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Abstract

During times when the Western Interior Sea was transgresstve, waters of more normal salinity brought
many genera of ammonites into the Western Interior from the Gulf coastal region. These migrations of
ammonites peaked in the middle late Cenomanian when 19 genera were present during the time of
Metoicoceras mosbyense. Lesser peaks occurred in the early middle Turonian (10-15 genera), in the Con-
tacian and Santonian (9 genera each), and in the late Campanian and early Maastrichtian (9 genera
each). Two genera, Dunveganoceras (Cenomanian) and Hoploscaphites (Campanian and Maastrichti-
an), however, may be migrants from the north.

Important ammonite lineages were established in the Cenomanian by descendants of Acanthoceras
bellense Adkins, Calycoceras leonense (Adkins), Metoicoceras praecox Haas, and Moremanoceras
elgini (Young). Collignoniceras and Prionocyclus formed an important lineage in the Turonian. Placen-
ticeras, Baculites, and Scaphites each developed into endemic stocks by middle Turonian time. Placen-
ticeras and Baculites flourished until the early Maastrichtian, but the endemic Scaphites were replaced
by new stocks of scaphites in the early Campanian. During the middle Campanian, a new stock of
scaphites (Hoploscaphites) replaced the local stocks and persisted until the Western Interior Sea retreat-
ed in middle Maastrichtian time.

Résumé

Pendant la transgression de la mer Intérieure de I’Ouest, des eaux de salinité plus normale ont permis a
plusieurs genres d'ammonites d'envahir le bassin Intérieur de I’Ouest, a partir des eaux de la région cétiere
du Gulf Lapogée de ces migrations a eu lieu au milieu du Cénomanien supérieur, alors que 19 genres ont
été dénombrés a lépoque de Metoicoceras mosbyense. Des pousées migratoires moins importantes se sont
produites au début du Turonien moyen (10-15 genres), au Coniacien et au Santonten (9 genres chacun) ainsi
qu’a la fin du Campanien et au début Maastrichtien (9 genres chacun). Cependant, deux genres auraient
pu venir du nord Dunveganoceras (Cénomanien) et Hoploscaphites (Campanien et Maastrichtien).

D’importantes lignées dammonites se sont constituées au Cénomanien par al descendance d’Acantho-
ceras bellense Adkins, de Calycoceras leonense (Adkins), de Metoicoceras praecox Haas, et de More-
manoceras elgini (Young). Les genres Collignoniceras et Prionocyclus ont constitué une lignée impor-
tante au Turonien. Au niveau du Turonien moyen environ, les genres Placenticeras, Baculites, et Sca-
phites se sont développés en des stocks endémiques. Les genres Placenticeras et Baculites ont prospéré
Jusqu'au début de Maastrichtien, mais au début du Campanien, de nouveaux stocks de scaphites ont suc-
cédé aux Scaphites endémiques. Durant le Campanien moyen, un nouveau stock de scaphites (Hoplosca-
phites) a remplacé les stocks locaux et a subsisté jusqu’a ce que la mer Intérieure de I’Ouest se retire au
Maastrichtien moyen.
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lines indicate probable shorelines; dashed lines indicate possible shorelines. Lo-
calities where ammonites were found are indicated by X.
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THE EARLY
LATE CRETACEOUS SEAWAY

The Late Cretaceous Sea had already transgressed
into the Western Interior Basin of the United States
by the middle Cenomanian before the known arriv-
al of any ammonites. Rocks deposited in this pre-
ammonite seaway consist chiefly of dark non-
calcareous shale with minor amounts of siltstone,
sandstone and bentonite in the eastern part of the
region, and of interbedded sandstone and shale with
thick beds of bentonite in the western part. These
Cenomanian rocks include the lower two-thirds or
more of the Graneros Shale of New Mexico, Colo-
rado, Kansas and Nebraska; the lower two-thirds or
more of the Belle Fourche Shale of the Black Hills
area of eastern Wyoming, western South Dakota
and southeastern Montana; the lower part of the
Belle Fourche Member of the Frontier Formation of
central Wyoming; and probably part of the Belle
Fourche Shale of central Montana. Important inves-
tigations of the stratigraphy and foraminiferal con-
tent of the Graneros and Belle Fourche Shales by
Eicher (1965, 1967) and more recently by Eicher and
Diner (1985) revealed that this sea transgressed
southward from Canada. The time represented by
these pre-ammonite beds may be equivalent to that
of three neogastroplitid ammonite zones recognized
far to the north in the Peace River area of British
Columbia, where Warren and Stelck (1958) de-
scribed the following early Cenomanian zones, from
oldest to youngest, Neogastroplites septimus,
Irenicoceras bahani, and Beattonoceras beattonense.

The oldest, widely distributed ammonites of Late
Cretaceous age in the Western Interior of the
United States are found in the middle Cenomanian
Thatcher Limestone Member of the Graneros Shale
in eastern Colorado, northeastern New Mexico and
southeastern Wyoming, and in equivalent rocks in
west-central New Mexico, western Colorado, central
and eastern Wyoming, western South Dakota and
southeastern Montana. The known ammonite fauna
consists of Desmoceras sp., Conlinoceras tarrantense
(Adkins), C. gilberti Cobban and Scott, Calycoceras
leonense (Adkins), Borissiakoceras compressum Cob-
ban, Johnsonites sulcatus Cobban, and Turrilites
acutus Passy. A direct tie with the Cenomanian
Lewisville Member of the Woodbine Formation of
north Texas is revealed by the presence there of
Conlinoceras tarrantense (Metacalycoceras? tarran-
tense of Adkins, 1928), Johnsonites sulcatus (Eu-
hoplites? sp. of Stephenson, 1952), and Turrilites de-
aringi Stephenson (1952). The distribution of
Thatcher ammonites in the Western Interior region
is shown in Figure 1. The presence of these ammo-
nites in the Western Interior was probably due to
the northward flow from the Gulf area of warmer
and more normal salinity waters into the Western
Interior Seaway.

The Thatcher Limestone Member consists of a
bed of yellowish-orange-weathering, hard, dense,
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ferruginous, concretionary limestone that is usu-
ally less than 0.5 m thick (Cobban and Scott, 1972, p.
10-12, figs. 4-7). Equivalent rocks also tend to be
thin and more or less ferruginous, and weather to
various shades of orange or brown.

At the time of Thatcher deposition, the Western
Interior Seaway was probably less than 900 km wide
(Fig. 1). In the western parts of New Mexico and Col-
orado, the western shoreline was sinuous. A conspic-
uous embayment in west-central New Mexico has
been named the Seboyeta Bay (Hook et al., 1980, p.
44, fig. 3; Cobban and Hook, 1984, fig. 2). Here,
brown-weathering limey siltstone beds and silty
limestone concretions in the upper part of the Ceno-
manian Oak Canyon Member of the Dakota Sand-
stone contain a diverse molluscan fauna of at least
30 genera of bivalves, 10 genera of gastropods and 5
genera of ammonites (Cobban, 1977, table 2). In
western Colorado, a sparse Thatcher fauna is pre-
sent in thin beds of sandstone near the top of the
Dakota Sandstone. Farther north in north-central
Wyoming, dark-brown-weathering, ferruginous, sandy
limestone concretions in the Belle Fourche Member
of the Frontier Formation contain abundant Borissi-
akoceras compressum and Inoceramus eulessanus
Stephenson and a few Conlinoceras tarrantense and
Johnsonites sulcatus, but other fossils are scarce
(Merewether, 1980, p. 18, localities D9805, D9850).

In the central part of the seaway, ferruginous con-
cretions that locally grade into ferruginous, concre-
tionary limestone were deposited in a fairly narrow
belt that extended from northeastern New Mexico
northward to just beyond the Black Hills in the
southeastern corner of Montana. Conlinoceras gil-
berti is locally abundant (Cobban and Scott, 1972,
fig. 7), and Borissiakoceras compressum and Ino-
ceramus eulessanus are fairly common, but other
molluscan fossils are usually scarce. Turrilites has
not been found north of southeastern Colorado.

The eastern shoreline of the Thatcher seaway is
poorly known. In southeastern Colorado, the far-
thest east locality of Thatcher fossils is USGS
Mesozoic locality D7265 (in sec. 26, T. 25 S.,, R. 49 W,
Bent County), about 75 km west of the Kansas
boundary (Fig. 1, southeasternmost locality in Col-
orado). Here Conlinoceras gilberti occurs in orange-
weathering, ferruginous concretions. Farther east,
in southwest Kansas, the Thatcher Limestone Mem-
ber seems to be absent, and Thatcher time may be
represented in sandy beds in the basal part of the
Graneros Shale or possibly in the upper part of the
Dakota Sandstone.

In central Kansas, limestone beds from the lower
half of the Graneros Shale and from the upper part
of the Dakota Sandstone include many species found
in the Woodbine Formation of north Texas. Fossils
from the upper part of the Dakota are like those
from the Lewisville Member of the Woodbine (Hat-
tin, 1967), whereas those from the lower part of the
Graneros are more like fossils from the Templeton
Member of the Woodbine (Hattin, 1965). Inasmuch
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as the Thatcher ammonite fauna is more like that of
the Lewisville, the upper part of the Dakota in cen-
tral Kansas is probably of Thatcher age. Hattin
(1967, p. 582) observed that this part of the Dakota
was deposited in marginal marine environments.
Hattin’s Dakota localities follow a northeast-south-
west trend across north-central Kansas, and it seems
logical to assume that the Thatcher shoreline lay
along this belt or slightly east of it. Farther north
in eastern Nebraska, the Thatcher shoreline proba-
bly trended north-south and passed somewhere
west of present-day Sioux City, Iowa (Fig. 1). At
Riverside on the northwest side of Sioux City, silty
concretions in the basal part of the Graneros Shale

contain (Dunveganoceras pondi Haas of early late
Cenomanian age (Cobban, 1983, p. 12 and illustra-
tions). Rocks of Thatcher age, if present, should lie
much lower in the non-marine Dakota Formation
(Merewether, 1983, fig. 7).

CENOMANIAN AMMONITE STOCKS
AND MIGRATIONS

For the purposes of this report, 12 ammonite zones
are recognized for middle to late Cenomanian time
in the Western Interior of the United States (Fig. 2).
Some of these zones can only be recognized in small
geographic areas (e.g., Zone of Acanthoceras bell-

CRETACEOUS AMMONOID
STAGE ZONE 1 2

3 4 5 6 7 8 9 101112 1314 151617 18 19 20

AMMONOID GENERA

Desmoscaphites bassleri
upper Desmoscaphites erdmanni

Clioscaphites choteauensis

Santonian

middle Clioscaphites vermiformis

lower Clioscaphites saxitonianus

upper Scaphites depressus

middle Scaphites ventricosus

Coniacian

lower Scaphites preventricosus

Prionocyclus quadratus
Scaphites whitfieldi

upper
Prionocyclus wyomingensis

Prionocyclus macombi

Prionocyclus hyatti

middle Prionocyclus percarinatus

Turonian

Collignoniceras woollgari

Mammites nodosoides

lower . .
€ Vascoceras birchbyi

Pseudaspidoceras flexuosum

Nigericeras scotti

Neocardioceras juddii
Vascoceras cauvini
upper
Sciponoceras gracile
Metoicoceras mosbyense

Dunveganoceras pondi

Plesiacanthoceras wyomingense
Acanthoceras amphibolum

Acanthoceras bellense

Cenomanian {part)

middle
Acanthoceras muldoonense

Acanthoceras granerosense

Conlinoceras tarrantense

Figure 2. Westerr‘z Interior ammonoid zones and number of ammonoid genera for the middle Cenomanian
through late Santonian. (Note: Since the preparation of this report, Burroceras clydense has been used in place of

Vascoceras cauvini as an upper Cenomanian Zone.)
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ense), but they have to be considered in the develop-
ment and migration of the ammonoid stocks. Some
zones (e.g., Zone of Metoicoceras mosbyense) are ap-
plied in a very broad sense and probably will be sub-
divided in future work.

A few genera are also used in a very broad sense.
Among these is Acanthoceras, which includes both
horned species (e.g., A. muldoonense Cobban and
Scott and A. amphibolum Morrow) and more normal
forms (e.g., A. granerosense Cobban and Scott). In-
ner whorls of some A. amphibolum are like those of
Cunningtoniceras, whereas outer whorls are like
those of Plesiacanthoceras. Until the American
acanthoceratid ammonites are more thoroughly in-
vestigated, the original generic assignments are fol-
lowed here. Calycoceras, likewise, is used in a very
broad sense, and at least two distinct stocks are
present.

Ammonites of the Thatcher Limestone Member of
the Graneros Shale and equivalent rocks in the
Western Interior consist of the following genera:
Calycoceras, Conlinoceras, Acanthoceras, Cunning-
toniceras, Borissiakoceras, Johnsonites, Turrilites
and Anisoceras. Immediately following the deposi-
tion of the Thatcher Member and equivalent rocks,
ammonite diversity greatly declined, and only
Acanthoceras, Turrilites and Hamites are known
from the Zone of Acanthoceras granerosense Cobban
and Scott. These few ammonites of southern origin
have been found only in the Graneros Shale of south-
eastern Colorado and in the Belle Fourche Member
of the Frontier Formation of north-central Wyom-
ing. A little higher in these rocks, in the Zone of
Acanthoceras muldoonense Cobban and Scott, the di-
versity of genera increases to seven, which includes
most of the genera known from the Thatcher Lime-
stone Member with the addition of the heteromorph
Idiohamites. None of these ammonites is known
north of north-central Wyoming.

Southwest of the Black Hills in eastern Wyoming,
a local assemblage of middle Cenomanian ammo-
nites a little younger than Acanthoceras mul-
doonense is present in the upper part of the Belle
Fourche Shale. The assemblage consists of Acan-
thoceras bellense Adkins, Calycoceras leonense
(Adkins), and sparse Borissiakoceras. Acanthoceras
bellense, which was originally described from the
basal part of the Eagle Ford Group of Texas, is ei-
ther a migrant from eastern Texas into the Western
Interior or possibly a descendant of A. granerosense.
The association of abundant Calycoceras leonense, a
species absent in the underlying Zone of A. mul-
doonense, favours a new migration presumably from
Texas.

Higher in the Graneros and Belle Fourche Shales,
diversity in ammonites increases greatly (Fig. 2),
probably reflecting a more favorable environment
and a more expanded seaway (Fig. 3) than that of
Thatcher time. Ten genera are known in the Zone of
Acanthoceras amphibolum Morrow. Morrow’s spe-
cies, which is a direct descendant of A. bellense, is

CRETACEOUS AMMONITES

widely distributed from Trans-Pecos Texas north-
ward into south-central Montana and from western
Colorado to central Kansas. Diversity decreases
northward (Fig. 3), and only A. amphibolum and
Borissiakoceras are known from Montana, whereas
in New Mexico, A. amphibolum is associated with
Cunningtoniceras, Borissiakocereas, Tarrantoceras
(a direct descendant of Calycoceras leonense), Aniso-
ceras, Desmoceras (Pseudouhligella), Moremano-
ceras, Plesiacanthoceras and Paracompsoceras, the
last four new to the Western Interior. Plesia-
canthoceras is a split from the A. amphibolum line-
age, Moremanoceras represents the continuation of a
lineage that first appeared in the lower Cenoma-
nian of Trans-Pecos Texas, and Desmoceras (Pseu-
douhligella) and Paracompsoceras are migrants pre-
sumably from Texas.

At the close of Graneros and Belle Fourche deposi-
tion, at the end of middle Cenomanian time, the sea-
way continued to be inhabited by many kinds of am-
monites with a decided northward shift in diversity
to the area of the present Black Hills, where at least
11 genera are present in the Zone of Plesiacantho-
ceras wyomingense (Reagan). Some are descendants
of species in the underlying Zone of Acanthoceras
amphibolum, such as Plesiacanthoceras, More-
manoceras, Borissiakoceras and Anisoceras, but
others are new to the seaway (Eucalycoceras, Sca-
phites and several undescribed genera). Plesiacan-
thoceras wyomingense is the most widespread of the
species, and specimens have been found as far north
as the Peace River area of Alberta, where they were
described as Acanthoceras athabascense Warren and
Stelck (1955).

At the beginning of late Cenomanian time, the
Western Interior Seaway continued to expand and
carbonate deposition became prevalent as the
warmer and more normal salinity waters from the
Gulf area moved northward. Dunveganoceras de-
veloped out of Plesiacanthoceras, and the Zone of D.
pondi in the basal part of the Cenomanian and
Turonian Greenhorn Limestone and equivalent
rocks contains at least 11 genera of ammonites. Tar-
rantoceras, Eucalycoceras, Moremanoceras, Hamites
and Idiohamites continue up from the underlying
Zone of Plesiacanthoceras wyomingense, but Dunve-
ganoceras, Neocardioceras, Metoicoceras, Metengono-
ceras and Neostlingoceras are new. This assemblage
is best developed from the Black Hills westward
across much of Wyoming. Fossils that represent this
zone have not been recorded from Canada.

Slightly higher in rocks of Late Cenomanian age,
Late Cretaceous ammonite diversity reached its
peak in the Hartland Shale Member of the Green-
horn Limestone and equivalent rocks. Nineteen
genera occur in the Zone of Metoicoceras mosbyense
Cobban. Genera known from older rocks are More-
manoceras, Dunveganoceras, Calycoceras, Eucalyco-
ceras, Cunningtoniceras, Metoicoceras, Neocar-
dioceras, Borissiakoceras, Metengonoceras, Neostlin-
goceras and Hamites. New genera are Forbesiceras,
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Lewesiceras, Vascoceras, Euomphaloceras, a new
genus, and the heteromorphs Metaptychoceras, Scip-
onoceras and Carthaginites. Most of the new genera
are present only in the southern part of the region.
Dunveganoceras, however, is absent in the southern
part but abundant in Wyoming and Montana. The
species of Dunveganoceras are quite different from
the older D. pondi and probably represent migrants
from Canada, where the genus is conspicuous (War-
ren and Stelck, 1940, 1955). In Montana, diversity in
the Zone of Metoicoceras mosbyense is very low. Al-
though specimens of Metoicoceras and Dunveganoceras
are abundant, only one specimen each of Neocar-
dioceras and Sciponoceras is present in the Montana
collections of the United States Geological Survey.

The Zone of Sciponoceras gracile, which lies im-
mediately above the Zone of Metoicoceras mos-
byense, also contains a varied ammonoid fauna. Of
the 16 known genera, half are new to the Western
Interior and include Placenticeras (Karamaites), Eu-
omphaloceras, Pseudocalycoceras, Sumitomoceras, a
small new genus, and the heteromorphs Allocrio-
ceras, Puebloites and Worthoceras. Most of these gen-
era are present in the Cenomanian Britton Forma-
tion of Texas and probably came from there.

Following the Zone of Sciponoceras gracile, ammo-
nite diversity greatly decreased in the Western Inte-
rior, and most genera were restricted to present
southwestern New Mexico, where the Zone of Bur-
roceras clydense (Cobban, Hook and Kennedy) con-
tains Placenticeras (Karamaites), Kamerunoceras,
Vascoceras, Paravascoceras, Sciponoceras and two
undescribed genera.

Near the close of late Cenomanian time, diversity
increased and 12 genera are present in the Zone of
Neocardioceras juddii (Barrois and Guerne). In
southwestern New Mexico, where all 12 genera are
present, the zone contains Placenticeras (Ka-
ramaites), Nigericeras, Pseudaspidoceras, Neocar-
dioceras, Vascoceras, Paravascoceras, Thomelites?,
Thomasites, Worthoceras, Sciponoceras, Anisoceras
and Hamites. Outside southwestern New Mexico,
fewer genera are present, and most localities have
only Neocardioceras and perhaps a few specimens of
Kamerunoceras or Sciponoceras. Nigericeras is lo-
cally abundant in southeastern Colorado. Neocar-
dioceras and Kamerunoceras are present as far
north as northwestern Montana. At the end of Ceno-
manian time, a marked decrease in ammonoid gen-
era occurred throughout the Western Interior.

In summary, many genera of ammonites mi-
grated from the Gulf coastal region into the West-
ern Interior Seaway during the middle and late Cen-
omanian when warmer and near-normal salinity
conditions occurred periodically. Some genera,
which became adapted to the cooler and less saline
water of the Western Interior Seaway, formed impor-
tant lineages. Among these are the lineage of
Acanthoceras-Plesiacanthoceras-Dunveganoceras
and Calycoceras (Gentoniceras)-Tarrantoceras as
well as species lineages of Moremanoceras, Cun-
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ningtoniceras, Metoicoceras, Neocardioceras and
Calycoceras of the canitaurinum-naviculare group.

TURONIAN AMMONOID STOCKS
AND MIGRATIONS

Ten Turonian ammonoid zones are recognized in
this report (Fig. 2). These are mostly the same as
those of an earlier report (Cobban, 1984, fig. 2). A
Zone of Pseudaspidoceras flexuosum at the base of
the sequence is applied in a broad sense; it will be
subdivided in a forthcoming work by W.J. Kennedy
and me.

The Zone of Pseudaspidoceras flexuosum Powell is
poorly fossiliferous in most of the Western Interior,
whereas in Trans-Pecos Texas, a rich fauna of am-
monites is present (Powell, 1963; Kennedy et al.,
1987). Kamerunoceras, Pseudaspidoceras, Thomas-
ites, Vascoceras, Sciponoceras and Worthoceras con-
tinue up from the Cenomanian Neocardioceras ju-
ddii Zone, and the new genera Quitmaniceras, Mam-
mites, Fagesia and Neoptychites appear. Allocrio-
ceras and Scaphites are also present. Thomasites,
Vascoceras, Fagesia, Neoptychites and Pseudaspido-
ceras are typical Tethyan fossils. Fagesia, Pseudas-
pidoceras and Quitmaniceras are found together in
southwestern New Mexico. Reeside (1923) described
an interesting fauna of this age from limestone con-
cretions in the Greenhorn Member of the Cody
Shale at one small outcrop in south-central Mon-
tana that included ammonites assigned by him to
Vascoceras, Pseudotissotia and Helicoceras. These
ammonites would now be assigned to Fagesia, Quit-
maniceras and Allocrioceras. Pseudaspidoceras and
Scaphites have since been found at this locality. Am-
monites of this age have not been found north of this
locality.

The early Turonian Zone of Vascoceras birchbyi
Cobban and Scott is probably just a little younger
than that of Pseudaspidoceras flexuosum. The zone
is best developed in the Pueblo area in southeastern
Colorado, where it contains Kamerunoceras, Pseud-
aspidoceras, Watinoceras, Vascoceras, Fagesia, Neo-
ptychites and Puebloites. A new genus, Bassites Cob-
ban (1987a), is present in Kansas. Vascoceras
birchbyi is widely distributed in New Mexico, Color-
ado and Kansas.

Fossils of latest early Turonian age are included
in the Zone of Mammites nodosoides (Schliiter). In
Colorado, New Mexico and Trans-Pecos Texas, this
zone has a varied fauna of 15 ammonite genera.
Watinoceras, Kamerunoceras, Fagesia, Neoptychites
and Puebloites continue up into this zone. Placen-
ticeras, Mammites, Paravascoceras and Lewesiceras
reappear, and Tragodesmoceras, Morrowites, Cibola-
ites, Hoplitoides and Choffaticeras are new to the
Western Interior. Hoplitoides, Vascoceras and Chof-
faticeras are Tethyan genera. Baculites, which de-
scended from Sciponoceras, is abundant. Most of
these genera are found in Trans-Pecos Texas, New
Mexico and southern Colorado. A few of the genera

441



COBBAN

are present in the Greenhorn Limestone in the
Black Hills area, but only Watinoceras is known far-
ther north in Canada.

In the lower part of the middle Turonian, the
Zone of Collignoniceras woollgari (Mantell) contains
a dozen genera of ammonites. Collignoniceras may
be a descendant of Cibolaites from the underlying
zone. Spathites, a Tethyan genus, is new to the West-
ern Interior. Binneyites was derived from Borissia-
koceras, and all the rest of the genera (Placenticeras,
Tragodesmoceras, Morrowites, Watinoceras, Neop-
tychites, Scaphites, Baculites, Allocrioceras and
Hoplitoides) are known from underlying zones. Con-
ditions were favourable for northward migration
and Collignoniceras woollgari with accompanying
Tragodesmoceras, Scaphites and Baculites have been
recorded from the Manitoba escarpment in southern
Manitoba (McNeil and Caldwell, 1981, p. 54). Collig-
noniceras and Scaphites also occur along the west-
ern side of the Canadian Western Interior Basin
(Stott, 1961, 1963, 1967).

Higher in the middle Turonian of the Western In-
terior, there is an abrupt change from calcareous to
non-calcareous rocks and a corresponding abrupt
decrease in ammonoid genera probably due to a re-
turn to cooler waters less favorable for ammonites.
The Zone of Prionocyclus percarinatus (Hall and
Meek) contains only five known genera (Priono-
cyclus, Collignoniceras, Scaphites, Pteroscaphites
and Placenticeras). This zone is best developed from
the Black Hills eastward to western Minnesota.

At the close of the middle Turonian, during the
time of Prionocyclus hyatti (Stanton), diversity in
ammonoid genera increased to eight genera with
half of them largely confined to New Mexico and
Trans-Pecos Texas. Prionocyclus, Placenticeras and
Scaphites are widely distributed from south-central
New Mexico to the Canadian border, whereas Spath-
ites, Romaniceras, Herrickiceras and Coilopoceras (a
derivative of Hoplitoides) have not been found north
of the southernmost part of Colorado. Romaniceras,
a descendant of Kamerunoceras, is abundant in
Trans-Pecos Texas and southward into Chihuahua,
Mexico. Binneyites occurs sparsely in the Black
Hills area. Prionocylus hyatti has been recorded
from the eastern side of the Canadian Western Inte-
rior Basin (Jeletzky, 1971, p. 52).

The beginning of late Turonian time (Zone of Pri-
onocyclus macombi Meek) marked a reduction in
ammonoid genera to five, and none of the three later
Turonian zones has more than six genera. Species of
Prionocyclus and Scaphites became endemic, and all
four zones have them. The Tethyan genus Coilopo-
ceras is present in the lower two zones (Prionocyclus
macombi and P. wyomingensis) and then disap-
peared from the Western Interior. Coilopoceras is
fairly abundant in New Mexico, Trans-Pecos Texas,
and Chihuahua, Mexico. An occasional specimen
has been found in the southernmost part of Color-
ado, and a single specimen was discovered in south-
eastern Wyoming. Hourcquia, a rare genus first de-
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scribed from Madagascar and later from Japan and
Venezuela, occurs sparsely in the Zone of Pri-
onocyclus macombi in New Mexico and Trans-Pecos
Texas. Other genera in this zone are Placenticeras,
Prionocyclus, Coilopoceras and Scaphites. The next
younger zone (Prionocyclus wyomingensis Meek) has
Prionocyclus, Reesidites, Coilopoceras, Scaphites
and Baculites. Reesidites is a rare migrant that pre-
sumably came up from Mexico. Baculites reappeared
after being absent from the Western Interior since
early middle Turonian time (Zone of Collignoniceras
woollgari). Baculites and Reesidites are also present
in the Zone of Scaphites whitfieldi along with the en-
demic lineages of Prionocyclus, Placenticeras,
Pteroscaphites and Scaphites. The uppermost of the
late Turonian zones (Prionocyclus quadratus) has
Scaphites, Baculites, Placenticeras, Prionocyclus
and Eubostrychoceras. The last (Cobban, 1987b), a
worldwide heteromorph genus only known in the
Western Interior from this zone, is a migrant from
the south that traveled as far north as the Black
Hills. Scaphites corvensis is the common scaphite in
this zone. Birkelund (1965) recorded a Scaphites cf.
corvensis from West Greenland.

In summary, the Turonian was characterized at
first by diverse Tethyan migrants (e.g., Vascoceras,
Fagesia, Neoptychites) and later by genera (e.g.,
Scaphites, Baculites, Prionocyclus) that adapted to
the water of the Western Interior Seaway with occa-
sional migrants (e.g., Romaniceras, Spathities, Coi-
lopoceras, Hourcquia) from the Gulf coastal region.
Baculites, which descended from Sciponoceras of
late Cenomanian age, became well established in
the Western Interior in the later part of the early
Turonian and the early part of the middle Turo-
nian, but the genus disappeared from the seaway
during the later part of the middle Turonian. Bacul-
ites reappeared in the seaway in the later part of the
late Turonian and then gave rise to an endemic line-
age that flourished until the early Maastrichtian.
Scaphites became well adapted to the northwestern
(Montana) part of the seaway during the Early
Turonian and then gave rise to a lineage of species
that persisted in much of the seaway through the
rest of the Turonian, Coniacian and Santonian (Cob-
ban, 1951). Collignoniceras and Prionocyclus are im-
portant genera that formed lineages of species that
were widely distributed in the seaway during the
middle and late Turonian. Prionocyclus descended
from Collignoniceras, which probably had its origin
in Cibolaites of latest early Turonian age. Other
conspicuous lineages include species of the early
Turonian Watinoceras that originated from Neocar-
dioceras of latest Cenomanian age and species of
Binneyites that descended from Borissiakoceras in
the middle Turonian (Cobban, 1961). Placenticeras
(Placenticeras), which descended from P. (Ka-
ramaites) in the late early Turonian, became
adapted to the cooler and less saline Western Inte-
rior waters and formed a succession of endemic spe-
cies that flourished in the seaway during the rest of



the Turonian, Coniacian, Santonian and Campan-
ian.

CONIACIAN AMMONITE STOCKS
AND MIGRATIONS

Coniacian time was marked by deposition of lime-
stone and chalky shale over much of the central and
eastern parts of the seaway. Ammonites are scarce
in these deposits, but they are abundant in the
equivalent non-calcareous shale and sandstone far-
ther west.

In this report, three zones of ammonites are re-
cognized (Fig. 2). The oldest zone, that of Scaphites
preventricosus Cobban, contains nine genera of am-
monites. Genera that continued up from the Turo-
nian are Placenticeras, Binneyites, Scaphites, Ptero-
scaphites and Baculites. Anisoceras and Idiohamites
reappeared, but are rare. Forresteria and Bostrycho-
ceras were new to the seaway. Forresteria is known
from New Mexico, Colorado and Wyoming, but it is
absent in the large collections of ammonites from
Montana. Scaphites preventricosus, on the other
hand, is abundant in Montana and northward into
the western part of the Western Interior of Canada
(Stott, 1961, 1963, 1967; Irish, 1965; Jeletzky, 1968).

Eight genera are known from the middle Conia-
cian Zone of Scaphites ventricosus Meek and Hay-
den. The endemic lineages of Placenticeras, Scaph-
ites and Baculites continued, and there are occasion-
al specimens of Bostrychoceras and Allocrioceras.
Peroniceras, Gauthiericeras and Neocrioceras were
new to the Western Interior. Peroniceras is abun-
dant in the lower part of the Coniacian to Campa-
nian Austin Group of Texas, and the Western Inte-
rior specimens are migrants from that area. Per-
oniceras is rare in Montana, and there are no rec-
ords from farther north although S. ventricosus is
recorded from Canada (Stott, 1961, 1963, 1967; Irish,
1965) and West Greenland (Birkelund, 1965).

Eight genera are also known from the late Conia-
cian Zone of Scaphites depressus Reeside. Endemic
lineages include Placenticeras, Binneyites, Scaphites
and Baculites. Neocrioceras is present locally. Pro-
texanites and Phlycticrioceras were migrants pre-
sumably from south or east Texas, and the hetero-
morph Pseudobaculites appeared abruptly and then
disappeared until early Maastrichtian time. Most of
these genera have been found as far north as central
Montana, but only Scaphites and Baculites have
been recorded from the Rocky Mountain Foothills
of western Alberta and eastern British Columbia
(Stott, 1961, 1963, 1967). Far to the north, in the Ca-
nadian Arctic Archipelago, Jeletzky (1971, p. 59) re-
corded Scaphites depressus along with other fossils
that he assigned to the Santonian. The Zone of S.
depressus could be assigned to the Santonian (e.g.,
Obradovich and Cobban, 1975) on the basis of the
presence of Inoceramus (Cladoceramus) undulato-
plicatus Roemer. This widely distributed bivalve
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has been recommended as a guide to rocks of
Santonian age (Birkelund et al., 1984). However, this
species occurs high in the Zone of S. depressus (Scott
and Cobban, 1964, table 3), and the presence of the
ammonites usually recorded in North America as
Protexanites shoshonensis (Meek) and Phlycticrio-
ceras oregonense Reeside, associated with typical S.
depressus in Wyoming (Reeside, 1927), give the zone
a distinct Coniacian aspect. Kennedy (1984) has
shown that Protexanites shoshonensis is a junior syn-
onym of P. bourgeoisi (d’'Orbigny) and that Phlyc-
ticrioceras oregonense is a junior synonym of
P, trinodosus (Geinitz), species originally described
from the upper Coniacian of Europe.

SANTONIAN AMMONOID STOCKS
AND MIGRATIONS

Five zones are assigned to the Santonian in this re-
port (Fig. 2). The upper two contain the free-
swimming crinoids, Uintacrinus and Marsupites,
which, historically, have been long considered as
guide fossils to rocks of Santonian age (Birkelund et
al., 1984).

Clioscaphites saxitonianus (McLearn), the oldest
zone, has only Clioscaphites, Placenticeras, Tex-
anites and Baculites. Clioscaphites is a direct de-
scendant of Scaphites, and the species of Placen-
ticeras and Baculites are in the endemic lineages of
those genera. Texanites, new to the Western Inte-
rior, was a migrant from Texas or Mexico where the
genus is common. In this zone, Texanites is not
known north of southern Colorado. Clioscaphites
and Baculites range into Canada, where they occur
on both the eastern (McNeil and Caldwell, 1981)
and western (McLearn, 1929; Stott, 1963, 1967) sides
of the seaway. A subspecies of C. saxitonianus (C. s.
septentrionalis) has been described from West
Greenland (Birkelund, 1965).

Seven genera are present in the Zone of Clioscaph-
ites vermiformis (Meek and Hayden). Endemic spe-
cies of the genera Placenticeras, Clioscaphites,
Pteroscaphites, Baculites and Binneyites occur; all
are found as far north as northwestern Montana,
and Clioscaphites and Baculites have been found
along the western side of the seaway in Canada
(Stott, 1963, 1967; Irish, 1965). Baculites codyensis
Reeside, which is abundant in this zone, has been
found in West Greenland (Birkelund, 1965). Tex-
anites is a rare genus in this zone in the southern
part of the Western Interior of the United States.
The heteromorph Glyptoxoceras appeared for the
first time, in the southern part of the region. Am-
monites are scarce in the chalky deposits of the
eastern part of the seaway, but C. vermiformis has
been recorded from Kansas (Miller, 1968; Hattin,
1982).

A varied ammonoid assemblage is present in the
overlying Zone of Clioscaphites choteauensis Cob-
ban. Texanites, Reginaites, Clioscaphites, Scaphites,
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Desmoscaphites, Pteroscaphites and Baculites occur
together at one locality in northeastern New Mexico
(Scott et al., 1986). Placenticeras is known from
other areas, especially in New Mexico, and an am-
monite recorded by Miller (1970) as Submortoniceras
is known from Kansas (Miller, 1970). Clioscaphites
choteauensis is widely distributed in a variety of
rocks. Specimens have been found in chalk in Kan-
sas (Miller, 1968, 1970; Hattin, 1982), in calcare-
ous shale in Colorado (Scott and Cobban, 1964), and
in non-calcareous shale and sandstone in Montana.
The species, along with Baculites, also occurs in
Canada along the western side of the seaway (Stott,
1963, 1967). The Scaphites in this zone is a small

form from a different lineage than that of the en-
demic Turonian through Santonian line of Scaph-
ites. The new Scaphites belongs to the group of S. leet
Reeside-S. hippocrepis (DeKay) (Cobban, 1969)
which may have a European origin. Desmoscaphites
is a derivative of Clioscaphites.

In the next Zone of Desmoscaphites erdmanni Cob-
ban, the only ammonite genera known are Desmo-
scaphites, Scaphites, Haresiceras (Mancosiceras) and
Baculites. All are derivatives of species in the under-
lying zone. Haresiceras may be the last of the origi-
nal stock of scaphites in the Western Interior.

The youngest of the Santonian zones, Desmo-
scaphites bassleri Reeside, has the genera Placenti-

CRETACEOUS AMMONOID
STAGE ZONE

AMMONOID GENERA
12 3 4 5 6 7 8 9 10

Hoploscaphites conradi
Hoploscaphites nicolleti
middle Hoploscaphites aff. nicolleti
Baculites clinolobatus
Baculites grandis

Baculites baculus

Maastrichtian

Baculites eliasi
lower Baculites jenseni

Baculites reesider

Baculites cuneatus

? Baculites compressus

Didymoceras cheyennense

Exiteloceras jenneyi
upper Didymoceras stevensoni

Didymoceras nebrascense

Baculites scott
Baculites reduncus
Baculites gregoryensis
middle Baculites perplexus
Baculites sp. (smooth)

Baculites asperiformis

Campanian

Baculites maclearni

Baculites obtusus

Baculites sp. (weak flank ribs)
Baculites sp. (smooth)
Scaphites hippocrepis Il
lower Scaphites hippocrepis |
Scaphites hippocrepis |

Scaphites leei Il

Figure 4. Western Interior ammonoid zones and number of ammonoid genera for the Campanian and

Maastrichtian.
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ceras, Desmoscaphites, Scaphites, Haresiceras (Man-
cosiceras) and Baculites. Species of these genera are
all endemic and represent continuations of stocks
well established in the Western Interior.

In summary, only 12 genera of ammonites are
known from the Western Interior Seaway during the
Santonian. Seven of these (Placenticeras, Binney-
ites, Baculites, and the scaphites Clioscaphites,
Pteroscaphites, Desmoscaphites and Haresiceras)
represent well-established endemic stocks. During
the earlier half of the Santonian, a few migrants
(Texanites, Reginaites, Submortoniceras and Glyp-
toxoceras) from the Gulf coastal region appeared
briefly in the southern part of the seaway. A new
stock of scaphites (leei-hippocrepis group) entered
the seaway from the south and became adapted to lo-
cal conditions as far north as the Canadian border.

CAMPANIAN AMMONOID STOCKS
AND MIGRATIONS

Seventeen ammonoid zones are assigned to the
Campanian in this report (Fig. 4). Overlying these
are several zones that are either Campanian or
Maastrichtian. These zones are shown with a query
in Fig. 4. Paleontologists and stratigraphers have
long known that the stratotypes of the Campanian
and Maastrichtian in northwestern Europe are
very incomplete and that a considerable time gap
separates them (well shown by Sissingh, 1978, fig.
3). The widely distributed planktonic foraminiferal
Zone of Globotruncanita calcarata (Cushman), al-
though not found in northwestern Europe, is now
well accepted by micropaleontologists as defining
the top of the Campanian (Marks, 1984). Globotrun-
canita calcarata has not been found in the Western
Interior, but it is known in the Gulf and Atlantic
coastal regions and in southern Europe, northern
Africa and elsewhere (for map showing distribution
of G. calcarata, see Masters, 1977). The presence of
G. calcarata at the top of the Marshalltown Forma-
tion in New Jersey and Delaware (Olsson, 1964; Pet-
ters, 1976) is of special interest inasmuch as several
ammonites from formations in those states occur
also in the Western Interior. Float specimens from
Marshalltown collected along the Chesapeake and
Delaware Canal include Didymoceras stevensoni
(Whitfield) and Exiteloceras jenneyi (Whitfield). The
overlying Mount Laurel Sand, along the Chesa-
peake and Delaware Canal, contains fragments
of Didymoceras cheyennense (Meek and Hayden)
as well as fragments of Anaklinoceras reflexum Ste-
phenson, a species confined to the Zone of Baculites
compressus Say. The Mount Laurel has been dated
as early Maastrichtian using planktonic foramini-
fera (Olsson, 1964), ostracodes (Brouwers and Hazel,
1978), dinoflagellates and acritarchs (May, 1980),
pollen (Christopher, 1980), and barnacles (Zullo,
1987). Bivalves and gastropods in the Mount Laurel
Sand belong to the Zone of Exogyra cancellata Step-
henson which is generally accepted as early Maas-
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trichtian in age (Sohl and Christopher, 1983). How-
ever, work in Israel suggests that rocks of Mount
Laurel age may be late Campanian. Lewy (1986) has
equated the G. calcarata Zone with rocks in Israel
that contain Axonoceras reflexum. Even the basal
part of the Navesink Formation, which overlies the
Mount Laurel, may be of latest Campanian age ac-
cording to the investigations of Blaszkiewicz (1980),
who described an ammonite fauna from Poland that
is very closely related to that found in the basal
Navesink. Blaszkiewicz’s fauna (Zone of Nostoceras
pozaryskii at the top of the Polish Campanian) in-
cludes Belemnella langei Jeletzky, a species that
characterizes the uppermost zone of the Campanian
of the standard northern European belemnoid
sequence. Until an international agreement is
reached concerning the placement of the Campanian-
Maastrichtian boundary, the several ammonite
zones of the Western Interior that seem to be of
Mount Laurel-basal Navesink age are treated to-
gether, but not definitely assigned to either the
Campanian or the Maastrichtian.

The oldest zone assigned to the Campanian in this
report is that of Scaphites leei Reeside 111, which is
named for the youngest of three chronologic sub-
species of S. leei (Cobban, 1969). Species of Scaphites,
Haresiceras (Haresiceras) and Baculites are the only
ammonites known, and all are endemic.

The latest of the three chronologic subspecies Sca-
phites leei gave rise to the oldest of three chronologic
subspecies of S. hippocrepis (DeKay), which have
been designated, from oldest to youngest, I, II and 1II
(Cobban, 1969). Four ammonoid genera are known in
the Zone of S. hippocrepis 1. Scaphites, Baculites and
Haresiceras continue lineages from the underlying
zone. Parapuzosia, a gigantic ammonite (Miller and
Youngquist, 1946), was a migrant from Texas that be-
came well adapted to the area extending from north-
central Wyoming to central Montana.

The next zone, that of Scaphites hippocrepis (De-
Kay) II, is well known in Colorado, Wyoming and
Montana. Only representatives of the three endemic
lineages of Scaphites, Baculites and Haresiceras
have been found. The specimen illustrated as S. hip-
pocrepis from Saskatchewan by Jeletzky (1970, pl.
27, fig. 6) may be S. hippocrepis 11.

Ammonites of the Zone of Scaphites hippocrepis
(DeKay) III are more varied owing to a northward
migration from the Texas-Chihuahua region. The
lineages of Placenticeras, Scaphites, Haresiceras
(Haresiceras) and Baculites continued. The loosely
coiled heteromorph Glyptoxoceras reappeared and
migrated as far north as south-central Montana.
Submortoniceras, a common genus in the Austin
Group of Texas, migrated into the southern part of
the Western Interior as far north as central eastern
Utah. This northward migration is evident in south-
ern Canada, where S. hippocrepis has been reported
from Saskatchewan and Haresiceras natronense
Reeside, a species restricted to the Zone of S. hip-
pocrepis III, has been identified from Manitoba
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(Jeletzky, 1970, 1971) and southeastern Manitoba
(Williams and Baadsgaard, 1975). During this time,
Haresiceras may have migrated across the Hudson
Bay region to West Greenland, where Birkelund
(1965, p. 138) recorded some poorly preserved
specimens.

A zone characterized by dominantly smooth-
flanked baculites lies just above the Zone of Sca-
phites hippocrepis I111. Although baculites are abun-
dant, other kinds of ammonites are scarce. A few
specimens that represent a small descendant of S.
hippocrepis are locally present, and the S. hippo-
crepis lineage then became extinct higher in this
zone. An entirely new stock of small, compressed
scaphites abruptly appeared in the central part of
the seaway. These scaphites show some resemblance
to the Indian Indoscaphites and are herein referred
to as “Indoscaphites”. Their geographic origin is un-
known. Other ammonites in this zone include Pla-
centiceras and an occasional Submortoniceras. The
zone of smooth baculites is best developed in central
and north-central Wyoming and in south-central
Montana. The late J.R. Gill and the author found
these smooth baculites farther north in east-central
Montana (Gill et al., 1972, p. 97) and also in south-
eastern Alberta and southern Manitoba.

A zone of Baculites that has weakly ribbed flanks
succeeds the zone of smooth-flanked forms. The en-
demic lineages of Baculites and Placenticeras con-
tinue through the zone. “Indoscaphites” persisted
for a while in Wyoming and then disappeared from
the Western Interior. New to the region is the genus
Trachyscaphites Cobban and Scott (1964) which may
have had its origin in the European Scaphites gib-
bus Schliiter (1872) of latest early Campanian age
(Schmid and Ernst, 1975, fig. 2). Trachyscaphites
probably migrated from Europe to Texas and then
into the Western Interior as far north as the Black
Hills during the time of the zone of weakly ribbed
baculites. The baculites, however, had migrated far-
ther north into southern Saskatchewan (North and
Caldwall, 1975, p. 325).

Only Baculites, Trachyscaphites and Placenticeras
are known from the Zone of Baculites obtusus Meek.
In the Western Interior of the United States, B. ob-
tusus is widely distributed from northern New Mex-
ico (Cobban et al., 1974) to east-central Montana
(Gill et al., 1972). The species has been recorded far-
ther north in Alberta (Landes, 1940), Saskatchewan
(Price and Ball, 1973; North and Caldwell, 1975) and
West Greenland (Birkelund, 1965).

Baculites, Trachyscaphites and Placenticeras pers-
ist through the Zone of Baculites maclearni Landes.
Trachyscaphites migrated as far north as central
Montana, and B. maclearni migrated farther north
into southern Alberta (Landes, 1940) and Saskatch-
ewan (Price and Ball, 1973; North and Caldwell,
1975). An important new genus, Hoploscaphites, ap-
pears in this zone. The Western Interior species of
the genus are closely related to the form described
from Germany as Scaphites ornatus Roemer (1841)
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which seems to be an early representative of the
Hoploscaphites stock. Scaphites of this type are un-
known in the Trachyscaphites faunas of Texas. How-
ever, scaphites that seem assignable to Hoplosca-
phites occur with Baculites obtusus in West Green-
land (Birkelund, 1965); thus, Hoploscaphites of the
ornatus-type probably entered the Western Interior
from the north. The Scaphites sp. recorded with B.
maclearni by Price and Ball (1973, p. 41, 61) from a
potash shaft in Saskatchewan may be of the ornatus
stock.

Hoploscaphites of the ornatus type are fairly abun-
dant in the Zone of Baculites asperiformis Meek.
The largest collections are from Colorado, but some
specimens are known from northern New Mexico
and central and eastern Wyoming. Fragments of
scaphites were recorded with B. asperiformis from a
potash shaft in Saskatchewan (Price and Ball, 1973,
p. 41). Baculites asperiformis is also present in
southern Alberta (Landes, 1940). The lineages of
Trachyscaphites and Placenticeras continue through
this zone in the Western Interior of the United
States, and two genera new to the Western Interior
appear in this zone. A few specimens of Hoplitopla-
centiceras have been found as far north as south-
central Wyoming (Cobban, 1963), but the genus is
fairly common in northeastern Texas. Fragments of
the heteromorph ammonite Bostrychoceras occur
with Baculites asperiformis in the Campanian part
of the Pierre Shale in north-central Colorado (Izett
et al., 1971, p. All). Bostrychoceras has been found
at many localities in Texas (Young, 1963), and this
genus, as well as Hoplitoplacenticeras, thus mi-
grated northward into the Western Interior for a
brief period.

A poorly known zone of smooth-flanked baculites
lies above the Zone of Baculites asperiformis. Hop-
loscaphites of the ornatus stock occurs with the
baculites.

Baculites, Hoploscaphites, Trachyscaphites and
Placenticeras are widely distributed in the Zone of
Baculites perplexus Cobban. Hoploscaphites is es-
pecially common in much of Colorado and Wyoming
and along the west flank of the Black Hills uplift
(Robinson et al., 1964, p. 82-84). The genus seems to
have split into a nodeless lineage (H. gilli Cobban
and Jeletzky, 1965) and the main ornatus stock. At a
few localities in Colorado and Wyoming, fragments
of heteromorph ammonites (Didymoceras?, Ex-
iteloceras?) have been found, and at one locality in
east-central Wyoming, a portion of a pachydiscid
ammonite was collected. Baculites and Hoploscaph-
ites, which were now well adjusted to the Western
Interior waters, are abundant in Saskatchewan
(North and Caldwell, 1975; Price and Ball, 1971).
Hoploscaphites gilli has also been recorded from
Manitoba (Cobban and Jeletzky, 1965).

Six genera of ammonites are known from the
Zone of Baculites gregoryensis Cobban. The lineages
of Baculites, Placenticeras, Trachyscaphites and
Hoploscaphites (nodeless and noded stocks) con-



tinued. Baculites and Hoploscaphites occur as far
north as southern Saskatchewan (Cobban and
Jeletzky, 1965; North and Caldwell, 1975). The het-
eromorph ammonites Didymoceras and Anaklino-
ceras, migrants from the south, became well estab-
lished as far north as central South Dakota.

Six genera are also present in the Zone of Bacu-
lites reduncus Cobban. Stocks well adjusted to liv-
ing in the Western Interior included Baculites, Pla-
centiceras and Didymoceras. For reasons unknown,
Hoploscaphites and Trachyscaphites have not been
collected, although they are present in the underly-
ing and overlying zones. New to the Western Inte-
rior are the heteromorph Oxybeloceras and the
pachydiscid ammonites Anapachydiscus and Men-
uites; none has been found north of central Wyom-
ing. The last two may be a dimorphic pair (Ana-
pachydiscus, the macroconch and Menuites, the
microconch).

Ammonoid genera increased to nine in the Zone
of Baculites scotti Cobban. Anapachydiscus, Men-
uites and Placenticeras are the only normally coiled
genera; the rest (Baculites, Hoploscaphites, Trachy-
scaphites, Didymoceras, Exiteloceras and Oxy-
beloceras) are heteromorphs. All occur in Colorado
and Wyoming, but only Baculites, Hoploscaphites
and Didymoceras have been recorded as far north as
east-central Montana (Gill et al., 1972). The Trachy-
scaphites, Anapachydiscus and Menuites stocks dis-
appeared from the Western Interior at the end of
Baculites scotti time.

Diversity decreased to five genera in the Zone of
Didymoceras nebrascense (Meek and Hayden).
Baculites, Hoploscaphites (nodeless and noded
stocks), Placenticeras and Didymoceras were well es-
tablished and the small heteromorph Solenoceras
was new to the region. All except Placenticeras have
been recorded as far north as east-central Montana
(Gill et al., 1972), and D. nebrascense has been re-
ported farther northeastward in Montana (Jensen
and Varnes, 1964). A baculite suggestive of this zone
was found in the Campanian to Maastrichtian(?)
Odanah Member of the Pierre Shale in southern
Manitoba (McNeil and Caldwell, 1981, p. 72).

Seven genera are present in the Zone of Didy-
moceras stevensoni (Whitfield). Six (Baculites, Hop-
loscaphites, Didymoceras, Oxybeloceras, Solenoceras
and Placenticeras) represent stocks well known in
the Western Interior. A new heteromorph, Nosto-
ceras, found at one locality in Colorado, is closely re-
lated to a species from southwestern Arkansas and
represents migration from that area. The rest of the
genera are abundant in New Mexico, Colorado and
Wyoming, and most are found as far north as east-
central Montana (Gill et al., 1972). Didymoceras ste-
vensoni has also been found in northeastern Mon-
tana (Jensen and Varnes, 1964, p. F10).

Heteromorphs continued to dominate the ammo-
noid fauna in the Zone of Exiteloceras jenneyi (Whit-
field). The stocks of Baculites, Hoploscaphites (noded
and nodeless), Exiteloceras, Didymoceras and Sole-
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noceras flourished along with Placenticeras. A rare
occurrence of Pachydiscus is in Colorado. Baculites,
Hoploscaphites, Exiteloceras and Placenticeras have
been recorded as far north as east-central Montana
(Gill et al., 1972), but only Baculites and Placen-
ticeras have been recorded farther north in
Saskatchewan (Caldwell, 1968, p. 71). Great intra-
specific variation is displayed in the Hoploscaphites
stock. Specimens are dominantly compressed and
finely ribbed, but the variation series includes
robust forms. Most have ventrolateral tubercles and
a few umbilical tubercles, but an occasional speci-
men is nodeless.

In summary, 21 genera of ammonites are known
from Campanian rocks in the Western Interior of
the United States, and of these, more than two-
thirds are heteromorphs. Persistent stocks of en-
demic heteromorphs include the baculites and
scaphites which are abundant in most zones. The
endemic baculites formed a single lineage in which
successive species became larger with more complex
sutures through most of the Campanian. These
baculites attained their maximum size in the Zone
of Exiteloceras jenneyi (Whitfield), after which they
gradually become smaller with accompanying sim-
plification of the suture. Near the end of the Campa-
nian, these baculites had to compete with new mi-
grants from the Gulf coastal region represented by
large baculites with much simpler sutures. Several
successive stocks of scaphites were present during
the Campanian. The endemic lineage of scaphites
(Scaphites-Clioscaphites-Desmoscaphites-Haresi-
ceras) that began in the Cenomanian finally became
extinct in the earliest part of the Campanian.
Scaphites of the leei-hippocrepis group became domi-
nant in the early Campanian and then were dis-
placed by new migrants represented by the small
“Indoscaphites’” stock. These, in turn, were dis-
placed by new migrants from the south represented
by the large Trachyscaphites. Finally in the middle
Campanian, Hoploscaphites, a migrant from the
north, displaced the Trachyscaphites and flourished
through the rest of the Campanian. Most of the
other heteromorphs (Glyptoxoceras, Bostrychoceras,
Exiteloceras, Anaklinoceras and Nostoceras) made
only brief appearances in the Western Interior,
whereas a few (Didymoceras, Oxybeloceras and Sole-
noceras) remained in the seaway long enough to
form short lineages. Of the regularly coiled ammo-
nites, only Placenticeras was conspicuous in most of
the zones.

CAMPANIAN OR MAASTRICHTIAN
AMMONOID STOCKS
AND MIGRATIONS

Three ammonoid zones could be either Campanian
or Maastrichtian (Fig. 4). The lowest is the Zone of
Didymoceras cheyennense (Meek and Hayden).
Baculites, Hoploscaphites, Didymoceras, Oxy-
beloceras, and Placenticeras continue through this
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zone. Some of the Hoploscaphites become larger and
more coarsely ribbed, and it is possible that the
holotype of the coarsely ribbed species described by
Owen (1852) as Scaphites (Ammonites?) nodosus
came from this zone. Ammonites of this zone are
most numerous and best represented in the area
that extends from northern New Mexico to the Black
Hills. Only Baculites and Placenticeras have been
found in this zone in east-central Montana (Gill et
al., 1972, p. 95, bed 54). The zone has not been iden-
tified in Canada (Caldwell, 1968, p. 70, 71; North and
Caldwell, 1975, p. 329). At this time, a new stock of
baculites, characterized by the robust, fairly simple-
sutured B. undatus Stephenson, migrated from
Texas into the Western Interior as far as northern
Colorado (Cobban, 1973). This stock of baculites con-
trasts greatly to the forms endemic to the Western
Interior that have more compressed shells and more
complex sutures.

The Zone of Baculites compressus Say is best de-
veloped in the Western Interior of the United States
in Colorado, South Dakota, and Montana. Ammo-
nite diversity in this zone is greatest in north-
central Colorado, where the genera Baculites, Hoplo-
scaphites, Anaklinoceras, Axonoceras, Solenoceras
and Placenticeras have been found (Izett et al., 1971).
This area in Colorado became an endemic centre in
which several lineages of heteromorph ammonites
developed. The baculites include both the endemic
stock and the migrant B. undatus stock (Cobban,
1973). The heteromorph Axonoceras, new to the
Western Interior, was a migrant from Texas. Species
of this genus along with those of Anaklinoceras were
originally described from the Maastrichtian Ney-
landville Marl of the Navarro Group in northern
Texas (Stephenson, 1941). Few of the heteromorph
genera ranged north of Colorado. Baculites, Hoplo-
scaphites, and Placenticeras were abundant in South
Dakota and Montana as well as in southern Alberta
(Landes, 1940, p. 185) and Saskatchewan (Caldwell,
1968, p. 70, 71), where the northern subspecies B.
compressus robinsoni Cobban is conspicuous. An oc-
casional specimen of Pachydiscus has been found in
the Bearpaw Shale of east-central Montana, and
Karl Waage (personal communication, 1985) re-
called seeing a specimen from Canada. The ap-
pearance of this genus was brief, and no representa-
tives are known above this zone in the Western
Interior.

The endemic stocks of Baculites, Hoploscaphites,
and Placenticeras continued to thrive in great abun-
dance during the time of Baculites cuneatus Cobban
in the northern Great Plains region in South Da-
kota and Montana, as well as farther north in south-
western Saskatchewan (Forester et al., 1977, fig. 2).
In north-central Colorado, these genera occur along
with Didymoceras, Nostoceras, Solenoceras, endemic
baculites, and the migrant B. undatus stock (Cob-
ban, 1973). Hoploscaphites continued to have great
intraspecific variation; large, robust, coarsely orna-
mented forms are conspicuous.
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MAASTRICHTIAN AMMONOID
STOCKS AND MIGRATIONS

During the Maastrichtian, the Western Interior Sea
in Montana and Colorado was transgressive at first
(Bearpaw transgression) and regressive later (Fox
Hills regression) (Gill and Cobban, 1973). Upper Maas-
trichtian rocks in the Western Interior are entirely
non-marine. Nine ammonoid zones are recognized in
this report and these are arbitrarily assigned to the
lower and middle Maastrichtian (Fig. 4).

The endemic centre in north-central Colorado
continued through the Zone of Baculites reesidei
Elias, where Baculites, Hoploscaphites, Didymo-
ceras, Nostoceras, Anaklinoceras, Exiteloceras,
Solenoceras and Placenticeras occur. The baculites
include the endemic B. reesidei and representatives
of the B. undatus stock of Texas (Cobban, 1973). A
new genus, Rhaeboceras Meek, is present in this
zone a little farther east in northern Colorado. Most
of the heteromorphs were not present north of Colo-
rado, but Baculites reesidei, Hoploscaphites, and
Rhaeboceras are abundant in the Bearpaw Shale of
Montana and Saskatchewan (Caldwell, 1968, p. 70,
71). Large, robust, coarsely ornamented Hoploscaph-
ites are conspicuous, but smaller, slender forms are
present, as well as small, densely ribbed, nodeless,
compressed forms. Placenticeras is uncommon in
the Zone of B. reesidei and became extinct in the
Western Interior before the close of this time period.

The endemic center of heteromorphs in north-
central Colorado disappeared before the time of the
Zone of Baculites jenseni Cobban. The endemic
stocks of Baculites and Hoploscaphites continued to
flourish during this time from northeastern New
Mexico to northeastern Montana and on into south-
western Saskatchewan (Forester et al., 1977, fig. 3).
Rhaeboceras was abundant in Montana and Sas-
katchewan. A gigantic baculitid, Pseudobaculites,
originally described from the Bearpaw Shale of
southwestern Saskatchewan as Baculites natosini
Robinson (1945), appeared abruptly in this zone
(e.g., Gill et al., 1972, p. 94). This genus, probably a
migrant from the north, has been found as far south
as southern Colorado. The origin of this genus is un-
known,; it first appears in the upper Coniacian of
Colorado (Scott and Cobban, 1964, p. L11), persists
through the upper Coniacian Zone of Scaphites de-
pressus Reeside in Utah and Wyoming (Cobban,
1952), and then disappears from the Western Inte-
rior until the lower Maastrichtian Zone of Baculites
Jjenseni. The Zone of B. jenseni also marks the end of
large, coarsely ornamented scaphites. A few speci-
mens of the heteromorph Nostoceras have been
found in southern Colorado.

Diversity decreases to four genera in the Zone of
Baculites eliasi Cobban. The endemic stocks of B.
eliasi and Hoploscaphites were widely distributed
from southeastern Colorado to northeastern Mon-
tana. Baculites eliasi also occurs in southern Sas-
katchewan (Jeletzky, 1970; Riccardi, 1983). The long



lineage of endemic baculites, of which B. eliasiis the
end member, finally became extinct at this time.
Pseudobaculites, however, continues into this zone.
An occasional specimen of Nostoceras has been
found in Colorado.

Only three genera of ammonites are present in
the Zone of Baculites baculus Meek and Hayden.
This baculite represents a new migrant from the
south and may be a descendant of B. undatus. Bacul-
ites baculus, along with endemic Hoploscaphites, oc-
curs in the Western Interior of the United States
from southern Colorado to northeastern Montana.
Jeletzky (1971, p. 71) noted that the seaway during
the time of B. baculus occupied southern Saskatch-
ewan and eastern Alberta, and Riccardi (1983) illus-
trated specimens of B. baculus from Saskatchewan.
Ponteixites, a small descendant of Rhaeboceras,
lived in the seaway from southeastern Montana
to southern Saskatchewan, where the genus was
first described (Warren, 1934). The Rhaeboceras-
Ponteixites stock became extinct at the end of this
time.

Low generic diversity also marks the Zone of
Baculites grandis Hall and Meek. This baculite, a
descendant of B. baculus, is known as far north as
southwestern Saskatchewan (Forester et al., 1977,
fig. 3). The endemic Hoploscaphites continued to
flourish and display great intraspecific variation.
One lineage developed lateral tubercles (Jeletzky,
1970, pl. 27, fig. 10) in addition to the normal umbili-
cal and ventrolateral ones. Occasional specimens of
a new oxycone, Sphenodiscus, appeared. This genus,
a migrant from the south, is not known in this zone
north of Colorado.

The three genera Baculites, Hoploscaphites and
Sphenodiscus continue through the Zone of Bacu-
lites clinolobatus Elias. Hoploscaphites in this zone
varies from compressed forms with only ven-
trolateral tubercles to stout forms with ventrolat-
eral tubercles and several rows of lateral ones. By
the time of this zone, the Western Interior Sea was
regressing southeastward, and ammonites indicative
of this zone have not been found north of southern
North Dakota. The lineage of Baculites baculus-
grandis-clinolobatus became extinct during this time.

Above the Zone of Baculites clinolobatus is a zone
of undescribed scaphites that can be referred to
as Hoploscaphites aff. H. nicolleti (Morton). These
scaphites represent a continuation of the endemic
Hoploscaphites stock. Sphenodiscus is the only
known associated ammonite.

The stocks of Hoploscaphites and Sphenodiscus
continue through the Zone of Hoploscaphites nic-
olleti (Morton). New migrants from the Gulf region
included Discoscaphites and small Baculites of the
B. columna Morton group. The zone is best devel-
oped in the Fox Hills of north-central South Dakota
and southern North Dakota, where the scaphites
show great intraspecific variation. These four gen-
era continue on through the overlying Zone of Hoplo-
scaphites conradi (Meek), which is the youngest
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known ammonite zone in the Western Interior.

In summary, only 14 genera of Maastrichtian am-
monites are known from the Western Interior, and
these show a general decrease in number in the
younger rocks. Heteromorphs continued to domi-
nate, especially the baculitid and scaphitid stocks.
The endemic lineage of baculites that had persisted
since the late Cenomanian finally became extinct
late in the early Maastrichtian (Zone of Baculites
eliasi Cobban), and a new stock of large baculites
from the Gulf coastal region filled the vacated
niche. This stock of large baculites (baculus-
grandis-clinolobatus) became extinct in the middle
Maastrichtian. Just before the close of marine depo-
sition, a stock of smaller, mostly smooth baculites
migrated from the south into the seaway as far
north as southeastern South Dakota, and about the
same time smaller, ornate baculites that belong to
the B. columna Morton group found their way up to
north-central South Dakota. The endemic Hoplo-
scaphites was abundant and highly variable; it was
joined by the migrant Discoscaphites near the end of
marine conditions in the late middle Maastrichtian.
Sphenodiscus, a smooth to nearly smooth oxycone,
migrated into the seaway from the south during the
time of Baculites grandis Hall and Meek and per-
sisted to the end of marine deposition; its com-
pressed shape suggests that it probably occupied the
niche vacated by Placenticeras, which had become
extinct during the time of Baculites reesidei Elias.
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