overlain by 0.1 to 1.2 m of ooidal iron-
stone, the base of which is sharp but typically
intensely burrowed by a Glossifungites ichno-
fauna (fig. 17). Well-rounded chert pebbles, typi-
cally 5-15 mm in diameter, and somewhat larger
phosphate pebbles are distributed throughout
the ooidal ironstone, which lacks stratification
and appears to be highly bioturbated. Ooidal
ironstone is commonly interpreted to form
under conditions of protracted clastic sediment
starvation, accompanied by repeated winnowing
and erosion of the sea floor in shallow water
(e.g., Donaldson et al., 1999, and references

therein). Regional correlation shows that the ooi-
dal ironstone, which forms a patchy blanket
across southern Alberta and northern Montana,
is spatially coincident with a region of subtle
stratal upwarp, across which Upper Coniacian
strata are either very thin or absent (Grifi, 2012;
figs. 4, 9-11). Stratigraphic relationships there-
fore suggest that, for much of late Coniacian
time, the region blanketed by ooidal ironstone
was either subaerially emergent, or so shallowly
submerged that no clastic sediment could be
accommodated, leading to the formation of a
regional unconformity. Deposition of ooidal
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FIG. 16. Intraclastic pebble lag resting on surface SSO at Thistle Creek west (fig. 5). A. General view of siderite
pebbles seen from above; scale bar in each image = 20 cm. B. Detail of panel A showing pitted, bioeroded
surface of a siderite pebble. C. Side view of conglomerate showing clasts filling a shallow erosional trough
(arrows).

ironstone above the unconformity is interpreted
to have taken place in shallow water across a
clastic-starved ramp during the early stage of
relative sea-level rise in latest Coniacian time.
Toward the northwest, the ooidal ironstone
appears to be stratigraphically equivalent to up
to 20 m of sandy siltstone that forms allomember
CA24; this wedge-shaped allomember accumu-
lated in an area of active flexural subsidence.

USE oF DISTINCTIVE FLOODING SURFACES TO
EsTABLISH CORRELATION TO OUTCROP

In order to establish, on a regional scale, the
stratigraphic distribution of molluscan faunas
collected at outcrop, it was necessary to trace
flooding surfaces westward from the master

strike line (fig. 4), via well logs, to studied out-
crop sections in the Rocky Mountain fold-and-
thrust belt. For most sections, correlation to
subsurface was relatively straightforward, based
on matching upward-coarsening depositional
successions, a process greatly facilitated by the
outcrop gamma-ray log that provided an objec-
tive measure of lithology. It is emphasized that
the process of outcrop to subsurface correlation
was based, as far as was possible, on matching
the scale and lithological character of deposi-
tional successions, and certain thick bentonites
seen at outcrop, with those represented in the
nearest wireline well logs; wherever possible,
the distribution of molluscan fauna was not
used as a basis for correlation. This approach
was intended to provide an independent check
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on the relationship between depositional cyclic-
ity and the stratigraphic distribution of mollus-
can fossils. A number of distinctive physical
stratigraphic markers helped to constrain cor-
relations between outcrop and well log, as dis-
cussed below.

E7 surface. The E7 surface separates the Car-
dium Formation from the overlying Muskiki
Member, and constitutes a prominent and robust
stratigraphic marker across the basin. In the vicin-
ity of the foothills and in the adjacent subsurface,
E7 has up to several tens of meters of erosional
relief in the form of NW-SE elongate, NE-facing
“steps” (e.g., Wadsworth and Walker, 1991). In
consequence, the thickness of rock between E7
and overlying surfaces CS1 and CS2 can vary dra-
matically, reflecting the progressive onlap and
burial of preexisting topography by lower Muskiki
sediments. The E7 surface has a ubiquitous mantle
of extrabasinal chert and quartz pebbles, typically
a few cm to a few dm thick.

Surface CSI1. Surface CS1 is a robust log
marker that caps a distinct, upward-coarsening
succession of mudstone, siltstone, and very fine-
grained sandstone. In most outcrop sections,
CS1 is mantled by a few mm to a few cm of
anomalously coarse-grained sediment that may
range from medium-grained sand to granules or
small siliceous pebbles that may be molded into
large-scale wave ripples (fig. 15). This thin but
distinctive, coarser-grained lag forms a consis-
tent stratigraphic marker. In some sites (e.g.,
Oldfort Creek, fig. 10), the granule lag on CS1
was discontinuous across an exposure tens of
meters wide (fig. 15), raising the possibility that
the apparent absence of the lag at some sites (e.g.,
Blackstone River, fig. 6, Highwood River and Sul-
livan Creek, fig. 12) may be attributed simply to
limited lateral exposure.

Surface CS4. Over much of the study area,
surface CS4 caps a prominent, sandier upward
heterolithic succession, typically 10-20 m thick,
comprising cm-scale interbeds of wave-rippled,
very fine-grained sandstone and mudstone in
which the bioturbation index (BI) is very low
(fig. 18A). In the more westerly foothills expo-
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sures, such as Bighorn Dam, Bighorn River,
Wapiabi Creek, and Sheep River (fig. 18B, C),
CS4 is mantled by a mm to cm-scale lag of
small phosphate and chert pebbles typically <5
mm in diameter, whereas in more eastern sec-
tions, this lag is absent.

Surface CS11. In the north, at Cutpick Creek
(fig. 4) allomember CA11 is mantled by a few cm
of chert and intraclastic pebbles dispersed
through a sideritized mudstone matrix.
Allomember CA11 has a distinctive log signature
that can be traced southward in well logs (fig. 4).
However, the upper surface, CS11 does not carry
a pebble lag in the more southerly outcrop sec-
tions described here. Instead, at Chungo Creek,
Bighorn Dam, Sullivan Creek, and Highwood
River, CS11 is mantled by a sharp-based, cm-
scale bed of clean, fine- to medium-grained
sandstone that forms hummocky cross stratifica-
tion (HCS) or combined-flow ripples, or fills gut-
ter casts. This thin bed suggests some degree of
storm-winnowing and erosion of the top of
allomember CA11 that could be an expression of
relative sea-level fall.

Surface CS14. Throughout the central foot-
hills, between Thistle Creek (fig. 5) and Mill
Creek (fig. 13), surface CS14 marks an abrupt
facies boundary between underlying, cm-scale
interstratified very fine-grained sandstone and
mudstone, and overlying, intensely bioturbated
siltstone and silty sandstone that characterizes
the lithostratigraphic Marshybank Member (e.g.,
Stott, 1963; fig. 19A). In wireline logs, particu-
larly toward the east, CS14 is manifest as a dis-
tinct “hot” spike on the gamma ray log, suggestive
of an enrichment in clay and/or organic matter.
Locally, as at Cardinal River (fig. 5), Burnt Tim-
ber Creek (fig. 9), and Sheep River (fig. 11), CS14
is mantled by a thin lag of siderite and phosphate
pebbles. Toward the north, CS14 is truncated by
CS15 (fig. 4).

Surface CS15. In the north at Cutpick Creek,
CS15 is mantled by chert pebbles and lithic
intraclasts. From north to south, CS15 progres-
sively truncates allomembers CAll, 12, 13, 14,
and 15 (fig. 4). Surface CS15 persists southward
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as a distinctive flooding surface until Township
36, where it is truncated by surface CS23. Traced
westward, CS15 is a subtle flooding surface,
locally mantled with chert and/or intraclastic
pebbles, seen at Bighorn Dam and Bighorn River
(fig. 7), Burnt Timber Creek (fig. 9), and Sullivan
Creek (fig. 12).

Surface CS16. This surface caps a very wide-
spread sandier-upward succession that, in the
north, includes dm-scale sandstone beds with
HCS, (e.g., Cutpick Creek, fig. 4). Within
allomember CA16, stratified sandstone in the
north grades laterally into highly bioturbated
silty sandstone toward the south (e.g., figs. 5, 6,
7). Surface CS16 is mantled in the north by
chert pebbles whereas to the south, pebbles are
absent and the surface may be marked by a
subtle flooding surface, or simply a band of
large siderite nodules.

Surfaces CS17 to CS22. Surfaces CS17 to 22
are either mantled with a veneer of chert pebbles,
or have an irregular, eroded upper surface and/
or deep burrows, including Thalassinoides, sug-
gestive of a firm-ground and early lithification.
This suite of surfaces is here represented only at
Cutpick Creek (fig. 4), but most of these surfaces
have been traced for at least 150 km further to
the NW of the present study area (Plint, 1990;
Plint and Norris, 1991).

Surface CS23. An overall upward-coarsening
succession is evident in the lithostratigraphic
Marshybank Member (i.e., those rocks above
CS14). The upper boundary of that regressive
succession (i.e., the maximum regressive sur-
face) is surface CS23 (fig. 20). This is a regional-
scale surface that has been traced for 150 km to
the north of the present study area (Plint, 1990),

<

and for at least 300 km into Montana to the
south of the study area (e.g., Cobban at al,
2005), for a minimum N-S extent of at least
1200 km (fig. 21). Surface CS23 is typically
mantled by a lag of chert pebbles and/or intra-
clasts (phosphate, siderite) that form a layer
that may range from a layer only one clast thick
to a layer several dm (and exceptionally a few
m) thick. South of about Township 26, and
extending at least 170 km east to Range 13 W4,
CS23 is overlain by 0.1 to 1.2 m of ooidal iron-
stone containing scattered small chert and
phosphate pebbles, and typically pervasively
cemented by siderite (Grifi, 2012; fig. 17). The
basal surface of the ooidal ironstone is sharp,
erosive, and typically highly burrowed (fig. 17).
This pebbly ooidal ironstone is correlative with
the MacGowan Concretionary Bed mapped
over a large part of Montana by Cobban et al.
(2005; fig. 4).

Surface SS0. Above CS23, bioturbated silty
sandstone and siltstone form allomember CA24,
which is an eastward-thinning unit up to about
20 m thick (e.g., fig. 8). CA24 comprises an over-
all upward-fining stack of meter-scale, upward-
coarsening successions bounded by flooding
surfaces that commonly are mantled by a mix-
ture of chert, siderite and phosphate pebbles
(e.g., fig. 16). Successive upward-coarsening suc-
cessions show a gradual upward decrease in B,
with progressively better preservation of cm-
scale primary stratification. The top of this rela-
tively coarse-grained package is marked by a
sharp or abruptly gradational (few cm) transi-
tion, at surface SSO, into dark grey, thinly bedded
mudstone with a BI of 0-1, characterized by a
much higher radioactivity than the underlying

<

FIG. 17. A. Ooidal ironstone containing small chert pebbles overlying a heavily bioeroded surface near the
top of the Coniacian succession on Sullivan Creek (fig. 12). The base of the ironstone is flooding surface CS23.
Flooding surface CS15 is mantled with cm scale rounded siderite and phosphate pebbles and surface CS14
marks the boundary between underlying, well-stratified sandstone and mudstone and overlying, highly bio-
turbated sandy siltstone. B. Detail of bioerosion on the base of the ooidal ironstone shown in (A). Arrows
indicate cm scale Thalassinoides, whereas larger irregular erosional structures may also be attributed to
Thalassinoides, but may be the result of burrowing by larger arthropods and are perhaps comparable to the
“subway tunnels” described from the Cardium Formation (Pemberton et al., 1984); scale bar = 20 cm. C.
Detail of the ooidal ironstone above surface CS23 at Mill Creek (fig. 13). A dense network of large Thalassi-
noides (arrows) penetrate up to 30 cm into the underlying sandy siltstone; hammer is 28 cm long.
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FIG. 18. A. Overview of the lower part of the Coniacian succession at Burnt Timber Creek (fig. 9) illustrating
depositional cyclicity and bounding surfaces E7 and CS1 to CS5. Note the prominent sandier-upward succes-
sion culminating in surface CS4. B. Overview of part of the Sheep River canyon (fig. 11). The CS4 surface
caps an upward-coarsening package that, in this view, is repeated by a thrust fault; Walaszczyk (circled) pro-
vides an indication of scale. C. Detailed view of the subtle, but sharp CS4 surface that is mantled with a few
mm of chert and phosphate pebbles and granules and separates bioturbated siltstone and very fine-grained

sandstone below from silty clay above.

rock (fig. 19B). SSO is particularly prominent in
the western part of the study area where the con-
trast between under- and overlying lithologies is
greatest; SSO gradually becomes more subtle
toward the east as allomember CA24 thins.
Toward the north, SSO gradually onlaps onto sur-
face CS23 such that the two surfaces are indistin-
guishable at the scale of well logs (fig. 4). Where
exposed at Cutpick Creek, CS23 lies at the base
of a 1 m thick conglomerate capping the Marshy-
bank Member, and SSO may lie at the same sur-
face, or possibly may be unrecognizable within,
or at the top of the conglomerate.

CONTINUITY OF BOUNDING SURFACES

Figures 4 to13 show that most of the flooding
surfaces that bound allomembers can be traced
as nearly parallel surfaces for at least 750 km
along the strike of the proximal foredeep, and for
many tens of km westward to outcrop. Locally,
however, some allomembers do lap out.
Allomembers CA1 and CA2 onlap locally against
erosional topography on the underlying E7 sur-
face (e.g., fig. 4 between wells 3-16-53-25W5 and
10-30-54-25W5). Allomembers CA3 to CAl4
form a near-tabular set of strata, traceable
throughout most of the strike section. However,
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allomembers CA5 and CA9 lap out northward
whereas CA6 and CAS8 lap out southward (fig. 4).
Allomembers CA16 to CA23 are confined to a
northern depocenter (fig. 4), and extend beyond
the northern limit of the present study area. To
the east of the proximal foredeep, a number of
disconformities have been recognized, across
which various allomembers lap out, or are trun-
cated (Hooper and Plint, 2016; Hooper, Ph.D. in
prep.). These stratal terminations take place
across narrow linear regions that might reflect
differential subsidence and uplift across underly-
ing structures (cf. Grifi et al., 2013); discussion
of this aspect of the stratigraphy is beyond the
scope of the present study.

SEDIMENTOLOGY

The focus of this paper is on regional stratigra-
phy and, in consequence, only a brief account of
the principal sedimentary facies is given here. The
Muskiki Member is dominated by mudstone with
a variable proportion of interstratified fine- to
very fine-grained sandstone, whereas the Marshy-
bank Member includes both bioturbated sandy
siltstone and various types of clean, well-sorted
sandstone. Five facies are distinguished here.

Stratified silty mudstone typically has a low BI
(0-2) and consists of mudstone interstratified
with mm-scale, sharp-based beds of coarse silt-
stone that may have planar or wave-rippled
upper surfaces. The rock may have a rusty
weathering appearance, and siderite nodules
vary from absent to common (fig. 22A, B). Silt
and clay are interpreted to have been transported
seaward, primarily by storm-generated com-
bined flows (cf. Plint et al., 2012b; Buckley et al.,
2016). A low level of bioturbation indicates a
sparse metazoan infauna, suggestive of stressed
conditions, probably attributable to a low dis-
solved oxygen content (i.e., 2-5 mg/L!) in the
bottom water (cf. Dashtgard et al., 2015; Dasht-
gard and MacEachern, 2016). Rusty weathering
is an indication of abundant disseminated pyrite.
Siderite nodules are a relatively early diagenetic
mineral, precipitated from pore water with a
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high bicarbonate (derived from organic matter),
and low dissolved sulfide content, the latter hav-
ing been removed by prior pyrite formation
(McKay et al., 1995). This facies is interpreted to
represent a relatively distal (order of 100 km or
more) offshore environment, above storm wave-
base for mud (?50-70 m water depth, cf. Plint et
al., 2012b; Plint, 2014).

Bioturbated silty mudstone typically has a
faintly stratified to rubbly appearance at outcrop
as a result of intense bioturbation (BI 4-6; fig.
22C). Siderite nodules are common in this facies
and may be scattered, or concentrated in bands.
A high degree of bioturbation indicates a thriv-
ing metazoan infauna, suggesting a bottom water
dissolved oxygen level of >5 mg/L! (Dashtgard
et al.,, 2015). Common siderite suggests that a
higher level of oxygen in the pore water inhibited
pyrite formation, allowing more iron to be avail-
able for siderite precipitation, which took place
in the methanogenic zone, some distance below
the sea floor (e.g., McKay et al., 1995). Sediment
transport was primarily by storms and deposi-
tion took place closer to shore, and in somewhat
shallower water than the stratified silty mudstone
facies. The bottom water contained a higher dis-
solved oxygen content, promoting colonization
by a benthic metazoan fauna.

Interstratified mudstone and very fine-grained
sandstone is bedded on a cm scale (fig. 224A).
Sandstone beds are always sharp-based, com-
monly with wave- or combined-flow ripples. The
facies may have a red, rusty-weathering appear-
ance, has a low BI (0-1) and generally lacks sid-
erite nodules. The rusty-weathering appearance
reflects abundant early diagenetic pyrite that
formed in anaerobic pore fluids at a very shallow
burial depth (McKay et al., 1995). Physical sedi-
mentary structures indicate deposition from
storm-generated combined flows above wave-
base for very fine sand (?30-40 m). However, the
low intensity of macroscopic bioturbation sug-
gests that the bottom water had a low (i.e., 2-5
mg/L!) dissolved oxygen content that suppressed
colonization by benthic macrofauna, resulting in
well-preserved stratification.
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Bioturbated sandy siltstone to silty sandstone
characterizes the more southern portion of the
Marshybank Member (e.g., at Cardinal River,
Bighorn Dam, Ram River, Cripple Creek; figs. 5,
7, 8). This facies appears abruptly above surface
CS14 and persists to surface SSO (fig. 19A).
Although cm-scale beds of very fine-grained
sandstone are discernable at intervals, most of
the rock lacks stratification as a consequence of
intense bioturbation (BI 5-6) by infauna of the
Cruziana ichnofacies. Rounded nodules of sider-
ite, typically 10-30 cm in diameter, are com-
monly arranged in bands throughout the facies.
In far western exposures, such as Bighorn River,
dm-scale, sharp-based, moderately bioturbated,
very fine-grained sandstone beds are preserved
(fig. 20B). Overall, this facies is interpreted to
represent an inner shelf to lower shoreface envi-
ronment in perhaps 10-30 m of water. Preserved,
sharp-based sandstone beds suggest deposition
from storms. However, pervasive bioturbation
has destroyed most primary sedimentary struc-
tures, indicating that the sediment hosted a
thriving metazoan infauna, supported by well-
oxygenated bottom water and an abundant sup-
ply of organic matter (e.g., MacEachern et al,
2010; Dashtgard et al., 2015). The overall
upward-coarsening succession between surfaces
CS14 and CS23 suggests long-term shoreline
progradation, upon which numerous minor,
higher-frequency transgressive-regressive events
were superimposed. The great lateral extent
(>>100 km) of these minor successions suggests
an allogenic (sea-level) rather than autogenic
control. Depositional successions from CS23 up-
section to SSO are also composed of this facies,
but are organized in an overall back-stepping,
upward-fining pattern suggestive of long-term

<
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shoreline transgression, culminating in dark
stratified mudstone above SSO (fig. 19B).

Well-sorted sandstone with minor siltstone is
confined to the northern portion of the Marshy-
bank Member. The basic sedimentary motif
comprises sandier-upward successions of silt-
stone and sandstone (fig. 23). Siltstones are com-
monly moderately to highly bioturbated (BI 3-6)
whereas sandstones are well-sorted, well-strati-
fied and generally weakly bioturbated. Sharp-
based, cm- to dm-scale beds of very fine-grained
sandstone commonly preserve wave ripples and
hummocky cross stratification with a variable
overprint of bioturbation. Meter-scale, sharp-
based, fine-grained sandstone bodies show
swaley cross stratification or planar lamination
(fig. 23). Sandstone in this facies provides good
evidence for deposition under the influence of
storm waves in an inner shelf to shoreface setting
(e.g., Cheel and Leckie, 1993; Plint, 2010). Swaley
cross-stratified sandstone bodies are sharp-
based, typically underlain by large gutter casts,
and are assigned to the falling-stage systems
tract, interpreted to have been deposited during
relative sea-level fall (Plint and Nummedal,
2000). The stacked, upward-shoaling, shelf to
shoreface successions can be mapped for 200 to
300 km along strike, suggesting that they record
an allogenic, sea-level control, rather than a
more localized autogenic effect such as delta-
lobe switching.

PRINCIPAL MOLLUSCAN ZONES

Although physical allostratigraphic correla-
tion provides a good basis for understanding
regional stratigraphy, confidence in correlation is
greatly strengthened by integration of key ele-
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FIG. 19. A. Overview of the upper part of the Coniacian succession at Cardinal River, showing the sharp
boundary at surface CS14 that separates well-stratified mudstone and sandstone below from intensely biotur-
bated silty sandstone above. B. Overview of the upper part of the Coniacian succession at Ram River, showing
the transition from intensely bioturbated silty sandstone below 137.5 m level, into bioturbated siltstone up to
141 m, above which siltstone gradually becomes darker and contains more inter-stratified very fine-grained
sandstone up to surface SSO, above which the first Santonian fauna is found.
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FIG. 20. A. The upper part of the Marshybank Member at the Bighorn Dam section (fig. 7). Surface CS23,
which is mantled with chert and siderite pebbles, marks a maximum regressive surface and is overlain by four
subtle upward-coarsening successions culminating in surface SS0. B. Upper part of the Marshybank Member
exposed on the Bighorn River (fig. 7) showing bioturbated sandy siltstone grading up into weakly stratified
silty sandstone, the top of which is marked by surface CS23.
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ments of the molluscan fauna. Five key biostrati-
graphic events have been identified based on
inoceramids (fig. 24; see Walaszczyk et al., this
issue, for detailed discussion):

1. Cremnoceramus crassus crassus appears imme-
diately above the E7 surface, as docu-
mented by Walaszczyk et al. (2014). This
fauna persists up to surface CS4.

2. Inoceramus gibbosus fauna is present only in
allomembers CA2-CA4 and is not found
above surface CS4. This fauna character-
izes the uppermost zone of the lower
Coniacian.

3. Volviceramus koeneni, in association with V.
undabundus, V. exogyroides, and V. cardi-
nalensis, appears immediately above sur-
face CS4, which marks the base of the
middle Coniacian (see also Walaszczyk
and Cobban, 2006). V. involutus appears
slightly higher, above surface CS7.

4. Sphenoceramus subcardissoides appears in the
upper part of allomember CA15, which is
the basal unit of the upper Coniacian,
defined by the first occurrence of Scaphites
(S.) depressus.

5. Sphenoceramus pachti coappears with
Clioscaphites saxitonianus immediately
above surface SS0, and both mark the base
of the Santonian.

Four key biostratigraphic events have also
been identified based on scaphitid ammonites
(Landman et al., this issue):

1. The lowest occurrence of Scaphites (S.) preven-
tricosus is just above erosional surface E5.5
in the Cardium alloformation, which
marks the beginning of a major transgres-
sion, just below the base of the lower
Coniacian (Walaszczyk et al., 2014).

2. The lowest occurrence of S. (S.) ventricosus is
immediately above surface CS2 in
allomember CA3, just below an inter-
preted highstand and prior to major
regression that culminates at surface CS4
that marks the lower to middle Coniacian
boundary.

3. The lowest occurrence of S. (S.) depressus is in
allomember CA15, immediately above
surface CS14 in an overall regressive suc-
cession that marks the base of the upper
Coniacian.

4. The lowest occurrence of Clioscaphites saxito-
nianus is at the base of the Santonian (sur-
face SS0), coinciding with a major
transgression and a marked change in
facies to deeper-water, more offshore
mudstone.

CARBON-ISOTOPE STRATIGRAPHY

Regional stratigraphic correlation (fig. 4) shows
that the Cutpick Creek section contains six discon-
formities at surfaces E7, CS4, CS8, CS11, CS15, and
CS23. In representing the carbon-isotope stratigra-
phy for this section, it is necessary to accommodate
these hiatuses. The stratigraphic log, as well as the
corresponding carbon-isotope curve, is therefore
presented in an “expanded” form to include gaps
that are approximately proportional to the thick-
ness of the missing parts of the section (fig. 25).
Tie-points between Alberta and the UK Chalk suc-
cession (Jarvis et al., 2006), were established on the
basis of: (1) The lowest occurrence of Cremnocera-
mus crassus crassus immediately above the E7 sur-
face and (2) The lowest occurrence of Volviceramus
koeneni immediately above surface CS4. The lowest
occurrence of Clioscaphites saxitonianus was
inferred, based on correlations in figures 4-13, to
be at or immediately above surface SSO. Unfortu-
nately, neither scaphitid ammonites, nor Sphenoc-
eramus subcardissoides or S. pachti are present in
the UK Chalk succession and hence can not be
used as biostratigraphic tie points.

The carbon-isotopic events recorded at Cutpick
Creek are tentatively correlated to the English
Chalk Reference curve (fig. 25). Greater confidence
is placed in the correlation of the lower and lower-
middle Coniacian strata where biostratigraphic
control is good. The Light Point, East Cliff, and
White Fall carbon-isotope events (CIE) appear to
be recognizable with some degree of confidence.
The carbon-isotope record at Cutpick Creek is also
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tentatively correlated with the Coniacian record
from hemipelagic sediments sampled in the USGS
Portland core in central Colorado (Joo and Sage-
man, 2014). Biostratigraphic control is provided by
the lowest occurrences of Volviceramus and Scaph-
ites (S.) depressus, allowing tentative correlation of
the Light Point, East Cliff, and White Fall CIE.
Although a carbon-isotope curve was published
for the upper Albian to Santonian succession in a
core sampled at Cold Lake in eastern Alberta
(Schroder-Adams et al., 2012), the location of that
core, on the crest of the forebulge, has resulted in a
very fragmentary stratigraphic record. The Lower
Coniacian is not represented and the middle and
upper Coniacian isotopic record has neither suffi-
cient character nor biostratigraphic control to estab-
lish a correlation with the Cutpick Creek section.

GEOCHRONOLOGY

Nielsen et al. (2003, citing Obradovich, personal
commun., 2000) reported argon-argon ages of 89.4+
0.31 and 89.19+0.51 Ma for two bentonites located,
respectively, 1.8 and 2.6 m above the E7 surface in
well 13-20-17-7W4. Allostratigraphic correlation
(Grifi, 2012; Grifi et al., 2013) showed that the dated
bentonites were located near the base of the Muskiki
Member, between surfaces CS1 and CS2 of the pres-
ent study (i.e., within allomember CA2). On the
basis of these dated bentonites, Grifi et al. (2013)
inferred an age of about 89.5 Ma for the E7 uncon-
formity. The succession of CIE in the English Chalk
(Jarvis et al., 2006), calibrated to an astronomical
time scale (Laurin et al., 2015; fig. 25), allows the
Coniacian succession in Alberta to be calibrated in
terms of absolute age. Figure 25 indicates that the
lowest occurrence of C. crassus crassus, at the E7
surface, is close to 89.51 Ma, suggesting that the
bentonite ages reported in Nielsen et al. (2003) are
consistent, within error, with the astronomically cal-
culated ages for allomember CA2. The calibrated
Chalk reference curve indicates that the base of the
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middle Coniacian (lowest occurrence of Volvicera-
mus) is at about 88.99 Ma, implying that Muskiki
allomembers CA1-CA4 collectively span just over
500,000 yr. The Coniacian-Santonian boundary is
placed at 86.49+0.44 Ma by Sageman et al. (2014;
fig. 25), implying that, collectively, the middle and
upper Coniacian part of the Alberta succession
(surfaces CA4-SS0) spans 2.5 m.y.

DISCUSSION

TeEcTONIC CONTROL ON DEPOSITION

Grifi et al. (2013) showed that, in southern
Alberta, Coniacian rocks could be grouped into
three distinct packages that had been deposited in
three discrete depocenters. Allomember CA1l
(equivalent to rocks between surfaces E7 and ME1
of Grifi et al,, 2013) occupies an arcuate, west-
ward-thickening basin centered at approximately
Township 25, whereas allomembers CA2-CA10
(equivalent to rocks between surfaces ME1 and
ME?7 of Grifi et al,, 2013) collectively occupy a
SW-thickening basin with a center located south
of the Alberta—Montana border. The abrupt along-
strike shift in the locus of flexural subsidence was
attributed to a corresponding shift in the region of
active tectonic thickening in the adjacent orogenic
wedge. Allomembers CA12-CA15 (equivalent to
rocks between surfaces ME7 and DEL1 of Grifi et
al,, 2013) form a thin tabular sheet over the pres-
ent study area, but thicken markedly to the east
where they fill an elongate trough interpreted to
have subsided as result of forced folding above an
actively extending normal fault in the Precam-
brian basement (Grifi et al., 2013).

The patterns of subsidence recognized by Grifi et
al. (2013) in the south can be traced northward
through the present study area. The larger perspec-
tive afforded by the present study, coupled with geo-
chronological control (figs. 25, 26), shows that lower
Coniacian rocks (allomembers CA1-CA4) occupy

FIG. 21. Paleogeographic map showing the minimum extent of the erosion surface CS23 that forms the maximum
regressive surface in the Upper Coniacian succession, and which is overlain by chert pebbles in west-central Alberta
and BC, and by ooidal ironstone in southern Alberta and Montana. Chert pebbles provide definite evidence of
subaerial emergence. Compiled from present study, Donaldson et al. (1998) and Cobban et al. (2005).
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FIG. 22. Offshore facies typical of the Muskiki Member. A. Weakly bioturbated (BI 0-1) cm-scale beds of very
fine-grained sandstone interstratified with mudstone forming an upward-coarsening succession culminating
at flooding surface CS4. The rusty-weathering colour is typical of this facies and is due to abundant dissemi-
nated pyrite. Overlying rock comprises weakly bioturbated mudstone with mm-scale siltstone interbeds.
Example: “Brown Creek” section (fig. 6, 11-19 m). B. Stratified mudstone (BI 1-2) with mm-scale coarse
siltstone interbeds and abundant, dispersed siderite nodules; scale bar = 20 cm. Example: Oldfort Creek (fig.
10, 42-46 m). C. Heavily bioturbated (BI 4-5) sandy siltstone with dispersed siderite nodules. Example: Old-
fort Creek (fig. 10, 49-52 m).
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FIG. 23. Near-shore, sandstone-rich facies in the Marshybank Member in Cutpick Creek (fig. 4, 90-120 m).
Bounding surfaces CS18 to CS23 and allomembers CA18 to CA23 are indicated. The upper part of CA18
contains fine-grained sandstone with hummocky cross stratification and the lower part of CA19 contains
meter-scale, sandstone-filled gutter casts. The upper part of CA19 and most of CA20 consists of well-sorted,
swaley cross-stratified, fine-grained sandstone. Centimeter-scale fine sandstone beds in CA21 to CA23 are
planar laminated and wave rippled.



FIG. 24. Summary chart showing the stratigraphic distribution of fossils within the 24 allomembers mapped
through the study area.
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FIG. 25. Comparison of the organic carbon isotope stratigraphy at Cutpick Creek with the carbonate carbon
isotope reference curve for the English Chalk succession (after Jarvis et al., 2006, recalibrated to GTS2012
after Laurin et al., 2015). The Cutpick section, and corresponding carbon-isotope curve, has been “expanded”
to show the location of hiatuses determined on the basis of regional subsurface correlation (i.e., fig. 4). Bio-
stratigraphic collections made in all the Coniacian sections included in this study (fig. 24), allow three tie-
points to the UK Chalk to be established at the lowest occurrence (LO) of Cremnoceramus crassus crassus,
and the lowest occurrence of Volviceramus. The base of the Santonian is defined at the co-appearance level of
Clioscaphites saxitonianus and Sphenoceramus ex gr. pachti, which corresponds to surface SSO of this study.
The lowest occurrence of C. crassus, Volviceramus and Scaphites (S.) depressus allows tentative correlation to
the Portland core, which does not extend as high as the Coniacian-Santonian boundary (Joo and Sageman,
2014). The highest local occurrence of Inoceramus gibbosus, which is widely distributed in allomembers CA3
and CA4 in the western Alberta foredeep, is marked by the lag-strewn erosion surface CS4, suggestive of
significant sea-level fall and subsequent transgression. The absence of the I ex gr. gibbosus interval in most
sections of topmost lower Coniacian strata in other parts of the world suggests that a significant hiatus exists
at the base of the overlying Volviceramus Zone.
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a broadly saucer-shaped, SW-thickening basin that
thins toward both the NW and SE; this depocenter
appears to have been active for about 500,000 yr.
Middle Coniacian rocks (allomembers CA5-CA14)
occupy a SW-thickening basin that underwent
active subsidence for about 1.5 m.y. Toward the NW
part of that basin, allomembers CA11-CA14 are
progressively truncated by surface CS15 (fig. 4).
Upper Coniacian rocks, constituting allomembers
CA15-CA23, occupy a distinct northern basin that
subsided for about 1 m.y; Upper Coniacian strata
are truncated toward the SE by surface CS23. It is
clear, therefore, that during the Coniacian the loca-
tion of the active flexural depocenter shifted epi-
sodically along strike by several hundred km. Each
actively subsiding basin was rimmed by a corre-
sponding peripheral region of subtle upwarp and
stratal truncation. This pattern of shifting depocen-
ters is directly analogous to that mapped in overly-
ing Santonian-Campanian strata (Hu and Plint,
2009; Plint et al., 2012a). The episodic subsidence of
discrete, arcuate depocenters may have been a
response to the development of localized salients in
the adjacent deformed belt. Such salients may have
developed in response to a locally thicker sedimen-
tary cover succession, a locally weaker detachment,
or a localized indentor, amongst other reasons (cf.
Macedo and Marshak, 1999).

ORIGIN OF ALLOMEMBERS

The excellent subsurface control available in the
study area has allowed 24 Coniacian allomembers
to be mapped with confidence. Allomembers are
typically <10 m thick, and rarely exceed 20 m (figs.
4-13), yet can be traced along and across strike for
hundreds of km. Given the ~3.0 m.y. represented by
the studied interval of strata, each of the 24
allomembers can be inferred to have had an average
duration of ~125,000 yr. The ubiquitous upward-
coarsening signature of allomembers, coupled with
the widespread presence of intra- or extrabasinal
pebble lags on flooding surfaces, indicates that
many allomembers can be interpreted as deposi-
tional sequences, each of which embodies evidence
for initial relative sea-level rise, followed by shoal-
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ing, and terminated by relative sea-level fall that led
to erosion of the sea floor, and in some cases, to
subaerial emergence. The lateral continuity, over
hundreds of km, coupled with the extremely high
aspect-ratio of each allomember suggests that depo-
sitional cyclicity was a response to allogenic forcing,
rather than to localized autogenic effects such as
delta lobe switching. It is possible that depositional
cyclicity was the result of changes in the rate of clas-
tic sediment supply that resulted in alternating
coastal progradation and transgression, manifest as
upward-shoaling successions bounded by flooding
surfaces. However, extrabasinal pebble lags imply
episodes of relative sea-level fall and subaerial expo-
sure that can not be explained solely in terms of a
changing rate of sediment supply.

Relative sea-level rise and fall can be effected by
both tectonic and eustatic mechanisms. The strati-
graphic data presented herein (figs. 4-13, 26), pro-
vide evidence that stratal packages composed of
several allomembers form large-scale arcuate
wedges that are most reasonably explained in terms
of differential flexural subsidence and uplift on
length scales of hundreds of kilometers. This pat-
tern contrasts sharply with the relatively tabular
geometry of individual allomembers. Given the
evidence that tectonic subsidence due to static
loading resulted in broad, saucer-shaped depocen-
ters, it seems difficult to also attribute the tabular
geometry of allomembers to the same mechanism.
Allomembers are therefore most simply explained
as a consequence of relatively high-frequency
(order of 100,000 yr) eustatic sea-level cycles super-
imposed on relatively low-frequency (order of 0.5
to 1.5 m.y.), and spatially non-uniform pulses of
tectonically driven subsidence.

NATURE OF B10ZONAL BOUNDARIES

Important biotic colonization events that
mark the lowest occurrences of Cremnoceramus
crassus crassus, Volviceramus, Sphenoceramus
subcardissoides, and S. pachti, all correspond to
widely mappable erosion surfaces that indicate
relative sea-level fall followed by transgression.
Sea-level changes therefore appear to have played



42 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 414

Agprea 100 km

Agproa 100 km
Lower Coniacian Middle Coniacian Upper Coniacian Santonian

FIG. 26. Summary representation, to scale, of stratal geometry viewed in strike (NW-SE) and three dip (NE-
SW) sections spanning the study area. Lower Coniacian strata fill a saucer-shaped depocenter that thins to
both NW and SE, whereas Middle Coniacian strata are thickest in the south but are erosionally truncated
toward the NW. Upper Coniacian strata fill a depocenter in the NW but are truncated toward the SE, and are
largely absent over most of southern Alberta and northern Montana. Sections summarized from figures 4, 8,
11, and 13.
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an important role in speciation and extinction
events. Because marine flooding surfaces can be
considered to have formed geologically instanta-
neously, it is also reasonable to interpret the
boundaries of the inoceramid biozones to closely
approximate time planes.

The coincidence between the lowest and highest
occurrences of scaphitid ammonite species and
erosional surfaces subsequently modified by trans-
gression is less clear. The lowest occurrence of
Scaphites (S.) preventricosus is just above erosional
surface E5.5, which marks the beginning of a major
transgression (Walaszczyk et al., 2014). However,
the lowest occurrence of S. (S.) ventricosus is imme-
diately above surface CS2, in allomember CA3,
close to an interpreted highstand. The lowest occur-
rence of S. (S.) depressus is just above surface CS14,
which marks a high-frequency flooding surface
during a long-term shallowing trend that contin-
ued, punctuated by minor transgressions, through
much of the late Coniacian. In contrast, the lowest
occurrence of Clioscaphites saxitonianus is at the
base of the Santonian (surface SS0), coinciding with
a major transgression and a marked change in
facies to deeper-water, more offshore mudstones.

CONCLUSIONS

1. Coniacian marine rocks within a >750 km
transect along the foredeep of the Western
Canada Foreland Basin have been divided
into a succession of 24 allomembers,
bounded by marine flooding surfaces.
Flooding surfaces have been correlated
through a grid of ~4,800 wireline well
logs, embracing an area of about 200,000
km?, and have also been traced into equiv-
alent strata exposed in the fold-and-thrust
belt on the western margin of the basin.

2. Flooding surfaces probably formed on a time
scale of only a few thousand years, and
hence can be treated as proxy time lines.
The allostratigraphic framework therefore
provides a near-chronostratigraphic frame-
work within which to analyze spatial and
temporal patterns of molluscan evolution.

3. In the study area, Coniacian rocks are divided
into five broad facies that represent a spec-
trum of offshore to shoreface environ-
ments. Offshore sediments are mudstones
and siltstones with abundant wave ripples
that indicate deposition above storm-wave
base (probably only a few tens of m deep).
Bioturbation intensity varies from 0 to 6.
Low bioturbation index is attributed pri-
marily to a low (2-5 mg/L!) dissolved
oxygen content in bottom water, insuffi-
cient to support a benthic macrofauna;
intensely bioturbated sediments indicate
better oxygenated conditions. Sediments
deposited closer to shore include variably
bioturbated siltstones and sandstones with
wave ripples and HCS, whereas mud-free
sandstone with SCS represents a storm-
influenced shoreface.

4. Flooding surfaces may lack a coarse-grained
lag, or may bear anomalously coarse sand
or pebbles. Pebbles may be intraforma-
tional clasts of siderite or phosphate or
extrabasinal chert. Siderite and phosphate
pebbles indicate erosion of the sea floor
sufficient to exhume early diagenetic nod-
ules, but do not prove subaerial emer-
gence. Chert pebbles must have been
supplied by rivers and imply a period of
subaerial emergence of the shelf prior to
transgressive reworking.

5. The more mudstone-rich facies contain abun-
dant inoceramid bivalve and scaphitid
ammonite fossils, preserved mainly as
uncompressed siderite infills of the shell.
Fossils were located precisely in measured
outcrop sections, and subsequently were
correlated into the regional subsurface
allostratigraphic framework.

6. Several major speciation events among inocera-
mids are recognized. The lowest occurrence
of Cremnoceramus crassus crassus coincides
with the E7 surface at the base of the
Muskiki Member; the fauna persists up to
surface CS4. The Inoceramus gibbosus
group is present only in allomembers CA2-
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CA4 but is not found above surface CS4,
which marks the Lower to Middle Conia-
cian boundary. Immediately above surface
CS4 appear various species of Volviceramus,
which rapidly become abundant. Sphenoc-
eramus subcardissoides appears in allomem-
ber CA15 together with Scaphites (S.)
depressus and hence marks the base of the
upper Coniacian. Sphenoceramus pachti,
together with Clioscaphites saxitonianus
appear immediately above surface SSO and
mark the base of the Santonian.

7. The lowest occurrence of Scaphites (S.) preven-

tricosus is just above Cardium Formation
erosion surface E5.5, which lies just below
the base of the Coniacian. The lowest
occurrence of S. (S.) ventricosus is imme-
diately above surface CS2 in allomember
CA3, which is a short distance below the
base of the Middle Coniacian. The lowest
occurrence of S. (S.) depressus is in
allomember CA15, immediately above
surface CS 14, which marks both the onset
of major regression and the base of the
upper Coniacian. The lowest occurrence
of Clioscaphites saxitonianus is at trans-
gressive surface SSO, which marks the
local base of the Santonian.

8. The close correspondence between marine

transgressive events and the appearance of
new inoceramid (and sometimes ammo-
nite) species suggests that the evolution
and dispersal of new inoceramid species
took place during episodes of relative sea-
level rise that in some cases were preceded
by a distinct lowstand.

preliminary carbon-isotope record was
obtained for Coniacian strata at Cutpick
Creek in west-central Alberta. The succes-
sion of carbon-isotope events (CIE) are ten-
tatively correlated to the English Chalk
reference curve. The Light Point, East Cliff,
and White Fall CIE appear to be recogniz-
able with some degree of confidence. The
carbon-isotope record at Cutpick Creek is
also tentatively correlated with the Conia-

NO. 414

cian isotope record from hemipelagic sedi-
ments in Colorado, where biostratigraphic
control from the lowest occurrences of
Volviceramus and Scaphites (S.) depressus
allows tentative correlation of the Light
Point, East Cliff, and White Fall CIE.

10. Mapping of allomembers along the strike of

the foredeep shows that allomembers can
be grouped into natural “tectono-strati-
graphic” units that span ca. 0.5 to 1.5 m.y,,
and are bounded by low-angle bevelling
unconformities that truncate packages of
nearly tabular allomembers. Each tectono-
stratigraphic unit fills a broadly saucer-
shaped depocenter, interpreted to have
subsided in response to active tectonic
loading in the adjacent sector of the fold-
and-thrust belt.

11. The astronomically calibrated succession of CIE

in the English Chalk provides an absolute
time scale against which to interpret trans-
gressive-regressive events in Alberta. The 24
mapped allomembers appear to span close
to 3.0 m.y, suggesting that on average, each
allomember represents about 125,000 yr.
Because the flooding surfaces that bound
allomembers can be mapped for hundreds
of km (and in cases >1000 km), an at least
regional-scale allogenic control is indicated:
high-frequency eustatic change appears to
provide the most likely driving mechanism.

12. Toward the south, upper Coniacian strata are

progressively bevelled off such that south
of about latitude 51° N, the succession
comprises primarily lower and middle
Coniacian strata, and most late Coniacian
time is represented by an erosion surface,
mantled by 0.1 to 1.2 m of chert-pebble
bearing ooidal ironstone. This ironstone is
correlative with the MacGowan Concre-
tionary Bed mapped over much of western
Montana. The region of late Coniacian
uplift in southern Alberta probably consti-
tutes a peripheral bulge related to a late
Coniacian flexural depocenter located in
NE British Columbia.
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APPENDIX 1

Location of Measured Sections in this Study, Including Reference to Available Published Accounts

49

Canadian NTS Grid Reference

Locality Name Published Description Latitude, Longitude Access
83C/8 462953
Bighorn Dam N/A 52°18'26.30"N, 116°19'06.49"W Walk
83C/8 366038
Bighorn River Stott, 1963, cross section 5-38 52°23'07.0"N 116°27'46.79"W Helicopter
Blackstone River 83C/9 472298
east N/A 52038'20.37"N, 116°18'17.76"W Walk
“Brown Creek” (actually an
un-named tributary of Stott, 1963, pl. 27, 83C/10 214416
Brown Creek) no description. 52°43'15.13"N 116°41'08.63"W Helicopter
820/11 257108
Burnt Timber Creek Stott, 1963, cross section 6-9 51°32'06.01"N 115°11'12.22"W Walk
83C/15 221578
Cardinal River Stott, 1963, cross section 4-31 52°52'15.73"N 116°40'30.85"W Walk
83C/9 375383
Chungo Creek Stott, 1963, cross section 4-8 52°41'42.68"N 116°26'51.03"W Walk
83B/4 705844
Cripple Creek Stott, 1963, cross section 5-42 52°12'27.35"N 115°58'02.85"W Walk
Close to Stott, 1967, cross section 83L/3 605924
Cutpick Creek 58-2 54°03'42.56"N 119°07'58.98"W Helicopter
N/A (Stott, 1963, cross section 6-46 82]/9 849997
Highwood River is faulted) 50°31'22.09"N 114°23'30.1"W Walk
Kevin (Montana) Cobban et al., 1976. Site 1A 48°47'36.3"N 111°56'27.83"W Walk
Site 1B 48°48'08.79"N 111°56'25.73"W Walk
Site 2 48°47'40.22"N 111°58'56.4"W Walk
Site 3A 48°49'04.54"N 111°59'50.66"W Walk
Site 3B 48°48'54.03"N 111°59'57.42"W Walk
820/14 291450
James River Stott, 1963, cross section 6-5a 51°50'29.54"N 115°07'41.53W Walk
82G/8 074728
Mill Creek Wall, 1967, Wall and Rosene, 1977  49°22'28.2"N 114°08'40.94"W Walk
82G/8 075727
Mill Ck - tributary N/A 49°22'26.79"N 114°08'38.03"W Walk
83B/4 769759
Lynx Creek Stott, 1963, cross section 6-4 52°07'48.59"N 115°52'36.17"W Walk
820/2 401674
Oldfort Creek N/A 51°08'26.86"N 114°59'50.8"W Walk
83B/4 795777
Ram River N/A 52°04'58.47"N 115°50'27.99"W Walk
82]/10 654118
Sheep River Stott, 1963, cross section 6-34 50°38'15.69"N 114°39'40.33"W Walk
82]/9 845007
Sullivan Creek N/A 50°31'54.56"N 114°23'46.9"W Walk
83C/15 095493
Thistle Creek West Stott, 1963, cross section 4-52 52°47'41.68"N 116°51'37.4"W Walk
83C/15 118497
Thistle Creek East N/A 52°47'53.48"N 116°49'32.1"W Walk
83C/9 415263
Wapiabi Creek Stott, 1963, cross section 4-6 52°35'19.39"N 116°23'18.29"W Walk
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Results of Carbon Isotope Analyses of Samples from Cutpick Creek

APPENDIX 2

Samplljer“m' TOC (wt %) ‘?‘1,3[,%(;’; Strat. Ht (m)
Cut2 08-1 137 26.26 0.2
Cut2 08-2 1.09 26.42 12
Cut2 08-3 1.20 2637 22
Cut2 08-4 1.13 2635 3.2
Cut2 085 1.37 2638 42
Cut2 08-6 138 -26.61 5.2
Cut2 08-7 1.42 26,51 6.2
Cut2 08-8 139 -26.65 7.2
Cut2 08-9 118 26.74 8.2
Cut 2 08-10 131 2627 9.2
Cut 2 08-11 1.52 26.10 10.2
Cut2 08-12 127 2635 11.2
Cut2 08-13 1.49 2621 122
Cut2 08-14 138 2629 13.2
Cut 2 08-15 131 -26.08 142
Cut2 08-16 121 2622 15.2
Cut2 08-17 130 2617 16.2
Cut 2 08-18 0.87 -26.39 17.2
Cut2 08-19 1.14 -26.48 18.2
Cut 2 08-20 137 -26.25 19.2
Cut 2 08-21 1.14 2653 202
Cut 2 08-22 1.24 2628 212
Cut2 08-23 1.12 2630 22
Cut 2 08-24 112 2621 232
Cut2 08-25 0.96 26.42 24
Cut 2 08-26 1.14 -26.08 25.3
Cut 2 08-27 1.14 -25.84 26.6
Cut2 08-28 0.83 2617 278
Cut 2 08-29 122 -25.95 29
Cut 2 08-30 0.97 26.13 302
Cut2 08-31 1.20 26.07 312
Cut2 08-32 1.06 26.11 322
Cut2 08-33 1.14 -26.05 332
Cut2 08-34 121 25.95 342
Cut2 08-35 133 25.62 3522
Cut2 08-36 133 -25.74 36.2
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Sampll:;j\lum- TOC (wt %) ?‘1/?;(1:)?; Strat. Ht (m)
Cut 2 08-37 0.99 -25.79 37.2
Cut 2 08-38 1.05 -25.92 38.2
Cut 2 08-39 1.14 -25.76 39.2
Cut 2 08-40 1.02 -25.80 40.2
Cut 2 08-41 1.09 -25.82 41.2
Cut 2 08-42 1.27 -25.76 42.1
Cut 2 08-43 1.22 -25.94 43.1
Cut 2 08-44 0.73 -26.33 44
Cut 2 08-45 1.06 -26.02 45
Cut 2 08-46 1.06 -25.86 46
Cut 2 08-47 1.14 -25.81 47
Cut 2 08-48 1.08 -25.83 48
Cut 2 08-49 1.17 -25.77 49
Cut 2 08-50 0.97 -25.84 50
Cut 2 08-51 1.04 -25.84 51
Cut 2 08-52 1.07 -25.88 52
Cut 2 08-53 1.04 -25.86 53
Cut 2 08-54 0.90 -25.81 54
Cut 2 08-55 1.06 -25.86 55
Cut 2 08-56 1.14 -25.71 56
Cut 2 08-57 0.97 -25.73 57
Cut 2 08-58 1.03 -25.82 58
Cut 2 08-59 1.13 -25.65 59
Cut 2 08-60 1.14 -25.65 60
Cut 2 08-61 1.22 -25.75 61
Cut 2 08-62 1.11 -25.59 62
Cut 2 08-63 1.21 -25.49 63
Cut 2 08-64 1.07 -25.56 64
Cut 2 08-65 1.05 -25.55 65
Cut 2 08-66 0.78 -25.77 66
Cut 2 08-67 1.17 -25.30 67
Cut 2 08-68 1.22 -25.33 68
Cut 2 08-69 1.06 -25.21 69
Cut 2 08-70 0.73 -26.06 70
Cut 2 08-71 1.20 -25.29 71.8
Cut 2 08-72 0.87 -25.78 72.8
Cut 2 08-73 0.62 -25.77 73.8
Cut 2 08-74 1.38 -25.29 74.8
Cut 2 08-75 0.94 -25.68 75.8
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Sampll)er“m' TOC (wt %) ?‘1;(;‘)1;’; Strat. Ht (m)
Cut2 08-76 0.94 25.51 76.8
Cut 2 08-77 0.80 2571 77.8
Cut2 08-78 1.01 2530 78.8
Cut 2 08-79 1.16 2531 79.5
Cut 2 08-80 0.71 2550 80.5
Cut 2 08-81 0.54 2553 81.7
Cut 2 08-82 0.78 2528 82.9
Cut 2 08-83 0.73 2537 83.9
Cut 2 08-84 0.72 2543 85
Cut2 08-85 0.89 2531 85.9
Cut 2 08-86 1.20 2547 86.2
Cut 2 08-87 1.34 2527 87.5
Cut 2 08-88 115 2558 88.3
Cut 2 08-89 0.87 25.62 89.3
Cut 2 08-90 0.77 2571 90.3
Cut 2 08-91 1.05 2572 91.3
Cut2 08-92 1.16 2547 92.4
Cut 2 08-93 0.76 -25.80 93.4
Cut 2 08-94 0.65 2574 94.4
Cut2 08-95 1.04 25.48 95.4
Cut 2 08-96 157 25.14 96.4
Cut2 08-97 2.52 24.19 98.2
Cut 2 08-98 1.10 25.16 100.3
Cut 2 08-99 0.39 26.44 102.3
Cut 2 08-100 0.88 2537 104.2
Cut 2 08-101 0.76 25.11 105.3
Cut 2 08-102 1.42 25.10 106.8
Cut2 08-103 135 24.82 107.8
Cut2 08-104 135 25.05 108.8
Cut2 08-105 135 -24.86 1105
Cut2 08-106 2.51 2471 1113
Cut 2 08-107 120 2624 113.5

Cut 2 08-108 1.19 -25.89 114.5




Chapter 2

Inoceramid Bivalves from the Coniacian
and Basal Santonian (Upper Cretaceous)
of the Western Canada Foreland Basin

IRENEUSZ WALASZCZYK,! A. GUY PLINT,? AND NEIL H. LANDMAN?

ABSTRACT

Inoceramid bivalves are the dominant invertebrate fauna of the Coniacian and basal Santonian of
the Western Canada Foreland Basin in western Alberta. In the upper lower Coniacian through to basal
Santonian, six successive faunas are recognized, which provide the basis for corresponding, formally
defined inoceramid zones. From bottom upward these are the zones of: Cremnoceramus crassus crassus
/C. deformis deformis, Inoceramus gibbosus, Volviceramus koeneni, Volviceramus involutus, Sphenocera-
mus subcardissoides, and Sphenoceramus ex gr. pachti. Particular faunas represent assemblages known
widely from the Euramerican biogeographic region, although they characterize mostly its northern,
boreal area. The inoceramid-based biostratigraphic scheme allows correlation with other parts of the
North American Western Interior and with parts of the Euramerican biogeographic region.

The studied succession provides a good record of the Inoceramus gibbosus Zone, which character-
izes the topmost lower Coniacian. This zone, first recognized from northern Germany, is usually
absent, both in Europe and in North America, due to a stratigraphic gap resulting from a eustatic
lowstand. The base of the middle Coniacian is marked by the abrupt appearance of the taxonomically
variable Volviceramus fauna (V. koeneni (Miiller), V. exogyroides (Meek and Hayden)), with associ-
ated Inoceramus undabundus Meek and Hayden and Volviceramus cardinalensis, newly described
herein. Scaphites (Scaphites) ventricosus Meek and Hayden, the ammonite marker of the base of the
middle Coniacian first appears in the late early Coniacian. The base of the upper Coniacian marks
the first appearance of the characteristic northern inoceramid species Sphenoceramus subcardissoides
(Schliiter), the appearance of which coincides with Scaphites (Scaphites) depressus Reeside, the
ammonite marker of this boundary. Close to this boundary Volviceramus stotti also appears, which
is newly described from the Canadian sections. The base of the Santonian corresponds to the abrupt
appearance of Sphenoceramus ex gr. pachti (Arkhangelsky).

The studied sections demonstrate that the appearance of new inoceramid faunas (lowest occur-
rence of Cremnoceramus crassus crassus (Petrascheck), of various species of Volviceramus, Sphen-
oceramus subcardissoides (Schliiter) and of S. ex gr. pachti) takes place immediately above major
marine flooding surfaces, suggesting a close correspondence between evolutionary and/or migration
events and episodes of relative sea-level rise.

! Faculty of Geology, University of Warsaw, Warszawa, Poland.
2 Department of Earth Sciences, University of Western Ontario, London, Ontario, Canada.
3 Division of Paleontology, American Museum of Natural History.
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INTRODUCTION

The Coniacian and Santonian (Upper Creta-
ceous) succession of the Western Canada Fore-
land Basin is characterized by a rich molluscan
(principally ammonites and inoceramids) record.
Recent fieldwork on sections exposed in the fore-
deep in Alberta (see Plint et al., this volume)
allowed the collection of fossils from the most
complete sections of Coniacian strata in the
basin. Each specimen was precisely located in a
high-resolution allostratigraphic framework that
extended throughout the foredeep (Plint et al,,
this issue). Consequently, the palaeontological
material could be placed within a high-resolu-
tion stratigraphical, temporal, and spatial frame-
work. This paper provides the description of the
inoceramid faunas, including their taxonomy,
biostratigraphy, and biogeographic characteris-
tics. The details of the physical stratigraphy, sedi-
mentary facies and tectono-stratigraphic
evolution of the area are provided in a compan-
ion paper by Plint et al. (this issue); the ammo-
nites are documented in a companion paper by
Landman et al. (this issue).

GEOLOGICAL SETTING AND LOCALITIES

The studied area lies within the foredeep of the
Western Canada Foreland Basin in western
Alberta, embracing the area between the Cutpick
Creek section in the north (close to the town of
Grande Cache), south to Kevin, in northern Mon-
tana, spanning a distance of about 750 km (fig. 1).
The Coniacian and basal Santonian strata studied
herein are dominated by mudstone, with subordi-
nate sandstone, and belong to the Muskiki and
Marshybank members in the lower part of the
Wapiabi Formation. The lower boundary of the
studied interval is placed at the top of the underly-
ing Cardium Formation, at disconformity surface
E7 of Plint et al. (1986). The top of the studied
interval is placed a short distance above surface
SS0, that marks the base of the Santonian, as
defined biostratigraphically by the first occurrence
of the ammonite Clioscaphites saxitonianus
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(McLearn, 1929) (see Landman et al., this issue),
the first occurrence of the inoceramid, Sphenoc-
eramus ex gr. pachti (Arkhangelsky, 1912), and in
allostratigraphic terms by a major marine flood-
ing surface (Plint et al., this issue).

The entire studied succession comprises a
series of upward-coarsening, upward-shoaling
packages, bounded by marine flooding surfaces.
The regional correlation of marine flooding sur-
faces, based on data from abundant wireline well
logs, numerous outcrop sections and a few cores,
allowed the subdivision of the entire succession
into 24 informal allomembers (CAl through
CA24), interpreted to be the result of high-fre-
quency eustatic sea-level changes. The surfaces
bounding allomembers are interpreted to
approximate time lines and hence the allomem-
bers can be considered to represent approximate
chronostratigraphic subdivisions of the succes-
sion (Plint et al., this issue).

The material studied comes from 19 sections,
located mostly in the Rocky Mountain Foothills
(fig. 1). The graphic logs for each studied section,
the stratigraphical location of the specimens stud-
ied herein, and their location within the informal
allomembers are provided by Plint et al. (this
issue). The summary chart showing the strati-
graphic ranges of inoceramids in relation to the
allostratigraphic framework is shown in figure 2.

BIOSTRATIGRAPHY

The biostratigraphic data are derived from all-
omembers CAl to CA24 (bounded by surfaces
E7, CS1 through CS24, and SS0), spanning the
upper lower to upper Coniacian (fig. 1, and Plint
et al,, this issue). In all intervals where biostrati-
graphic data are available, both the bio- and
physical stratigraphies form a consistent succes-
sion. Because the allomembers may be inter-
preted as chronounits (see Plint et al., this issue),
then, strictly speaking, the biostratigraphic
zones, as proposed herein, are chrono-biostrati-
graphic; the ranges of particular taxa given are
composite ranges for the entire area, based on
the allostratigraphic (physical) correlation of the
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FIG. 1. Map of localities and the location of the study area with respect to the outline map of North America.

units that contain the fossils. In most cases the
first appearance of taxa seem to correspond, as
expected, to flooding surfaces that form the
boundaries of allomembers.

Six biostratigraphic zones are distinguished
within the studied interval (figs. 2, 3). All are
defined as interval zones. They are characterized,
in ascending order, below. The paleobiogeo-
graphic terms used are after Kauffman (1973).
The correlation with previously proposed West-
ern Interior inoceramid zonations (of Kauffman
et al., 1993; and of Collom, 2001), as well as with

the European subdivision (as compiled by Troger,
1989), are shown in figure 3.

CREMNOCERAMUS CRASSUS CRASSUS—CREMN-
OCERAMUS DEFORMIS DEFORMIS INTERVAL ZONE:
The base of the zone is defined by the first occur-
rence of any of the index taxa, and its top is placed
at the first occurrence of Inoceramus gibbosus
Schliiter, 1877 as defined herein. In physical terms,
the base coincides with surface E7, which marks
the base of allomember CA1. As the lowest occur-
rence of I. gibbosus is recorded in allomember
CA2, the top of the zone is placed at the base of
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FIG. 2. Inoceramid ranges and zonation plotted against interpreted bathymetric changes in the interval stud-
ied. E5 through E7; CS1 through CS23, and SSO-erosional surfaces; CA1 through CA24-allomembers.

allomember CA2. The index taxa range higher, up
to the middle part of allomember CA4. The other
inoceramid taxa are: Cremmnoceramus crassus
inconstans (Woods, 1912) and Tethyoceramus spp.

The zone is widely recognizable within the
entire Euramerican biogeographic region, north-
ern Mediterranean Province, as well as in the
South Atlantic Subprovince (e.g., Marcinowski et
al., 1996; Walaszczyk and Wood, 1998; Kauffman
and Bengtson, 1985; Walaszczyk et al., 2010,
2012, 2013).

In ammonite terms the zone corresponds to
the uppermost part of the Scaphites (Scaphites)
preventricosus Zone (figs. 2, 3; see also Landman
et al,, this issue).

The zone is well documented in all of the sur-
face exposures that encompass the lower part of
the succession: Wapiabi Creek, Chungo Creek,
Blackstone River, Cutpick Creek, West Thistle
Creek, and Bighorn Dam (fig. 1).

INOCERAMUS GIBBOSUS INTERVAL ZONE: The
base of the zone is placed at the first occurrence
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FIG. 3. Inoceramid zonation of the Coniacian and basal Santonian as recognized herein, and its correlation
with the zonations of Troger, 1989, Kauffman et al., 1993, and Collom, 2001.

of the index taxon, as here defined, and its top is
at the first occurrence of the inoceramid genus
Volviceramus. In allostratigraphic terms the zone
corresponds to allomembers CA2, CA3, and
CAA4 (fig. 2).

Inoceramids are quite variable in the zone. In
addition to the index taxon, sulcate forms of Inoc-
eramus ex gr. lamarcki Parkinson, 1819, Inocera-
mus sp., Tethyoceramus wandereri (Andert, 1911),
and various species of Cremnoceramus were noted,
which continue from the zone below.

In ammonite terms, the zone corresponds to
the basal part of the Scaphites (S.) ventricosus
Zone (fig. 2; see Plint et al,, this issue). The latter
species appears earlier than hitherto assumed, in
the latest early Coniacian. In the U.S. Western
Interior sections, the apparent coincidence of the
boundary between the zones of S. (S.) preventri-
cosus and S. (S.) ventricosus with the first appear-

ance of Volviceramus is because of an hiatus at
this level that spans at least the I. gibbosus Zone
(see remarks in Walaszczyk and Cobban, 2006).
The zone was first documented in the Staft-
horst Mine section in northern Germany
(Walaszczyk and Wood in Niebuhr et al., 1999).
Based on inoceramid assemblages reported from
Eastern Europe (e.g., Glazunova, 1972) it is
apparently also present there. In other parts of
Europe and North America, the zone seems to be
missing due to nondeposition and/or subsequent
erosion. The zone is best documented in the sec-
tions on Sheep River, Blackstone River, Wapiabi
Creek, and Chungo Creek (fig. 1).
VOLVICERAMUS KOENENI INTERVAL ZONE:
The lower boundary of the zone is defined by
the first occurrence of the index taxon and its
top by the first occurrence of Volviceramus
involutus (Sowerby, 1828), its evolutionary
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successor (fig. 2). The base of the zone is pro-
visionally accepted as the base of the middle
Coniacian (e.g., Troger, 1989; Kauffman et al.,
1996). The presence of the zone of Volvicera-
mus koeneni (Miiller, 1888) below the first
appearance of V. involutus was documented in
a series of reports (Stille, 1909; Heinz, 1928a;
Troger, 1969, 1974), and appears regularly in
compilations of inoceramid zonations (Troger,
1981, 1989). In the studied sections, definite V.
involutus appears in allomember CA9. Conse-
quently, the top of the V. koeneni Zone is
placed at the base of this allomember.

Besides the index taxon, the zone is charac-
terized by Volviceramus cardinalensis, sp. nov.,
Volviceramys exogyroides (Meek and Hayden,
1862), Inoceramus undabundus Meek and
Hayden, 1862, and Inoceramus kleini Miller,
1888. The zone is best documented in the sec-
tions on Chungo Creek and at the Bighorn
Dam (fig. 1).

VOLVICERAMUS INVOLUTUS INTERVAL ZONE:
The base of the zone is defined by the first
occurrence of the index taxon, and its top by
the first occurrence of Sphenoceramus sub-
cardissoides (Schliiter, 1877). In the allostrati-
graphic scheme applied herein, it spans an
interval from suface CS7 up to surface CS15.
Because the first appearance of S. subcardissoi-
des coincides with the first appearance of Scaph-
ites (S.) depressus Reeside, 1927, which marks
the base of the upper Coniacian, the V. involu-
tus Zone characterizes the upper part of the
middle Coniacian.

The zone is dominated by volviceramids.
The index taxon is actually rare. The forms
that dominate are: V. exogyroides and V. cardi-
nalensis, sp. nov. The V. involutus Zone corre-
sponds to the upper part of the S. (S.)
ventricosus Zone. The zone is well documented
in the sections at Bighorn Dam, Sheep River,
and Chungo Creek (fig. 1).

SPHENOCERAMUS SUBCARDISSOIDES INTER-
vAL ZoNE: The base of the zone is defined by
the first appearance of the index taxon and its
top by the first appearance of Sphenoceramus
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ex gr. pachti (Arkhangelsky, 1912). In terms of
the allostratigraphic scheme, the zone ranges
between surface CS14 and the top of the Coni-
acian, marked by surface SSO (fig. 2). Although
the boundaries of the zone are well defined, its
internal characteristics concerning inoceramid
faunas and their evolution are poorly known.
Starting with surface CS19 and ranging up to
surface CS23, there is almost no inoceramid
record. The reason is that most of the upper
part of the upper Coniacian succession is pre-
served only to the north of our studied area, in
northwestern Alberta and adjacent British
Columbia. Because of differential subsidence
to the northwest and flexural upwarp to the
southeast, upper Coniacian strata were either
not deposited, or were bevelled off across
much of the studied area (see Plint et al., this
issue: figs. 4, 26). In addition to the index
taxon, the zone is characterized by V. involu-
tus, V. cardinalensis, and Volviceramus stotti,
sp. nov. (fig. 2).

In ammonite terms the S. subcardissoides
Zone spans approximately the zone of Scaph-
ites (S.) depressus, defined as the interval zone,
ranging between the first occurrences of S. (S.)
depressus Reeside, 1927 and of Clioscaphites
saxitonianus (McLearn, 1929) (fig. 2). The
lower part of the zone is documented in a
number of sections.

SPHENOCERAMUS EX GR. PACHTI INTERVAL
ZoNE: Only the basal part of the zone was stud-
ied. Consequently, only the lower boundary,
marked by the first occurrence of the index
taxon, is defined herein. In allostratigraphic
terms, the base of the zone is placed at surface
SS0, which is taken herein as the base of the San-
tonian. The part of the zone, studied herein, is
invariably characterized by the index taxon. In
ammonite terms, the base of the zone coincides
with the base of the zone of C. saxitonianus (fig.
2). The zone is best represented in the sections
on West Thistle Creek, Cardinal River, and Crip-
ple Creek. It is also documented in the sections
on Ram River, Bighorn Dam, James River, and
Kevin MT (fig. 1).
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STAGE AND SUBSTAGE BOUNDARIES

CONIACIAN SUBSTAGE SUBDIVISION: There is
no formal subdivision of the Coniacian Stage
into substages, and what is currently used is a
proposal that was generally approved during
the Second International Symposium on Creta-
ceous Stage Boundaries, Brussels 1995. Accord-
ingly, the base of the middle Coniacian is taken
at the first occurrence of the inoceramid genus
Volviceramus, and specifically of the species V.
koeneni, and the base of the upper Coniacian at
the first occurrence of the inoceramid species
Magadiceramus subquadratus (Schliiter, 1887)
(see Kauffman et al., 1996). Actually, these defi-
nitions follow the former German subdivision
of the stage as used at least since the 1980s (see
Troger, 1989).

The appearance and widespread occurrence of
Volviceramus, including V. koeneni, in the stud-
ied Canadian sections allows for direct biostrati-
graphic recognition of the base of the middle
Coniacian. More problematic however, is the
recognition of the base of the upper Coniacian.
Magadiceramus subquadratus (and the genus in
general) is a more southern form, and no speci-
mens of the genus were found during this study.
In the U.S. Western Interior, the genus has not
been reported north of Wyoming (see Cobban et
al., 2005). In this context, it is noteworthy that
Collom (2001) reported specimens, referred by
him to Magadiceramus, from as far north as Bad
Heart River in north-central Alberta. At least
two of his specimens (Collom, 2001: pl. 12, fig.
8; pl. 13, fig. 3) appear to be reliable Magadicera-
mus. (However, his specimen from Ellesmere
Island, referred by him to Magadiceramus sub-
quadratus (Schliiter) (Collom, 2001, pl. 39, fig.
6), belongs to Sphenoceramus). Even accepting
the presence of these two specimens, however, it
seems that the occurrence of the genus in Alberta
is accidental and cannot be used confidently in
biostratigraphic study. In contrast to Magadice-
ramus, a very distinct biostratigraphic horizon
contains Sphenoceramus subcardissoides,
recorded from the entire studied area. Based on

allostratigraphic interpretation of the horizon at
which S. subcardissoides is first found, it appears
that this species forms a distinct isochronous
event (first appearance event) across the area,
immediately above surface CS14. Its record from
the higher part of the succession is, however,
poorly constrained, although it is known from
Ram River and Cardinal River in allomember
CA24 at the top of the Coniacian. Sphenocera-
mus subcardissoides was reported from various
areas in Europe, and in well-dated sections it
appears at, or very close to the base of the upper
Coniacian, as defined by Magadiceramus (see
Troger, 1974, 1989; Troger and Christensen,
1991; Walaszczyk and Wood in Niebuhr et al,,
1999). Consequently, the species is treated as a
good secondary marker of the base of the upper
Coniacian. The location of its first appearance
close to the base of the upper Coniacian, as cur-
rently defined, is also confirmed by its coappear-
ance with the ammonite Scaphites (S.) depressus
(Landman et al., this issue), and seems to be con-
firmed by the carbon-isotope correlations
between the Alberta succession and the Euro-
pean standard curve (Jarvis et al., 2006; see Plint
et al, this issue: fig. 25).

THE WESTERN INTERIOR SCAPHITES SUBDIVI-
SION OF THE CONIACIAN: In the American West-
ern Interior, the Coniacian substages have long
been defined based on ammonites of the genus
Scaphites (Cobban, 1951). The base of the middle
and upper Coniacian (as defined by inocera-
mids) are currently defined by the first appear-
ances of Scaphites (S.) ventricosus and of Scaphites
(S.) depressus respectively (Kennedy and Cob-
ban, 1991; Cobban et al., 2005, 2006; Walaszczyk
and Cobban, 2006). Based on the record in the
sections studied herein, this correlation between
the ammonite and inoceramid zonations requires
some amendment in the case of the lower/mid-
dle Coniacian boundary. Based on our data, it
appears that S. (S.) ventricosus does not coappear
with Volviceramus, but appears slightly earlier, in
the latest early Coniacian. The apparent coinci-
dence of first occurrences of both taxa seems to
result from a gap at this boundary (spanning the
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Inoceramus gibbosus Zone) in most of the sec-
tions south of Alberta (Walaszczyk and Cobban,
2006; Walaszczyk et al., 2014b). What is con-
firmed, however, is the coincidence of the first
occurrence of S. (S.) depressus with the inocera-
mid species S. subcardissoides, which seems to be
a good proxy for the base of the upper Conia-
cian, as defined by the first occurrence of Maga-
diceramus subquadratus.
CONIACIAN-SANTONIAN BOUNDARY: This
boundary is defined by the first appearance of
the inoceramid species Cladoceramus undulato-
plicatus (Roemer, 1852) and the boundary was
recently formally approved by the International
Stratigraphical Commission (Lamolda et al.,
2014). However, C. undulatoplicatus, like Maga-
diceramus, is a more southern form. In the North
American Western Interior it has never been
reported from north of southern Wyoming
(Cobban et al., 2005). Another biostratigraphic
proxy for this boundary, often used in the Amer-
ican Western Interior, is the ammonite species C.
saxitonianus (see Scott and Cobban, 1964; Cob-
ban et al., 2005, 2006; Walaszczyk and Cobban,
2006, 2007). This latter species occurs commonly
in the studied area (see Landman et al. and Plint
et al., this issue) and may be reliably used to
locate the base of the Santonian. Additionally, in
the studied sections, its first appearance coin-
cides with the first occurrence of the inoceramid
Sphenoceramus ex gr. pachti. Although the clade
of Sphenoceramus pachtif cardissoides first appears
slightly earlier than C. undulatoplicatus, which is
the basal Santonian boundary marker (see Seitz,
1962, 1965; Troger, 1989; Remin, 2004), the form
described herein differs from the typical repre-
sentatives of Arkhangelsky’s species and, based
on the ammonite record, coappears with C. saxi-
tonianus at the base of the Santonian Stage.

BIOGEOGRAPHY AND EVOLUTION

During the Late Cretaceous, the studied area
was a part of the Western Interior Endemic Cen-
ter, which belonged to the North American
Province and, together with the North European
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Province, formed the Euramerican Biogeo-
graphic Region (subdivision according to Kauff-
man, 1973). In terms of inoceramid faunas, the
region was fluctuating between a highly provin-
cial state (early-middle Cenomanian; middle-
early late Turonian), to a state characterized by
strong faunal unification (late Cenomanian-early
Turonian; late late Turonian till early late Maas-
trichtian). However, even during the unification
intervals, the region was an evolving and highly
dynamic system, controlled mostly by climatic
and eustatic changes.

The interval studied herein, i.e., the late early
Coniacian to early Santonian, represented a time
of inoceramid unification on a scale of the entire
Euramerican Region. At the same time, however,
the inoceramid assemblages were characterized
by a high turnover rate. There was a total
exchange of inoceramid faunas at the early to
middle Coniacian boundary and at the Conia-
cian-Santonian boundary. Additionally, there
was a marked faunal exchange at the middle to
late Coniacian boundary (fig. 2). The former
assumption of a lack of external (environmental)
perturbations during that time (eustasy, climate)
has made it difficult to identify the mechanism
that triggered these changes. The studied sec-
tions have revealed, however, a close correlation
between turnover/exchange intervals in inocera-
mid evolution and important bathymetric
changes, reflected in marked facies changes and
regional erosional discontinuities. New faunas
typically (but not always), accompany transgres-
sive episodes that follow the main regressive
troughs (fig. 2; and discussion in Plint et al., this
issue). The main exception to this seems to be
the middle to upper Coniacian boundary, which
in the short term coincides with a high-fre-
quency flooding surface but in the long term
marks the onset of what is interpreted as major
shallowing, defined by a dramatic change from
weakly bioturbated to intensely bioturbated sedi-
ment across surface CS14 (Plint et al., this issue).
This could also coincide with an oceanographic
change from poorly oxygenated to well-oxgygen-
ated bottom water. The time equivalency of the
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recognized turning points in inoceramid evolu-
tion all over the Euramerican biogeographic
region suggests that the bathymetric trends rec-
ognized herein were of a eustatic nature (see
Plint et al., this issue).

The precise cause of the correlation between
bathymetric fluctuations and faunal changes is,
however, unclear. It seems clear that both in-place
evolution and immigration/emigration events
played a part. The other external factor in inocera-
mid evolution, which is difficult to assess at the
moment, seems to be climate. In the studied inter-
val, inoceramid assemblages were characterized by
broad north-south biogeographic shifts, which at
least in part, could have been climatically con-
trolled. A profound change is noted at the early to
middle Coniacian boundary. Whereas the early
Coniacian inoceramid assemblages of the studied
area ranged southward all over the Western Interior
Basin, the middle to late Coniacian and early San-
tonian faunas demonstrate a clear north-south pat-
tern, with two biogeographic biohores present, with
the boundary between them located in the north-
ern part of the U.S. Western Interior. In the middle
Coniacian, the southern biohore was characterized
by the co-occurrence of Volviceramus and Platyce-
ramus, with the eventual disappearance of Volvice-
ramus in the far south. Conversely, Platyceramus is
absent from the northern biohore, which included
the Canadian portion of the basin. In the late Coni-
acian and early Santonian, the northern biohore,
including the study area, was characterized by the
Boreal genus Sphenoceramus. This genus is gener-
ally absent south of Montana. (Some short-lived
Sphenoceramus excursion events to the south are
noted later in the Santonian.) In contrast, the
southern biohore was characterized by the genera
Magadiceramus, Cladoceramus, Platyceramus, and
Cordiceramus, which only occasionally are noted in
the north.

This biogeographic pattern is not restricted to
the American Western Interior but characterizes
the entire Euramerican biogeographic region.
The appearance of distinct zonal faunas among
inoceramids may suggest climatic zoning in at
least middle to late Coniacian and early Santo-

nian time, established after the breakdown of
more equitable conditions that prevailed during
early Coniacian time.

TERMS AND REPOSITORIES

Terminology and measurements of the exter-
nal morphologic features of inoceramid shell are
modified after Harries et al. (1996) and are
shown in figure 4.

The specimens described in this paper are
housed in the Royal Tyrell Museum, Drumbheller,
Alberta, Canada, and are prefixed TMP; some
comparative material used here is from U.S.
National Museum, Washington, D.C., and pre-
fixed USNM. The geographic location of source
localities are shown in figure 1 (modified from
Plint et al,, this issue). The geological logs of par-
ticular sections, with their allostratigraphic inter-
pretation and specimen location are in Plint et al.
(this issue).

SYSTEMATIC PALEONTOLOGY
BIVALVIA LINNE, 1758
PTERIOMORPHA BUERLEN, 1944
PTERIOIDA NEWELL, 1965
PTERIOIDEA GRAY, 1847
INOCERAMIDAE ZITTEL, 1881 (ICZN 473)
Genus Inoceramus Sowerby, 1814

TYPE SPECIES: Inoceramus cuvieri Sowerby,
1814, by subsequent designation of Cox, 1969: 315.
Inoceramus ex gr. lamarcki Parkinson, 1819
(sulcate variety)

Figures 5A, B, E, F

MartEeRrIAL: Two single left valves; TMP
2016.041.0097 from Wapiabi Creek and TMP
2016.041.0233 from West Thistle Creek.

MEASUREMENTS: See table 1.

DescripTiON: TMP 2016.041.0097 (fig. 5A,
B) is a moderately large (hmax = 84.5 mm) left-
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TABLE 1

Measurements of species.
Abbreviations to measurements are shown in figure 4; n indicates the number of ribs counted along the growth
axis at 20 to 50 mm from the beak.

Inoceramus ex gr. lamarcki

Parkinson

hmax h 1 b AM s H L a S h/l  n
TMP 2016.041.0097; LV 86 61 46.5 14 32 - - - 60 - 0.76 2
TMP 2016.041.0097; LV 102 78 56 20 56 - - - 58 - 0.72 2
Inoceramus gibbosus Schliiter, 1877
TMP 2016.041.0172; LV 65 60 38* 15 - - - - - - - 3
TMP 2016.041.0110; RV 56.5 - - - - - - - - - - 3
Inoceramus kleini Miiller, 1888
RTM 2016.041.0407; RV 45.5 285 215 105 18 14 26 21 95 75 075 5
RTM 2016.041.0407; LV 42 34 255 12 26 19 32 26 100 70 075 5
Inoceramus undabundus Meek and
Hayden, 1862
TMP 2016.041.0400; RV 64.0 47 40.5 14 17 - 425 40.5 105 60 0.86 2
TMP 2016.041.0426; RV 97* 64 50 19* 14* - 495 60 105 40  0.78 2
TMP 2016.041.0426; LV 113* 80 60 19* 21* - 48 70 105 35 0.75 3
TMP 2016.041.0434; RV 103 - - - - - - - - - - 3
Volviceramus koeneni (Miiller,
1888)
RTM 2016.041.0184; LV 106 89 67 41 44 30* - - 115* 8 075 -
RTM 2016.041.0184; RV 88.5 75 52 34 42 20* - - 115 90* 0.7 5
RTM 2016.041.0333; LV 63 57 52 20 24 - - - - - 0.9 -
Volviceramus involutus Sowerby,
1828
TMP 2016.041.0243; LV 94.5 88 68 49.5 - - - - 90 60 077 -
TMP 2016.041.0362; LV 54.5 46 35 30 - - - - 90 60 76 -
TMP 2016.041.0423; LV 77 67 55 51 - - - - 95 55 082 -
TMP 2016.041.0431; LV 65* 41 31 28 - - - - 90 60 075 -
Volviceramus exogyroides (Meek
and Hayden, 1862)
TMP 2016.041.0415; LV 101 60.5 47 17 10+ 35% 365 59 88 30 0.8 5
TMP 2016.041.0420; LV 71 52 36 15 13 35* 34 51 88 28 0.7 6

TMP 2016.041.0200; LV 100 56 42 18 13 - 42 50 80 30 075 -
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TMP 2016.041.0417; LV 99 56 42
TMP 2016.041.0198; LV 122 70 53

Volviceramus stotti, sp. nov.
TMP 2016.041.0245; LV 121 93 77
TMP 2016.041.0439; LV 90 60 49

Volviceramus morphotype sp. A
RTM 2016.041.0195; LV 103 85 83
RTM 2016.041.0334; LV 107 98 92
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19 13 32 43 50.5 98 42 075 -
17 18 37 53 60 90 35 075 -

37 38 44* 82 78 105 65
20 27 - - - 120 75 082 3

19 32 43* 80 80 115 70 1 -
31 40 44*  85*  85* 115 75 094 -

valve (LV) internal mold, with the disc well pre-
served, but with the posterior auricle missing.
The disc is triangular in outline, orthocline, with
the beak curved anterodorsally, projecting
slightly above the hinge line. The anterior margin
is long, concave below the umbo, straight ven-
tralward. The ventral margin is regularly
rounded. The disc is weakly to moderately
inflated, with maximum inflation in the umbonal
part. The anterior wall is moderately high, steep,
and almost perpendicular to the commissure
below the umbo. The disc is ornamented with
widely spaced, apparently regular (although
deformed in our specimen) commarginal rugae,
slightly asymmetrical with their leading edges
slightly steeper, and with rounded edges and
interrugae spaces.

TMP 2016.041.0233 (fig. 5E, F) is an internal
mold of the moderately large LV (hmax = 100.5
mm), with its beak and most of its posterior
auricle missing. The preserved fragment of the
posterior auricle suggests, however, that it was
extended and relatively large, of the type similar
to Inoceramus lusatiae Andert. This specimen
differs from TMP 2016.041.0097 in possessing a
less steep anterior wall below the umbo and in
the presence of a better-developed radial sulcus,
posteriorly of the disc axis. The sulcus is shallow
and poorly developed; it begins at approximately
35 mm axial distance. The ornament is of the
same type in both specimens.

DiscussioN: The two specimens clearly belong
to the Inoceramus lamarcki group. They may be

closely allied to Inoceramus annulatus Goldfuss,
1836, or Inoceramus lusatiae Andert, 1911 (the lat-
ter is suggested by the type of the posterior auricle
in the larger specimen). From both of these spe-
cies, our specimens differ in possessing the radial
sulcus. This feature appears in various lineages/
clades of the “lamarcki” group (e.g., in the
Turonian Inoceramus hobetsensis Nagao and Mat-
sumoto, 1939, Inoceramus flaccidus White, 1879,
or in Turonian representatives of Inoceramus
lamarcki Parkinson, 1819, as known from the U.S.
Western Interior; see Noda, 1975, Kauffman,
1977; Kauffman et al., 1978, Noda and Matsu-
moto, 1998, Walaszczyk and Cobban, 2000), but
its taxonomic significance is not clear (Noda,
1975; Noda and Matsumoto, 1998).

OCCURRENCE: Both specimens are from the
topmost part of the lower Coniacian.

Inoceramus gibbosus Schliiter, 1877
Figures 5C, D, G

1877. Inoceramus gibbosus Schliiter: 271.

1888. Inoceramus percostatus Miiller: 413, pl. 17,
fig. 3.

2non 1911. Inoceramus percostatus Miiller.
Andert: 56, pl. 5, fig. 4.

1929. Inoceramus dankeri Heinz var. anderti
Heinz. Heinz: 686, figs. 4-5.

1929. Inoceramus gibbosus Schliiter. Heine: 50, pl.
4, figs. 20-22.

1929. Inoceramus percostatus Miiller. Heine: 46,
pl. 3, figs. 14-17.
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1929. Inoceramus bilobatus Miiller. Heine: 49, pl.
4, figs. 18-19.

?non 1934. Inoceramus percostatus Miiller.
Andert: 119, pl. 5, fig. 4.

1958. Inoceramus russiensis Nikitin. Bodylevski:
78, pl. 29, fig. 1; pl. 31, fig. 1.

1959. Inoceramus percostatus Miiller. Drobrov
and Pavlova: 145, pl. 12, fig. 3.

non 1963. Inoceramus percostatus Miller. Ass-
mus: 45, pl. 9, fig. 1.

2non 1969. Inoceramus percostatus Miiller. Khala-
fova: 177, pl. 13, fig. 4; pl. 14, fig. 1 [pl. 13,
fig. 4 = deformis group; pl. 14, fig. 1 =
?Tethyoceramus sp.]

1972. Inoceramus percostatus Miiller. Glazunova:
59, pl. 2, figs. 1-2; pl. 3, fig. 2; pl. 9, fig. 1,
pl. 13, fig. 6.

1972. Inoceramus percostatus Miiller subsp. gore-
nkaensis subsp. nov., Glazunova: 60, pl. 4,
figs. 1-2; pl. 6, figs. 1-2; pl. 7, fig. 1; pl. 9,
fig. 2.

2006. Inoceramus gibbosus Schliiter, 1877.
Walaszczyk and Cobban: 273; text-figs. 21,
12.11 and 13.5.

TyPpE: The holotype, by monotypy, is the origi-
nal of Schliiter (1877: 271) first illustrated by
Heine (1929: pl. 4, figs. 20-22) from the upper
Coniacian of Osterfeld Mine near Oberhausen,
in Westphalia, northern Germany.

MATERIAL: Twenty-six specimens in total,
most of which are fragmentarily preserved. TMP
2016.041.0110 through 2016.041.0127, from
Blackstone River. TMP 2016.041.0236 from This-
tle Creek. TMP 2016.041.0098, 2016.041.0089,
2016.041.0090, and 2016.041.0095, from Wapiabi
Creek. TMP 2016.041.0170 and 2016.041.0172
from Chungo Creek. One unnumbered speci-
men from Sheep River.

MEASUREMENTS: See table 1.

DESCRIPTION AND REMARKS: Most of the
specimens in our collection are small-sized,
juvenile fragments from the Blackstone River
section. They show, however, the upright form,
pointed beak, and triangular outline, with well-
developed, distinct rugae, covered with well-
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developed, sharp-edged growth lines, typical for
the species.

The best preserved is specimen TMP
2016.041.0110 from Blackstone River; the
major part of the adult stage is well preserved
(fig. 5D). Its umbonal part is poorly preserved
(deformed), as is its anterior part. The disc,
within the preserved part, is subrectangular in
outline, and possesses a distinct radial sulcus
posteriorly of the growth axis. The sulcus is
shallow and does not deform the concentric
rugae. The concentric rugae are regular to sub-
regular, symmetrical, with rounded edges.
They are covered with sharpe-edged growth
lines, which are evenly developed on the entire
height of the disc.

The juvenile fragment from Sheep River (fig.
5C) possesses a well-preserved posterior auricle,
which is extended and well separated from the
disc, along a well-developed auricular sulcus.
The disc is covered with subregular concentric
rugae, superimposed by raised sharp-edged
growth lines that are typical of the species.

The medium-sized incomplete specimen TMP
2016.041.0172 (fig. 5G), from Chungo Creek,
demonstrates well the general outline of the spe-
cies and type of ornament. The posterior part of
its disc, with the posterior, radial sulcus, is
deformed and partly missing.

OccurRreNCE: The species (as herein inter-
preted) is known from the Wapiabi Formation
from localities on Blackstone River, Wapiabi
Creek, West Thistle Creek, Sheep River, and
Chungo Creek. It occurs invariably in the top-
most part of the lower Coniacian, disappearing
below the entry of the first Volviceramus. The
species, as herein understood, was first pre-
cisely located in the stratigraphic succession of
the Stafthorst Mine section, in northern Ger-
many (Walaszczyk and Wood in Niebuhr et al,,
1999), where it occurs in an equivalent strati-
graphic interval. Although the species was also
reported from other regions (e.g., eastern part
of European Russia; see, e.g., Nikitin, 1888;
Glazunova, 1972), precisely located specimens
have not been reported.
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FIG. 4. Terminology and measurements of the external morphologic features of inoceramid shells as applied

in this paper (partly after Harries et al., 1996).

Inoceramus kleini Miller, 1888
Figure 6

1888. Inoceramus kleini, sp. nov. G. Miiller: 415,
pl. 18, fig. 1a-b.

2pars 1911. Inoceramus kleini Miller. Andert:
48-50, pl. 2, fig. 6 [non pl. 1, fig. 7; pl. 2,
figs. 3, 7-8].

non 1934. Inoceramus kleini Miiller. Andert: 115-
117, text-figs. 10-12. pl. 4, figs. 9-10; pl. 5,
figs. 1-2.

1929. Inoceramus kleini Miiller. Heine: 4446, pl.
2, figs. 10-11; pl. 3, figs. 12-13.

1969. Inoceramus kleini Miiller. Radwanska: 709.

1979. Inoceramus kleini Miiller. Ivannikov: 62, pl.
14, fig. 4; pl. 15, figs. 1-2; pl. 16, fig. 1; pl.
17, fig. 1.

pars 1991. Inoceramus kleini Miiller. Tarkowski:
109-110, pl. 13, fig. 7; pl. 14, fig. 2 [non pl.
14, fig. 3].

1992. Inoceramus kleini Miiller. Walaszczyk: 37;
pl. 38, fig. 3.

1992. Inoceramus kleini Miiller. Cech and Sva-
benicka, pl. 2, fig. 2.

TypE: By monotypy, the holotype is the speci-
men figured by Miiller (1888, pl. 18, fig. 1a-b)
from the Spiegelsberge, south of Halberstadt
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(Subhercynian Basin), Germany; from the mid-
dle Coniacian.

MATERIAL: Two specimens in total. Double-
valve TM P 2016.041.0407, from Bighorn Dam,
and one uncataloged, juvenile fragment of a sin-
gle valve from West Thistle Creek.

MEASUREMENTS: See table 1.

DEescripTiOoN: The double-valve specimen,
TMP 2016.041.0407 (fig. 6A-C), is weakly
deformed, almost complete, with posteroventral
parts of valves missing. The specimen is equi-
valve, inequilateral, small sized, and prosocline,
with the disc subtriangular in outline and mod-
erately inflated. The posterior auricle is small,
moderately well separated from the disc. The
beak is pointed, curved anterodorsally. Anterior
margin is slightly concave below the umbo,
then slightly convex; with the anterior margin
steep. The ornament is composed of regularly
spaced, symmetrical rugae, with interspaces
growing gradually ventralward. The edges of the
rugae are sharp. The rugae weaken on the pos-
terior auricle and on the anterior wall, but are
still visible.

REMARKS: The species is interpreted herein as
the evolutionary precursor of Inoceramus und-
abundus Meek and Hayden. Early representatives
of the latter species are similar in valve outline
and type of ornament, however, the interspaces
are much larger at equivalent axial length.

OccuRRENCE: The species spans the lower to
middle Coniacian boundary. Although we have
only two specimens (one from the topmost lower
Coniacian in West Thistle Creek; and the second
from the basal middle Coniacian at Bighorn
Dam), this stratigraphic occurrence corresponds
well with its occurrence in other areas. The spe-
cies is known from Germany, Poland, Russia,
Romania, and the Czech Republic.

<
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Inoceramus undabundus Meek and Hayden,
1862

Figure 7A-D

1862. Inoceramus undabundus Meek and Hayden:
26.

1876. Inoceramus undabundus Meek and Hayden.
Meek: 60, pl. 3, fig. 2.

1894. Inoceramus undabundus Meek and Hayden.
Stanton: 84, pl. 16, figs. 1-2 [illustration
and description after Meek, 1876].

1898. Inoceramus undabundus Meek and Hayden.
Logan: 455, pl. 105, figs. 1-2. [illustration
and description after Meek, 1876]

21901. Inoceramus undabundus Meek and
Hayden. Sturm: 92, pl. 10, fig. 4.

pars 1929. Inoceramus undabundus Meek and
Hayden. Heine: 100, pl. 11, fig. 50; pl. 13,
fig. 57 [non pl. 11, fig. 51; pl. 19, fig. 71,
which are Volviceramus exogyroides Meek
and Hayden]

pars 2006. Inoceramus undabundus Meek and
Hayden, 1862. Walaszczyk and Cobban:
260; text-figs. 9.2, 9.4, 27.2, 28.2, 38.6
[only]

TypE: The lectotype, designated by Walaszc-
zyk and Cobban (2006: 260), is USNM 1909,
which is the original of Meek (1876: pl. 3, fig. 2),
from the Marias River Shale of Chippewa Point
near Fort Benton, Choutea County, Montana.

MATERIAL: Seven specimens; TMP
2016.041.0402, TMP 2016.041.0403, TMP
2016.041.0426, TMP 2016.041.0427, TMP
2016.041.0434; all from the Bighorn Dam sec-
tion; TMP 2016.041.0244 from West Thistle
Creek; and TMP 2016.041.0196 from Chungo
Creek.

MEASUREMENTS: See table 1.

FIG. 5. A, B, Inoceramus ex gr. lamarcki Parkinson, 1819, sulcate form, TMP 2016.041.0097, Wapiabi Forma-
tion, Wapiabi Creek, 66.2 m: A, anterior view, B, left lateral view. C, Inoceramus gibbosus Schliiter, 1877,
Wapiabi Formation, Sheep River, 76.0 m, right lateral view. D, Inoceramus gibbosus Schliiter, 1877, TMP
2016.041.0110, Wapiabi Formation, Blackstone River, 43.5 m, right lateral view. E, F, Inoceramus ex gr.
lamarcki Parkinson, 1819, sulcate form, TMP 2016.041.0233, Wapiabi Formation, West Thistle Creek, 34.4 m:
E, left lateral view, F, anterior view. G, Inoceramus gibbosus Schliiter, 1877, TMP 2016.041.0172, Wapiabi
Formation, Chungo Creek, 42.0 m, right lateral view. All photographs are x1.
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FIG. 6. Inoceramus kleini Miiller, 1888, double-valve specimen, TMP 2016.041.0407, Wapiabi Formation,
Bighorn Dam, 47.0 m: A, posterior view, B, anterior view, C, right lateral, view; the specimen is x1.

DEescripTION: The typical specimens of the
species are TMP 2016.041.0426 (fig. 7A, D),
TMP 2016.041.0427, TMP 2016.041.0434, and
TMP 2016.041.0244. Based on these four speci-
mens, the characteristic of the species is as fol-
lows. The shell is inequivalve, with LV larger and
more inflated than the right valve (RV), with a
general architecture typical for Volviceramus.
Both valves grow obliquely, with § angle ranging
between 30° and 45°. The beaks in both valves
pointed, only slightly coiled, not projecting above
the hinge line. The oblique growth continues till
ca. 10 cm in axial length, the obliquity is then
markedly reduced. Both valves are ornamented
with strong commarginal rugae, with distinct
ventralward increase of interspaces. The details
of the shell are not known; the rugae on internal
molds are symmetrical to moderately asymmet-
rical, with leading edges steeper. The interspaces
are distinctly wider than the rugae edges. The
edges of the rugae are rounded.

The smallest specimen, which comes from the
basal middle Coniacian and apparently phyloge-
netically the oldest (2016.041.0402; fig. 7B, C), is
only slightly inequivalve. It already possesses, how-
ever, the typical ornament. TMP 2016.041.0403
from Bighorn Dam and TMP 2016.041.0196 from
Chungo Creek, are fragments of LVs.

DiscussioN: The material studied includes
the first well-documented RV's of the species ever
reported.

Although in our material the species is repre-
sented by only seven specimens, they demon-
strate the evolution of the species from a
relatively small-sized, weakly inequivalve mor-
photype (fig. 7B, C), in the earliest middle Coni-
acian, to moderate size, markedly inequivalve
more advanced morphotype stratigraphically
higher (fig. 7A, D). The phylogenetically oldest,
weakly inequivalve specimens closely resemble
Inoceramus kleini, from which they differ in hav-
ing more robust ornament. The phylogenetically
more advanced specimens possess features typi-
cal for volviceramids; this is particularly well
seen on the RVs, in which the beak moves onto-
genetically from its marginal position gradually
inward (fig. 7A), as a consequence of inequivalve
growth of the valve. Based on its evolutionary
interpretation, the species (as a successor of
Inoceramus kleini) is left in the genus Inocera-
mus, in spite of its close morphological resem-
blance to Volviceramus.

Walaszczyk and Cobban (2006) included into
the synonymy of Inoceramus undabundus also
Inoceramus stantoni (= 1. acuteplicatus of Stan-
ton, 1894) Sokolov, 1914. Based on the Canadian
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material, however, it seems that phylogenetic
changes of both species differ. In contrast to I
undabundus, 1. stantoni remained only slightly
inequivalve and preserved its more subtle orna-
ment. Consequently we keep both species sepa-
rate here. Both I. undabundus and I stantoni
seem to originate from 1. kleini.

OCCURRENCE: Inoceramus undabundus is most
abundant in the Bighorn Dam section, where it
was found at levels 41.0, 60.0, and 73.0 m. The
single specimen from West Thistle Creek is from
72.4 m, and the specimen from Chungo Creek is
from 54.0 m. The species is known from the U.S.
Western Interior and Gulf Coast of North Amer-
ica. It is convincingly documented from Poland
(Sturm, 1901) and Germany (Heine, 1929).

Tethyoceramus (Sornay, 1980)

TYPE SPECIES: Inoceramus (Tethyoceramus)
basseae Sornay (1980: pl. 1, figs. 1, 4, 6; pl. 2, figs.
1-3) by original designation.

D1aGNOSIS AND DI1SCUSSION ON THE GENUS:
See Walaszczyk and Wood (1998).

Tethyoceramus sp.
Figure 8

MATERIAL: Six specimens in total. Single
unnumbered specimen from Mill Creek, from
76.6 m; 4 specimens from Bighorn Dam: TMP
2016.041.0395 and TMP 2016.041.0391 from 8.5
m; TMP 2016.041.0398 from 10.5 m; and TMP
2016.041.0400 from 41.5 m. Single specimen
from Highwood River, TMP 2016.041.0139.

REMARKS: The genus is relatively rare in the
studied material, similar to the equivalent suc-
cession of the U.S. Western Interior (Walaszczyk
and Cobban, 2000). Most of the specimens are
poorly preserved, incomplete single valves. Two
left valves of specimen TMP 2016.041.0395 (fig.
8) resemble Tethyoceramus alpinus (Heinz) (the
smaller specimen) and Tethyoceramus ernsti
(Heinz) (the larger one). To the latter species
may also be referred the huge specimen from
Highwood River (TMP 2016.041.0139). TMP
2016.041.0400 (not illustrated) is referred herein

to Tethyoceramus wandereri (Andert), based on
its very slender form and strong inflation.
OccURRENCE: The genus is known from the
mid lower Coniacian in Europe and in the
American Western Interior (see Walaszczyk and
Wood, 1998; Walaszczyk and Cobban, 2000),
and is well represented in Madagascar, where it
apparently starts at the topmost Turonian and
ranges through most of the lower Coniacian
(Sornay, 1980; Walaszczyk et al., 2004, 2014a).

Cremnoceramus Cox, 1969

(non Cremnoceramus Heinz, 1932 (nomen nudum)

TypE SPECIES: By original designation, Inoc-
eramus inconstans Woods, 1912, from the lower
Coniacian (Cox, 1969: N315).

Cremnoceramus sp.
Figures 9, 10

MaTERIAL: Forty-one specimens in total. Seven
specimens from Chungo Creek: TMP
2016.041.0176 though to TMP 2016.041.0180
from 33.5 m; TMP 2016.041.0175 from 34.5 m;
and TMP 2016.041.0174 from 37 m. Two speci-
mens from West Thistle Creek; TMP 2016.041.0239
and TMP 2016.041.0237, both from 28.5 m. Nine
specimens from Blackstone River: TMP
2016.041.0102 from 6.5 m; TMP 2016.041.0103
from 13.6 m; TMP 2016.041.0132 from 20.5 m;
TMP 2016.041.0133 from 38.2 m; TMP
2016.041.0134 from 39.4 m; and TMP
2016.041.0128 through to TMP 2016.041.0131,
from 43.5 m. Four specimens from Wapiabi
Creek: TMP 2016.041.0096 from 2.8 m; TMP
2016.041.0101 from 7.9 m; TMP 2016.041.0100
from 48.5 m; and TMP 2016.041.0089 from 54.7
m. Six specimens from Sullivan Creek: TMP
2016.041.0078 through to TMP 2016.041.0083,
from the inconstans interval. Single, unnumbered
specimen from Cutpick Creek. Eight specimens
from Bighorn Dam: TMP 2016.041.0389 through
to TMP 2016.041.0394 from 8.5 m; TMP
2016.041.0397 from 10.5 m; TMP 2016.041.0401
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from 32.5 m; and TMP 2016.041.0396 from 34.0
m. Four specimens from Highwood River: TMP
2016.041.0141, TMP 2016.041.0142, TMP
2016.041.0143, and TMP 2016.041.0146.

REMARKS: The taxonomy and evolutionary
interpretation of the genus, as applied herein,
follows Walaszczyk and Wood (1998) and
Walaszczyk and Cobban (2000), with slight
modification, as discussed below.

The genus is well represented in the lower-
most part of the Wapiabi Formation, up to sur-
face CS4. The cremnoceramid assemblage is
composed of Cremnoceramus deformis deformis
(Meek, 1871), Cremnoceramus crassus crassus
(Petrascheck, 1903), and Cremnoceramus
crassus inconstans (Woods, 1912). This is the
same assemblage as known from the southern
part of the Western Interior Basin (see Walaszc-
zyk and Cobban, 2000), and outside, in other
areas of the Euramerican biogeographic region
(e.g., Walaszczyk, 1992; Walaszczyk and Wood,
1998). The form that dominates the assemblage
is C. deformis deformis (fig. 9A, D); less com-
mon is C. crassus crassus (fig. 9B). What is very
interesting is the parallel occurrence of C.
crassus crassus and typical forms of C. crassus
inconstans (fig. 10). This may suggest that the
change from C. crassus inconstans to C. crassus
crassus was cladogenetic in character and both
forms co-occurred subsequently. Consequently,
both should be simply referred to as C. crassus
and C. inconstans.

OccURRENCE: The genus is well represented
in all localities studied herein spanning the lower
Coniacian: Cutpick Creek, West Thistle Creek,
Bighorn Dam, Chungo Creek, Ram River, Sheep
River, Wapiabi Creek, Blackstone River, and
Highwood River (fig. 1). The genus is known
from the Euramerican biogeographic region
(western Central Asia, Europe, and the Atlantic
and gulf coasts of North America; North Ameri-

<

can Western Interior) (Troger, 1981, 1989;
Walaszczyk, 1992; Kauffman et al, 1993;
Walaszczyk et al., 1998; Walaszczyk and Cobban,
1998, 2000; Wood et al., 2004); North Pacific
Province (Japan, Sakhalin) (Noda, 1996), New
Zealand (Crampton, 1996), South America (Bra-
zil) (Kauffman and Bengtson, 1985).

Volviceramus Stoliczka, 1871

TYPE SPECIES: Inoceramus involutus J. de C.
Sowerby: 1828: 160, pl. 583, figs. 1-3, by original
designation (Stoliczka, 1871: 394, 401).

REMARKS: Woods (1912) regarded Volvicera-
mus as a successor of the Inoceramus lamarcki
Parkinson group. However, as rightly pointed out
by Tsagarély (1942), both the valve outline (par-
ticularly the RV) and the ornament of Volvicera-
mus are close to Cremnoceramus (Inoceramus
inconstans in Tsagarély, 1942). The single RV of
various species, as well as the juveniles LV of V.
cardinalensis, sp. nov., or V. exogyroides can very
easily be mistaken for Cremmnoceramus. Both
Volviceramus and Cremmnoceramus also show
similar morphological variability in juvenile
obliquity of growth. In the case of Volviceramus
this is well seen in LVs; this feature is difficult to
evaluate in case of RVs.

Through its distinct inequivalvness, the genus
is very easily separated from other inoceramids.
Some inequivalve representatives of the genus
Inoceramus, as, e.g., Inoceramus inaequivalvis
Schliiter, 1877, differ from Volviceramus in being
distinctly less inequivalve (and they are never
coiled) and in possessing more or less similar
ornament on both valves.

Volviceramids appear abuptly above CS4,
which caps a prominent, sandier-upward hetero-
lithic succession of the lower Coniacian. Already
within the lowest middle Coniacian allomembers
(CA5-6) the variability of the genus is remark-

<

FIG. 7. Inoceramus undabundus Meek and Hayden, 1862. A, TMP 2016.041.0426, Wapiabi Formation, Bighorn
Dam, 73.0 m, lateral view of RV. B, C, TMP 2016.041.0402, Wapiabi Formation, Bighorn Dam, 41.0 m: B,
lateral view, C, anterior view. D, TMP 2016.041.0427, Wapiabi Formation, Bighorn Dam, 73.0 m, anterodorsal

view of LV. All photographs are x1.
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FIG. 8. Tethyoceramus sp., TMP 2016.041.0395 (two left valves), Wapiabi Formation, Bighorn Dam, 8.5 m: A,
D, smaller specimen; A, lateral view; D, anterior view. B, C, larger specimen; B, anterior view, C, lateral view.
All photographs are x1.
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able. There appear: Volviceramus koeneni (Miil-
ler), V. exogyroides (Meek and Hayden), and V.
cardinalensis, sp. nov. In addition to a single
specimen, which shows a transitional character
between V. exogyroides and V. involutus, the lat-
ter species was not noticed in this lowest inter-
val; the first typical representatives of V. involutus
are from allomember CA8.

The intraspecific variability within Volvicera-
mus is caused mainly by the variability in the
juvenile obliquity in their LVs. This allows the
distinction of two morphogroups within the
clade. The first group comprises low-obliquity
forms (with high juvenile § angle), characterized
by a coiled or uncoiled, slender general outline.
The group is represented by: V. koeneni, V. invo-
Iutus, and V. stotti, sp. nov. The second group
comprises forms growing obliquely in the juve-
nile stage (low juvenile § angle), changing the
direction of growth, to a less oblique one, later in
ontogeny. This leads to a similar final architec-
ture of the valve as the one observed in strongly
inflated cremnoceramids. The oblique juvenile
growth causes marked increase in valve length,
and combined with subsequent geniculation and
change to distinctly lower obliquity, gives a broad
morphotype with massive appearance. The group
is represented by V. exogyroides and V. cardina-
lensis, sp. nov. (see figs. 13-17). Whereas, how-
ever, the LVs in this second group resemble
strongly geniculated valves in Cremnoceramus,
their RVs are distinctly smaller, nongeniculated,
with the typical Volviceramus RV geometry.

OccurreNcE: The documented range of
Volviceramus is middle to upper Coniacian. The
genus is known from the Euramerican biogeo-
graphic region (western Central Asia, Europe, Gulf
of Mexico area, American Western Interior).

Volviceramus koeneni (Miiller, 1888)
Figure 11

1888. Inoceramus (Volviceramus) Koeneni n.sp.,
Miiller: 412, pl. 17, fig. 1.

1891. Inoceramus paradoxus v. Haenlein. Lan-
genhan and Grundey: 12, pl. 5, figs. 3-4.

1891. Inoceramus varius v. Haenlein. Langenhan
and Grundey: 12, pl. 5, figs. 1; ?pl. 5, fig. 2.

1913. Inoceramus (Volviceramus)(aff.?) involutus
Sowerby. Scupin: 213, pl. 12, fig. 3.

1928. Inoceramus koeneni Miuller. Heinz: 37, pl.
3, fig. 2.

1929. Inoceramus koeneni Miiller. Heine: 98, pl.
15, fig. 63; pl. 17, fig. 66; pl. 18, fig. 67.

1932. Rhadinoceramus regalis, sp. nov., Heinz: 21.

non 1933. Cymatoceramus (Cymatoceramus) cf.
koeneni Miiller. Heinz: 253; pl. 19, fig. 3 [=
Tethyoceramus basseae Sornay]

1934. Inoceramus koeneni Miiller. Andert: 132,
text-figs. 16a—c; pl. 8, figs. 2-3.

21959. Inoceramus involutus Sowerby. Dobrov
and Pavlova: 153; pl. 10, fig. 1.

21968. Inoceramus koeneni Miiller. Kotsubinsky:
135; pl. 23, figs. 4, 5

1969. Inoceramus koeneni G. Miiller. Troger: 68,
pl. 1, figs. 1-6; pl. 2, figs. 1-5.

1974. Inoceramus koeneni G. Miiller. Troger, pl.
5, figs. X4302, X4303, X4305, X4306.

1991. Inoceramus (Volviceramus) koeneni Miiller.
Troger and Christensen: 31, pl. 3, fig. 7;
pl. 2, figs. 2-3.

1994. Volviceramus koeneni (G. Miiller, 1888).
Troger and Summesberger: 169, pl. 2, figs.
1-3.

non 1994. Inoceramus (Volviceramus) cf. koeneni
Miiller. Malchus et al.: 116, text-fig. 4a, pl.
1, fig. 7 [=Cordiceramus cordiforis]

non 1996. Inoceramus (Volviceramus) koeneni
Miiller, 1888. Noda: 566, fig. 10.

2non 1998. Inoceramus (Volviceramus) koeneni
Miiller, 1887. Noda and Matsumoto: 459,
pl. 13, fig. 3. [reillustrated specimen of
Noda, 1996: fig. 10]

2006. Volviceramus koeneni (Miiller, 1888).
Walaszczyk and Cobban: 282; text-fig. 24,
25.2-25.4, 29.2.

TypE: The lectotype, by subsequent designa-
tion of Troger (1969), is the original of Miiller
(1888: pl. 17, fig. 1) from the middle Coniacian
of Lehofsberg, near Quedlinburg, Germany.

MATERIAL: Nine specimens in total. Single
specimen, TMP 2016.041.0076, from Sullivan
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Creek. Eight specimens from Chungo Creek:
complete, double-valve TMP 2016.041.0184;
TMP 2016.041.0182, TMP 2016.041.0183 (2
specimens), and TMP 2016.041.0187, and TMP
2016.041.0189 (2 specimens). Single specimen
(cf.) from Sheep River, TMP 2016.041.0333.

MEASUREMENTS: See table 1.

DescripTioN: TMP 2016.041.084 (fig. 11) is a
well-preserved double-valved specimen, almost
complete (a small fragment of the anterior part of
the LV is missing), slightly deformed; with much
of its shell intact. LV is107 mm high; RV is 90 mm
high. Both valves are slender (with b/h ration 0.56
and 063 in the RV and LV respectively), however,
this is partly due to secondary deformation per-
pendicular to the commissure. The LV is more
inflated than the RV; its h/b ratio being 0.54. The
LV juvenile growth is slightly oblique, with & angle
c. 75°. At h = 60 mm, § angle increases to 90°. Its
beak is pointed and curved dorsally. The LV bears
weak, poorly developed commarginal rugae. In
the ventral part it is almost smooth. The RV is
moderately inflated; its b/h ratio is 0.42. Its obliq-
uity is almost constant, with § approximating 90°.
The anterior wall is steep, high, and slightly con-
cave. The posterior auricle is well separated from
the disc, with a distinct sulcus in the dorsal part.
The beak is pointed, projecting above the hinge
line. The disc is ornamented with well-developed
commarignal rugae, superimposed by radial sulci
in the axial part of the midadult stage (fig. 11D).

TMP 2016.041.082, TMP 2016.041.087, and
TMP 2016.041.0333 are juvenile fragments of the
LVs, undeformed; TMP 2016.041.0333 is with
fragments of shell intact. They are referred to the
Miiller’s species based on their ornamented valve.

The double valve specimen TMP
2016.041.0189 is complete, moderately large
specimen (hmax of RV = 104 mm), strongly
deformed. It is moderately inequivalve, with the
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LV almost smooth, and with strong, typically
ornamented RV.

REMARKS: V. koeneni is morphologically the
closest to V. involutus. The differences are (see
Troger, 1969) that V. involutus exhibits: stronger
inequivalvness, lack of undulation on the LV, and
distinctly stronger inflation and coiling of LV.
Transitional forms between both species occur.
The stronger inflation of the RV in V. koeneni
than in V. involutus, mentioned by Miiller (1888),
is difficult to evaluate; one would need two-valve
specimens, which are extremely rare. Volvicera-
mus koeneni is the oldest member of the Volvice-
ramus clade.

Cymatoceramus (Cymatoceramus) cf. koeneni
Miiller from Madagascar, illustrated by Heinz (p.
253; pl. 19, fig. 3), is Tethyoceramus basseae (Sor-
nay) as shown by Sornay (1980). To Tethyoceramus
also belongs, most probably, the specimen of Inoc-
eramus (Volviceramus) koeneni as reported from
Japan by Noda (1996: fig. 10; see also Noda and
Matsumoto, 1998: pl. 13, fig. 3). The Japanese speci-
men shows a regular pattern of concentric rugae,
typical for Tethyoceramus/ Cremnoceramus.

OccURRENCE: Volviceramus koeneni spans the
middle Coniacian. At the base of the middle
Coniacian it forms a distinct interval zone, being
followed by V. involutus (see also Miiller, 1900;
Stille, 1909; Heinz, 1928; Troger, 1969). It is known
from the Euramerican biogeographic region; nei-
ther the Madagascan report (Heinz, 1933) nor the
Japanese one (Noda, 1996) can be confirmed.

Volviceramus involutus Sowerby, 1828

Figure 12

1828. Inoceramus involutus J. de C. Sowerby: vol.
vi: 160, pl. 583, figs. 1-3

1846. Inoceramus involutus Sowerby. d’Orbigny,
vol. iii: 520, pl. 413, figs. 1-3.

FIG. 9. A, Cremnoceramus deformis deformis (Meek, 1871), RV, Wapiabi Formation, Cutpick Creek, 19 m,
lateral view. B, Cremnoceramus crassus crassus (Petrascheck, 1903), LV, TMP 2016.041.0175, Wapiabi Forma-
tion, Chungo Creek, 34.5 m. C, Cremnoceramus sp., TMP 2016.041.0100, RV, Wapiabi Formation, Wapiabi
Creek, 48.5 m. D, Cremnoceramus deformis deformis (Meek, 1871), TMP 2016.041.0392, RV, Wapiabi Forma-
tion, Bighorn Dam, 8.5 m. E, Cremnoceramus sp., TMP 2016.041.0089, LV, Wapiabi Formation, Wapiabi

Creek, 54.7 m. All photographs are x1.
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FIG. 10. Cremnoceramus crassus inconstans (Woods, 1912), TMP 2016.041.0101, LV, Wapiabi Formation,
Wapiabi Creek, 7.9 m, A, anterior view, B, oblique, posterodorsal view, C, lateral view of the juvenile stage.

All photographs are x1.

1846. Inoceramus lamarcki d’Orbigny, vol. iii:
518, pl. 412.

1850. Inoceramus involutus. Dixon: pl. 28, fig.
32.[= Volviceramus anglo-germanicus of
Heinz, 1932; = Inoceramus involutus belo-
vodiensis of Glasunova, 1972]

1858. Inoceramus umbonatus Meek and Hayden:
50.

1871. Inoceramus (Volviceramus) involutus Sow-
erby. Stoliczka: 394, 401

1876. Inoceramus umbonatus Meek and Hayden.
Meek: 44, pl. 3, fig. 1; pl. 4, fig. 1-2.

1888. Inoceramus (Volvicerasmus) involutus Sow-
erby. Miiller: pl. 16, figs. 3, 4,

1901. Inoceramus involutus Sowerby. Sturm: pl. 9,
fig. 4.

1902. Inoceramus involutus Sowerby. Wollemann:
pl. 1, fig. 4; pl. 2, figs. 7, 8

1907. Inoceramus umbonatus Meek and Hayden.
Veatch: pl. 10, fig. 2.

1912. Inoceramus involutus Sowerby. Woods:
327, text-figs. 88-94.

1932. Volviceramus anglo-germanicus Heinz: 22.
[=Inoceramus involutus Sowerby; Dixon,
1850, pl. 28, fig. 32]

21959. Inoceramus involutus Sowerby. Dobrov
and Pavlova: 153, pl. 10, fig. 1a, b.

1972. Inoceramus involutus Sowerby subsp. belo-
vodiensis Glazunova, subsp. nov., Glazu-
nova: 63; pl. 8, fig. 1; pl. 12, figs. 1, 2; pl.
13, fig. 5.

1974. Inoceramus involutus Sowerby. Kotsubin-
sky: 81, pl. 18.

2006. Volviceramus involutus (J. de C. Sowerby,
1829). Walaszczyk and Cobban, text-figs.
9.3, 25.1, 26.1-26.3, 27.3-27 .4, 28.3, 30.2.

TypE: By subsequent designation of Woods
(1912: 334) the lectotype is BM 43268, being the
original of ]. de C. Sowerby (1929: pl. 583, fig. 1)
from the Upper Chalk, England; the locality is
unknown.

DiagNosis: Moderately large for genus,
strongly inequivalve; LV coiled, growing moder-
ately obliquely, almost smooth; RV weakly to
moderately inflated, ornamented with well-
developed rugae.

MATERIAL: Twelve specimens in total. Three
specimens from Sheep River: TMP 2016.041.0321,
TMP 2016.041.0329 and TMP 2016.041.0335, from
143 m. Two specimens from West Thistle Creek:
TMP 2016.041.0243 from 72.5 m, and TMP
2016.041.0240 from 100.3 m. Single specimen from
Bighorn River, TMP 2016.041.0362 from 51.8 m.
Single specimen from Chungo Creek, TMP
2016.041.0188 from 75.7 m. Single specimen from
James River, TMP 2016.041.0160 from 80.0 m.
Single, unnumbered specimen from Cutpick Creek.
Three specimens from Bighorn Dam: TMP
2016.041.0418 from 65.5 m, TMP 2016.041.0423
from 67.5 m, and TMP 2016.041.0431 from 67.5 m.

MEASUREMENTS: See table 1.
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FIG. 11. Volviceramus koeneni (Miiller, 1888), TMP 2016.041.0184, double-valve specimen, Wapiabi Forma-
tion, Chungo Creek, 45.5 m, A, dorsal view, B, lateral view of the LV, C, anterior view, D, lateral view of the
RV. All photographs are x0.95.
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FIG. 12. Volviceramus involutus (Sowerby, 1828), TMP 2016.041.0243, LV, Wapiabi Formation, West Thistle
Creek, 72.5 m, A, lateral view of the adult stage, B, anterior view, C, oblique, posterodorsal view, D, dorsal
view, the photographs are x1.
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FIG. 13. Volviceramus exogyroides (Meek and Hayden, 1862), TMP 2016.041.0415, LV, Wapiabi Formation,
Bighorn Dam, interval 50-60 m, A, lateral view of the juvenile stage, B, lateral view of the adult stage, C,
anterior view. All photographs are x1.0.
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DescripTioN: The species is small to medium
size for the genus; inequilateral, strongly inequi-
valve. LV is strongly coiled, up to 1.5 whorls,
tightly coiled, in the studied specimens (TMP
2016.041.0243; fig. 12). The LVs grow uniformly
at § = 60°, with strong inflation. The anterior mar-
gin gives a more or less consequent plane, and
forms a well-developed planispiral coiling. The
whorl in cross section is rounded in the lateral,
anterior, and posterior parts; the “aperture” is oval.
The LV is almost smooth. Only in the juvenile
part may irregular, low, rounded rugae occur.
Irregular rugae also occur in some specimens in
the adult stage, usually at the anterior margin. The
RV, when isolated, does not have any characteris-
tic feature that allows it to be identified as belong-
ing to a particular species of Volviceramus.

REMARKS: Volviceramus involutus is the only
Volviceramus species with almost perfect coiling
of the LV, as seen on the anterior wall of the valve,
resembling Nautilus or some involute ammonites.
The posterior, or lateral (which would be ventral
in ammonoids), margin is certainly quite differ-
ent. The species-level identification of the RV is at
the moment impossible. Based on species, of
which double-valved specimens are available, the
variability of RVs is high, and more double-valved
specimens of every species would be necessary to
make a reliable assessment.

The infraspecific variability concerns mainly
the 1/h ratio, which results in more slender or
more robust forms. The type species (Sowerby,
1828: pl. 583, figs. 1-3; see also Woods, 1912:
text-fig. 88) is one of the robust forms, with high
1/h ratio, well above 0.8. The slender form is best
represented by Dixon’s specimen (1850: pl. 28,
fig. 32; see also Woods, 1912, text-fig. 89), with
I/h ration about 0.75. The slender form, with
Dixon’s specimen as its type, was referred by
Heinz (1932: 22) to a new species, Volviceramus
anglogermanicus. Subsequently, the same speci-
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men was chosen as the type of the new subspe-
cies Inoceramus involutus belovodiensis by
Glazunova (1972: 63), with the same diagnosis
and the same aim to separate the slender mor-
photype of Volviceramus involutus. Based on our
material it is clear, however, that both morphot-
ypes are extreme variants of the same type and
are, consequently, regarded as infraspecific vari-
ants (see also Walaszczyk and Cobban, 2006).

The American species Volviceramus umbo-
natus (Meek and Hayden, 1858) is a typical rep-
resentative of V. involutus, and consequently is a
synonym of Sowerby’s species. Volviceramus exo-
gyroides and I. undabundus, which have previ-
ously been considered as synonyms of V.
involutus, are well defined, separate species (see
discussion herein).

OCCURRENCE: Volviceramus involutus first
appears in the middle part of the middle Conia-
cian and ranges into the upper Coniacian. It is
well represented in the entire Western Interior
Basin. The species is widely known from Europe
and western Central Asia. It does not range
south into the Mediterranean Province, although
it was reported from Gosau in Austria (Troger
and Summesberger, 1994). The reports from
Madagascar (Heinz, 1933) and from the western
North Pacific Province (Pergament, 1971) have
not been confirmed.

Volviceramus exogyroides (Meek and Hayden,
1862)

Figures 13-15

1862. Inoceramus exogyroides Meek and Hayden:
26.

1876. Inoceramus exogyroides Meek and Hayden.
Meek: 46, pl. 5, fig. 3.

1893. Inoceramus exogyroides Meek and Hayden.
Stanton: 83, pl. 17, figs. 1-2 [reillustration
of Meek, 1876: pl. 5, fig. 3, specimen]

FIG. 14. Volviceramus exogyroides (Meek and Hayden, 1862), A, B, E G, TMP 2016.041.0417, LV, Wapiabi
Formation, Bighorn Dam, 65.5 m, A, dorsal view, B, lateral view, F, anterior view; G, apertural view. C-E,
TMP 2016.041.0363, LV, Bighorn River, 51.8 m, C, anterior view, D, apertural view, E, dorsal view. All pho-

tographs are x1.
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FIG. 15. Volviceramus exogyroides (Meek and Hayden, 1862), TMP 2016.041.0198, Chungo Creek, 65.8 m; A,
dorsal view, B, oblique lateral view. Both photographs are x1.
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1898. Inoceramus exogyroides Meek and Hayden.
Logan: 454, pl. 88, figs. 1-2 [reillustration
of Meek, 1876: pl. 5, fig. 3, specimen].

1907. Inoceramus exogyroides Meek and Hayden.
Veatch: pl. 11, fig. 1.

pars 1929. Inoceramus undabundus Meek and
Hayden. Heine: 100, pl. 11, fig. 51; pl. 19,
fig. 71 [non pl. 11, fig. 50; pl. 13, fig. 57,
which are Inoceramus undabundus Meek
and Hayden].

1972. Inoceramus obliquus, sp. nov., Glazunova:
63, pl. 8, figs. 2, 3.

2006. Volviceramus exogyroides (Meek and
Hayden, 1862). Walaszczyk and Cobban:
291; text-figs. 27.1, 28.1, 29.1, 30.1.

TypE: The holotype, by monotypy, is the origi-
nal of Meek (1876: pl. 5, fig. 3) from the Marias
River Shale (Fort Benton Group), 20 miles below
“Fort Benton,” on the upper Missouri River, in
north-central Montana.

MATERIAL: Nineteen specimens. Ten speci-
mens from Bighorn Dam: TMP 2016.041.0404
and TMP 2016.041.0405 from 47.5 m; TMP
2016.041.0414, TMP 2016.041.0415 and TMP
2016.041.0416, from an interval 50-60 m; TMP
2016.041.0417 from 65.6 m; TMP 2016.041.0433
from 67.5 m; TMP 2016.041.0420 from 72.0 m;
TMP 2016.041.0441 from 75.4 m; and TMP
2016.041.0438 from 81.0 m. Single specimen
from Sheep River, TMP 2016.041.0332 from
110.5 m. Single specimen from West Thistle
Creek, TMP 2016.041.0234 from 53.2 m. Four
specimens from Chungo Creek: TMP
2016.041.0193, and TMP 2016.041.0194, from
65.8 m; TMP 2016.041.0200 from 65.9 m; and
one unnumbered specimen from 65.8 m. Three
specimens from Bighorn River: TMP
2016.041.0363, TMP 2016.041.0364, from 51.8
m, and TMP 2016.041.0357, from 93.6 m.

MEASUREMENTS: See table 1.

DEescripTiON: The following description
refers only to the LV; RVs are not represented in
the studied material.

The shell is of small to moderate size, inequi-
lateral. Its outline changes during ontogeny fol-

lowing the change of growth direction; its
juvenile outline is triangular, strongly oblique,
elongated parallel to the ligament; its adult out-
line is trapezoidal, due to the change of growth,
to distinctly less oblique. The specimens vary
between well-geniculated ones (see fig. 13) to
forms with a gradual change from the juvenile
to adult stage (fig. 14A, B, E G). The beak is
pointed, anteriorly terminal. The umbo is vari-
ably coiled, prosogyrate. The change from the
oblique juvenile stage to less oblique adult stage
is sometimes quite abrupt, geniculated. The
juvenile stage is oblique, with § angle ranging
between 30° and 40°; the adult stage growth at
§ between 50° and 60°. The outline of the juve-
nile stage varies with variable inflation; the
more inflated specimens have more coiled
umbos and are more slender. Depending on the
length of the juvenile stage, the adult stage is
more or less subquadrate.

The valve is ornamented with regular to sub-
regular commarginal rugae, with regular, ven-
tralward increase of interspaces. The rugae are
round topped, symmetrical to slightly asymmet-
rical. The ornament becomes less distinct in the
adult stage, or it disappears completely.

DiscussioN: Both the original material of
Meek and Hayden (1862; also Meek, 1876) and
the material recently described from the U.S.
Western Interior by Walaszczyk and Cobban
(2006) are represented exclusively by LVs. The
only reports of the RV come from Europe. These
are by Heine (1929) from northern Germany,
who referred these forms to Inoceramus und-
abundus Meek and Hayden; and by Glazunova
(1972), who described this species under the new
name Inoceramus obliquus (actually, the name is
the homonym of v. Haenlein’s species). Describ-
ing the RV Glazunova (1972) states that the RV
is distinctly smaller than the LV and its outline
is L-elongated. The beak is pointed, not project-
ing above the ligament, the umbo is weakly
inflated. The valve is more evenly inflated than
the LV. The ligamental plate is concave, covered
with shallow resilifers intercalated with relatively
narrower interresilifers.
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Volviceramus exogyroides resembles closely
Volviceramus cardinalensis, sp. nov. Both have a
distinctly oblique juvenile stage and change to
lower obliquity in the adult stage. The juvenile
stage of V. cardinalensis, sp. nov., is, however,
almost subrectangular, poorly inflated, and
almost smooth.

The species has often been placed in synon-
ymy with Volviceramus involutus (or its Ameri-
can synonym, V. umbonatus). Both species differ,
however, in their ontogenetic development and
consequent morphological characteristics.

The juvenile parts of LVs may easily be taken
for a Cremnoceramus. The difference is clearly
seen when the ligament plate is preserved, or
when the specimen is preserved as with both
valves. This may be the reason for reports of
Cremnoceramus from the interval characterized
otherwise by Volviceramus (see, e.g., Kauffman et
al., 1993; Collom, 2001).

OCCURRENCE: Volviceramus exogyroides is
known widely in the North American Western
Interior. It is also known from Europe, where it
was described as Inoceramus obliquus by Glazu-
nova (1972). The species was reported (although
without illustration) from the southern and east-
ern margins of the East European craton (e.g.,
Aliev and Kharitonov, 1981; Aliev and Pavlova,
1983), but it was never illustrated.

Volviceramus cardinalensis, sp. nov.
Figures 16, 17

Type SpECIMENS: The holotype is TMP
2016.041.0317, upper middle Coniacian of the
Sheep River section; paratypes: 14 specimens
from various localities (see Material).

ErymoLoGY: After Cardinal River, western
Alberta, where one of the paratypes was
collected.

MatEeriAL: Fifteen specimens in total. Four
specimens from Bighorn Dam: TMP 2016.041.0399,
loose, but located approximately in the interval

NO. 414

50-60 m of the succession, TMP 2016.041.0413
from 43.0 m, TMP 2016.041.0406 from 47.5 m, and
TMP 2016.041.0421 from 105.0 m. 10 specimens
from Sheep River, from 144 m: TMP 2016.041.0310,
TMP 2016.041.0314, TMP 2016.041.0315, TMP
2016.041.0316, TMP 2016.041.0317 (holotype),
TMP 2016.041.0318, TMP 2016.041.0319, TMP
2016.041.0320, TMP 2016.041.0322, and TMP
2016.041.0323. Single, double-valved unnumbered
specimen from Cardinal River, 96.8 m.

DiagnNosis. Noncoiled Volviceramus with LV
strongly oblique and weakly inflated in juvenile
stage, growing almost orthoclinally, with strong
inflation in adult stage. RV strongly inflated for
genus, with regular, widely spaced rugae, and
shallow radial sulcus on its disc.

DescripTION. The species is strongly inequi-
valve, noncoiled Volviceramus, attaining large
size, with strongly inflated LV up to 30 cm in
maximum h length. The LV shows characteristic
change in growth direction, leading to the devel-
opment of the juvenile and adult stages, some-
times, with well-developed geniculation. The
juvenile valve, up to 100 mm of axial length,
growths obliquely, with § angle ca. 45°, then, in
the adult stage, it changes its growth to markedly
less oblique. The juvenile stage is subrectangular
in outline, and moderately to weakly inflated.
The strong inflation characterizes the adult stage.
The adult stage varies in the L/H ratio, ranging
from L-elongated, subrectangular specimens to
subquadrate ones. The RV is relatively large, with
strongly inflated disc, distinctly oblique. The disc
is separated from the posterior auricle, along a
well-developed auricular sulcus.

The juvenile stage of the LV is almost smooth;
the adult stage is covered with subregular, widely
spaced, low rugae. The RV is regularly, strongly
rugate on the disc; the rugae do not continue
over the posterior auricle. The rugae are dis-
tinctly narrower than interrugae spaces.

The holotype, TMP 2016.041.0317 (figs. 16,
17), is a huge (estimated maximum h is 180

>

FIG. 16. Volviceramus cardinalensis, sp. nov., TMP 2016.041.0317, Wapiabi Formation, Sheep River, 144 m, A,
dorsal view, B, anterior view of the LV. Both photographs are x0.7.
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mm), double-valved specimen, apparently
undeformed, with parts of shell in the liga-
ment area preserved. The L of the juvenile
stage (fig. 17B) of the LV is ca. 110 mm, and
its H is ca. 60 mm. This part is weakly inflated,
with juvenile b = 18 mm, smooth, growing
moderately obliquely, at § = 45°. The beak is
strongly prosogyrous, curved anteriorly. The a
angle is 105°. Although there is no distinct
geniculation, at h = 120 mm the valve starts
growing perpendicularly to the juvenile stage.
The adult stage is subrectangular, longer than
high (H is only 110 mm at L = 170 mm).

REMARKS. Volviceramus cardinalensis, sp.
nov., resembles V. exogyroides. It differs from the
latter in its subrectangular juvenile outline,
instead of suboval, and lower inflation. More-
over, the juvenile of V. exogyroides is usually
regularly rugate, changing to almost smooth in
adult stage. In contrary, V. cardinalensis is almost
smooth in the juvenile stage, and changes its
ornament to distinctly rugate in the adult.

OccurRENCE: The species seems to appear
very low in the middle Coniacian and ranges to
the lower upper Coniacian.

Volviceramus stotti, sp. nov.
Figure 18

pars 2001. Volviceramus involutus (Sowerby,
1828). Collom: 475, pl. 15, figs. 1, 2, 4, 5.
[only]

2001. Volviceramus aff. koeneni [in text: Volvice-
ramus koeneni] (Miiller, 1888). Collom:
474, pl. 15, fig. 3.

Type SPECIMENS: Holotype is TMP 96.19.13,
double valved, moderately large; well preserved
(original to Volviceramus involutus (Soweby) in
Collom, 2001: pl. 15, figs. 4, 5); paratypes: TMP
2016.041.0439, and TMP 2016.041.0245; both
internal molds of LVs, with fragments of shell
preserved; moreover: GSC 117324, LV, an origi-
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nal to Volviceramus involutus (Soweby) in Col-
lom 2001: pl. 15, fig. 1; TMP 96.53.1, LV, original
to Volviceramus involutus (Soweby) in Collom
2001, pl. 15, fig. 2; and TMP 87.56.13, double-
valved specimen, original to Volviceramus aft.
koeneni (Miller) in Collom 2001: pl. 15, fig. 3.

Type LocaLiTy: Bad Heart Formation, Kakut
Creek (for details of location, see Collom, 2001).

MaTERIAL: Our material consists of two spec-
imens, both LVs: TMP 2016.041.0439 from Big-
horn Dam, 91.5 m; TMP 2016.041.0245 from
West Thistle Creek, 107.5 m. Two other speci-
mens, TMP 2016.041.0313 and TMP
2016.041.0326, from Sheep River, are referred to
herein as cf. stotti.

DiaGNosis: Moderately inflated and moder-
ately inequivalve Volviceramus, of moderate size,
rounded, prosocline, with ornament, composed
of raised growth lines, with superimposed, low,
widely spaced, subregular concentric rugae.

ErymMoLOGY: After Donald E Stott, the preemi-
nent Canadian geologist and researcher of the
Cretaceous of the Canadian Western Interior.

MEASUREMENTS: See table 1.

DescripTiON: This is a moderately inequi-
valve Volviceramus species, with both valves
regularly inflated, strongly prosocline, straight.
LV is larger and more inflated, growing domi-
nantly posteroventrally. The beak is pointed,
curved anterodorsally; it projects above the hinge
line. The valve outline is parabolical. The anterior
margin is relatively short (AM/h between 0.40
and 0.45). The anterior wall is steep to overhang-
ing, rounded. The anteroventral margin is
rounded, broadly convex; ventral margin is
rounded. The posterior auricle is small, well sep-
arated from the disc, particularly in the RV; less
so in the LV. The ligament is strong; the resilifers
as observed on one of the specimens illustrated
in Collom (2001: pl. 15, fig. 1) are narrow and
rectangular, with narrow interresilifer plates.

The ornament is composed of regular to sub-
regular, round-edge rugae, superimposed by

FIG. 17. Volviceramus cardinalensis, sp. nov. TMP 2016.041.0317, Wapiabi Formation, Sheep River, 144 m, A,
lateral view of the LV; B, lateral view of the juvenile part of the LV. Both photographs are x0.7.
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sharp-edged growth lines, well visible both on
outer shell surface and on internal mold.

REMARKS: The weak to moderate inequivalve-
ness (the feature inferred from the characteristics
of the ligamental plate), moderate to strong infla-
tion of the LV, and a peculiar ornament, make
this species different from any other Volvicera-
mus species known. In general architecture V.
stotti, sp. nov., resembles V. koeneni, however, the
latter is distinctly inequivalve, with RV having a
very distinct ornament, composed of sharp-
edged, strong concentric rugae, with variably
developed radial ribs.

OccurreNCE: The species appears relatively
high in the succession, close to the appearance
level of Sphenoceramus subcardissoides, which
marks the base of the upper Coniacian, and
ranges to the top of CA16, in the middle part of
the substage.

Volviceramus sp. A
Figures 19, 20

MATERIAL: Two specimens in total, both
internal molds of LVs. Single specimen from
Sheep River, TMP 2016.041.0334, from 106.5 m;
single specimen from Chungo Creek, TMP
2016.041.0195, from 56.9 m.

MEASUREMENTS: See table 1.

DescripTION: The valves are subrounded to
suboval, weakly inequilateral, prosocline, moder-
ately inflated. The beak is pointed, curved strongly
dorsoanteriorly. The umbo is subtrigonal. The
umbonal part grows obliquely (umbonal § is
between 35° and 40°); then the valve becomes
straight, growing at d between 70° and 75°. The pos-
terior auricle apparently does not develop, or is very
small (and not preserved on our specimen). The
anterior margin is relatively short (AM/h = 0.4); it
is concave below the umbo, then straight. The ven-
tral margin is broadly and regularly rounded, long.
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The posterior margin is not observed on our speci-
men; it apparently is very short.

The umbonal part is moderately to strongly
inflated. The adult stage then becomes weakly or
only moderately inflated, and becomes again
strongly inflated in the ventral part (?gerontic
stage). The valves are almost smooth, or bear
only weakly developed, widely spaced, very low
rugae; growth lines are not observed.

REMARKS: These two specimens resemble
closely Volviceramus exogyroides and may easily
be imagined as a morphotype of V. exogyroides,
which very early in ontogeny changes its juvenile
(very oblique) growth to the adult (almost
straight). More material is needed to decide
whether this morphotype is an extreme variant of
V. exogyroides or it is an independent species.

OccURRENCE: This morphotype is known
from only two specimens from our collection.
Both are from the lower middle Coniacian (both
are from CA?7) of Sheep River and Chungo Creek.

Sphenoceramus J. Bohm, 1915

TyYPE SPECIES: Inoceramus cardissoides Gold-
fuss, 1835.

GENERIC CHARACTERS: The genus is obliquely
wedge shaped in outline, weakly to moderately
inflated, medium to large sized, equivalve and
inequilateral. The disc is triangular in outline,
with three growth axes (Schalenkante of Seitz:
1965, text-fig. 1), similar to the genus Cordicera-
mus, commonly with a more or less well-devel-
oped radial sulcus in the posterior part of the
disc. The umbo is pointed, curved anteriorly,
usually extending above the hinge line. The orna-
ment is well developed over the disc, usually
much weaker on the posterior auricle. Both con-
centric and radial ornament elements occur.

OCCURRENCE: Sphenoceramus appeared in the
late Coniacian (see Heinz, 1926, 1928; Heine,
1929; Seitz, 1962; Troger and Christensen, 1991;

FIG. 18. Volviceramus stotti, sp. nov. A, B, D, TMP 2016.041.0439, LV, A, anterior view; B, dorsal view, D, lateral
view. Wapiabi Formation; Bighorn Dam, 91.5 m; the specimen is x0.85. C, E, TMP 2016.041.0245, LV, C, lateral
view, E, posterodorsal view. Wapiabi Formation, West Thistle Creek, 107.5 m; the photograph is x0.9.
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FIG. 19. Volviceramus sp. A, TMP 2016.041.0195, LV, Wapiabi Formation, Chungo Creek, 56.9 m, A, dorsal
view, B, lateral view, C, anterior view. All photographs are x1.
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FIG. 20. Volviceramus sp. A, TMP 2016.041.0334, Wapiabi Formation, Sheep River, 106.5 m, A, dorsal view,
B, lateral view, C, anterior view. All photographs are x1.
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FIG. 21. Sphenoceramus subcardissoides (Schliiter, 1877), Wapiabi Formation, TMP 2016.041.0001, Ram River,
132 m, lateral view. The photograph is x1.
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Walaszczyk and Wood in Niebuhr et al.,, 1999),
and ranged up to the mid early Campanian (Seitz,
1965). It is a Boreal species, rarely reported in the
Mediterranean area (see, e.g., Troger and Sum-
mesberger, 1994). The genus seems to be limited
to the Northern Hemisphere; reports from the
Southern Hemisphere (Heinz, 1929; Kauffman in
Kennedy et al., 1973) are not confirmed (see dis-
cussion in Walaszczyk and Cobban, 2006; Ken-
nedy et al., 2008; Walaszczyk et al., 2014a). The
genus is widely reported from the North Pacific
Province, particularly from its western parts. How
abundant the genus was in this province is, how-
ever, unclear. Of a wide variety of morphotypes
referred to Sphenoceramus (e.g., Matsumoto et al.,
1982; Toshimitsu, 1988; Noda, 1988), most should
be referred to other genera (e.g., Glazunov, 1976;
Zonova, 1992, 1993).

In the Western Interior Basin Sphenoceramus
occurs regularly only in its northern part; prob-
ably ranging south to Montana. Further south
the genus appears sporadically.

Sphenoceramus subcardissoides (Schliter, 1877)

Figure 21

1877. Inoceramus subcardissoides Schliiter: 271,
pl. 37

1905. Inoceramus subcardissoides Schliiter. Weg-
ner: 169

1926. Inoceramus subcardissoides Schliiter. Heinz:
101

1932. Inoceramus subcardissoides Schliiter. Heinz:
24,

1953. Inoceramus subcardissoides Schliiter.
Odum: 12

1956. Inoceramus ex gr. subcardissoides Schliiter.
Soukup: pl. 13, figs. 1-3.

1958. Inoceramus subcardissoides Schliiter. Kot-
subinsky: 16, pl. 5, fig. 24.

1968. Inoceramus subcardissoides Schliiter. Kot-
subinsky: 137, pl. 24, fig. 3.

non 1969. Inoceramus subcardissoides soukupi
Mitura in Mitura et al.: 175, pl. 2, fig. 1

1974. Inoceramus cf. subcardissoides Schliiter.
Troger: pl. 6, figs. X4307, 4308

1991. Inoceramus subcardissoides Schliiter. Troger
and Christensen: 32, pl. 2, fig. 4.

pars 2001. Euryceramus cardissoides (Goldfuss).
Collom: 489, pl. 13, fig. 5; pl. 14, figs. 1-2
[non pl. 13, fig. 6]

LectotypE: The original to Schliiter (1877: pl.
37), from the Emchermergel of the rock-waste
deposit of the Carnap I Mine Shaft near Horst in
Westphalia, northern Germany.

MATERIAL: Seven specimens in total. Two
fragments, TMP 2016.041.0443 from 92.5 m and
TMP 2016.041.0444 from 92.0 m from Bighorn
Dam. One fragmentary specimen, TMP
2016.041.0235 from 100.3 m in West Thistle
Creek. Incomplete huge specimen TMP
2016.041.0201 from 96.5 m in Chungo Creek.
One large incomplete specimen (internal and
outer mold of the same), TMP 2016.041.0001,
and TMP 2016.041.0002, from 132 m of Ram
River. Incomplete fragment, TMP 2016.041.0338
from Sheep River.

DEescripTION: The best preserved is TMP
2016.041.0001 (fig. 21), the large fragmentary
specimen from the Ram River section (and TMP
2016.041.0002, its outer mold). It is the medium
stage part of the RV, with h =190 mm. Its juve-
nile and the anterior parts are missing. Also, it
is slightly deformed in the preserved anterior
part. The disc is wide, moderately inflated,
apparently triangular in outline, covered with
widely spaced, round-topped rugae and strong
radial ribs. The latter weaken when crossing
concentric rugae to form weakly developed
nodes. The specimen retained a well-preserved
radial sulcus, which is relatively broad and deep
in the posterior part of the disc. The posterior
auricle is not preserved. The radial ornament
disappears from the radial sulcus, and reappears
on the disc, posterior to the sulcus.

TMP 2016.041.0235, from Thistle Creek, rep-
resents a much younger stage of the LV. It shows
well, however, the tripartite disc and, although
weak, clearly developed radial ribs.
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TMP 2016.041.0444, from Bighorn Dam, is a
juvenile stage, 75 mm h long fragment. The speci-
men does not have radial ornament yet, which
appears later in ontogeny. The outline and structure
of the disc fits the characteristics of the species.

DiscussioN: Although incomplete, our speci-
mens show well the characteristics of Schliiter’s
species: the presence of the strong, broad radial
sulcus in the posterior part of the disc and the
radial ornament, which crosses the concentric
rugae, forming more or less well-developed
nodes at crossings.

The best reported specimens, besides the illus-
trated type, are the ones photographed by Collom
(2001: pl. 13, fig. 5; pl. 14), from the upper Conia-
cian of the Smoky River area. His specimen from
the Puskwaskau Formation (Collom, 2001: pl. 13,
fig. 6) has different ornament and character of the
posterior auricle, and is a different species.

OCCURRENCE: Sphenoceramus subcardissoides
first appears apparently at the base of the upper
Coniacian (Troger, 1989; Troger and Christensen,
1991; Walaszczyk and Wood in Niebuhr et al,
1999). Heinz (1926) and Kotsubinsky (1958, 1968)
reported the species from the upper Coniacian
(upper Involutus Schichten in Heinz, 1926).
Although quoted sometimes as ranging into the
Santonian; no definite occurrence from this level
can be confirmed. Consequently, it may be regarded
as of late Coniacian age. In the studied area the spe-
cies is common at the base of its range; its record
higher in the succession is poorly known.

Sphenoceramus ex gr. pachti
(Arkhangelsky, 1912)

Figures 22, 23
2006. Sphenoceramus ex gr. pachti (Arkhangel-
sky, 1912). Walaszczyk and Cobban: text-
figs. 48.7, 48.10, 48.11.

NO. 414

MATERIAL: Three specimens from Cripple
Creek: TMP 2016.041.0152, TMP 2016.041.0153,
and TMP 2016.041.0154. Twenty-six specimens
from West Thistle Creek; TMP 2016.041.0246—
TMP 2016.041.0271. Two specimens from Big-
horn Dam, TMP 2016.041.0424 and TMP
2016.041.0430. Numerous uncataloged speci-
mens from Cardinal River.

DEscripTION: The species is small to medium
size for the genus, inequilateral, apparently equi-
valve (?semiequivalve). The valve is weakly to
moderately inflated, unless geniculated, quite
oblique, with d between 45° and 50°. The valve
outline is trapezoidal. The disc is trigonal in out-
line. The posterior auricle is usually well devel-
oped and well separated from the disc. The
distinct auricular sulcus is visible in some speci-
mens. The very distinct radial sulcus runs poste-
riorly of the growth axis. It starts at ca. 10 mm
from the beak and becomes stronger with age.
The beak is pointed, curved anterodorsally, proj-
ects slightly above the hinge line. The anterior
margin is relatively short, usually slightly above
50% of the growth axis length, quite steep, may
be slightly concave just below the umbo. The
anterior margin passes into the long, broadly
convex anteroventral margin. The ventral margin
is narrowly rounded. The posterior margin is
straight, almost parallel to the growth axis, being
about 60% of the growth-axis length. The growth
axis is straight in the juvenile and early adult
part, then curves posteriorly. The ligament (dor-
sal) margin straight, relatively short, below 50%
of the respective growth-axis length.

The general outline and shape changes in
geniculated specimens. The geniculation appears
usually at between 30 and 40 mm axial distance
from the beak. The geniculation angle varies but
is approximately 60°. Rarely, double geniculation
is observed. The geniculated forms are character-

3>

FIG. 22. Sphenoceramus ex gr. pachti (Arkhangelsky, 1912), Wapiabi Formation, West Thistle Creek, basal
Santonian. A, D, F, TMP 2016.041.0248, LV, 125 m; A, anterior view, D, lateral view, F, posterior view. B,
TMP 2016.041.0246, LV, lateral view. C, J, TMP 2016.041.0256, RV, 127.5 m, C, lateral view, J, anterior view.
E, TMP 2016.041.0269, RV, 126.5 m, lateral view. G, TMP 2016.041.0270, RV, 126.5 m, lateral view. H, I, TMP
2016.041.0268, LV, 126.5 m, H, lateral view, I, anterior view. All photographs are x1.
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ized by a steep (sometimes overhanging) anterior
wall, and sharp anterior margin (fig. 22]).

The ornament is composed exclusively of
commarginal rugae; very fine, discontinuous
radial elements appear on some specimens (TMP
2016.041.0152, fig. 23D). Up to 20 mm of the
axial length the rugae are poorly developed, and
the ornament is composed almost entirely of
raised, sharp-edged growth lines. In some speci-
mens the rugae appear, however, much earlier,
and the growth lines are poorly visible. In most
of the specimens the rugae show a distinct step-
wise change from rather closely spaced, round-
topped ones, to widely spaced ones, with
distinctly sharper edges. In the geniculated spec-
imens, the change is associated with the change
of growth plane. The growth lines become less
and less regular with age. The rugae do not pass
onto the posterior auricle. In the geniculated
specimens they pass onto the anterior wall.

REMARKS: The studied material looks at first
very variable. To a large extent this is, however,
because of the genicution; the geniculation
causes changes in the character of the anterior
margin and wall, and in the general shape of the
whole specimens. Other than that, the speci-
mens are quite stable with respect to general
outline and ornament.

The general outline, ornament and ontogenetic
changes make our specimens clearly representa-
tive of Sphenoceramus pachti. The difference
between the Arkhangelsky’s types and the studied
material is the lack of radial ornament. In this
respect, our specimens correspond to S. pachti
subsp. indet. as described by Seitz (1965: pl. 9, figs.
?1, 3-4). Seitz suggested the possibility that his
undescribed variety could represent juveniles of
otherwise typical (i.e., radially ornamented) S.
pachti. Although this is also possible in the case of
our material, no radially ribbed specimen of S.
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pachti has ever been reported from the Western
Interior Basin, and our material also seems to
include adult specimens. Consequently, our speci-
mens are regarded as representing a sample of a
nonradially ribbed natural population.

The geniculated, and particularly the small-
sized specimens of S. pachti described herein very
closely resemble the type of I. pontoni McLearn
(1926: pl. 20, fig. 1). The only differences that may
be indicated, based on the limited material of
McLearn’s species, are: (1) weakening of the pos-
terior radial sulcus and (2) general weakening of
the ornament in the adult stages of 1. pontoni (this
is not the case in S. pachti). The typical specimens
of McLearn’s species, collected from the Smoky
River area, western-central Alberta, and from the
Kevin section, northern Montana, come from
beds slightly younger than S. pachti. Consequently,
it is suggested herein that I. pontoni may represent
an evolutionary descendant of S. ex gr. pachti.

OccurRENCE: The material studied is from
the lower Santonian of Alberta, Canada. Very
similar specimens occur higher in the lower and
middle? Santonian.

Sphenoceramus ex gr. cardissoides
(Goldfuss, 1835)

Figure 24

1965. Inoceramus cardissoides subsp. indet. Seitz:
47, pl. 4, figs. 1-4.

2006. Sphenoceramus ex gr. cardissoides (Gold-
fuss, 1835). Walaszczyk and Cobban: text-
figs. 48.3-48.6.

MATERIAL: Single RV, RTM 2016.041.0272,
from 126 m level of West Thistle Creek.

DescripTION: The studied specimen (fig. 24) is
the small-sized internal mold of the RV; its hmax

= 48.5. The valve is strongly inflated as for S.

cardissoides; its b/h= 0.45. The disc is subquadrate

FIG. 23. Sphenoceramus ex gr. pachti (Arkhangelsky, 1912). Wapiabi Formation, basal Santonian. A, C, TMP
2016.041.0254, LV (geniculated), West Thistle Creek, 129.5 m, A, lateral view, C, anterior view. B, E, TMP
2016.041.0247, LV (geniculated), West Thistle Creek, 123 m, B, anterior view, E, lateral view. D, G, TMP
2016.041.0152, LV, Cripple Creek, 47.5 m, D, lateral view, G, oblique, dorsoposterior view. F, TMP
2016.041.0265, LV, West Thistle Creek, 125.3 m, lateral view. All photographs are x1.
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FIG. 24. Sphenoceramus ex gr. cardissoides (Goldfuss, 1835), TMP 2016.041.0272, RV, Wapiabi Formation,
West Thistle Creek, 125.3 m, A, lateral view, B, posterior view, C, anterior view. The photograph is x1.

in outline, prosogyrate. The beak is pointed,
curved anterodorsally, projecting above the hinge
line. Its anterior margin is distinctly concave, rela-
tively long, with AM/h = 0.65, which is distinctly
higher than in S. ex gr. pachti (ca. 0.5 or less). The
anterior wall is steep to overhanging. The ventral
margin is rounded. The radial sulcus is well devel-
oped. The posterior auricle is not preserved.

The valve is ornamented with strong commar-
ginal rugae, sharp-edged, with flat, and relatively
large interspaces. The rugae are superimposed by
raised, sharp-edged growth lines. Traces of weak
radial ribs are visible in the axial part of the valve.

REMARKS: The specimen clearly belongs to the
Sphenoceramus pachti-cardissoides group. Its rela-
tively long anterior margin is a characteristic of S.
cardissoides. The lack of radial ornament makes it
close to forms referred by Seitz (1965: 47) to Inoc-
eramus cardissoides subsp. indet. Similarly, as with
nonradially ribbed variety of S. pachti, Seitz did
not name this variety, suggesting that it might
comprise only the juvenile stages of other, radially
ribbed species. The presence of this morphotype
in the U.S. Western Interior suggests that the vari-
ety may represent a separate taxon.

OccURRENCE: The studied specimen comes
from the lower Santonian of the West Thistle
Creek section; the US Western Interior speci-
mens come from the Santonian. The morphotype
is also known from the lower and middle Santo-
nian of Germany (Seitz, 1965).
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Chapter 3

Scaphitid Ammonites from the Upper Cretaceous
(Coniacian-Santonian) Western Canada Foreland Basin

NEIL H. LANDMAN,! A. GUY PLINT,? AND IRENEUSZ WALASZCZYK?

ABSTRACT

The Upper Cretaceous (Coniacian-Santonian) of the Western Canada Foreland Basin, contains a
rich record of scaphitid ammonites (scaphites). We describe four species: Scaphites (Scaphites) pre-
ventricosus Cobban, 1952, Scaphites (S.) ventricosus Meek and Hayden, 1862, Scaphites (S.) depressus
Reeside, 1927, and Clioscaphites saxitonianus (McLearn, 1929). These are widespread index fossils
that demarcate the upper lower-middle, middle, and upper Coniacian, and the lower Santonian,
respectively. They occur in the lower part of the Wapiabi Formation, Alberta. The Coniacian part of
the section has been divided into 24 informal allomembers based on the recognition of marine
flooding surfaces, most of which can be traced through the >750 km extent of the study area. The
most distinctive feature in the ontogenetic development of scaphites is the change in coiling during
ontogeny. At the approach of maturity, the shell uncoils slightly, forming a shaft, which then recurves
backward approaching the earlier secreted phragmocone. However, this sequence of scaphites shows
an evolutionary trend toward recoiling, accompanied by an increase in size and degree of depression.
These changes occurred against a background of changing environmental conditions resulting from
the expansion of the Western Interior Seaway during the Niobrara transgression. This resulted in an
increase in the area of offshore habitats, which may have promoted the appearance of larger species
with more depressed whorl sections. Scaphites probably lived at depths of less than 100 m, and may
have fed on small organisms in the water column.

INTRODUCTION

The Western Canada Foreland Basin (WCFB) comprises a stratigraphic succession of mudstones
and sandstones approximately 5 km thick (Wright et al., 1994). The basin extends approximately
1000 km to the east of the Rocky Mountain Foothills. This succession yields a rich record of Late
Cretaceous scaphitid ammonites (hereafter referred to as scaphites) ranging from the Turonian to
the early Maastrichtian. In this paper, we document the stratigraphic and geographic distribution
of the early Coniacian and lower Santonian scaphites, which, together with the co-occurring ino-
ceramid bivalves, permit a subdivision of the Canadian succession into biostratigraphic units
(Walaszczyk et al., this issue). Examination of the distribution of the scaphites also allows an evalu-
ation of their biogeography and evolutionary patterns through time.
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2 Department of Earth Sciences, University of Western Ontario, London, Ontario Canada.
3 Faculty of Geology, University of Warsaw, Warszawa, Poland.
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FIG. 1. Map of southwestern Alberta, Canada, showing localities mentioned in the text (for more details, see

Plint et al., this issue).

GEOLOGIC BACKGROUND

The fossils described in this report were col-
lected at 18 localities in the Rocky Mountain
Foothills of Alberta. The localities are plotted in
figure 1. They cover the western part of Alberta
and extend from approximately 49°N to 54°N. The
outcrop sections were correlated using a large
database of publicly available wireline logs that
permitted both lithostratigraphic and allostrati-
graphic relationships to be established, as
described in more detail by Plint et al. (this issue).

The Wapiabi Formation consists of Coniacian
to lower Campanian rocks and is divided into
seven members, each with a distinctive succes-
sion of lithologies (Stott, 1963, 1967). The lowest
unit is the Muskiki Member, which is dominated
by mudstones and rests uncomformably on the
Cardium Formation. The Muskiki Member is
overlain by the Marshybank Member, which is
represented by offshore facies in the south and
nearshore sandstones and terrestrial deposits in
the north. Beneath the Peace River Plains in the
Northeast, the Marshybank Member is uncon-
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formably overlain by an upper Coniacian unit
called the Bad Heart Formation, which consists
of very fine-grained sandstones and ooidal iron-
stones and is exposed along the Smoky River
(Plint et al., 1990; Donaldson et al., 1998, 1999).
The Cardium and Wapiabi formations in Alberta
correlate with the Ferdig and Kevin members of
the Marias River Formation in Montana (Cob-
ban et al., 1976; Shank, 2012; Shank and Plint,
2013; Walaszczyk et al., 2014).

Plint et al. (this issue) divided the Coniacian
and lowermost Santonian rocks of the Wapiabi
Formation into 24 informal allomembers based
on the recognition of marine flooding surfaces.
These surfaces are identified by an abrupt transi-
tion from coarser- to finer-grained sediments, and
in many instances, the surfaces are marked by a
veneer of intra- or extrabasinal pebbles that imply
an episode of shallowing and possibly subaerial
emergence. Plint et al. (this issue) interpreted
these flooding surfaces as approximate time lines
that allow a reconstruction of the subsidence his-
tory of the basin. The flooding surfaces in Conia-
cian rocks are designated CS1 (Coniacian Surface
1) to CS23. The allostratigraphically defined units
of rock bounded by these flooding surfaces are
designated CA1 (Coniacian Allomember 1) to
CA24. In addition, the boundary between the
Cardium Formation and the overlying Muskiki
Member is designated E7 (after Plint et al. 1986),
and the basal surface of the Santonian strata is
designated SSO (Santonian Surface 0).

TERMINOLOGY

Landman et al. (2010) reviewed the terms used
to describe scaphites of the genus Hoploscaphites.
These terms equally apply to the species described
herein: Scaphites (S.) preventricosus Cobban, 1952,
S. (8.) ventricosus Meek and Hayden, 1862, S. (S.)
depressus Reeside, 1927, and Clioscaphites saxito-
nianus (McLearn, 1929). The adult shell consists
of two parts, a closely coiled phragmocone and a
slightly to strongly uncoiled body chamber (fig.
2). The part of the phragmocone that is exposed
in the adult shell (as compared to the part that is
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concealed inside) is called the adult phragmocone.

The most adapical point of the adult phragmo-

cone is called the point of exposure. The body

chamber consists of the shaft, beginning near the
last septum, and a hook terminating at the aper-
ture. The point at which the hook curves back-
ward is called the point of recurvature.

Measurements of the adult shell are the same
as those described and illustrated in Landman
et al. (2013: 9, fig. 3). All measurements were
made using electronic calipers on actual speci-
mens, rather than on photos, with the exception
of the apertural and septal angles. The following
sequence follows the order of the measurements
such that Hp is linked to Wp, etc.

LMAX = maximum length from the venter of
the phragmocone to the venter of the
hook

UD = umbilical diameter through the center of
the umbilicus parallel to the line of maxi-
mum length

W, = whorl width of the phragmocone along the
line of maximum length

H, = whorl height of the phragmocone along the
line of maximum length

Wy = whorl width of the body chamber at mid-
shaft

Hg = whorl height of the body chamber at mid-
shaft

Wy = whorl width of the hook at the point of
recurvature

Hy; = whorl height of the hook at the point of
recurvature

AA = in macroconchs, the angle of intersec-
tion (in degrees) between two lines (a
line drawn along the umbilical shoulder
and another line drawn along the aper-
tural margin), extending from approxi-
mately the point of recurvature to the
aperture

SA = in macroconchs, the angle of intersection
(in degrees) between two lines (a line
drawn along the umbilical shoulder coin-
ciding with the line of maximum length
and a line drawn through the position of
the last septum); negative values are
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A

phragmocone

secondary rib

primary rib - last

shaft

point of
recurvature

FIG. 2. Scaphite terminology. A, B, D. Macroconch, left (A, B) and right (D) lateral views. The position of the
last septum marks the base of the body chamber. The umbilical seam of the shaft is straight in macroconchs.
C. Close-up of the umbilicus; the umbilical diameter is measured parallel to the long axis of the specimen.
D. Angle of orientation of the aperture with respect to the vertical (orientation). Abbreviations: Hp, = whorl
height of the phragmocone along the long axis; Hg = whorl height at midshaft; Hy = whorl height of the hook
at the point of recurvature; LMAX = maximum length along the long axis; apt. < = apertural angle;
SA < = septal angle; UD = umbilical diameter; X= center of buoyancy; « = center of mass.
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Y v

FIG. 3. Comparison of macroconch (C, D) and microconch (A, B) of Scaphites (S.) depressus Reeside, 1927,
in lateral view (A, C) and median cross section (B, D). The tick marks indicate the base of the body chamber.
A, B. x1.5; C, D. x1.
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defined as above (adapical of) the line of
maximum length; positive values are
defined as below (adoral of) the line of
maximum length
Several ratios were calculated to describe the
shape of the adult shell and facilitate compari-
sons among specimens:

W/Hj = the ratio of whorl width to whorl height
of the phragmocone along the line of max-
imum length

W,/H; = the ratio of whorl width to whorl height
of the body chamber at midshaft

Wy/Hy _ the ratio of whorl width to whorl
height of the hook at the point of recurva-
ture

LMAX/Hp = the ratio of maximum length to
whorl height of the phragmocone along
the line of maximum length

LMAX/Hg = in macroconchs, the ratio of maxi-
mum length to whorl height of the body
chamber at midshaft

A number of terms are used to describe
ornamentation:

primary ribs = ribs that originate near the
umbilicus

secondary ribs = ribs that originate on the
flanks or venter, either by branching or
intercalation

rib density = number of ribs/cm on the venter
as measured on the adapical and adoral parts of
the phragmocone, the midshaft, and the hook

tubercles = small conical swellings

Photographs of adult shells are natural size.

Small black tick marks on the photos mark the

base of the body chamber, where visible. The

base of the body chamber is defined as the posi-
tion of the median saddle in the ventral lobe.

Specimens are photographed in lateral, apertural,

and ventral views. The suture terminology is that

of Wedekind (1916), as reviewed by Kullmann

and Wiedmann (1970).

TAXONOMIC BACKGROUND

Cobban (1952) revised the taxonomy of the
Turonian-Santonian scaphites of the U.S. West-

NO. 414

ern Interior in his classic monograph in which
he described 27 new species. He placed most of
these species in the genus Scaphites but also
introduced the genera Clioscaphites for species
that are closely coiled at maturity with trifid lat-
eral lobes and Desmoscaphites for species that
develop constrictions in their early ontogeny.
These species were subsequently studied by
Birkelund (1965), Crick (1978), Landman (1987,
1989), Kennedy and Cobban (1991), Cooper
(1994), Braunberger (1994), Braunberger and
Hall (2001), Collom (2001), Landman and Cob-
ban (2007), and Cobban et al. (2006). Cooper
(1994: 176) introduced the new genera Anascaph-
ites and Billcobbanoceras and reassigned several
of the species that Cobban (1952) had previously
included in Scaphites and Clioscaphites to these
new genera; these changes have not been fol-
lowed by any subsequent workers (e.g., Braun-
berger and Hall, 2001; Cobban et al.,, 2006;
Landman and Cobban, 2007). Until a thorough
phylogenetic revision of all these species is
undertaken, we prefer to follow the simplified
taxonomy outlined by Kennedy and Cobban
(1991) in their recent treatment of these forms.

The taxonomic discrimination of scaphite
species mostly relies on features of the mature
shell. Throughout most of ontogeny, the shell is
closely coiled, similar to so-called normal ammo-
nites. However, at the approach of maturity, the
shell uncoils slightly, forming a shaft, which then
recurves backward approaching the earlier
secreted phragmocone. This change in shape is
usually accompanied by a change in ornamenta-
tion affecting the coarseness and spacing of ribs
and the appearance of ventrolateral tubercles.
Internally, these changes are associated with a
reduction in spacing of the last few septa, known
as septal approximation.

Dimorphism is present in all scaphites, but usu-
ally is apparent only at maturity (fig. 3). It is gener-
ally interpreted as sexual in nature (Cobban, 1969;
Landman and Waage, 1993; Davis et al., 1996). The
dimorphs are referred to as the macroconch (M),
presumably the female, and the microconch (m),
presumably the male. In the scaphite species
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described in this report, dimorphism is expressed
by size, robustness, and degree of uncoiling, with
macroconchs larger, more robust, and more tightly
coiled. The body chamber is more inflated in mac-
roconchs than in microconchs, possibly due to the
expansion of the female reproductive organs. In
both dimorphs, the whorl width and height
decrease at the end of ontogeny, so that the adult
aperture is smaller than that at midshaft (Collom,
2001: pl. 45, figs. 4-8).

As documented in other scaphites, macro-
conchs are larger than microconchs (Makowski,
1962; Cobban, 1969; Machalski, 2005). Dimorphs
of the same species overlap in size, but the largest
macroconch is usually larger than the largest
microconch. For example, in our sample of
Scaphites (S.) depressus, the extent of size overlap
is 14% of the total combined size range of both
dimorphs. The average size of microconchs is
72% that of macroconchs (or conversely, the
average size of macroconchs is 139% that of
microconchs). The difference in size between the
two dimorphs in this species amounts to less
than one whorl (Collom, 2001).

The dimorphs of the Turonian-Santonian
scaphites were previously described as separate
species or varieties of the same species (Cobban,
1952). In Scaphites (Scaphites) preventricosus, the
microconch was originally designated as S. (S.)
preventricosus var. sweetgrassensis, in S. (S.) ven-
tricosus, it was originally designated as S. (S.)
tetonensis, in S. (S.) depressus, it was originally
designated as S. (S.) depressus. var. stantoni, and
in Clioscaphites saxitonianus, it was originally
designated as C. saxitonianus var. keytei. We fol-
low the current systematic practice of combining
the dimorphs (to the extent that we can recog-
nize them) into the same species.

GEOGRAPHIC DISTRIBUTION

The Coniacian and Santonian scaphites
described in this report are widely distributed in
the Western Interior of North America (fig. 1). In
addition, Birkelund (1965) described several of
these species from western Greenland, supporting
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a connection between this area and the Interior
Seaway. However, none of these species has been
reported from either the Gulf of Mexico and
Atlantic Coastal Plains or Europe. Their absence
there may represent a taphonomic bias, but more
likely, it reflects their preference for boreal seas.
Scaphites (S.) preventricosus is present in the
Cardium Formation at Highwood River, Alberta,
and in the Wapiabi Formation at Mill Creek, Cut-
pick Creek, Oldfort Creek, Wapiabi Creek, and
Bighorn Dam, Alberta (fig. 1). It is present in the
United States in the Kevin Member of the Marias
River Shale in north-central Montana and in the
uppermost part of the Frontier Formation in
Wyoming. Outside North America, it has been
reported from Umivik, Svartenhuk, western
Greenland (Birkelund, 1965). Scaphites (S.) ventri-
cosus is present in the Wapiabi Formation at Ram
River, East Thistle Creek, James River, Blackstone
River, Chungo Creek, Mill Creek, Sheep River,
Bighorn Dam, and Bighorn River, Alberta. It is
present in the United States in the Kevin Member
of the Marias River Shale in north-central Mon-
tana, the Cody Shale in western Wyoming, and
the Mancos Shale in New Mexico. Outside North
America, it has been reported from Alianaitsin-
guaq, Nagssuaq, western Greenland (Birkelund,
1965). Scaphites (S.) depressus is present in the
Wapiabi Formation at Ram River, East Thistle
Creek, West Thistle Creek, James River, Sheep
River, Bighorn Dam, Bighorn River, Cardinal
River, and Mill Creek, Alberta. In the United
States, it is present in the Kevin Member of the
Marias River Shale in north-central Montana and
the Cody Shale in western Wyoming. It is rare in
the Smoky Hill Chalk Member of the Niobrara
Formation in southwestern Colorado and the
Mancos Shale in western Colorado and eastern
Utah. Clioscaphites saxitonianus is present in the
Wapiabi Formation at James River, West Thistle
Creek, Cardinal River, Cripple Creek, Lynx Creek,
and above the measured section at Ram River,
Alberta. In the United States, it is present in the
Apishapa Shale of southeastern Colorado and the
Kevin Member of the Marias River Shale on the
east flank of the Sweetgrass Arch of north-central
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FIG. 4. Ammonite zonation of the Coniacian and Santonian of the U.S. Western Interior (modified from

Cobban et al., 2006).

Montana. Outside North America, it has been
reported from western Greenland (Birkelund,
1965).

STRATIGRAPHIC DISTRIBUTION

Based on the extensive biostratigraphic
research summarized in Cobban et al. (2006), the
Upper Cretaceous of the U.S. Western Interior
was subdivided into 66 zones using ammonites
and co-occurring inoceramid bivalves (fig. 4).
According to this scheme, the Coniacian was
subdivided, in ascending order, into the lower
Coniacian Scaphites (S.). preventricosus Zone, the
middle Coniacian S. (S.) ventricosus Zone, and
the upper Coniacian S. (S.) depressus Zone. This
succession is confirmed by the Canadian mate-
rial studied here. However, the base of the Scaph-
ites (S.) ventricosus Zone is lower down in the
section than previously thought and occurs in
the upper part of the lower Coniacian. The base
of the middle Coniacian is defined by the lowest
occurrence of the inoceramid genus Volvicera-
mus. The apparent coincidence of the lowest
occurrences of S. (S.) ventricosus and Volvicera-
mus is probably the result of a pan-regional
stratigraphic gap (e.g., Walaszczyk and Cobban

2000, 2006). The overlying Santonian consists, in
ascending order, of the lower Santonian
Clioscaphites saxitonianus Zone, the middle San-
tonian C. vermiformis Zone, and the upper San-
tonian C. choteauensis, Desmoscaphites erdmanni,
and D. bassleri Zones. The S. (S.) preventricosus
Zone is dated at 88.55 + 0.59 Ma, the S. (S.)
depressus Zone at 87.14 + 0.39 Ma, and the D.
bassleri Zone at 84.30 + 0.34 Ma, so that our
study interval spans approximately 4 Myr (Sage-
man et al., 2014).

Scaphites are present in all outcrop sections
examined in our study (fig. 1). They occur as iso-
lated specimens preserved as internal molds com-
posed of siderite. The biostratigraphic distribution
of the various species conforms to the established
zonation. The stratigraphic position of each spe-
cies is recorded in table 1 (for more details about
this stratigraphic distribution, see Plint et al., this
issue). The ranges of several of the species overlap.
For example, at Bighorn Dam, a specimen of
Scaphites (S.) ventricosus occurs in the lower part
of the S. (S.) depressus Zone at a height of 107.5 m.
At Cardinal River, two specimens of S. (S.) depres-
sus occur in the lower part of the Clioscaphites
saxitonianus Zone at a height of 141.5-143.5 m.
Similarly, at West Thistle Creek, two specimens of
S. (S). depressus occur in the lower part of the C.
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TABLE 1
Height (m) of species in the measured section at each locality.
X = present, but height unknown.

Locality S. (S.) preventricosus S. (8.) ventricosus S. (8.) depressus C. saxitonianus
Bighorn Dam 8.5 42.6, 50-60, 69.5, 96.7, 103.4, 107.3, 108.0, 109.6,
84.2, 87.6, 107.5 112.8, 113.0, 115.3, 115.8,
116.0, 133.0
Bighorn River 99.4 109.4, 132.4, 142.2, above mea-
sured section
Blackstone River 374

Cardinal River

Chungo Creek

Cripple Creek

Cutpick Creek 9.0
Highwood River Cardium Fm.
James River 52.1
Lynx Creek

Mill Creek 70.0, 90.0, 139.0, 191.0

141.0

Oldfort Ck. 13.2
Ram River 108.7

Sheep River 78
Sullivan Creek

E. Thistle Ck. 18.2
W. Thistle Ck.

Wapiabi Ck 14.5, 51.0

41.4,48.9,51.3

90.4, 96.8, 121.0, 139.0, 141.5- 141.5-143.5
143.5
47.0, 48.6
92.7 105.7
X
230

110.7, 111.4, 112.7, 119.6, Above measured sec-
127.3, 132.5. 132.9 tion

147.5, 149.0, 158.8

83.3

100.3, 100.9, 101.3, 102.0,
105.8, 106.7, 107.0, 110.7,
113.8, 114.9, 118.7, 121.0, 123.6

121.0, 123.6, 123.6,
125.9, 130.2

saxitonianus Zone at a height of 121.0 and 123.6
m. Cobban et al. (2005) also noted the co-occur-
rence of S. (S.) depressus and C. saxitonianus.
These overlaps in stratigraphic range imply evolu-
tionary episodes of cladogenesis rather than ana-
genesis, which was the pattern previously
envisioned by Cobban (1952).

The lowest occurrences of each scaphite spe-
cies can be interpreted in the context of the rela-
tive sea-level curve (fig. 5) based on the
allostratigraphic scheme developed by Plint et
al. (this issue). The lowest occurrence of Scaph-
ites (S.) preventricosus is just above erosional

surface E5.5, which marks the beginning of a
major transgression that commenced in the very
latest Turonian (Walaszczyk et al., 2014). The
lowest occurrence of S. (S.) ventricosus is imme-
diately above surface CS2 in allomember CA3
just below an interpreted highstand and prior to
a major regression that culminated at surface
CS4, which marks the boundary between the
lower and middle Coniacian. It is just below the
lowest occurrence of Volviceramus, which marks
the base of the middle Coniacian. The lowest
occurrence of S. (S.) depressus is in allomember
CAL15, immediately above surface CS14 in an
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FIG. 5. Stratigraphic ranges of Scaphites (S.) preventricosus, S. (S.) ventricosus, S. (S.) depressus, and Clioscaph-
ites saxitonianus (plotted on the left side) next to a curve of the changes in relative sea level during the
Turonian-Santonian based on analysis of stratigraphic sections in the Western Foreland Basin (Plint et al., this
issue). The evolutionary relationships proposed by Cobban (1952) are presented as a cladogram showing the

trend toward recoiling at maturity.

overall regressive succession, which marks the
base of the upper Coniacian. The increase in
abundance of this species above surface CS14 is
possibly coupled with a change in water chem-
istry (oxygen level?) that is expressed by an
abrupt increase in the intensity of bioturbation.
The lowest occurrence of Clioscaphites saxitonia-
nus is at the base of the Santonian (surface SS0),
and coincides with a major transgression that is
expressed by a gradual change from bioturbated

sandy siltstones to dark mudstones with a very
low level of bioturbation, indicative of a transi-
tion to a more offshore setting with more oxy-
gen-deficient bottom water.

PALEOECOLOGY

One of the most important clues about the
mode of life of ammonites is the angle of orien-
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TABLE 2
Angle of orientation of the aperture with respect to the vertical in Turonian-Santonian scaphites.
See figure 2 for description of measurements ;angles are reported to the nearest 0.5°.

Sample

Species No,

TMP No.

Dimorph Angle (°)

S. (8.) preventricosus 30
S. (S.) preventricosus 26
S. (8.) preventricosus 28

S. (8.) preventricosus 31

S. (8.) ventricosus 19
S. (8.) ventricosus 63
S. (S.) ventricosus 66
S. (S.) ventricosus 141
S. (8.) ventricosus 62
S. (S.) depressus 9
S. (8.) depressus 37
S. (S.) depressus 78
S. (8.) depressus 85
S. (S.) depressus 115
S. (S.) depressus 121
S. (S.) depressus 150
S. (S.) depressus 3
S. (S.) depressus 89
S. (S.) depressus 144
C. saxitonianus 105

2016.041.0038
2016.041.0034
2016.041.0036
2016.041.0039
2016.041.0021
2016.041.0164
2016.041.0167
2016.041.0379
2016.041.0163
2016.041.0011
2016.041.0069
2016.041.0212
2016.041.0219
2016.041.0303
2016.041.0350
2016.041.0388
2016.041.0005
2016.041.0223
2016.041.0382
2016.041.0279

Macroconch  125.0
Microconch 123.0
Microconch 135.0
Microconch 1285
Macroconch  128.0
Macroconch  134.0
Macroconch  140.5
Macroconch  135.0
Microconch 121.0
Macroconch  122.0
Macroconch  122.0
Macroconch 1285
Macroconch  113.5
Macroconch ~ 141.5
Macroconch  114.0
Macroconch ~ 122.5
Microconch 122.5
Microconch 126.5
Microconch 120.0
Macroconch  116.0

tation of the aperture with respect to the verti-
cal. Assuming that scaphites maintained near
neutral buoyancy during life, this parameter
can be calculated based on the positions of the
centers of mass and buoyancy, using the same
approach as Trueman (1941). We used photos
of specimens in lateral view and “cut out” the
whole specimen and body chamber separately.
In incomplete specimens, we filled in the miss-
ing portions of the shell. Using a computer pro-
gram (Image J), the centers of the areas of the
whole specimen and of the body chamber were
determined and treated as proxies for the cen-
ters of buoyancy and mass, respectively. We
drew two lines: one through the center of mass
and buoyancy constituting the vertical and
another line through the apertural margin. The

angle of orientation of the aperture is defined as
the angle between the apertural margin and the
vertical.

The above method involves as least three
simplifying assumptions: (1) the phragmocone
is completely filled with air, with no cameral
liquid present; (2) the soft tissues are uniformly
distributed in the body chamber, thus neglect-
ing the weight of the aptychus (jaws) at the
adoral end; and (3) the thickness of the shell is
uniform (for more details about these assump-
tions, see Landman et al., 2010).

We examined the angle of orientation of the
aperture in four specimens of Scaphites (S.)
preventricosus (one macroconch and three
microconchs), five specimens of S. (S.) ventri-
cosus (four macroconchs and one microconch),
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FIG. 6. Hypothetical reconstruction of a macroconch (female) of Scaphites (S.) preventricosus with small deli-
cate arms joined together by a thin web. The shell is covered by a thin periostracum. Artist: Mariah Slovacek

(AMNH).

10 specimens of S. (S.) depressus (seven mac-
roconchs and three microconchs), and one
specimen of Clioscaphites saxitonianus (mac-
roconch). The angle of orientation is nearly
the same in all four species (table 2). It aver-
ages 127.0° and ranges from 114.0° to 141.5°.
It averages 128.0° in S. (S.) preventricosus,
132.0° in S. (S.) ventricosus, 123.5° in S. (S.)
depressus, and 116.0° in C. saxitonianus (table
2). In addition, the angle of orientation of the
aperture is approximately the same in
dimorphs within the same species. In S. (S.)
preventricosus, it averages 125.0° in macro-
conchs and 129.0° in microconchs; in S. (S.)

ventricosus, it averages 134.5° in macroconchs
and 121.0° in microconchs; and in S. (S.)
depressus, it averages 123.5° in macroconchs
and 123.0° in microconchs.

These high values indicate that the aperture of
these scaphites faced upward during life. This
orientation is incompatible with feeding on the
bottom, as in modern Nautilus. In addition, the
aperture at maturity is smaller in size relative to
that at midshaft, especially in macroconchs, fur-
ther impeding access to the bottom. Instead,
these scaphites may have fed on small organisms
in the water column. To facilitate the capture of
small prey, the soft body may have extended
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weblike out of the aperture with the jaws pro-
truding forward (fig. 6).

Collom (2001) reached a similar conclusion
about the mode of life of scaphites based on the
orientation of the aperture. However, he argued
that these animals lacked jaws altogether based
on the absence of jaws in the large collection of
Scaphites (S.) depressus at his disposal. This is
extremely unlikely given the presence of jaws in
closely related species such as S. (S.) mariasensis,
as documented by Landman et al. (2012). Indeed,
the preservation of jaws is relatively rare and
depends on many factors including whether the
shells floated into the site after death or immedi-
ately fell to the sea floor in the same area in
which they lived (Wani et al., 2005). It also
depends on whether the animals were buried
rapidly or remained at the sediment water inter-
face for some time. As a clue to the circum-
stances surrounding the burial of the specimens
in our study, two macroconchs of S. (S.) depres-
sus in our collection bear bryozoan colonies that
cover the inside surfaces of the body chambers
(exposed on the outside surfaces of the internal
molds), suggesting that these specimens
remained on the sea floor long enough for epizo-
ans to colonize them.

The preservation of jaws also depends on the
length and shape of the body chamber. The
short, depressed body chambers of Scaphites
(S.) depressus do not seem to favor in situ jaw
preservation. Landman et al. (2017) reported
similar findings for fossil nautilids with short,
depressed body chambers. They studied a col-
lection of approximately 300 specimens belong-
ing to the genus Eutrephoceras, and despite the
abundance and excellent preservation of the
shells, they did not find a single in situ jaw. Fur-
ther studies could shed additional light on the
relationship between body chamber size and
shape and the incidence of in situ jaw preserva-
tion (for more details about the taphonomy of
jaws in externally shelled cephalopods, see
Wani, 2007).

Most investigations of the habitat of scaphites
suggest that they lived a few meters above the
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bottom. This inference is based on several lines
of evidence, including incidence and kinds of
injuries on the shells, facies and faunal associa-
tions, and isotopic analyses (Landman et al,
2012; Landman and Klofak, 2012). For example,
in the Campanian Pierre Shale of the U.S. West-
ern Interior, scaphites are associated with a rich
benthic and nektic fauna (Tsujita and Wester-
mann, 1998; Landman et al., 2010). Such associa-
tions suggest that the same factors (elevated
levels of oxygen?) that favored the development
of benthic communities also promoted an
increase in the number of scaphites. The habitat
depths of scaphites have been estimated based on
investigations of the mechanical strength of the
shell and septa. According to Hewitt (1996), the
implosion depth of Scaphites (S.) whitifieldi, S.
(S.) preventricosus, and Clioscaphites vermiformis
averages 170 m. In analogy with modern Nauti-
Ius, the ammonites would probably have lived at
shallower depths, “to be on the safe side” These
values are consistent with depth estimates of the
Alberta portion of the Western Interior Seaway
during the Coniacian (Plint et al., this issue).

EVOLUTION

The evolutionary relationships among Conia-
cian and Santonian scaphites in the Western Inte-
rior of North America have not yet been resolved
through rigorous phylogenetic analysis. However,
based on his studies, Cobban (1952) assembled a
detailed record of the stratigraphic succession of
species in the U.S. Western Interior. This succes-
sion provides a biostratigraphic framework as well
as a hypothesis of evolutionary relationships from
more primitive to more advanced species (fig. 5).
Cobban (1952) noted a succession of endemic
species starting in the late Turonian and extending
to the end of the Coniacian. In ascending bio-
stratigraphic order, they are Scaphites (S.) whit-
fieldi Cobban, 1952, S. (S.) nigricollensis Cobban,
1952, S. (S.) corvensis Cobban, 1952, S. (S.) preven-
tricosus and the closely related species S. (S.) mari-
asensis Cobban, 1952, S. (S.) ventricosus, and S.
(S.) depressus. He also noted two micromorph
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species, S. (Pteroscaphites) pisinnus (Cobban,
1952) and S. (P.) auriculatus (Cobban, 1952),
which co-occur with S. (S.) whitfieldi and S. (S.)
preventricosus, respectively. Since then, a “macro-
morph” species, S. (S.) borealis Cobban and Ken-
nedy, 1991, has also been described, which
co-occurs with S. (S.) whitfieldi.

The evolutionary relationships proposed by
Cobban (1952) are presented as a phylogenetic
tree in figure 5. If these relationships are valid,
they suggest a directional change in morphol-
ogy from more loosely to more closely coiled
shells at maturity, with the most marked change
occurring between Scaphites (S.) preventricosus
and S. (S.) ventricosus. The degree of uncoiling
of macroconchs at maturity is expressed by the
ratio of LMAX/H, (the ratio of maximum
length to whorl height of the phragmocone
along the line of maximum length, fig. 2). The
value of this ratio is lower in more tightly coiled
shells (Landman, 1987: fig. 74). In the present
study, the value of this ratio averages 3.07 in
Scaphites (S.) preventricosus, 2.55 in S. (S.) ven-
tricosus, and 2.55 in S. (S.) depressus. The degree
of uncoiling of macroconchs at maturity is also
expressed by the apertural angle (fig. 2), not to
be confused with the angle of orientation of the
aperture with respect to the vertical during the
lifetime of the animal. The value of the aper-
tural angle is lower in more tightly coiled shells.
In the present study, the value of this angle
averages 100.0° in S. (S.) preventricosus, 82.5° in
S. (S.) ventricosus, and 70.2° in S. (S.)
depressus.

The change in the degree of uncoiling of the
shell correlates with three other variables: position
of the last septum, degree of whorl compression,
and adult size (as observed in macroconchs). The
position of the last septum relative to the line of
maximum length of the shell is expressed by the
septal angle (fig. 2). Negative angles are defined as
above (adapical of) the line of maximum length
whereas positive angles are defined as below
(adoral of) the line of maximum length. The posi-
tion of the last septum shifts toward the apex in
more closely coiled shells. In the present study, the
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value of the septal angle averages 52.0° in Scaph-
ites (8.) preventricosus, 12.0° in S. (S.) ventricosus,
and -2.5% in S. (S.) depressus. The degree of whorl
depression is also higher in more closely coiled
shells. The degree of whorl depression at maturity
is expressed by the ratio of Wy/Hg (the ratio of
whorl width to height at midshaft). In the present
study, the value of this ratio averages 1.27 in S. (S.)
preventricosus, 1.31 in S. (S.) ventricosus, and 1.39
in S. (S.) depressus. Finally, the adult size (LMAX)
is correlated with the degree of shell coiling, with
larger shells more tightly coiled. Based on the
measurements in the present study, the average
value of LMAX equals 70.1 mm in S. (S.) preven-
tricosus, 85.4 mm in S. (S.) ventricosus, and 90.6
mm in S. (S.) depressus.

The degree of uncoiling, the size at maturity,
and the degree of whorl compression are also
linked together within species. For example, in
Scaphites (S.) depressus, adult macroconchs are
larger, more depressed, and more closely coiled
than adult microconchs (fig.3; Collom, 2001: pl.
7, figs. 5, 6). The adult body chamber in macro-
conchs remains in contact with the phragmo-
cone whereas in microconchs, it uncoils slightly,
so that a space develops between the body cham-
ber and the phragmocone.

The position of the last septum and the aper-
tural angle are also linked together within spe-
cies. Landman et al. (2010) documented this
relationship in adults of Hoploscaphites nodosus
(Owen, 1851) and H. brevis (Meek, 1876) from
the upper Campanian Pierre Shale. They discov-
ered that the apertural angle is higher in speci-
mens in which the last septum occurs below the
line of maximum length. Based on calculations
of the centers of mass and buoyancy in these
scaphites, they argued that the covariation
between the position of the last septum and the
apertural angle guarantees that the angle of ori-
entation of the aperture with respect to the verti-
cal remains nearly the same.

The fact that the degree of shell uncoiling,
position of the last septum, degree of whorl com-
pression, and adult size vary within species sug-
gests that this variation was available for
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evolutionary modification. However, the addi-
tional fact that these features covary within spe-
cies further implies that they formed an
integrated whole, as expressed by the concept of
morphological integration (Olson and Miller,
1958; for another example of covariation between
morphological features in ammonites, see Yaco-
bucci, 2004). This suggests that the same selec-
tive forces that acted on individuals may also
have played a role in fashioning the shape of new
species; any changes during evolution were con-
strained by interdependent interactions, so that,
for example, the development of a larger shell
invariably entailed a reduction in the degree of
uncoiling with associated changes in the aper-
tural angle and position of the last septum.

The reduction in the degree of uncoiling also
affected the hydrostatic and hydrodynamic prop-
erties of the shell. It decreased the distance
between the centers of mass and buoyancy, thus
reducing stability. However, it improved the effi-
ciency of horizontal swimming and maneuver-
ability while maintaining the same orientation of
the aperture (Landman et al., 2012).

The driving force for all these trends may
have been an evolutionary increase in adult
size. This increase was accommodated by the
secretion of additional whorls rather than an
increase in the degree of whorl expansion
(Landman, 1987). If the rate of shell secretion
and chamber formation remained the same in
all species, this increase in size implies a delay
in the timing of maturation or, in terms of het-
erochrony, hypermorphosis (McKinney and
McNamara, 1991). Thus, the evolutionary
sequence from Scaphites (S.) whitfieldi to S. (S.)
depressus represents a peramorphocline in
which more derived species were larger and
longer lived than more primitive species. How-
ever, maturation entails its own set of morpho-
logical modifications starting at the point at
which the shell departs from the spiral coil and
develops into the shaft (Landman, 1989).

This evolutionary increase in adult size and
associated reduction in the degree of uncoiling
occurred against a backdrop of changing envi-
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ronmental conditions due to changes in the
extent of the Western Interior Seaway, as
reflected in transgressive-regressive curves (fig.
5) and paleogeographic reconstructions (Wil-
liams and Stelck, 1975; Nielsen et al., 2008;
Schroder-Adams et al., 2012). The overall
expansion of the seaway during this time is
associated with the Niobrara transgression
(Kauffman and Caldwell, 1993). In the late
Turonian, the Scaphites (S.) whitfieldi Zone was
deposited in the middle of an overall regressive
succession (fig. 5). The seaway was a narrow
strait several hundred kilometers wide (Nielsen
et al., 2008: fig. 10C). In the northern United
States, it extended from central Wyoming to
eastern South Dakota and, in Canada, it cov-
ered most of Alberta. It was characterized by an
axial belt of calcareous muds flanked on either
side by noncalcareous muds to muddy silts with
sands along the margins. In contrast, in the
middle Coniacian, the S. (S.) ventricosus Zone
was deposited during a major transgression,
and, as a result, the seaway was much wider. In
the northern United States, it extended from
western Wyoming to central Minnesota and, in
Canada, it extended from eastern British
Columbia to eastern Manitoba. The seaway was
characterized by broad swatches of calcareous
muds and noncalcareous muds to muddy silts
(Nielsen et al., 2008: fig. 13A).

Because of the much larger size and depth of
the seaway (but never exceeding the depth limits
of scaphites), it may have been less susceptible to
environmental perturbations affecting the habi-
tat where the scaphites lived. According to cur-
rent ecological theory, more stable environments
promote the evolution of longer-lived species
(e.g., Hone and Benton, 2005). In addition, the
increase in the areal extent of muddy facies asso-
ciated with quieter water conditions in the mid-
dle Coniacian may have favored the evolution of
species with more depressed whorl shapes. Such
shapes permit more efficient lower speed loco-
motion in lower energy, more offshore environ-
ments (Jacobs et al., 1994). In addition, such
lower-energy environments make fewer demands
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on the shell shapes of ammonites, so that stream-
lining is not as critical (Chamberlain, personal
commun., 2017). Nevertheless, even in the most
globose forms such as Scaphites (S.) depressus,
the flanks are relatively flat to broadly rounded,
suggesting good horizontal mobility.

Interestingly, once the maximum size and
close degree of coiling were attained in Scaph-
ites (S.) depressus, more derived species did not
become more loosely coiled again even though
the adult size decreased, as in Clioscaphites saxi-
tonianus. This pattern of irreversible shape
change follows the predictions of “Dollo’s Law;,”
as recently elaborated on by Collin and Cipriani
(2003). Evidently, once a size threshold was
attained, a return to more openly coiled shells
was not possible. This evolutionary tendency to
irreversibly reduce the degree of uncoiling in
scaphites has also been noted in other lineages.
In the U.S. Western Interior, Landman et al.
(2010) documented that the most primitive
(geologically oldest) members of Hoploscaphites
such as H. nodosus from the upper Campanian
are more loosely coiled than the most derived
(geologically youngest) members of this genus
such as H. nebrascensis from the upper Maas-
trichtian. This same evolutionary tendency has
also been documented during the geologic his-
tory of a single scaphite species from the middle
Turonian of Japan (Tanabe, 1975).

REPOSITORIES

The repository of specimens described in the
text is indicated by a prefix: AMNH, Division of
Paleontology (Invertebrates), American Museum
of Natural History, New York; BMNH, British
Museum (Natural History), London; NMC,
Canadian Museum of Nature, Ottawa, Ontario;
TMP, Royal Tyrell Museum, Drumbheller,
Alberta, Canada; YPM, Yale Peabody Museum,
New Haven, Connecticut; and USNM, U.S.
National Museum, Washington, D.C. The locali-
ties of the specimens from Alberta are shown in
figure 1 (modified from Plint et al., this issue).
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SYSTEMATIC PALEONTOLOGY
Class Cephalopoda Cuvier, 1797
Order Ammonoidea Zittel, 1884

Suborder Ancyloceratina Wiedmann, 1966
Superfamily Scaphitoidea Gill, 1871
Family Scaphitidae Gill, 1871
Subfamily Scaphitinae Gill, 1871

Scaphites (Scaphites) preventricosus
Cobban, 1952

Figures 7-9A

1952. Scaphites preventricosus Cobban: 26, pl. 9,
figs. 1-16.

1952. Scaphites preventricosus var. sweetgrassensis
Cobban: 27, pl. 10, figs. 18-25.

non 1952. Scaphites preventricosus var. artilobus
Cobban: 27, pl. 8, figs. 1-6 (= S. (S.) mari-
asensis Cobban, 1952).

1955. Scaphites preventricosus Cobban. Cobban:
201, pl. 1, fig. 9; pl. 2, fig. 5.

1965. Scaphites (Scaphites) preventricosus svar-
tenhukensis Birkelund: 83, pl. 16, fig. 3; pl.
18, figs. 2, 3; pl. 19, fig. 1; text-figs. 75-77.

1968. Scaphites cf. preventricosus Cobban. Cob-
ban: L3, pl. 1, fig. 15.

1970. Scaphites preventricosus Cobban. Casa-
nova: fig. 79.

1976. Scaphites preventricosus Cobban. Cobban:
124, pl. 1, figs. 8, 9.

1977. Scaphites preventricosus Cobban. Kauff-
man: pl. 24, figs. 1, 2.

1983. Scaphites preventricosus Cobban. Cobban:
10, pl. 8, figs. 11-13.

1987. Scaphites preventricosus Cobban. Land-
man: 227.

1989. Scaphites preventricosus Cobban. Land-
man: fig. 1 (6a, b).

1991. Scaphites (Scaphites) preventricosus Cob-
ban, 1952. Kennedy and Cobban: 84, text-
figs. 28C, D.

1994. Anascaphites preventricosus (Cobban).
Cooper: 176.
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TABLE 3
Measurements of Scaphites (S.) preventricosus macroconchs.

See figure 2 for description of measurements. All measurements are in mm, except for apertural angle (AA)
and septal angle (SA), which are in degrees. Rib density is reported to the nearest 0.25 ribs/cm on the adapical
and adoral parts of the phragmocone, the midshaft, and the hook, depending upon the preservation of
the specimen. The specimens from Highwood River are from the Cardium Formation. Height (m) is the
height in the measured stratigraphic section.

Study _ Height LMAX/ LMAX/ WP/ WS/  WH/ Rib density
TMP No.  Locality LMAX SA  UD
No. (m) HP HS HP HS HH  Adoral Shaft Hook
2016.041.
29 Mill Ck. 90 - - - - - - - - - - - -
0037
2016.041. )
30 0038 Mill Ck. 115 72.0 3.18 2.02 104.0 56.5 34 - 1.03 1.64 6 6 6
2016.041. Wapiabi
42 14.5 - - - - 51.0 - - 1.20 1.56 - 3.75 5
0085 Ck.
2016.041. Wapiabi
44 51.0 - - - 104.0 53.0 - 1.31 1.43 - - - -
0087 Ck.
2016.041. Highwood Car-
50 . i 68.2 2.95 2.19 - 43.0 - 1.06 - - 5 5 -
0135 Riv. dium
< 2016.041. Highwood Car-
0136 Riv. dium
2016.041.  Cutpick
73 9.0 - - - - 550 6.3 1.49 1.30 - - 4.5 4
0207 Ck.
2016.041.  Cutpick
74 9.0 - - - 92.0 55.0 - - 1.37 1.66 - 4 5
0208 Ck.
TMP2
151 016. Oldfort Ck. 13.2 - - - - - - - - - - 4 -
041.0473
Aver-
70.1 3.07 2.10 100.0 52.0 438 1.29 1.27 1.65 5.5 4.5 5
age

1994. Scaphites preventricosus Cobban. Braun-
berger: 107-110, pl. 1, figs. 9-12; pl. 2, figs.
1-5; pl. 3, figs. 1-6; pl. 4, figs. 1-9; pl. 5,
figs. 1-5; pl. 6, figs. 1-3.

2001. Scaphites preventricosus Cobban, 1951.
Braunberger and Hall: 340-342, pl. 2, figs.
8-12; pl. 2, figs. 1-10.

DiaGNosis: Macroconchs large and stout with
an oval outline in lateral view; body chamber
loosely uncoiled with a reduced aperture; aper-
tural angle approximately 100° ornamented by
fairly straight primary and secondary ribs that
are uniformly spaced on the body chamber;
microconchs smaller, more slender, with a more

loosely uncoiled body chamber; suture complex
with asymmetrically bifid lateral lobes.

Type: The holotype is USNM 106675 from a
bed of calcareous concretions in the Kevin Member
of the Marias River Shale, 514 to 525 feet below the
top, in the north bank of the Marias River, 5.5 miles
south of Shelby, Toole County, Montana.

MATERIAL: The collection consists of 15 spec-
imens, all of which are incomplete. They are
divided into nine macroconchs and six
microconchs.

MACROCONCH DEscripTION: LMAX averages
70.1 mm (table 3). Adults are robust with an oval
outline in side view. The exposed phragmocone
occupies approximately one whorl and termi-
nates below the line of maximum length. The
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FIG. 7. Scaphites (S.) preventricosus Cobban, 1952, macroconch, TMP2016.041.0038, 115 m, Wapiabi Forma-
tion, Mill Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.

septal angle averages 52°. The umbilical diameter
of the phragmocone is small; it averages 4.8 mm
(table 3). The body chamber consists of a shaft
and recurved hook. The umbilical shoulder of
the shaft is straight in side view. In
TMP2016.041.0038, LMAX/Hg and LMAX/H,
equal 2.02 and 3.18, respectively. The body
chamber is slightly uncoiled producing a small
gap between the phragmocone and hook, with a

constricted aperture. The apertural angle equals
104° in TMP2016.041.0038.

The whorl section of the phragmocone along
the line of maximum length, as shown in
TMP2016.041.0207, is depressed and subovoid
with maximum whorl width at one-third whorl
height. The umbilical wall is steep and subverti-
cal, the flanks are sharply rounded, and the ven-
ter is broadly rounded. W,/H, equals 1.49 in
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FIG. 8. Scaphites (S.) preventricosus Cobban, 1952, microconchs. A-C. TMP2016.041.0036, 139 m, Wapiabi
Formation, Mill Creek, Alberta. A. Right lateral; B. ventral; C. left lateral. D, E. TMP2016.041.0034, 141 m,
Wapiabi Formation, Mill Creek, Alberta. D. Right lateral; E. ventral. F, G. TMP2016.041.0039, 70 m, Wapiabi
Formation, Mill Creek, Alberta. F. Right lateral; G. ventral.

this specimen. As the shell passes from the
phragmocone into the body chamber in this
specimen, both the whorl width and height
increase slightly, and the whorl section at mid-
shaft is nearly the same as that along the line of
maximum length. It is depressed and subovoid
with maximum whorl width at one-quarter
whorl height. The umbilical wall is steep and
subvertical, the flanks are sharply rounded, and
the venter is broadly rounded. Wy/Hg equals
1.30 in TMP2016.041.0207. In contrast, in
TMP2016.041.0038, the whorl section at mid-

shaft is nearly equidimensional with broadly
rounded flanks; W¢/Hg equals 1.03. Adoral of
the midshaft, as shown in this specimen, both
the whorl width and especially the whorl height
abruptly decrease. As a result, the whorl section
at the point of recurvature is more depressed
than that at midshaft. The umbilical wall is flat
and slopes outward, the flanks are sharply
rounded, and the venter is broadly rounded.
Wy/Hy equals 1.64 in TMP2016.041.0038. The
shell culminates in a constricted aperture with a
dorsal lappet.
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TABLE 4
Measurements of Scaphites (S.) preventricosus microconchs.

See figure 2 for description of measurements. All measurements are in mm. Rib density is reported to the nearest
0.25 ribs/cm on the adapical and adoral parts of the phragmocone, the midshaft, and the hook, depending upon
the preservation of the specimen. * = measurements were taken at the base of the body chamber because the
phragmocone was missing. The specimens from Highwood River are from the Cardium Formation. Height (m) is
the height in the measured stratigraphic section.

: Rib densit
Stud TMP No. Locality Height |\ LMAX/ WPI WS/ WH/ y
No. (m) HP HP HS  HH  Adoral Shaft Hook
26 2016.041.0034  Mill Ck. 141 - - - 118 128 168 - 45 4
28 2016.041.0036  Mill Ck. 139 - - - 109 136 173 - 5 5
31 2016.041.0039  Mill Ck. 70 - - - - - - - 5.5 6
52 20160410137 B Cordium - - - - - 156 - - 5.5
wood Riv.
53 20160410138 8 Cardium - - - - - - - 4 45
wood Riv.
Bighorn
127 2016.041.0365 8.5 - - - 124 138 149 - 6 5
Dam
Average - - - 117 134 1.62 - 5 5.25

The ornamentation is well preserved in
TMP2016.041.0038. On the phragmocone, pri-
mary ribs emerge at the umbilical seam and are
slightly rursiradiate on the umbilical wall and
shoulder. They develop into broad, elongate
swellings that swing gently forward and then
backward again before subdividing into three
thin ribs, with another two thin ribs in between.
They are sharp and uniformly strong on the ven-
ter, which they cross with a slight adoral projec-
tion. The ribs are equally and closely spaced,
with a rib density of 6 ribs/cm on the adoral part
of the phragmocone.

The same pattern of ribbing persists onto the
body chamber. Primary ribs develop into broad
elongate swellings on the flanks that swing gently

<

forward and then backward again, before subdi-
viding into three thin secondary ribs, with as
many as four thin ribs in between. Ribs are uni-
formly strong and closely spaced on the venter of
the shaft, with a rib density of 6 ribs/cm. They
are equally closely spaced on the venter of the
hook, but exhibit a stronger adoral projection.

The suture is complex with asymmetrically
bifid lateral lobes (fig. 9A).

MicrocoNCH DESCRIPTION: Microconchs
are elongate in lateral view. Because all of our
specimens are incomplete, it is difficult to esti-
mate LMAX. However, the body chambers of all
of the microconchs are smaller than those of the
macroconchs. The body chambers are also more
loosely uncoiled leaving a larger gap between the

FIG. 9. Sutures (except for G, reproduced from Cobban, 1952). A. Scaphites (S.) preventricosus Cobban, 1952,
sixth from last suture (flipped), USNM 106675, Marias River Shale, Toole County, Montana. B. Scaphites (S.)
ventricosus Meek and Hayden, 1862, USNM 106698, Marias River Shale, Toole County, Montana. C. Scaph-
ites (S.) ventricosus Meek and Hayden, 1862 (formerly Scaphites (S.) tetonensis Cobban, 1952), last suture,
USNM 106707, Cody Shale, Teton County, Wyoming. D. Scaphites (S.) depressus Reeside, 1927, last suture,
USNM 106695, Cody Shale, Park County, Wyoming. E. Scaphites (S.) depressus Reeside, 1927, second from
last suture, USNM 106693, Cody Shale, Park County, Wyoming. F. Clioscaphites saxitonianus (McLearn,
1929), last suture, USNM 106739a, Marias River Shale, Toole County, Montana. G. Clioscaphites saxitonianus
(McLearn, 1929), first lateral saddle, third from last suture, TMP2016.041.0229, Wapiabi Formation, West

Thistle Creek, Alberta.
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phragmocone and hook. In addition, the umbili-
cal shoulder of the shaft is slightly more concave
in microconchs than in macroconchs.

The whorl section at the base of the body
chamber (we measured the whorl section at the
base of the body chamber because the phrag-
mocone was missing) is depressed and subo-
void. Wp/H}, averages 1.17 and ranges from 1.09
to 1.24 (table 4). The umbilical wall is steep and
nearly vertical, the flanks are broadly to sharply
rounded, and the venter is broadly rounded.
Whorl width increases gradually from the
phragmocone into the body chamber and
reaches its maximum value at the point of
recurvature. Whorl height, on the other hand,
decreases such that, together, the whorl section
at midshaft is much more depressed than that
at the base of the body chamber. The umbilical
wall slopes outward and the flanks are broadly
rounded. W¢/H; averages 1.34 and ranges from
1.28 to 1.38. The whorl section at the point of
recurvature is even more depressed than that at
midshaft. Wy/Hy averages 1.62 and ranges
from 1.49 to 1.73.

Primary ribs are prorsiradiate on the umbili-
cal wall and shoulder of the shaft. They develop
into broad straight or slightly concave swellings
on the flanks, which reach their maximum
strength at two-thirds whorl height. In
TMP2016.041.0034, which is a coarsely orna-
mented specimen, each primary rib subdivides
into two thin ribs, with another one or two thin
ribs intercalating between them. In contrast, in
TMP2016.041.0036, which is a more finely orna-
mented specimen, each primary rib subdivides
into three thin ribs, with as many as four thin
ribs intercalating between them. Ribs are sharp
and uniformly strong on the venter of the shaft,
which they cross with a slight adoral projection.
The density of ribs on the venter of the shaft
ranges from 4.5 to 6 ribs/cm among the speci-
mens in our sample. Ribs are equally closely
spaced on the venter of the hook, which they
cross with a stronger adoral projection. The den-
sity of ribs on the venter of the hook ranges from
5 to 6 ribs/cm.

NO. 414

The suture of the microconchs is the same as
that of the macroconchs.

REMARKS: Dimorphism is present in Scaphites
(S.) preventricosus. Cobban (1952) initially segre-
gated out microconchs as the variety sweetgrassen-
sis. Macroconchs are larger and more robust, with
a more closely coiled body chamber. In the present
collection, all the microconchs are incomplete, but
even so, the body chambers of the microconchs are
smaller than those of the macroconchs.

Scaphites (S.) preventricosus can be distin-
guished from the overlying species S. (S.) ventri-
cosus by its smaller size, more closely spaced
ribbing, and more loosely uncoiled body chamber.
The degree of uncoiling of the body chamber in
macroconchs is expressed by the apertural angle.
Based on our data, the apertural angle ranges
from 92.0° to 104° in S. (S.) preventricosus whereas
it ranges from 72° to 89° in S. (S.) ventricosus. The
degree of uncoiling of the body chamber in mac-
roconchs is also expressed by the ratio LMAX/H,.
Based on our data, this value averages 3.07 in S.
(S.) preventricosus whereas it averages 2.55 in S.
(S.) ventricosus.

OcCCURRENCE: In the Upper Cretaceous of
the Western Interior of North America, this
species demarcates the lower Coniacian Scaph-
ites (S.) preventricosus Zone. In the study area,
the lowest occurrence of this species is just
above erosional surface E5.5, which marks the
beginning of a major transgression just above
the base of the lower Coniacian (Walaszczyk et
al., 2014). It is present in the Cardium Forma-
tion at Highwood River (TMP2016.041.0136-
.0138) and in the Wapiabi Formation at Mill
Creek (TMP2016.041.0034, .0036-.0039), Cut-
pick Creek (TMP 2016.041.0207 and .0208),
Oldfort Creek (TMP2016.041.0473), Wapiabi
Creek (TMP2016.041.0085 and .0087), and Big-
horn Dam (TMP2016.041.0365), Alberta. Else-
where, this species is abundant in the Kevin
Member of the Marias River Shale in north-
central Montana and the uppermost part of the
Frontier Formation in Wyoming. Outside North
America, it has been reported from Umivik,
Svartenhuk, Greenland (Birkelund, 1965).
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Scaphites (Scaphites) ventricosus
Meek and Hayden, 1862

Figures 9B, C, 10-16

1862. Scaphites ventricosus Meek and Hayden,
1862: 22.

1876. Scaphites (Scaphites) ventricosus Meek and
Hayden. Meek: 425, pl. 6, figs. 7, 8.

1894. Scaphites ventricosus Meek and Hayden.
Stanton: 44, figs. 8, 9; pl. 43, fig. 1; non pl.
44, fig. 10.

1898. Scaphites ventricosus Meek and Hayden.
Logan: 476, pl. 104, figs. 8, 9; pl. 105, fig.
1; non pl.104, fig.10.

1900 .Scaphites ventricosus Meek and Hayden.
Herrick and Johnson: pl. 45, figs. 8-10;
pl.4e, fig.1.

1927a. Scaphites ventricosus Meek and Hayden.
Reeside: 6, pl. 3, figs. 11-18; pl. 4, figs. 1-4.

non 1927a. Scaphites ventricosus var. depressus.
Reeside: 7, pl. 5, figs. 6-10 [= S. (S.) depres-
sus].

non 1927a. Scaphites ventricosus var. interjectus.
Reeside: 7, pl. 5, figs. 1-5 [= Clioscaphites
interjectus].

non 1927a. Scaphites ventricosus var. oregonensis.
Reeside: 7, pl. 6, figs. 11-15 [= S. (S.)
depressus].

non 1927a. Scaphites ventricosus var. stantoni.
Reeside: 7, pl. 3, figs. 19, 20; pl. 4, figs.
5-10 [= S. (S.) depressus].

1927b. Scaphites ventricosus Meek and Hayden.
Reeside: 35, pl. 10, figs 1, 2.

non 1929. Scaphites ventricosus var. saxitonianus.
McLearn: 77, pl. 18, figs. 1-3; pl. 19, figs.
1, 2 [= Clioscaphites saxitonianus].

1942. Scaphites cf. ventricosus Meek and Hayden.
Rosenkrantz: 38, pl. 1.

1952. Scaphites ventricosus Meek and Hayden.
Cobban: 31, pl. 12, figs. 1-10; pl. 13, figs.
11-13.

1952. Scaphites tetonensis Cobban, 1952: 31, pl.
14, figs. 1-10.

1952. Scaphites ventricosus Meek and Hayden.
Basse: 607, fig. 14.

1955. Scaphites ventricosus Meek and Hayden.
Cobban: 201, pl. 1, fig. 6.

1960. Scaphites ventricosus Meek and Hayden.
Easton: fig. 11.28-3a, b.

1965. Scaphites (Scaphites) ventricosus Meek and
Hayden. Birkelund: 87, pl. 19, figs. 2, 3;
text-fig. 78.

1976. Scaphites ventricosus Meek and Hayden.
Kennedy and Cobban: text-fig. 17 (part).

1977. Scaphites ventricosus Meek and Hayden.
Kauffman: pl. 24, figs. 3, 4.

1989. Scaphites ventricosus Meek and Hayden.
Landman: fig. 1 (7a, b).

1991. Scaphites (Scaphites) ventricosus Meek and
Hayden, 1862. Kennedy and Cobban: 85,
text-fig. 28A, B.

1991. Scaphites (Scaphites) tetonensis Cobban,
1952. Kennedy and Cobban: 87, text-fig.
30A-C.

1994. Scaphites ventricosus Meek and Hayden.
Braunberger: 115-117, pl. 13, figs. 1-4.

1994. Anascaphites ventricosus (Meek and
Hayden). Cooper: 176, fig. 1A, B.

DiaGNosrs: Macroconchs large and stout with
slightly uncoiled body chamber producing a
small gap between the phragmocone and hook;
cross section of shaft depressed and subovoid;
apertural angle averaging 82.5°% ribbing coarse
and widely spaced; microconchs smaller with
more loosely uncoiled body chamber; suture
complex with asymmetrically bifid lateral lobes.

TypEs: The holotype is USNM 1903 from the
upper part of the Colorado Shale, about 20 miles
northeast of Fort Benton, Montana.

MATERIAL: A total of 24 specimens, all of
which are incomplete. They consist mostly of the
body chamber without the phragmocone. All of
them are adult, comprising 16 macroconchs and
8 microconchs. The collection also contains frag-
ments of body chambers and phragmocones, but
they are difficult to identify to species level.

MACROCONCH DESCRIPTION: In the measured
sample, LMAX averages 85.4 mm and ranges
from 70.4 to 101.1 mm (table 5). The ratio of the
size of the largest specimen to that of the smallest
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TABLE 5

Measurements of Scaphites (S.) ventricosus macroconchs.
See figure 2 for description of measurements. All measurements are in mm, except for apertural angle (AA) and
septal angle (SA), which are in degrees. Rib density is reported to the nearest 0.25 ribs/cm on the adapical and
adoral parts of the phragmocone, the midshaft, and the hook, depending upon the preservation of the specimen.
Height (m) is the height in the measured stratigraphic section.

NO. 414

: Rib densit
Study o Locality Height |\ LMAX/ LMAX/ . o o WP/ WS/ WH/ y
No. (m) HP HS HP HS HH Adoral Shaft Hook
19 2016.041.0021 Ram Riv. 1087 934 243 22 72 -17 - 118 137 174 2 35 4
27 2016.041.0035 Mill Ck. 191.0 869 245 201 80 205 42 - - - 425 325 4
Black-
46 2016.041.0106 stone 374 1011 279 223 83 345 44 - - - 4 35 4
Riv.
Chungo
63 20160410164 50 489 936 253 208 88 2 - 140 129 18 3 275 325
64 2016.041.0165 Ché‘;’go 89 - - - - - - - - 176 3 325 4
Chungo
65 20160410166 ) 489 762 252 ~ 8 8 - - - 161 375 375 4
66  2016.041.0167 Chculi‘go 513 897 246 197 8 12 - 130 L11 163 325 325 425
Chungo
67 20160410168 50 513 900 - 234 - 20 - - 136 168 - 3 -
108 2016.041.0206 PSP g0 - - - - - - - - 35 325 -
Riv.
Bighorn
128 2016.041.0366 26 704 - 221 - 115 - - 135 - - 325 4
Dam
Bighorn
130 2016.041.0368 600 867 - - 78 - - - - - - 45
Dam
132 2016.041.0370 Blgzl‘;m 695 785 254 205 - - - 146 125 164 3 3 425
Bighorn
133 20160410371 "5 605 774 - 208 - - - - 124 163 35 3 475
Bighorn
135  2016.041.0373 876 688 295 223 - - - - - 147 - 4 s
Dam
136 20160410374 DB oo g1y - - - - - - - 35 -
Dam
141 2016.041.0379 B‘SEI‘;”‘ 1075 910 226 232 8 -18 - 136 151 145 3 275 4
Average 854 255 216 825 12 43 134 131 164 325 325 4
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TABLE 6
Measurements of Scaphites (S.) ventricosus microconchs.
See figure 2 for description of measurements. All measurements are in mm. Rib density is reported to the nearest
0.25 ribs/cm on the adapical and adoral parts of the phragmocone, the midshaft, and the hook, depending upon
the preservation of the specimen. Height (m) is the height in the measured stratigraphic section.

: Rib densit
Study No.  TMP No. Locality T8Nt pax IMAXS o WP/ WS/ WH/ Y
(m) HP HP HS HH  Adoral Shaft Hook
34 2016.041.0066 g}(‘me 182 612 - - - - - - 4 4
35 2016.041.0067  © histle 05 - - - 138 - - - 5 -
Ck.
57 2016.041.0155 James Riv.  52.1 - - - - - - - 5 6
60 2016.041.0161 Chculilgo 414 418 - - - - - 5 4 5
62 2016.041.0163 Ch(;fgo 414 507 - - - - - - 4 375
120 20160410349 D8RO g0 - - - 149 - - - - 9
Riv.
Bighorn
129 2016.041.0367 50-60  67.1 - - - - - 425 35 5
Dam
134 20160410372 Dghom g,y - - - - - - - 45 7
Dam
Average 55.2 - - 144 - - 4.25 4 5.5

is 1.44. Adults are robust with an oval outline in
side view. The exposed phragmocone occupies
approximately one whorl and terminates slightly
below the line of maximum length. The septal
angle averages 12.0°. The umbilical diameter of
the phragmocone is small and averages 4.3 mm
(table 5). The body chamber consists of a shaft
and recurved hook. The umbilical shoulder of the
shaft is straight or slightly concave in side view.
LMAX/Hg averages 2.16 and ranges from 1.97 to
2.34. The body chamber is slightly uncoiled.
LMAX/H, averages 2.55 and ranges from 2.26 to
2.95. As a result, a small gap appears between the
phragmocone and hook, and is usually filled with
sediment. The apertural angle averages 82.5° and
ranges from to 72.0° to 89.0°.

The whorl section of the phragmocone along
the line of maximum length is depressed and
subovoid with maximum whorl width at one-
third whorl height. The umbilical wall is steep
and subvertical, the flanks are sharply rounded,
and the venter is broadly rounded. W,/H, aver-

ages 1.34 and ranges from 1.18 to 1.46. As the
shell passes from the phragmocone into the body
chamber, both the whorl width and height
increase slightly, and the shape of the whorl sec-
tion at midshaft is nearly the same as that along
the line of maximum length. It is depressed and
subovoid with maximum whorl width at one-
quarter whorl height. The umbilical wall is steep
and subvertical, the flanks are sharply rounded,
and the venter is broadly rounded. Wy/Hg aver-
ages 1.31 and ranges from 1.11 to 1.51. Adoral of
the midshaft, both the whorl width and espe-
cially whorl height abruptly decrease. As a result,
the whorl section at the point of recurvature is
more depressed than that at midshaft. The
umbilical wall is flat and slopes outward, the
flanks are sharply rounded, and the venter is
broadly rounded. Wy/Hy averages 1.64 and
ranges from 1.45 to 1.80. The shell culminates in
a constricted aperture with a dorsal lappet.
Because none of our specimens preserves the
adapical part of the phragmocone, our observa-
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FIG. 10. Scaphites (S.) ventricosus Meek and Hayden, 1862, macroconch, TMP2016.041.0021, 108.7 m,
Wapiabi Formation, Ram River, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 11. Scaphites (S.) ventricosus Meek and Hayden, 1862, macroconch, TMP2016.041.0164, 48.9 m, Wapiabi
Formation, Chungo Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 12. Scaphites (S.) ventricosus Meek and Hayden, 1862, macroconch, TMP2016.041.0167, 51.3 m, Wapiabi
Formation, Chungo Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 13. Scaphites (S.) ventricosus Meek and Hayden, 1862, macroconch, TMP2016.041.0379, 107.5 m,
Wapiabi Formation, Bighorn Dam, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 14. Scaphites (S.) ventricosus Meek and Hayden, 1862, macroconch, TMP2016.041.0035, 191.0 m,
Wapiabi Formation, Mill Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 15. Scaphites (S.) ventricosus Meek and Hayden, 1862, macroconchs, Montana. A, B. AMNH 108451,
Kevin Member, Marias River Shale, Toole County, Montana. A. Left lateral; B. apertural. C, D. AMNH 91921,
Kevin Member, Marias River Shale, Toole County, Montana. C. Left lateral; D. apertural.
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tions are restricted to the adoral part. Primary
ribs emerge at the umbilical seam and are
straight and rectiradiate on the umbilical wall
and shoulder. They develop into broad elongate
swellings that reach their maximum strength at
one-half whorl height, approximately coincid-
ing with the ventrolateral shoulder. They each
subdivide into two thin ribs, with another one
or two thin ribs intercalated between them.
Ribs are sharp and uniformly strong on the ven-
ter, which they cross with a slight adapical or
adoral projection. They are equally and widely
spaced. Rib density ranges from 2 to 4.25 ribs/
cm among the specimens in our sample.

The same pattern of ribbing persists onto the
body chamber. Primary ribs are rectiradiate on
the umbilical wall and shoulder. They develop into
broad elongate swellings that reach their maxi-
mum strength at one-half whorl height. They are
prominent, rectiradiate, and equally spaced on the
shaft, becoming weaker, prorsiradiate, and closely
spaced on the hook. Each rib subdivides into two
thin secondary ribs, with one or two thin ribs
intercalating between them. Ribs are uniformly
strong and widely spaced on the venter of the
shaft, which they cross with a slight adoral projec-
tion. The density of ribs on the shaft ranges from
2.75 to 4 ribs/cm among the specimens in our
sample. Ribs are more closely spaced on the venter
of the hook, which they cross with a strong adoral
projection. For example, in TMP2016.041.0379,
the rib density is 2.75 ribs/cm at midshaft versus
4 ribs/cm on the hook.

A suture is not well enough preserved in any
of the specimens in our study, but according to
Cobban (1952), it is complex with asymmetri-
cally bifid lateral lobes (fig. 9B, C).

MicrocoNCH DEScCRIPTION: Microconchs
are elongate in lateral view. The most notable
features of the microconchs relative to the

macroconchs are their smaller size and more
loosely uncoiled body chamber, leaving a
larger gap between the phragmocone and
hook. In addition, the umbilical shoulder of
the shaft is concave in microconchs whereas it
is straight in macroconchs.

LMAX averages 55.2 mm and ranges from
41.8 to 67.1 mm (table 6). The whorl section
of the phragmocone along the line of maxi-
mum length is depressed and subovoid. Wp/
H, averages 1.44 and ranges from 1.38 to 1.49.
The umbilical wall is steep and nearly vertical,
the flanks are sharply rounded, and the venter
is broadly rounded. Whorl width increases
gradually from the phragmocone into the
body chamber and reaches its maximum value
at midshaft. Whorl height also increases grad-
ually from the phragmocone into the body
chamber and attains its maximum value at the
point of recurvature. The whorl section at
midshaft is nearly the same as that along the
line of maximum length. It is depressed and
subovoid with maximum whorl width at one-
half whorl height. The umbilical wall is steep
and subvertical, the flanks are sharply
rounded, and the venter is broadly rounded.
The whorl section at the point of recurvature
is more depressed than that at midshaft. The
umbilical wall is flat and slopes outward, the
flanks are sharply rounded, and the venter is
broadly rounded.

At the base of the body chamber, primary ribs
emerge at the umbilical seam and are rectiradiate
on the umbilical wall and shoulder. They develop
into broad, straight or slightly concave swellings
on the flanks, which reach their maximum
strength at one-half whorl height. They each sub-
divide into two thin ribs, with another one or
two thin ribs intercalating between them. Ribs
are sharp and uniformly strong on the venter,

FIG. 16. Scaphites (S.) ventricosus Meek and Hayden, 1862, microconchs. A-C. TMP2016.041.0367, Wapiabi
Formation, Bighorn Dam, Alberta. A. Right lateral; B. ventral; C. apertural. D-F. AMNH 108452, 50-60 m,
Kevin Member, Marias River Shale, Toole County, Montana. D. Right lateral; E. apertural; F. ventral. G, H.
TMP2016.041.0163, 41.4 m, Wapiabi Formation, Chungo Creek, Alberta. G. Right lateral; H. ventral. I, J.
TMP2016.041.0161, 41.4 m, Chungo Creek, Alberta. I. Right lateral; J. ventral.
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which they cross with a slight adoral projection.
The ribs are equally and widely spaced, with, for
example, 5 ribs/cm on the adoral part of the
phragmocone in TMP2016.041.0161.

The same pattern of ribbing persists onto the
body chamber. Primary ribs are prominent and
equally spaced on the shaft, becoming weaker
and more closely spaced on the hook. They are
straight or weakly flexuous on the flanks, swing-
ing slightly backward on the inner flanks,
slightly forward on the midflanks, and slightly
backward again on the outer flanks. Each rib
subdivides into two thin secondary ribs, with
one or two thin ribs intercalating between
them. Ribs are uniformly strong and widely
spaced on the venter of the shaft, with, for
example, 4.5 ribs/cm in TMP2016.041.0372.
Ribs are more closely spaced on the venter of
the hook, which they cross with a stronger
adoral projection. The rib density ranges from
3.75 to 9 ribs/cm.

The suture of the microconchs is the same as
that of the macroconchs.

REMARKS: Although Scaphites (S.) ventrico-
sus is well established in the literature, it is rare
to find complete specimens. Most specimens
lack the phragmocone although, interestingly,
the holotype retains the phragmocone but not
the hook. The specimens in our collection
closely match those from the U.S. Western Inte-
rior. For example, YPM 26721 is a macroconch
illustrated by Reeside (1927b: pl. 4, fig. 1-4)
from the Cody Shale of Wyoming. It is approxi-
mately the same size as the macroconchs in our
collection (LMAX = 83 mm). It also displays
the same pattern of ribs, with more widely
spaced ribs on the midshaft than on the phrag-
mocone (5 ribs/cm on the phragmocone versus
3 ribs/cm on the midshaft).

Dimorphs in this species are distinguished
on the basis of size. The larger microconchs
correspond to the macroconchs in our collec-
tion. However, two smaller microconchs
(TMP2016.041.0161 and .0163) would previ-
ously have been referred to as Scaphites (Scaph-
ites) tetonensis. This form occurs in the same

NO. 414

beds as S. (S.) ventricosus, and we argue that it
simply represents a small microconch of this
species. Other than size, dimorphs are distin-
guished by the outline of the umbilical shoul-
der of the shaft in side view. It is straight or
slightly concave in macroconchs whereas it is
markedly concave in microconchs. This is
related to the fact that the body chamber is
slightly more tightly coiled in macroconchs
than in microconchs, although a small gap is
present between the phragmocone and hook in
both dimorphs.

Several closely related scaphite species occur
in the Coniacian of the Western Interior of North
America. Scaphites (S.) ventricosus is distin-
guished from the underlying species S. (S.) pre-
ventricosus by its larger size, more tightly coiled
shell, and more widely spaced ribs. It is distin-
guished from the overlying species S. (S.) depres-
sus by its less tightly coiled shell and more widely
spaced ribs.

OccuRRENCE: In the Upper Cretaceous of
the Western Interior of North America, this
species demarcates the upper lower and mid-
dle Coniacian Scaphites (S.) ventricosus Zone.
In the study area, the lowest occurrence of this
species is immediately above surface CS2 in
allomember CA3, just below an interpreted
highstand and prior to a major regression that
culminates at surface CS4, which marks the
boundary between the lower and middle Coni-
acian. It is present in the Wapiabi Formation
at Ram River (TMP2016.041.0021), East This-
tle Creek (TMP2016.041.0066 and .0067),
James River (TMP2016.041.0155), Blackstone
River (TMP2016.041.0106), Chungo Creek
(TMP2016.041.0161-.0168), Sheep River
(TMP2016.041.0296), Bighorn Dam
(TMP2016.041.0366-.0368, .0370-.0374, and
.0379), Mill Creek (TMP2016.041.0035), and
Bighorn River (TMP2016.041.0349), Alberta.
Elsewhere, it is abundant in the Kevin Member
of the Marias River Shale in north-central
Montana, the Cody Shale in western Wyo-
ming, and the Mancos Shale in New Mexico.
Outside North America, it has been reported
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FIG. 17. Size-frequency histogram of Scaphites (S.) depressus Reeside, 1927, based on the samples in tables 7

and 8.

from Alianaitsinguaq, Nagssuaq, Greenland
(Birkelund, 1965).

Scaphites (Scaphites) depressus Reeside, 1927
Figures 9D, E, 17-32

1894. Scaphites ventricosus Meek and Hayden.
Stanton: 186 (pars), pl. 44, fig. 10 only.

1898. Scaphites ventricosus Meek and Hayden.
Logan: 476, pl. 104, fig. 10 only.

1927a. Scaphites ventricosus Meek and Hayden
var. depressus Reeside: 7, pl. 5, figs. 6-10.

1927a. Scaphites ventricosus Meek and Hayden
var. stantoni Reeside: 7, pl. 3, figs. 19, 20;
pl. 4, figs. 5-10.

1927a. Scaphites ventricosus Meek and Hayden
var. oregonensis Reeside: 7, pl. 6, figs.
11-15.

1952. Scaphites depressus Reeside. Cobban: 32, pl.
15, figs. 6-8.

1952. Scaphites depressus Reeside var. stantoni
Reeside. Cobban: 33, pl. 15, figs. 1-5.

1952. Scaphites depressus Reeside var. oregonensis
Reeside. Cobban: 33.

1964. Scaphites depressus var. stantoni Reeside.
Scott and Cobban, pl. 5, fig. 2.

1970. Scaphites depressus Reeside. Jeletzky, pl. 26,
fig. 2.

non 1976 Scaphites ex. gr. ventricosus Meek and
Hayden. Szasz: 204, pl. 3, fig. 2.

1976. Scaphites depressus Reeside. Kennedy and
Cobban, pl. 7, fig. 4.

1977. Scaphites depressus Reeside. Kauffman:
263, pl. 24, figs. 9, 10.

1994. Scaphites depressus Reeside. Braunberger:
117-118, pl. 14, figs. 1-4; pl. 15, figs. 1-3;
pl. 16, figs. 1-3.

1994. Scaphites depressus Reeside. Hills et al.:
735, pl. 1, figs. 2, 4.

DiaGNosis: Macroconchs globular and mas-
sive, with closely coiled body chamber and
broadly rounded to flattened flanks, with a
reduced aperture; apertural angle averaging 70°;
ornament consisting of numerous, straight,
closely spaced primary and secondary ribs;
microconchs smaller with more loosely uncoiled
body chamber; suture complex with asymmetri-
cally bifid first lateral lobes.

Types: Holotype YPM 6417 from 244 m
above the base of the Cody Shale on the Oregon
Basin Oil Field in sec. 6, T.51N., R.100W., Park
County, Wyoming.

MATERIAL: Approximately 77 specimens, all
of which are adult specimens, comprising 45
macroconchs and 32 microconchs.
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TABLE 7
Measurements of Scaphites (Scaphites) depressus macroconchs.

See figure 2 for description of measurements. All measurements are in mm, except for apertural angle (AA) and
septal angle (SA), which are in degrees. Rib density is reported to the nearest 0.25 ribs/cm on the adapical and
adoral parts of the phragmocone, the midshaft, and the hook, depending upon the preservation of the specimen.
Height (m) is the height in the measured stratigraphic section.

Study Height LMAX/ LMAX/ WP/ WS/ WH/ Rib density
TMP No.  Loc. LMAX AA SA UD

No. (m) HP HS HP HS HH Adap. Adoral Shaft Hook

2 20160410004 M 435 go9 - . 4 4 s
Riv.

520160410007 ™ 435 g3 - - - - - - o 3 4 45
Riv.
Ram

720160410009 °% 1325 94 238 251 - - - 132148 132 - 325 4 4
Ram

8 20160410010 % 1325 768 250 233 - - - 138 144 142 - 4 45 45
Ram

9 20160410011 o7 1325 955 234 214 77 7 - 141 134 16 - 325 325 35
Ram

10 20160410012 2™ 1325 - - T
Riv.

1220160410014 M 1107 897 - e P 3 3 4
Riv.

14 20160410016 M 1127 920 - - - - - - 3 4 4
Riv.
Ram

17 20160410019 ™ 1329 - - Y
Riv.

18 20160410020 "3 139 - - - - - - - - - 425 3 s
Riv.

21 20160410023 M 139 786 - - - - - o 5 - 5
Riv.

22 2016.041.0024 I;j\rf‘ 1273 817 - - - - Z -~ _ 475 425 4 475

23 2016.041.0025 I;ijl 1273 - - - - 2 51135127 - 5 45 325 4
Ram

24 2016.041.0026 - 1273 - - - - - - - -4 -
Riv.

25 2016.041.0027 I;ai:‘ 1196 745 - - 5 45 525
E. This-

37 20160410069 - LY 833 900 240 210 79 0 49 139 131 135 55 4 375 4

38 20160410070 =S g3 sus - a1 - 25 - - - -~ 35
tle Ck.

39 20160410071 =S g33 g1 285 217 - - - 160 140 - 5 - - 35
tle Ck.

58 20160410156 )3T 929 - - - - - - - - - 5 4 s
Riv.

76  2016.041.0210 VX‘eTé’:' 1009 102 276 238 - -16 - 154 142 - - 4 35 35

77 20160410211 " S 1013 033 - - - - - - - . 45 4 - 4
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Study Height LMAX/ LMAX/ WP/ WS/ WH/ Rib density
TMP No.  Loc. LMAX AA SA UD

No. (m) HP HS HP HS HH Adap. Adoral Shaft Hook

78 20160410212 " S 1000 941 - 244 72 12 - - 157 185 - 35 4 4
tle Ck.

79 2016.041.0213 Vtvl'eTéf’ 1067 98.1 264 206 - - - 144 125 136 45 4 325 -

80 20160410214 " IS 55 - - - - - - - - - 375 4 s
tle Ck.

81 20160410215 " IS jose - R O /A 4 35 4
tle Ck.

82 20160410216 1 1070 979 - 228 - - 61 - 142 - 5 4 35 45
tle Ck.

83 2016.041.0217 Vt‘ll'eTél:' 1107 946 254 230 - - - 138 136 148 375 375 35 5

84 2016.041.0218 Vg‘:é‘f‘ 1138 1009 280 232 - - - 174147 - 5 35 35 375

85 2016.041.0219 Vfl':éllf‘ 1149 842 261 225 61 11 - 152 140 143 - 4 4 s

99 2016.041.0273 Ml g0y 1y - - - - - - - -
Riv.

101 2016.041.0275 Cafr{‘il‘l,nal 9%6.8 767 - - - - - - - - 5 4 375 -

110 2016.041.0298 ngjp 1475 921 239 240 - - - 140 158 - 6 4 2 -

111 2016.041.0299 ng:p 1475 994 - 216 - - - - 136 148 4 3 3 425

112 20160410300 P 1475 - - - - - - - - - -
Riv.
Sheep

115 20160410303 "o 1588 1056 - 201 81 -25 - - 143 157 - 3 275 325
Sheep

116 20160410304 "o 1588 1048 - R

121 2016.041.0350 B‘fgjm 1094 886 - 208 68 -95 - - 128 - - 45 35 4

122 2016.041.0351 Blili’sm 1324 895 - 238 - - - — _ 167 - 35 325 425

137 20160410375 DB g0 gr5 - - - - - o 3 - -
Dam

138 2016.041.0376 DEO™ o34 - - - - - - - 4 -
Dam
Bighorn

140 20160410378 “B™ 1073 743 251 200 - - - 156 140 - 6 4 225 4

142 2016.041.0380 B‘Ii’;m 1080 890 240 204 - - - 147 137 164 - 325 3 4

148 2016.041.0386 B‘ngnm 1153 927 260 228 - - - 147 136 187 - 4 35 45
Bighorn

150 20160410388 ~ 5" 1330 822 - - 69 - - - - - 475 4 375 5

200 2016.041.0472 Mill Ck. 230.0 - - - - - - - - - - - - -
Average 90.6 2.55 223 702 -25 54 146 139 154 5 375 3.5 425
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FIG. 18. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0011, 132.5 m, Wapiabi Formation,
Ram River, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 19. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0012, 132.5 m, Wapiabi Formation,
Ram River, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 20. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0025, 127.3 m, Wapiabi Formation,
Ram River, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 21. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0069, 83.3 m, Wapiabi Formation,
E. Thistle Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 22. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0212, 102.0 m, Wapiabi Formation,
W. Thistle Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 23. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0213, 106.7 m, Wapiabi Formation,
W. Thistle Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 24. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0216, 107.0 m, Wapiabi Formation,
W. Thistle Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 25. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0219, 114.9 m, Wapiabi Formation,
W. Thistle Creek, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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MACROCONCH DEscriPTION: In the mea-
sured sample, LMAX averages 90.6 mm and
ranges from 74.3 to 122.7 mm (table 7). The ratio
of the size of the largest specimen to that of the
smallest is 1.65. The size distribution is unimodal
with a peak between 90 and 95 mm (fig. 17).
Adults are robust with a circular outline in side
view. The exposed phragmocone occupies
approximately one whorl and terminates slightly
below or slightly above the line of maximum
length. The septal angle averages -2.5°. The
umbilical diameter of the phragmocone is small
and averages 5.4 mm. The body chamber consists
of a short shaft and recurved hook. The umbilical
shoulder of the shaft is straight in side view.
LMAX/Hg averages 2.23 and ranges from 2.01 to
2.51. The body chamber is tightly coiled leaving
hardly any gap between the phragmocone and
hook. LMAX/H; averages 2.55 and ranges from
2.34 to 2.85. TMP 2016.041.0298-.0300 from
Sheep River, which occur in the lower part of the
Scaphites (S.) depressus Zone, are slightly more
loosely uncoiled than most specimens of this
species, and are reminiscent of S. (S.) ventricosus.
In all of our specimens, the aperture is reduced
in size relative to that at midshaft. The apertural
angle averages 70.2° and ranges from 61° to 81°.

The whorl section of the phragmocone along
the line of maximum length is depressed and
subquadrate with maximum whorl width at one-
third whorl height. The umbilical wall is steep
and subvertical; the flanks are broadly rounded
and nearly parallel; the ventrolateral shoulder is
sharply rounded; and the venter is broadly
rounded. W/Hj, averages 1.46 and ranges from
1.32 to 1.74. As the shell passes from the phrag-
mocone into the body chamber, the whorl width
and height increase only slightly, so that the
whorl section at midshaft is nearly the same as
that along the line of maximum length. It is
depressed and subquadrate with maximum
whorl width at one-third whorl height. The
umbilical wall is steep and subvertical; the flanks
are broadly rounded and nearly parallel; the ven-

trolateral shoulder is sharply rounded; and the
venter is broadly rounded. W¢/Hg averages 1.39
and ranges from 1.27 to 1.58. Adoral of the mid-
shaft, the whorl width and, especially, the whorl
height abruptly decrease. As a result, the whorl
section at the point of recurvature is much more
depressed than that at midshaft. Wy;/H,; averages
1.54 and ranges from 1.32 to 1.87. The umbilical
wall is flat and slopes outward, the flanks are
sharply rounded, and the venter is broadly
rounded. The shell culminates in a constricted
aperture with a dorsal lappet.

On the exposed phragmocone, primary ribs
emerge at the umbilical seam and are straight
and rectiradiate on the umbilical wall and shoul-
der. They develop into broad elongate swellings
that gradually reach their maximum strength at
one-third whorl height, but never form nodes.
They each subdivide into two or three secondary
ribs, with another one or two longer secondary
ribs intercalating between them. Ribs are sharp
and uniformly strong on the broadly rounded
venter, which they cross with a slight adoral pro-
jection. They are closely spaced on the adapical
end of the phragmocone with a rib density of
3.75 to 6 ribs/cm. They become more widely
spaced on the adoral end of the phragmocone
with a rib density of 3 to 5 ribs/cm.

The same pattern of ornamentation persists
onto the body chamber. Primary ribs are rectiradi-
ate on the umbilical wall and shoulder. They
develop into elongate swellings that follow the cur-
vature of the flanks and never culminate in nodes.
They are prominent, rectiradiate, and equally
spaced on the shaft, becoming weaker, prorsiradi-
ate, and more closely spaced on the hook. At one-
half whorl height coincident with the ventrolateral
shoulder, each rib subdivides into two secondary
ribs, with two to four longer secondary ribs inter-
calating between them. Ribs are uniformly strong
and wirelike on the venter of the shaft, which they
cross with a slight adoral projection. They are
widely spaced with a rib density of 2 to 4.5 ribs/cm,
becoming more closely spaced on the venter of the

FIG. 26. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0303, 158.8 m, Wapiabi Formation,
Sheep River, Alberta. A. Right lateral; B. apertural; C. ventral.
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TABLE 8
Measurements of Scaphites (Scaphites) depressus microconchs. See figure 2 for description of measurements.
All measurements are in mm. Rib density is reported to the nearest 0.25 ribs/cm on the adapical and adoral parts
of the phragmocone, the midshaft, and the hook, depending upon the preservation of the specimen. Height (m)
is the height in the measured stratigraphic section.* = above measured section.

; Rib densit
Study oo Locality MM [y IMAX/ (0 WR/ WS/ WHY y
No. (m) HP HP HS HH Adap. Adoral Shaft Hook
1 2016.041.0003 RamRiv. 1325 622 - - - 128 169 6 5.5 - 6
3 2016.041.0005 RamRiv. 1325 594 235 - 123 137 139 - 5 5 55
4 2016041.0006 RamRiv. 1325 - - - - - - - 45 45 5
6  2016.041.0008 Ram Riv. 1325 - - 35 - - - - - - -
11 2016.041.0013 RamRiv. 1325 758 249 - 122 - - - 5 45 5
13 2016041.0015 RamRiv. 1114 - - - - - - 4 -
20 2016.041.0022 Ram Riv. 1329 - - -~ 143 146 - 5 5
36 2016041.0068 © g{mle 820 580 - - - - 6 5 45 6
75 2016041.0209 " gf{‘sue 1003 685 - - - 140 - - 4 45 5
86 20160410220 V- Ihistle oo - - - - - - - 4 5
Ck.
87 2016041.0221 " g{mle 1210 648 267 51 - 113 - - 5 4 5
89 2016041.0223 " g‘:“le 1210 560 251 - 137 138 150 - 425 4 5
Cardinal
100 20160410274 pct 9.8 708 230 38 146 142 - 45 45 375 5
102 20160410276 4l 10 60 - - - - - - - -
Riv.
Cardinal
103 20160410277 LSt 1390 580 247 - 138 131 136 - 4 4 475
104 201041027 CArdimal LS, b 35 1ss 140 - 5 4 375 45
Riv. 143.5
Cardinal  141.5-
106 20160410280 pt! e 559 - - - - - 6 5 45 5
109 2016.041.0297 Sheep Riv. - - - - - - - - - 4
113 2016.041.0301 Sheep Riv. 1490 73.0 263 - - - - 5 4 35 -
114 2016041302 Sheep Riv. 149.0  55.8 - - - - - 45 425 5
117  2016.041.0305 Sheep Riv. 1588 762 253 - - 131 129 - 5 35 5
123 2016.041.0352 Blililjm 1422 629 250 - - 148 157 - 4 - 6
Bighorn
124 20160410353 5% 1422 69.1 - - - 15 162 - 4 4 5
Bighorn
125  2016.041.0354 Above*  70.0 - - - - - 5 4 5

Riv.
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: Rib densit

Study TMP No. Locality Height LMAX LMAX/ UD WP/ WS/ WH/ Y

No. (m) HP HP HS HH Adap. Adoral Shaft Hook

126 20160410355 PO apover - - - - - - - 45 5
Riv.

139 20160410377 PO 75 - - - - - - 5 6
Dam

143 20160410381 B 1006 649 - 58 - - - 5 4 - 4
Dam

144 2016.041.0382 Blgz;’nm 1158 775 276 - 169 142 177 - 5 4 6

145 20160410383 PO g - - - - - - - 5
Dam

146 20160410384 TP g - - - - - - 45 -
Dam
Bighorn

147 2016.041.0385 1130 661 225 - - 130 - - 4 4 5
Dam
Bighorn

149 2016.041.0387 1160 615 255 - - 158 146 - - 5 6
Dam

Average 653 249 43 142 138 152 55 45 425 525

hook, with a rib density of 3.25 to 5.25 ribs/cm.
They cross the venter of the hook with a slight to
strong adoral projection.

A suture is not well enough preserved in any
of the specimens in our study, but according to
Cobban (1952), it is complex with asymmetri-
cally bifid first lateral lobes (fig. 9D, E).

MICROCONCH DESCRIPTION: Many of the
microconchs are simply miniatures of the macro-
conchs. For example, TMP2016.041.0278 is sim-
ply a scaled-down version of TMP2016.041.0069.
Other microconchs such as TMP2016.041.0221
are not only smaller than the macroconchs, but
are also more elongate with a more concave
umbilical shoulder in lateral view. LMAX averages
65.3 mm and ranges from 55.8 to 77.5 mm (table
8). The size distribution is unimodal with a peak
between 60 and 65 mm (fig. 17).

The shell proportions of microconchs are sim-
ilar to those of macroconchs. The whorl section
of the phragmocone along the line of maximum
length is depressed and subquadrate with maxi-
mum whorl width at one-third whorl height. The
umbilical wall is steep and subvertical; the flanks
are broadly rounded and nearly parallel; the ven-

trolateral shoulder is sharply rounded; and the
venter is broadly rounded. Wy/H};, averages 1.42
and ranges from 1.22 to 1.69. As the shell passes
from the phragmocone into the body chamber,
the whorl width and height increase only slightly,
so that the shape of the whorl section at midshaft
is nearly the same as that along the line of maxi-
mum length. It is depressed subquadrate with
maximum whorl width at one-third whorl
height. The umbilical wall is steep and subverti-
cal; the flanks are broadly rounded and nearly
parallel; the ventrolateral shoulder is sharply
rounded; and the venter is broadly rounded. W/
Hg averages 1.38 and ranges from 1.13 to 1.58.
Adoral of the midshaft, the whorl width and
height decrease slightly, resulting in a slightly
more depressed whorl section at the point of
recurvature. Wy/Hy averages 1.52 and ranges
from 1.29 to 1.77. The umbilical wall is flat and
slopes outward, the flanks are sharply rounded,
and the venter is broadly rounded. The shell cul-
minates in a constricted aperture.

The pattern of ornamentation on microconchs
is the same as that on macroconchs. On the
exposed phragmocone, primary ribs emerge at the
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FIG. 27. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0350, 109.4 m, Wapiabi Formation,
Bighorn River, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 28. Scaphites (S.) depressus Reeside, 1927, macroconch, TMP2016.041.0388, 133.0 m, Wapiabi Formation,
Bighorn Dam, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 29. Scaphites (S.) depressus Reeside, 1927, microconch, TMP2016.041.0382, 115.8 m, Wapiabi Formation,
Bighorn Dam, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral.
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FIG. 30. Scaphites (S.) depressus Reeside, 1927, microconchs. A-D. TMP2016.041.0278, 141.5-143.5 m, Wapiabi
Formation, Cardinal River, Alberta. A. Right lateral; B. apertural; C. ventral; D. left lateral. E-G. TMP2016.041.0223,
121.0 m, Wapiabi Formation, W. Thistle Creek, Alberta. E. Right lateral; E. ventral; G. left lateral.
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FIG. 31. Scaphites (S.) depressus Reeside, 1927, microconchs. A, B. TMP2016.041.0221, 121.0 m, Wapiabi Forma-
tion, West Thistle Creek, Alberta. A. Right lateral; B. ventral. C-F. TMP2016.041.0005, 132.5 m, Wapiabi Forma-
tion, Ram River, Alberta. C. Right lateral; D, ventral; E. apertural, F. left lateral. G-I1. TMP2016.041.0302, 149.0
m, Wapiabi Formation, Sheep River, Alberta. G. Right lateral; H. apertural. I. ventral.
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umbilical seam and are straight and rectiradiate
on the umbilical wall and shoulder. They develop
into broad elongate swellings that are straight or
weakly concave or convex. They branch into two
secondary ribs, with another longer secondary rib
intercalating between them. Ribs are sharp and
uniformly strong on the broadly rounded venter,
which they cross with a slight adoral projection.
They are closely spaced on the adapical end of the
phragmocone with a rib density of 4.5 to 6 ribs/
cm. They become slightly more widely spaced on
the adoral end of the phragmocone with a rib
density of 4 to 5.5 ribs/cm.

The same pattern of ribbing persists onto the
body chamber. Primary ribs are rectiradiate on the
umbilical wall and shoulder. They form elongate
swellings that are widely spaced on the shaft,
becoming more closely spaced on the hook. In a
few, more compressed specimens, these ribs
develop into bullae at the ventrolateral shoulder
before branching into two or three secondary ribs,
with one longer secondary rib intercalating between
them. Ribs are uniformly strong and wirelike on
the venter of the shaft, which they cross with a
slight adoral projection. The rib density ranges
from 3.5 to 5 ribs/cm. The ribs become more
closely spaced on the venter of the hook, with a rib
density of 4 to 6 ribs/cm. They cross the venter of
the hook with a slight adoral projection.

The suture of the microconchs is the same as
that of the macroconchs.

REMARKS: Dimorphism is present in Scaphites
(S.) depressus. The microconchs have previously
been referred to as the co-occurring variety
Scaphites (S.) depressus var. stantoni by Reeside
(1927a) but we argue that they are simply micro-
conchs of the typical form. The size distribution
of microconchs and macroconchs is each uni-
modal with a peak between 60 and 65 mm and
90 and 95 mm, respectively (fig. 17). The average
size of microconchs is 72.1% that of macro-
conchs (or conversely, the average size of macro-
conchs is 138.7% that of microconchs).

Two macroconchs of Scaphites (S.) depressus
are encrusted with cheilostome bryozoans belong-

ing to the genus Conopeum (fig. 32). The colonies
are sheetlike and cover an area of approximately 2
cm?. They occur on the internal molds of the
ammonites near the apertural margin, indicating
that they must have encrusted the inside surfaces
of the body chambers after the ammonites died.
This suggests that the shells must have rested on
the sea floor for at least several months.

Outside the study area, Scaphites (S.) depressus
is widely distributed in the Kevin Member of the
Marias River Shale in north-central Montana and
the Cody Shale in western Wyoming. It is rare in
the Smoky Hill Chalk Member of the Niobrara For-
mation in southwestern Colorado and in the Man-
cos Shale in western Colorado and eastern Utah.

Scaphites (S.) depressus co-occurs with
Clioscaphites saxitonianus at several sites in
Alberta and Montana. At Cardinal River, Alberta,
the two species co-occur at a height of 141.5-
143.5 m and at West Thistle Creek, Alberta, they
co-occur at a height of 121.0 and 123.6 m. Cob-
ban et al. (2005) also noted the co-occurrence of
these two species in the Bad Heart Sandstone in
central western Alberta and in the Virgelle Sand-
stone in southwestern Montana.

Clioscaphites saxitonianus (McLearn, 1929)
Figures 9F, G, 33-36

1929. Scaphites ventricosus Meek and Hayden
var. saxitonianus McLearn: 77, pl. 18, figs.
1-3; pl. 19, figs. 1, 2.

1952. Clioscaphites saxitonianus (McLearn).
Cobban: 36, pl. 13, figs. 1-10.

1952. Clioscaphites saxitonianus (McLearn) var.
keytei Cobban: 37, pl. 20, figs. 5-7.

1965. Clioscaphites saxitonianus (McLearn, 1929)
var. septentrionalis Birkelund: 132, pl. 45,
figs. 2-5; pl. 46, figs. 1-3; text-figs. 115,
116.

1965. Clioscaphites sp. aft. saxitonianus (McLearn,
1929). Birkelund: 135, pl. 46, figs. 4-7; pl.
47, figs. 1, 2; text-fig. 117.

1977. Clioscaphites saxitonianus (McLearn).
Kauffman: pl. 24, figs. 5, 6.
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TABLE 9
Measurements of Clioscaphites saxitonianus, macroconchs.

See figure 2 for description of measurements. All measurements are in mm, except for apertural angle (AA),
which is in degrees. Rib density is reported to the nearest 0.25 ribs/cm on the adapical and adoral parts of the
phragmocone, the midshaft, and the hook, depending upon the preservation of the specimen. Height (m) is the
height in the measured stratigraphic section.* = above measured section.

Rib density
Sdy P No.  Locality Height LMAX "MAX/ IMAX/, )y WP/ WS/ WH/
No. HP HS HP HS HH Adap. Adoral Shaft Hook
15 20160410017 ™ Abover - - - 38 - - - 5 275 6
Riv.
16 2016041.0018 3 Apover - - - - - - - 2.75
Riv.
Cripple
55 20160410148~ AFC 470 - - - - - - 163 175 5
59 20160410157 3 057 - - - - - 175 4
Riv.
88 20160410222 - ST 1010 - - - - - - 3 4
tle Ck.
90 20160410224 TS s - - - - - 1.5
tle Ck.
W.
91  2016.041.0225 Thistle 123.6 - - - - - - - 4
Ck.
" This-
94 20160410228 " IS 59 804 - 237 600 - - 143 175 3 45
tle Ck.
95 2016.041.0229 Vg:éf’ 1259 798 284 238 840 46 - - - 375 25 4
97 2016041.0231 "I 1505 gss - - - - - 4 25
tle Ck.
08 20160410232 IS a5 - - - - - - 15
tle Ck.
Cardi- 141.5-
105 2016.041.0279  nal : - - 55527 161 139 156 25 125 5
X 143.5
River
118 20160410339 ™ - - - - - - - - - - - 475
Creek
Average 83.0 284 238 665 37 161 141 165 5 35 25 475

<
<

FIG. 32. Close-ups of cheliostome bryozoans of the genus Conopeum encrusting two macroconchs of Scaphites
(S.) depressus Reeside, 1927. The bryozoans occur on the internal molds of the body chamber near the aper-
tural margin. A. TMP2016.041.0382, 115.8 m, Wapiabi Formation, Bighorn Dam, Alberta. B.
TMP2016.041.0009, 132.5 m, Wapiabi Formation, Ram River, Alberta.
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1994. Billcobbanoceras saxitonianum (McLearn).
Cooper: 179.

DiaGNosis: Macroconchs large and stout with
closely coiled shell, with a reduced aperture;
apertural angle averages 66.5°% whorl cross sec-
tion of the shaft depressed with nearly flat flanks
and broadly curved venter; ribs finely and closely
spaced on the exposed phragmocone, coarser
and more widely spaced on the shaft, and finer
and more closely spaced again on the hook; pri-
mary ribs strong on the shaft attaining their
maximum height as incipient nodes at the ven-
trolateral shoulder; microconchs smaller and
more slender; suture moderately complex with
asymmetrically bifid first lateral lobes.

Types: The holotype is NMC 9041a from the
Alberta Shale of the Crowsnest River area of south-
western Alberta. The paratype is NMC 9041a; ple-
siotype is USNM 106739a, b. The holotype of the
subspecies keytei, which is synonymized here with
the typical form, is USNM 106727 from a calcare-
ous concretion in the Apishapa Shale, 16 miles east
of Trinidad, in sec. 1, T. 32 S., R. 62 W, Las Animas
County, Colorado.

MaATERIAL: The collection consists of 16 spec-
imens, all of which are adult, comprising 13 mac-
roconchs and 3 microconchs.

MACROCONCH DEscripTION: In the mea-
sured sample, LMAX averages 83.0 mm and
ranges from 79.8 to 88.8 mm (table 9). The ratio
of the size of the largest specimen to that of the
smallest is 1.11. Adults are massive with a nearly
circular outline in side view. The exposed phrag-
mocone occupies approximately one whorl and
terminates slightly above or below the line of
maximum length. The umbilical diameter of the
phragmocone is tiny; it averages 3.7 mm and
ranges from 2.7 to 4.6 mm (table 9). The body
chamber consists of a shaft and recurved hook.
In side view, the umbilical shoulder of the shaft
is straight and the venter of the shaft is broadly
curved. LMAX/Hj averages 2.38 and ranges from
2.37 to 2.38. The shell is tightly coiled. LMAX/H,
equals 2.84 in TMP2016.041.0229. The aperture
is reduced in size relative to that at midshaft. The
apertural angle equals 66.5° and ranges from
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55.5° in TMP2016.041.0279 to 84.0° in
TMP2016.041.0229.

The whorl section of the phragmocone along
the line of maximum length is depressed and
subovoid with maximum whorl width at one-half
whorl height. The umbilical wall is steep and sub-
vertical; the flanks are broadly rounded and slope
outward; the ventrolateral shoulder is sharply
rounded; and the venter is broadly rounded. W/
H,; equals 1.61 in TMP2016.041.0279. As the shell
passes from the phragmocone into the body
chamber, the whorl width remains nearly the
same but the whorl height increases slightly, so
that the whorl section at midshaft is slightly less
depressed than that along the line of maximum
length. The umbilical wall is steep and subvertical;
the flanks are broadly rounded and slope outward;
the ventrolateral shoulder is sharply rounded; and
the venter is broadly rounded. W¢/Hg averages
1.41 and ranges from 1.39 to 1.43. Adoral of the
midshaft, both the whorl width and especially
whorl height abruptly decrease. As a result, the
whorl section at the point of recurvature is more
depressed than that at midshaft. The umbilical
wall is flat and slopes outward; the flanks are
broadly rounded; the ventrolateral shoulder is
sharply rounded; and the venter is broadly
rounded. Wy/Hy; averages 1.65 and ranges from
1.56 to 1.75. The shell culminates in a constricted
aperture with a dorsal lappet.

On the exposed phragmocone, primary ribs
emerge at the umbilical seam and are straight and
rectiradiate on the umbilical wall and shoulder.
They develop into massive, elongate swellings that
reach their maximum strength at the ventrolateral
shoulder. On the adapical end of the phragmo-
cone, the primary ribs split into bundles of two or
three thinner ribs, with two or three ribs interca-
lating between them. The ribs are closely spaced
on the venter, with a rib density of 5 ribs/cm in
TMP2016.041.0017. They are sharp and uniformly
strong on the venter, which they cross with a
slight adoral projection. The primary ribs become
more prominent and widely spaced on the adoral
part of the phragmocone. They split into bundles
of two or three thinner ribs with one rib interca-
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TABLE 10
Measurements of Clioscaphites saxitonianus, microconchs.
See figure 2 for description of measurements. All measurements are in mm. Rib density is reported to the nearest
0.25 ribs/cm on the adapical and adoral parts of the phragmocone, the midshaft, and the hook, depending upon
the preservation of the specimen. Height (m) is the height in the measured stratigraphic section.

Rib densit
SWdy  LMPNo.  Locality Height LMax MAX yp WRIOWS/WH/ Y
No. HP HP  HS HH Adap. Ador. Shaft Hook
56 20160410149 PP 4o - - - - - - - - 375 -
Ck.
92 20160410226 " IS 556 - - - - - - - - 425
tle Ck.
96 20160410230 " IS 1osg  sgo - - - - - - - 4
tle Ck.
Average 58.2 - - - - - - - 4 4.25

lating between them. They are widely spaced on
the venter with a rib density of 2.5-4 ribs/cm.
The rib pattern on the adoral part of the
phragmocone becomes even more pronounced
on the shaft. The primary ribs emerge at the
umbilical seam and swing slightly forward and
then backward again before developing into
straight, massive, elongate swellings that attain
their maximum strength at the ventrolateral
shoulder in the form of incipient nodes. The
swellings are widely and equally spaced. At the
ventrolateral shoulder, they split into bundles of
two secondary ribs with another secondary rib
intercalating between them. Ribs are widely and
equally spaced on the venter, with a rib density
of 1.25-4 ribs/cm. They are uniformly strong and
cross the venter with at most a slight adoral pro-
jection. The primary ribs become weaker and
more closely spaced on the hook. Each rib sub-
divides into two or three secondary ribs, with
another secondary rib intercalating between
them. Ribs cross the venter of the hook with a
slight adoral projection. They are closely and
equally spaced, with a rib density of 4-6 ribs/cm.
The sutures are not generally preserved. How-
ever, in TMP2016.041.0229, the first lateral lobe
is slightly asymmetrically bifid (fig. 9G).
MicRoCONCH DESCRIPTION: Microconchs
are smaller and more slender than macroconchs.
In addition, the umbilical shoulder of the shaft is
concave in microconchs whereas it is straight in

macroconchs. LMAX equals 58.2 mm in
TPM2016.041.0230 (table 10).

The whorl section of the phragmocone along
the line of maximum length is partly visible in
TPM2016.041.0230. It is depressed and subovoid
with maximum whorl width at one-half whorl
height. The flanks are broadly rounded and slope
outward; the ventrolateral shoulder is sharply
rounded; and the venter is broadly rounded. As
the shell passes from the phragmocone into the
body chamber, both the whorl width and height
increase slightly, so that the whorl section at mid-
shaft is nearly the same as that of the phragmo-
cone along the line of maximum length. The inner
flanks of the phragmocone are broadly rounded
and slope outward; the outer flanks are nearly flat;
the ventrolateral shoulder is sharply rounded; and
the venter is broadly rounded. Adoral of the mid-
shaft, both the whorl width and height decrease.
As a result, the whorl section at the point of recur-
vature is more depressed than that at midshaft.
The umbilical wall is flat and slopes outward; the
flanks are broadly rounded; the ventrolateral
shoulder is sharply rounded; and the venter is
broadly rounded. The shell culminates in a con-
stricted aperture with a dorsal lappet.

At the base of the body chamber, primary ribs
emerge at the umbilical seam and are straight
and rectiradiate on the umbilical wall and shoul-
der. They develop into massive, elongate swell-
ings that reach their maximum strength at the
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FIG. 33. Clioscaphites saxitonianus (McLearn, 1929), macroconchs. A, B. TMP2016.041.0017, above measured
section, Wapiabi Formation, Ram River, Alberta. A. Right lateral; B. ventral. C, D. TMP2016.041.0148, 47.0
m, Wapiabi Formation, Cripple Creek, Alberta. C. Left lateral; D. ventral.
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A

FIG. 34. Clioscaphites saxitonianus (McLearn, 1929), macroconchs. A. TMP2016.041.0018, above measured
section, Wapiabi Formation, Ram River, Alberta, right lateral. B, C. TMP2016.041.0222, 121.0 m, Wapiabi
Formation, W. Thistle Creek, Alberta. B. Right lateral; C. ventral. D, E. TMP2016.041.0279, 141.5-143.5 m,
Wapiabi Formation, Cardinal River, Alberta. D. Right lateral; E. apertural.
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4

FIG. 35. Clioscaphites saxitonianus (McLearn, 1929), macroconchs. A, B. TMP2016.041.0229, 125.9 m, Wapi-
abi Formation, W. Thistle Creek, Alberta. A. Right lateral; B. ventral. C, D. TMP2016.041.0228, 125.9 m,
Wapiabi Formation, W. Thistle Creek, Alberta. C. Right lateral; D. ventral.
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FIG. 36. Clioscaphites saxitonianus (McLearn, 1929), microconchs. A, B. TMP2016.041.0149, 48.6 m, Wapiabi
Formation, Cripple Creek, Alberta. A. Right lateral; B. ventral. C, D. TMP2016.041.0226, 123.6 m, Wapiabi
Formation, W. Thistle Creek, Alberta. C. Right lateral; D. ventral. E-G. TMP2016.041.0230, 125.9 m, Wapiabi
Formation, W. Thistle Creek, Alberta. E. Left lateral; F. ventral; G. ventral hook.
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ventrolateral shoulder. The primary ribs split
into bundles of two thinner ribs, with one rib
intercalating between them. They are sharp and
uniformly strong on the venter, which they cross
with a slight adoral projection.

The ribbing pattern is similar on the shaft. The
primary ribs emerge at the umbilical seam and
develop into straight, massive, elongate swellings
that attain their maximum strength at the ventro-
lateral shoulder. The swellings are widely and
equally spaced. At the ventrolateral shoulder, they
split into bundles of two secondary ribs with
another one or two secondary ribs intercalating
between them. The ribs are widely and equally
spaced on the venter, with a rib density of 3.75-4
ribs/cm. They are uniformly strong and cross the
venter with at most a slight adoral projection. The
primary ribs become weaker and more closely
spaced on the hook. Each rib subdivides into two
secondary ribs, with another one or two second-
ary ribs intercalating between them. Ribs cross the
venter of the hook with a slight adoral projection.
They are closely and equally spaced, with a rib
density of 4.25 ribs/cm in TMP2016.041.0226.

The suture is not preserved in any of our
specimens.

REMARKS: Dimorphism is present in Clioscaph-
ites saxitonianus. The microconch was initially
designated by Cobban (1952) as the variety keytei.
Microconchs are smaller and more slender than
macroconchs. In addition, the umbilical shoulder
of the shaft is concave in microconchs whereas it
is straight in macroconchs.

Clioscaphites saxitonianus is distinguished from
the underlying species Scaphites (S.) depressus by
its less globose shape, flatter flanks, and coarser
ornamentation on the body chamber. It is distin-
guished from the overlying species Clioscaphites
vermiformis (Meek and Hayden, 1862) by having
incipient nodes rather than pointed tubercles on
the body chamber and rarely having the first lat-
eral lobe of the suture trifid.

Cooper (1994) established the genus Billcob-
banoceras and included Clioscaphites saxitonia-
nus as one of its species. While subsequent
workers have acknowledged this reassignment
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(e.g., Cobban et al., 2006), none of them has ever
followed it. We continue to assign this species to
Clioscaphites as originally described by Cobban
(1952), in anticipation of a thorough taxonomic
revision of these Coniacian and Santonian scaph-
ites in the future.

OccurreNCE: In the Upper Cretaceous of the
Western Interior of North America, this species
demarcates the lower Santonian Clioscaphites saxi-
tonianus Zone (Scott and Cobban, 1962). In the
study area, the lowest occurrence of this species is
at the base of the Santonian (surface SS0), coincid-
ing with a major transgression and a marked
change in facies to deeper-water, more offshore
mudstone. This species is present in the Wapiabi
Formation, Alberta, at James River
(TMP2016.041.0157), West Thistle Creek
(TMP2016.041.0222, .0224, and .0226-.0232), Car-
dinal River (TMP2016.041.0279), Cripple Creek
(TMP2016.041.0148 and .0149), Lynx Creek
(TMP2016.041.0339), and above the measured sec-
tion at Ram River (TMP2016.041.0017 and .0018).
In the U.S,, this species is present in the Apishapa
Shale of southeastern Colorado and in the Kevin
Member of the Marias River Shale on the east flank
of the Sweetgrass Arch of north-central Montana.
Outside North America, it has been reported from
west Greenland (Birkelund, 1965).
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ON THE COVER: UPPER CRETACEOUS (CONIACIAN) MUDSTONES
EXPOSED IN THE CANYON OF THE SHEEP RIVER, SW ALBERTA, AC-
COMPANIED BY TWO OF THE MOST CHARACTERISTIC FOSSILS FROM
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