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ABSTRACT 

71,e area of this report comprises part of New Mexic-o. 

Ari:ona. Colorado. and Utah. and centres around the Four 
Corners. Rocks treated range in age from middle Cenomanian 

to /a,e Turonian and include at least 17 ammonite :ones. 
The Western Interior epeiric sea transgressed into the area 

from the east. A conspicuous embayment, the Seboyeta Bay. 
formed in central NeK· Me.<ico ear(,· in middle Cenomanian 

time. By the end of the middle Cenomanian. the Seboyeta 
embayment had encroached into eastern Ari:ona. In the late 

Cenomanian. the sea rapid(I' lrarugressed K·esttt·ard o,·er the 

eastern half of A ri:ona and much of Utah. Maximum trans­
gression o<"Curred about the end of this stage. By the middle 
Turonian, the sea reueated nor1heasrn·ard from much of Ari• 

::ona. bur the shoreline in Utah remained near(r stationary. 

During the late Turonian. the sea was transgressive at.first and 

regressfre later. 

A few of the regressfre near-shore sandstone beds ha,•e 
extensil-e bfra/1-e and gastropodfaunas. Sha(r deposits.formed 

farther offshore ha1·e sparser faunas usual(r dominated b.r 

inO(·eramids and thin-shelled bfrafres. Ammonite faunas are 
chara('ftri:ed by Tethyan forms in some areas and Temperate 

ones in others. 

RtSUMt 

la rigion traitie clans ce rapport comprend des parties clu 

.Vou,·eau-Mexique. r Ari:ona. le Colorado. le Utah et des cen­

tres du l'oisinage des "Four Corners'". L 'age des roches traiteis 

s'itend du Cinomannien moyen au Turonnien a,•am·i et com­

prennent au moins 17 =ones d'ammonires. 

l.JJ transgression de la mer de /'/nterieur Ouest debuta du 

cote est de cme region. Une baie importante, la Boie de 
Seboreta. se forma au centre du Nouveau-Me.<ique au debut 
du Cinomannien moyen. Par lajin du Cinomannienmoyen. la 

Boie de Seboyeta alleigna /'est de r Ari:ona. Durant le Ceno-

mannien avanci, la mer a subit une transgression rapide vers 

/'ouest et noya la moitie est de I' Arizona ainsi que la plupart du 
Utah. Ce11e ivinement marqua la transgression marine maxi­

male. Au Turonnien moyen, la mer effertua une rigression 

nord-est de fa plupart de r Ari:ona. Cependant. la cote du 
f Utah demeura quaisiment stationnaire. Au Turonnien avanct, 
la mer a subit une transgression en premier suivie d'une rigres­
sion plus tard. 

Quelques strates sab/euses d'avant-cote formees durant la 
regression (i.e .. "regressive nearshore sandstone beds") renfer­

ment des faunes importantes de bival,•es et gasteropodes. Des 
depots de "shale" som retrouves plus aux large et contiennent 
des faunes moins importantes ordinairemt'nt domineis par des 

inociramides et des bi,·alves au roquillage mince. Les /aunts 

d'ammonites sont rarartirisies par des formes T ith_rienne dans 
certains endroits et des formes tempiries dans d'autres. 

INTRODUCTION 

Rocks and fossils reported in this paper range in age from 
middle Cenomanian through most of the late Turonian. The 
area investigated includes much of the Four Corners States, the 
western two-thirds of New Mexico, the northeastern half of 
Arizona. much of the southeastem half of Utah and much of 
the southwestern half of Colorado. 

Fauna! data are based on collections made by many members 
of the United States Geological Survey and the New Mexico 
Bureau of Mines and Mineral Resources, as well as by students 
and other individuals. Guide fossils to many of the zones are 
lacking in some areas. however. and many collections contain 

specimens that may be diagnostic species but cannot be identi­

fied with certainty owing to poor preservation or fragmentary 
condition. At best, this paper is a preliminary report giving our 
interpretations of changes of transgressions and regressions 

and their effects on molluscan distribution. 
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ROCKS INVESTIGATED 

Cenomanian-Turonian rocks in the area investigated are 
assigned to many formations and members (fig. I). In general, 
the names Dakota Sandstone and overlying Mancos Shale 
have been applied in all four states, but in the eastern more 
open seaway area, other names are used in place of Mancos. 
Likewise, along the southwest margin of the seaway, other 
names are used locally. 

New Mexico 

In east-central New Mellico, the standard Great Plains 
nomenclature has long been applied: Dakota Sandstone (old­
est), Graneros Shale, Greenhorn Limestone. and Carlile Shale 
(youngest). In recent years, a T hatcher Limestone Member has 
been recognized in the Graneros Shale (personal observations): 
the Greenhorn Limestone has been divided into Lincoln Lime­
stone Member ( oldest), Hartland Shale Member. and Bridge 
Creek Limestone Member (youngest): and the Carlile Shale 

has been divided into Fairport Member (oldest), Blue Hill 
Member, Codell Sandstone Member. Juana Lopez Member, 
and an upper unnamed shaly member(e.g.. Hook and Cobban, 
1980. Fig. 4). 

In west-central New Mexico, tongues of sandstone largely of 
a western source complicate the stratigraphy and necessitate a 
different nomenclature. T he Dakota Sandstone is intertongued 
extensively with the Mancos Shale, and the sequence is, from 
oldest to youngest, Oak Canyon Member ( of the Dakota). 
Cubero Tongue (of the Dakota), Clay Mesa Tongue (of the 
Mancos), Paguate Tongue(ofthe Dakota). Whitewater Arroyo 
Tongue(ofthe Mancos), and Twowells Tongue(ofthe Dakota) 
(Landis et al., 1973). Where the Oak Canyon. Cubero. Clay 
Mesa. and Paguate cannot be differentiated. the sequence con­
sists of the main body ofthe Dakota overlain by the Whitewater 
Arroyo Tongue ofthe Mancos, and that in turn, by the Twowells 
Tongue of the Dakota (Landis et al .. 1973, Fig. 2): or an 
unnamed shale tongue of Mancos may separate the Paguate 
Tongue from the main body of the Dakota (Hook e1 al., 1980, 
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Fi1ure I. Chan showing cor�la1ion or middle Cenomanian to early Coniacian rocks in pans or New Mexico. Arizona. U1ah. and Colorado. 
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Fig. 2); or the Twowclls Tongue may be separated from a basal 
tongue of the Dakota by a thick lower unnamed tongue of 
Mancos Shalc(Hook and Cobban, 1979, Fig. 5). 

In much of west-central New Mexico, the Twowclls Tongue 

is overlain by the Rio Salado Tongue of Mancos Shale and that 

in turn is overlain by the Tres Hermanos Formation and the 
D-Cross Tongue of the Mancos(Hooketal., 1983). In this part 

of New Mexico calcareous beds. mainly equivalent to the 
Bridge Creek Limestone Member of the Greenhorn Limestone 

farther east, have been referred to as the Greenhorn Limestone 
(e.g .. Molenaar. 1973, Figs. 2. 11). Farther north in the San 

Juan Basin, these calcareous beds have hccn referred to as a 
"limestone unit" in the Mancos Shale (O'Sullivan et al., 1972. p. 
E-18-El9, Fig. 10) or as the Greenhorn Limestone Member 
(Peterson and Kirk. 1977, Fig. 2). 

Nomenclature of middle Cenomanian-Turonian rocks in 

southern New Mexico varies considerably owing to major 

east-west fades changes and the long distances between out­

crops. Texas names have been applied in the San Andres 
Mountains (Eagle Ford Formation by Konlowski et al., 1956) 
and in the El Paso area (Boquillas Formation by Strain, 1968). 

Farther west. Colorado Shale or Colorado Formation is usually 
applied to these rocks (e.g., Darton, 1916, p. 44; Spencer and 

Paige. 1935. p. JO; Jone.et al., 1967, p. 35; Cunningham, 1974; 
Elston. 1960; Morrison, 1965). 

Arizona 

T he largest area of mid-Cretaceous rocks in Arizona crops 

out on Black Mesa in the northeastern part of the Stale. where 
Cenomanian-Turonian rocks are included in the Dakota Sand­

stone, Mancos Shale. and Toreva Formation (Repenning and 

Page, 1956). Southeast of the Black Mesa along the Arizona­
New Mexico boundary, rocks of this age have been assigned to 

the Dakota Sandstone. Mancos Shale, and Mesaverde Forma­

tion (O'Brien. 1956; Young, 1957). South of Black Mesa along 
the Mogollon Rim in the Show Low area. unnamed marine 

mid-Cretaceous rocks crop out (Finnell. 1966; McKay. 1972). 

Much farther south in the south-central part of the State. 

marine rocks of mid-Cretaceous age have been recorded but 
not formally named (Campbell. 1904. p. 245; Ross. 1925. p. 
25-28). In the Clifton-Morenci area in southeastern Arizona. 

marine sandstone and shale of late Cenomanian age have been 

named the Pinkard Formation (Lindgren. 1905a. p. 105; 1905b. 
p. 73.) 

Utah 

Mid-Cretaceous rocks crop out extensively in much of Utah. 

In the southern pan in the Kaiparowits basin. marine rocks of 

late Cenomanian-middle Turonian age are included in the 

Dakota Formation. Tropic Shale. and lower pan of the Straight 

Cliffs Formation(Petcrson and Waldrop. 1965. Fig. 3; Peterson 
and Kirk. 1977. Fig. 4). Farther west, the Tropic Shale becomes 

sandy and disappears. and the sequence is then Dakota Forma­

tion overlain by Straight Cliffs Formation (Averitt and T hreet. 

1973). In the Henry Basin in south-central Utah. the sequence is 

Dakota Formation overlain by Mancos Shale; the Jailer is 

divided into several members of which the lowcrtwo are Tununk 

Shale Member (upper Cenomanian-middle Turonian) and Fer­
ron Sandstone Member(middleand upper Turonian) (Peterson 

and Kirk. 1977. Fig. 4). Farther northwcst. a different nomen­
clature was proposed by Spicker ( 1946) for mid-Cretaceous 

rocks in the Sanpele Valley in central Utah where the lower two 

units. Sanpele Formation and overlying Allen Valley Shale, are 
ofTuronian age. Along the Book Cliffs in cast-central Utah the 
sequence is Dakota Sandstone and Mancos Shale - the latter 
having a Ferron Sandstone Member that separates a lower 

unnamed shale from an upper one (Fisher et al., 1960, Pl. 10). 

Colondo 

Middle Cenomanian-upper Turonian rocks in eastern Coler 
rado are included in the Graneros Shale. Greenhorn Limestone. 

and Carlile Shale. T he sequence is best exposed and docu­
mented in the Pueblo area (Cobban and Scott, 1972). T he 
Grancros consists of lhe T hatcher Limestone Member separat­
ing a lower unnamed shale member barren of molluscan fossils 
from an upper unnamed shale member containing molluscan 

fossils. T he Greenhorn consists of. from oldest to youngest, 
Lincoln Limestone Member. Hartland Shale Member. and 
Bridge Creek Limestone Member. Four members usually make 

up the Carlile Shale; these are. from oldest to youngest, Fairport 
Member. Blue Hill Member. Codell Sandstone Member. and 

Juana Lopez Member (Scott. 1969. p. 41-49). Locally, a thin 
unnamed calcareous shale unit may overlie the Juana Lopez 
Member. 

In the central pan of Colorado, Cenomanian-Turonian rocks 
are usually included in the Benton Formation(e.g .. Stark et al .. 

1949. p. 52-53). Rocks of this age farther west in Colorado are 
the Dakota Sandstone and Mancos Shale. T he latter may have 
a Ferron Sandstone Member(e.g .. Cashion, 1973) or a Juana 

Lopez Member (e.g .. Haynes et al .. 1972), or locally. a calcare­
ous Greenhorn Limestone equivalent (e.g .. Steven et al .. 1974). 

AMMONITE SEQUENCE 

At least 17 ammoni1e zones of middle Cenomanian-late 

Turonian age can be recognized in the Four Corners States. Ten 

of the better known and more widely-distributed range zones 
are used in this report to provide time intervals short enough for 

showing step-by-step changes in transgressions and regressions 
of the epeiric sea. T hese zones and their generally accepted ages 
are: 

A1es 

Lale Turonian 

Middle Turonian 

Early Turonian 

Late Cenomanian 

Middle Cenomanian 

Ammonlte R■n1e Zones 

Prionoqdus h_1·a,1i 
C ollignoniceras ,rnollgari 

Jfammi1rs nodosoi,les 

S,·iponouras gradle 

Mttoic-oc·eras mosb_rense 

ca,,·,·ouras ,·anilaurinum 

Pl,sia,·anthOC'rras aff. nyomin,crmr 

Acanthoceras all•aradoensr 

C onlino,·rras tarranrens, 
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BIOSTRATIGRAPHY AND PALEOGEOGRAPHY 

Ranae Zone of Conllno«ra T_,_ 

T he holotype of this species. Mr1aca(1w,crras? 1arran1rnst' 

Adkins(l928, p. 241, Pl. 28, Fig. 3; Pl. 29. Fig. l )camefromthe 
basal beds of the Eagle Ford Group in Texas. T he species has 
been found in the Oak Canyon Member and Cubero Tongue of 
the Dakota Sandstone in west-central New Mexico (Cobban, 
1977. p. 22, Pl. 3, Fig. 9; Pl. 4, Figs. 1-3. 6). A closely allied 
form, C. gi/bmi(Cobban and Scott, 1972. p. 61. Pl. I; Pl. 2, 
Figs. S-9, 13-18; Pl. 3, Figs. 5-7. 11; Text-figs. 23. 24) is present 
in the Thatcher Limestone Member of the Graneros Shale in 
southeastern Colorado. 

During the time of C. 1arran1rnsr. the Cretaceous cpeiric sea 
transgn:ssed from the east across the eastern two-thirds of 
Colorado as well as across the northeastern part of New Mexico 

(Fig. 2). A conspicuous cmbayment, Seboyeta Bay, extended 
into wesH:entral New Mexico where the Oak Canyon Member 
and Cubero Tongue of the Dakota Sandstone were deposited 
(Hook et al., 1980, p. 44). T he western edge of Seboyeta Bay 
was probably a little east of Gallup; diagnostic marine fossils 
have not been found west of Crownpoint. The southern limits 
of the embayment were probably at Socorro inasmuch as C. 

1arran1rnsr occurs only 30 cm above the top of the Dakota 
Sandstone 40 km north of the former coal-mining town of 
Carthage, whereas the top of the Dakota is of post-1arran1ensr 
age at Carthage. Northern limits of Seboyeta Bay are poorly 
known, but the presence of Acanlhottras amphibolum Morrow 
of post-tarramense age in the Dakota Sandstone near T ierra 
Amarilla suggests that the shoreline was farther east. possibly 
nearTaos. 

T he western edge of the seaway in Colorado has not been 
determined. Ca(vcoceras 1arran1ensr has been found in sandy 
beds near the top of the Dakota Sandstone at one locality in the 
Delta area. T he coal beds in the Dakota Sandstone in western 
Colorado were probably formed in swamps that were marginal 
to the tarrantense sea. 

Molluscan fossils are abundant in the western or shoreward 
part of Seboyeta Bay especially in the area east and northeast of 
Grants, New Mexico, where the lower part of the Cubero 
Tongue of the Dakota and dark brown weathered ferruginous 
sandstone concretions in the Oak Canvon Member contain a 
diversified assemblage of bivalves. gast;opods. and ammonites 
(Cobban. 1977. Table 2. Pls. 1-5). Bivalves diagnostic of the 
Oak Canyon Member and Cubero Tongue include /nocrramus 

rulessanus Stephenson, E.togyra columbrl/a Meek. Plica1ula 
arenaria Meck. and Campronectes symmetricus Herrick and 
Johnson. The gastropod Arrhogrs mo,leSla (Cragin)? is found 
in great abundance(Cobban. 1977. Pl. 2. Fig. 4). Five genera of 
ammonites are present. and Conlinoceras 1arran1ense is the 
most common species. 

In southeastern Colorado and northeastern New Mexico, a 
single bed of hard. ferruginous. silty limestone usually makes 
up the Thatcher Limestone Member of the Graneros Shale 
(Cobban and Scott, 1972, Figs. 4-6). Fossils are generally 
crushed and fragmented. Locally. ammonites may occur 
abundantly as a single species (Cobban and Scott, 1972, Fig. 7). 
Conlinoceras gi/brrti Cobban and Scott is the dominant form 

in most collectior.s. Among the bivalves. lnocrramus rulrssanus 

Stephenson and Plica1u/a arrnaria Meek are the most common 
species. A variety of gastropods is present in places. 

Ranae Zone or A t:an1hottras A ""1radonM 

The ammonite species selected as a guide to this zone was 
described by Moreman(l942. p. 205, Pl. 32. Fig. 6; Text-fig. 20, 

2n from the Eagle Ford Group of Texas. Acamhocllasafra­
radornsr, of middle Cenomanian age. has been found as far 
north as the Black Hills area in eastern Wyoming. 

T he presence of a well-preserved and diversified A. alvara­

dornst' fauna at the base of the Boquillas Formation in New 
Me�ico j_ust northwest of El Paso, Texas (Strain. 1976, p. 82) 
resting disconformably on lower Cenomanian rocks, reveals a 
considerable southward transgression of the cpciric sea. Inas­
much as the basal part of the Colorado Formation in the Cooke 
Range north of Deming. New Mexico contains the Cafrcoceras 

canitaurinum ( Haas) fauna of post-afraradornse age, ihe west­
ern limits of the a/varadornse sea were somewhere between 
there and El Paso (fig. 2). 

In the northern part of New Mexico in the Chama-Tierra 
Amarilla area. the oldest fossils in the Dakota Sandstone 
represent the range zone of Aramhocrrasamphibolum Morrow 
of post-alvaradornsr age suggesting that the alvaradornsr 
shoreline was somewhere to the cast. Aramhocrras afrara­

dornse is present in the Clay Mesa Tongue of the Mancos Shale 
at several localities southeast, south, and southwest of Grants, 
which reveals that Seboyeta Bay was still in existence but much 
broadened. 

Records of A. alvaradornse in the eastern part of Colorado 
are lacking. but marine rocks of this age should be present in 
the post-T hatcher part of the Graneros Shale at Pueblo. T he 
shoreline was probably not far southwest of the Delta-Montrose 
area in southwestern Colorado, where A. afraradornst' has 
been collected from the top of the Dakota Sandstone. 

In contrast to the rich ammonite fauna at El Paso. Texas. 
rocks of afraradornsr age are poorly fossiliferous in New Mex­
ico and Colorado. Only nine taxa have been recorded from the 
Clay Mesa Tongue of the Mancos Shale (Cobban. 1977, Table 
I). lnoceramus arvanus Stephenson may be restricted to this 
tongue. but most of the other species range up into the Paguate 

Tongue of the Dakota. No gastropods are known from rocks 
of alvaradoense age in New Mexico and Colorado and only 
three genera of ammonites have been recorded (Cobban. 1977, 
Table I). 

Ran1e Zone or Plnlaeanthouras aff. Wyoming�nst' 

Plesiacamhoceras 11·.mmingensr was described by Reagan 
(1924. p. 181. Pl. 19. Figs. I. 2)as Metoicoceras ..-.romingensis. 

T he holotype came from the Frontier Formation in east-central 
Wyoming where P. 11·.•·omingensr forms a distinct zone above 
that of Acanlhocrras amphibolum Morrow. In western New 
Mexico, a species related to P. ll'yoming,nsr seems to lie in the 
zone of A. amphibolum. 

T he presence of P. aff. 11·yoming,nse at Mesa Redonda west 
of St. Johns, Arizona (Kirkland. 1982) reveals a westward 
expansion of the Seboyeta cmbaymcnt into eastern Arizona at 
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fi1ure 2. Map or pans of the Four Corners States showing localities(X) where Cunlim11·,rasrarra1w!,1M(Adkins) has been found. Solid line shows 
the general position or the shoreline. Solid triangles ( A) mark localities where Ac·amhm·i'ras afraraduens, Mo�man has been found. and the 
general position of 1he sho�line of thal time is marked by shon dashes. 

the close of middle Cenomanian time (Fig. J). In southwestern 
New Mexico. !he shoreline remained cast of the Cooke Range 
near Deming. The recent discovery (by G.R. Scott. 1981. pcrs. 
commun.) of A<'anlhoc-eras amphiholum in the upper pan of 
the Dakota Sandstone in the Chama-Tierra Amarilla area in 
nonhern New Mexico suggests that the shoreline was not far to 

the wesl in that area. The nonhwest trending shoreline in 
southwestem Colorado was probably much like that of a/.,ara­
c/Ot'IISt' time. However. an encroachment of the sea in10 eastern 
Utah is suggested by the possible presence of the marker bento­
nite bed in the basal pan of the Mancos Shale along the Utah 
boundary area west of Grand Junction. Colorado. The marker 
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benlonile bed ( or X-bentonite bed)(Cobban and Scoll, 1972. p. 
4-28. Fig. 10) is widely dis1ribu1ed over !he Greal Plains and in 
areas ran her west in Wyoming. Colorado. and New Mexico:· it 
lies in the range zone or Acanthorrras amphibolum, 

Fossil moUuscs are abundant and varied in !he Seboyeta 
embayment. where they occur in shallow-water sandstone such 
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Among the more abundant bivalves are ldonearra blandpiedi 

Stephenson, Pinna petrina While, Phelopteria? er. aquilrrar 

(Bose), lnoceramus rutherfordi Warren, £.togyra trig,ri 

Coquand, £. /evi• Stephenson, Ostrea brloiti Logan. and Aph­

rodina er. munda (Stephenson). A large gastropod fauna is 
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Fl1ure J. Map of pans of 1he Four Cornen States showina localities (X) where Plesia,·amho,�ras aff. ":romi11Ke1rse ( Reagan) or A,·anthoura.f 
amphiholum Morrow has been found. Solid line shows the aencral position of the shoreline. Solid triangles( A) mark localities where Ca(1T0<'eras 
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present as well as nine genera or ammonites. T he abundance or 
£,og_rra (J species) and Pycnodonte indicates a Telhyan influ­
ence as far nonh as Seboyela Bay. 

Rance Zone or Calyro«na Ctmllaurinum 

The holotype of Ca(rcocrras canitaurinum(Haas. 1949. p. 9. 
Pls. 1-J; Pl. 4. Figs, I. 2. 4; Text figs. 1-4) came from 1hc basal 
part or the Cody Shale in nonhcrn Wyoming. T his early-Lale 
Ccnomanian species. originally assigned 10 Mantrllicrra.,, is 
widely distributed in the Western Interior from sou1hwes1ern 
New Mexico 10 nonh..:cntral Montana, T he range zone of lhis 
species is the same as 1ha1 or Dum•rganoc,ras pondi Haas. 
which has been a guide 10 one of the Cretaceous ammonite 
zones in the Western lntcrior(Cobban. 1951a. Fig. 2; Cobban 
and Reeside. 1952. p. 1017). In 1he areaof lhe presen1 rcpon. D. 
pon1i has nol been ,found, whereas C. caniraurinum is widely 
d1Slnbu1ed. Accordingly, C. caniraurinum is used as 1hc guide 
fossil 10 the oldest or the late Ccnomanian zones in 1he southern 
pan or the Western Interior. 

During the lime or C. caniraurinum. the cpeiric sea advanced 
westward across the sou1hwes1crn and nonhwestern corners or 
New Mexico 10 form a broad cmbaymenl into eastern Arizona 
( Fig. J), Al the Four Corners. the oldest molluscs found are 
rrom the upper pan of lhe Dakota Sandstone and represent the 
range zone or Mrroicoceras mosbyrnse Cobban of pos1-
C'ani1aurinum age. The ranitaurinum shoreline may have been 
here or a linle lo the east. Western limits or the sea in eastern 
Utah or possibly in western Colorado are unknown. Cafrcou• 
ras <'aniraurinum was observed in nonsandy shale aboui 6 or 7 
m above 1hc base or the Mancos Shale al Pagosa Springs. 
Colorado. and the shoreline should be some distance 10 the 
west. Similar shale is present in the lower pan or the Mancos 
Shale above the marker ben1oni1c bed along the Utah boundary 
west or Grand Junction, Colorado. which suggests 1ha1 1he 
shore must have been fanhcr west in eastern Utah. Coal beds in 
the Deer Creek coal field in sou1heas1crn Arizona and some or 
the coal beds in the San Juan coal field in sou1heas1crn Utah 
may have formed marginal to the l'anilaurinum sea. 

Molluscan rossils are rairly abundant in the broad Scboye1a 
cmbaymcnl. but elsewhere they are sparse. T hose in the 
cmbaymenl are in the Whi1ewa1cr Arroyo Tongue oflhc Man­
cos Shale and in the overlying Twowells Tongue or 1hc Dakota 
Sandstone. Fony-1hree 1axa have been listed from these units 
(Cobban. 1977, Table J). Common bivalves include /donear,·a 
cleprrssa While. Pinna prrrina White. fnocrramus pr,fragilis 
Stephenson. Plicatula d.ferryi Coquand, Pycnodonte aff. kel­
lumi (Jones). E.togyra rrigeri Coquand, and E. /e1•is Stephen­
son. Ccrithid gastropods arc fairly abundant locally. Al one 
locality in wes1-<:cn1ral New Mexico. a nerineid gastropod was 
collected. Ncrineids are typical of the warmer water or the 
Tcthyan sea. Ammonites are not common, and only live genera 
have been found. 

Rance Zone of Metokottrta MosI,ym. 

The guide fossil was described by Cobban ( 1953. p. 48. Pl. 6. 
Figs. 1-14; Pl. 7. Figs. 1-J) from the Mosby Sandstone Member 
or the Greenhorn Formation or central Montana. 

Mrroicocera., mosbyrnsr is widely distributed in western 
New Mexico. eastern Arizona. sou1heas1crn Utah. and south• 
western Colorado. and reveals a major westward advance of 
the epeiric sea in mid-late Ccnomanian time (Fig. 4). The 
species occurs in shallow-wa1er sands1onc(Twowells Tongue) in 
westcenual and nonhwestcrn New Mexico and the adjoining 
pan of Arizona. In sou1hwes1crn New Mexico. M. mosbrrnse 
is found in an argillaccous line-grained sandstone unit in the 
Colorado Formation in the Silver City-Virden area. but 10 the 
east in the Cooke Range. and lo the nonhwesl in the Oirlon­
Morenci area or Arizona. the species is found in dark grey clay 
shale. On the nonh and west sides or Black Mesa in nonheastern 
Arizona and in the Kaiparowits Plateau area in southern Utah. 
M. mosbyensr occurs in the uppermost sandstone unit of the 
Dakota Formation. The trend of 1hc shoreline during this time 
was probably nonhwestward in Arizona and nonheastward in 
Utah. 

Molluscan fossils collecled from an unnamed sandstone unit 
in the Deer Creek coal field, about I 00 km west or Morenci. 
Arizona, were determined byT.W. S1an1on(in Ross, 1925. p, 
27) 10 be E.,ogyra arr. laevius,·ula Roemer. Trigonarca cf. 
drprrua (White). Callisra (Dosiniopsis'!) n. sp .• Glauconia 
coalvillrnsis(Meek), and Turritella sp. T he Exogyra is probably 
E. /evis Stephenson. the Trigonarca is probably /donrarca 
deprrssa Meek. and the Callista may be the Aphrodina sp. or 
Cobban ( 1977. Table J). all or which suggest the fauna or the 
Whitewater Arroyo Tongue of the Mancos Shale and Twowells 
Tongue or the Dakota Sandstone of areas farther nonheas1 in 
New Mexico. The fanhesl advance oflhe late Cenomanian sea 
into southern Arizona may have occurred during the range 
zone or Mrroicocera.smosbyense. ln southern Utah some oflhc 
coal beds in the Dakota Formation in the San Juan and 
Kaiparowits coal fields may be also of lhis age. 

Fossils molluscs arc locally abundant and varied. especially 
along the Arizona-New Mexico boundary near St. Johns. 
where pinnids. exogyras. oysters. peclinids. and other bivalves 
are well preserved. Gastropods. however, are neither common 
nor varied. and ammonites arc restricted 10 two genera. An 
arcuate bell of brackish-water rocks containing abundant Fle­

mingosrrea prudenria (White) parallels the shoreline in 1hc 
Black Mesa-Kaiparowits Plateau area (Fig. 4). 

Rane• Zone of Sciponauras Gnu:lk 

Sciponoceras gracile. or late late Ccnomanian age. was des­
cribed as Baculites gracilis Shumard ( 1860. p. 596). Shumard"s 
specimens came from the Eagle Ford Group or Texas. T he 
species is known from many localities in the Western Interior 
from sou1hwes1crn New Mexico to nonh..:entral Montana. Jn 
the area or our repon. S. gracile occurs in the basal pan of the 
Bridge Creek Limestone Member of lhe Greenhorn Limestone 
in eastern Colorado (Cobban and Scon. 1972. p. 47. Pl. 17, 
Figs. 9-29; Text-fig. 18). in the Greenhorn Limestone Member 
or the Mancos Shale in nonhwes1crn New Mexico. in the 
Bridge Creek Limestone Member of the Colorado Formation 
in sou1hwes1crn New Mexico (Hook and Cobban, 1981. Fig. 
J). in the basal pan or the Mancos Shale in nonhcastern 
Arizona (Repenning and Page, 1956. p. 267), and in the lower 
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pan orthe Tropic Shale in southern Utah (S1an1on. 1893. p. 35; 

Gregory and Moore, 193 I, p. 100). 

The presence of S. graril, at Glendale in southwestern Utah 
and fanher nonhwest at a locality 8 km easl of Cedar City 

(Richardson. 1927, p. 470,473) indicates a continued westward 
advance of the late Cenomanian sea (Fig. 3). Coal beds in the 

Harmony coal field southwest of Cedar City may have formed 
during this time. From the Cedar City area, the shoreline 
trended nonheastward toward the southwestern corner or 
Wyoming. Two imponant control points along the way are 
near Ferron and Thistle, Utah. At a locality 25 km south of 
Ferron, the ammonite Euompha/or,ras ( Kanabir,ras) sept em• 
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seriatum (Cragin). restricted to the range zone of S. gracile. has 
been found in sandy beds al the base of the Mancos Shale 
(Cobban, 1976. p. 120, Pl. I. Figs. 5,6). Near T histle. the oldest 
marine Cretaceous fossils arc in the base of the Sanpetc Fonna-
1ion and represent the range zone of Mammites nodosoides of 
post-gracile age. 

The western limits of the late latc-Cenomanian sea arc 
unknown in Arizona. An ammonite. Mttoicoceras geslinianum 

(d"Orbigny) of gracile age. was discovered recently in silty 
limestone concretions in a sandstone unit IO km west of Show 
Low in the ccn1ral-cas1crn part of the S1a1c(J.I. Kirkland. pers. 
commun .. 1981). Cretaceous rocks in this area arc unnamed 
and consist largely of fine- 10 coarse-grained fcldspathic sand­
stone ( Finnell. 1966; McKay. 1972). The shoreline was probably 
not far 10 the sou1hwes1, and a general northcastward retreat of 
the sea from the Deer Creek coal field area is suggested. 

Long ago, Stanton ( 1893, p. 35) drew attention to the large 
and varied molluscan fauna in rocks of gracile age in southern 
Utah, and lengthy lists of fossils have been given by later 
geologists (e.g .. Gregory, 195 I, p. 36-37). Pycnodonte newberryi 
(Stanton) is the most abundant bivalve and outcrops arc locally 
paved with this form (Lawyer. 1972. Pl. 2. Fig. 4; Rigby et al., 
1974. Fig. 40; Hook and Cobban, 1977. Fig. 3). Common 
bivalve genera found in limestone concretions in the Tropic 
Shale include lnoceramus. E.xogyra, Pycnodonte, Lima, Psi­
lomya, Camptonectes. Pleuriocardia, Lucina, and Corbula. 
Sohl (1967. p. 17) listed the gastropods Turrite/la, Cerithie/la, 
Perissop1era. Pseudomaura, Cerithiuderma?. Mesorh_1·1is, Pal­
admete, and Ringicula. and noted that these represented a 
variety of feeding types (deposit feeders, plant browsers. filter 
feeders. carnivores). A variety of ammonites is also present in 
these concretions and includes Sciponoceras. Alloc-rioceras. 
Worthoceras, Scaphites. Placenticeras. Euomphalo.-eras 

( Kanabiceras). Metoicoceras, and at least one undcscribed 
genus. In the Black Mesa area in northcas1 Arizona. Ca(rcoce­
ras, Pseudocafrcoceras. and Moremanoc·eras are also present. 
Molluscs arc much less varied in sou1hcas1crn Colorado and 
northcastcrn New Mexico. where the rocks arc represented by 
limestone and limy shale rather than by limestone concretions 
in calcareous shale. Gastropods arc sparse. and only a few 
genera or bivalves arc present (Cobban and Scon. 1972. p. 24). 
Ammonites. however. arc abundant and varied including some 
genera not recorded from Utah. Molluscs. other than P.rmo­
donte newherr_ri (Stan1on). are not common or varied in 
southwesl New Mexico (Hook and Cobban, 1981, Fig. 3). 

Range Zone of Mammiln Nodosoider 

Mammites nodosoides (Schliiter) has long been accepted as 
a guide 10 the lower Turonian (de Grossouvrc. 1901. Table 35). 
A lecto1ype from the lower Turonian of Czechoslovakia has 
been selected recently (Wright and Kennedy. 1981. p. 76. Fig. 
23). 

In the area of our report. M. nodosoides has been recorded 
from sou1heas1ern Colorado (Cobban and Scou. 1972). north­
ern New Mexico(Pillmorcand Eicher. 1976). west-central New 
Mexico (Cobban and Hook. 1979). eastern Arizona (Miller 
and Breed. 1963), and southern Utah (Lawrence, 1965; Law­
rence and Stokes, 1965; Lawrence et al., 1966) (Fig. 5). The 

eastern Arizona record was based on an ammonitc now 
assigned 10 Plesiacanthoceras arr . ..-yomingen.se (Reagan). 

Problems arise concerning fossils identified as M. nodosoides 
in the Western Interior. An ammonite described by Morrow 
( 1935, p. 467, Pl. 5 I. Fig. 2; Pl. 52. Fig. 2a-c; Text-fig. 2) as 
Mammites wingi is easily confused with M. nodosoides unless 
specimens arc well preserved or show their septa! sutures. 

Mammites nodosoides ranges through most of the upper 
half of the Bridge Creek Limestone Member of the Greenhorn 
Limestone in sou1hcas1crn Colorado. The species has been 
found also in the Greenhorn Limestone Member oflhc Mancos 
Shale in northwestcrn New Mexico and in the equivalent cal­
careous shale unit in the Mancos in the west-central part. 
Limestone concretions near the lop of the Mancos Shale in the 
Fence Lake area and near Truth or Consequences also contain 
M. nodosoides. Farther southcasl, near El Paso, Texas, the 
species has been found in limestone concretions in a shale unit 
like that of the Mancos in the Truth or Consequences area bul 
were included in the Boquillas Formation. Paralleling this 
northwest-lrcnding shale belt is a ncar-<1horc sandstone belt 
that also contains M. nodosoides (e.g., in the Cooke Range). 

In southern Utah. M. nodosoides has been recorded from 
the middle of the Tropic Shale as far west as the Glendale area 
(Lawrence and Stokes, 1965). Just cast or Cedar City, about 60 
km northwest of Glendale, a shaly unit in the dominantly 
sandstone sequence contains the bivalve Mytiloides of the 
mytiloides-duplicostatus group which suggests a M. nodosoides 
age. Stanton ( 1893, p. 37) noted the occurrence of marine and 
brackish-water fossils 30 km west of Cedar City. Inasmuch as 
the entire Cretaceous sequence is nonmarinc 70 km sou1hwes1 
of Cedar City (C.M. Molenaar, pers. commun., 1981). the 
nodosoides shoreline was between these localities. The early 
Turonian seems 10 have been the time of maximum transgres­
sion in southern Utah. 

Much farther northeasl in Utah near Thistle. Mammites has 
been found in nearshore sandstone near the base of lhe Sanpelc 
Formation. A northcasl trend of the shoreline between the 
Cedar City area and T histle is apparent. 

Aside from the bivalve Myriloides mytiloides(Mantell), fossil 
molluscs are scarce in the large area of carbonate deposition 
that covered Colorado, much of New Mexico, and parts of 
Arizona and Utah. The belt of noncalcareous shale bordering 
the west edge of t he carbonate area contains many fossiliferous 
limestone concretions especially in western New Mexico. Here 
the bivalves Phelopteria gastrodes ( Meek), Plicatula /trr_,·i 
Coquand. Pleuriocardia pauper,·ulum (Meek), and Veniella 
mortoni Meek and Hayden arc abundant as well as 1hin-<1helled 
oysters and the gastropods G_rrodes conradi Meek, Turritella 

whitei Stanton. and P.i·ropsis coloradoensis Stanton. Nine gen­
era of ammonites arc present including the Tethyan forms 
Neoptychites cephalotus (Courtillcr) and Fagesia supemes 
(Kossmal). Large and varied bivalve assemblages arc locally 
present in the near-shore sandstone beds. such as in the Sanpelc 
Formation in central Utah. 

Range Zone of Collignonkovs waon,a,; 

The ammonitc for this zone was described from the Middle 
Chalk of England (Mantell. 1822. p. 197. Pl. 21. Fig. 16; Pl. 22, 
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Fig. 7). A middle Turonian age is usually accepted. The species 
has been found at many localities in the Four Corners States 
(Fig. 5). In places, an early and a late form of the species can be 
distinguished (Cobban and Hook. 1979) but in the present 
repon, no separation is made. 

In the eastern pan of the area. Collignoniceras "·ool/gari 

occurs rarely in limestone beds at or near the top of the Bridge 
Creek Limestone Member of the Greenhorn Limestone and as 
impressions in the overlying Fairpon Member of the Carlile 
Shale. Fanher west in the area of the San Juan Basin. Black 
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Mesa. Kaiparowits Plateau. and Henry basin. C wool/gari is 
abundant as impressions in shale or as small internal molds in 
thin olive-grey siltstone lenses in the Mancos and Tropic Shales 
and in the Tununk Member of the Mancos Shale. In west­
central New Mexico. the species is found in sandstone concre­
tions in the basal regressive sandstone unit ( Atarque Member) 
of the Tres Hcrmanos Formation as well as in limestone concre­
tions in the upper part of the underlying Rio Salado Tongue of 
Mancos Shale. 

The distribution of C woollgari in New Mexico and the 
presence of this species in the basal regressive sandstone unit of 
the Tres Hermanos reveals a general regression of thc cpeiric sea 
in a nonheastward direction in Arizona and New Mexico. T he 
Sall Lake coal field in the Fence Lake area may have formed 
marginal to the shoreline during this time. 

In southwest Utah. the shoreline seems to have remained 
nearly where it was in nodowides time. The Priono1ropis sp .• 
recorded by Richardson (1927, p. 473) in the Glendale area. 
may be C ..-001/gari. If this interpretation is correct. the woo/­

lgari shoreline was somewhere between Glendale and Cedar 
City. A westward transgression of the sea in central Utah is 
suggested by the Allen Valley Shale. a 180 to 240 m thick unit of 
chiefly grey marine shale that overlies the ncarshore sandstones 
of the lower Turonian Sanpctc Formation. 

Aside from M_,·tiloides of the mytiloides-hercynicus groups. 
small thin-shelled oysters. and C. wool/gari, molluscan fossils 
arc scarce in the calcareous shaly beds in eastern Colorado and 
nonheastern New Mexico. In areas of noncalcarcous shale 
deposition farther west and southwest. as many as nine genera 
of ammonites arc present. but there is very liulc else (Cobban 
and Hook. 1979. p. I I). A much larger fauna of bivalves and 
gastropods and a few ammonites arc present in ncarshorc 
sandstones in wesH:cntral New Mexico (basal regressive sand­
stone unit ofTres Hcrmanos Formation); nonheastern Arizona 
(Torcva Formation. J.I. Kirkland. pers. commun .. 1981). and 
western Colorado (unnamed sandy unit in Mancos Shale west 
of Grand Junction). Nineteen genera of bivalves. seven genera 
of gastropods. and six genera of ammonites have been recorded 
from the basal pan of the Trcs Hcrmanos Formation in west­
central New Mexico(Cobban and Hook. 1979. p. I I). Bivalves 
usually found in these sandstone units include Pinna pe1rina 

White. Pleurio,·ardia aff. pauperculum (Meck). and Veniella 

mor1oni Meck and Hayden. Common gastropods arc Pugnellus 

(Gymnaru.<).fusiformis Meck. Gyrodes conradi Meck. G. aff. 
depressa Meek. Pyrop.-is coloradoerrsis Stanton. and Carota 

cf. da/li (Stanton). Ammonite diversity is low in the northern 
part of the area but greatly increases southward in New Mexico 
where some Tcthyan forms ( e.g .. Hoplitoides ex gr. koerrerri-

1.-ohhmanni. Spathites rioerrsis Powell. and Neoprychites? sp.) 
have been recorded (Cobban and Hook. 1979. p. I I). 

R■n&• Zone of Prionocyclus Hyatli 

Priono,:rdus hya11i (Stanton) was based on specimens from 
the Codell Sandstone Member of the Carlile Shale in Huerfano 
Park. Colorado (Stanton. 1893. p. 176. Pl. 42. Figs. S-8). The 
species is transitional from Collignoniceras to Prionocyclus. A 
late middle Turonian age is usually assigned. 

Prionocydus hyalli has been found at many localities in the 
Four Corners States(Fig. 6). Specimens occur in concretions in 
the Blue Hill Member and Codell Sandstone Member of the 
Carlile shale in southcastcm Colorado and nonhcastcrn New 
Mexico. in the Scmilla Sandstone Member of the Mancos 
Shale in west-antral New Mexico. and in the Trcs Hcrmanos 
Formation fan her south. The species also occurs in silly beds in 
the upper pan of the Tununk Member of the Mancos in 
southern Utah and in the upper part of the Mancos Shale 
beneath the Ferron Sandstone Member much farther north 
near Price. Probably part of the Ferron Member and its coal 
beds in the Emery coal field were formed during this time. 

At Carthage in south-central New Mexico. the middle non­
marine part of the Tres Hcrmanos Formation (Carthage 
Member) is of hyalli age inasmuch as Collignoniceras M·oollgari 
has been collected from the basal regressive sandstone unit. and 
Prionocyclus macombi Meck of post-hyalli age has been found 
in the top of the member. Prionocyclus hya11i, however, has 
been found in a ncarshorc sandstone bed in the Tres Hcrmanos 
Formation near Oscura about 75 km southeast of Carthage 
and the shoreline was somewhere between these localities. 

During the time of P. hya11i. the sea regressed nonhcastward 
in New Mexico. Possibly some of the coal beds in the Sall Lake 
coal field along the Arizona border were formed during this 
time. The shoreline probably trended northwest across the 
northeastcm part of Arizona. Prionocyc/us hyalli has not been 
identified for certain in the Black Mesa area. although lnoce­
ramus howelli White of this age has been found on the north 
side of the mesa. 

In Utah an eastward regression of the sea is indicated by a 
shift in fossil localities eastward compared to those of M·oo//gari 

time and by the presence of P. h_1·a11i in the lower regressive 
marine sandstone pan of 1hc Ferron Sandstone Member of the 
Mancos Shale as well as in the underlying transition beds to the 
Mancos Shale. Some of the coal beds in the Emery and Henry 
Mountains coal fields may have been formed late inhya11itime. 

Over much of the area of the Four Corners States. molluscan 
fossils are rather sparse in rocks of hya11i age. Two exceptions 
arc the Codell Sandstone Member of the Carlile Shale in 
Huerfano Park in south-central Colorado and the Semilla 
Sandstone Member of the Mancos Shale in the Rio Puerco 
valley nonhwest of Albuquerque. New Mexico. T he beds now 
named the Codell Sandstone Member in Huerfano Park were 
referred to by Stanton ( 1893. p. 28) as the Pugncllus sandstone 
for the abundance of lhe gas1ropod Pugnellus.fusiformis Stan­
ton. Stanton ( 1893. p. 29) listed some 23 kinds of bivalves and 
17 forms of gastropods from this unit. T he Scmilla Sandstone 
Member docs not have as varied a fauna, but at least 20 kinds of 
bivalves and a few species of gastropods were lis1ed from the 
type scction(Daneeta/., 1968. p. F l7-Fl9). 

Bivalves that are useful guides to the range zone of Priono­

i:rdus hya11i include lnoceramus hoM·elli White. / . .flaccidus 

White. £xogyra suborbiculara (Lamarck). Osrrea malachirerrsis 

S1anton. and lopha bellaplicata novamexicana Kauffman. 
The Tcthyan ammonites Coilopoceras springeri Hyatt. Her­

rickiceras cost arum ( Herrick and Johnson). and Spat hires 

puercoerrsis (Herrick and Johnson) arc found in this zone in 
New Mexico. 
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Range Zone of Scaphiles Whiljieldi 
Cobban (1951b. p. 24. Pl. 4. Figs. 30-40; Pl. S. Figs. 1-4) 

described the guide fossil to this late Turonian zone from the 
Turner Sandy Member of the Carlile Shale of the Black Hills. 
Many localities are known for this species in Colorado. Utah. 
and New Mexico(Fig. 6). 

A southwestward transgression of the sea in western New 
Mexico occurred during the time of S,·aphites ll"hit{ieldi when 
the D-Cross Tongue of the Mancos Shale was deposited over 
!he Tres Hermanos Formation. S<"aphites whi(/ieldi has been 
collected from nearshore sands1one in the Tru1h or Consequen­
ces area. Inasmuch as rocks of this age are nonmarine in the



CRETACEOUS MOLLUSC AS 8IOSTRAT!GRAPHY AND PALEOGEOGRAPHY 269 

Cooke Range near Deming. a shore position between these 

localities is indicated. Molenaar(l973, Fig. 7) pointed out that 
the strike of the shoreline in western New Mexico during this 
time was nonh-nonhwest. This trend probably continued 
across the nonheastern corner of Arizona and on to central 

Utah where scaphites closely related to S. M"hitfie/di have been 
found near Ferron just above the Ferron Sandstone Member of 

the Mancos Shale(Cobban. 1976. p. 124. Pl. I. Fig. 4). From 
central Utah. the shoreline curved nonheastward and entered 
Wyoming at some point east of its southwestern corner. Over 
much of the western two-thirds of Colorado and the nonh half 
of New Mexico, the uppermost pan of the Juana Lopez 

Member of the Carlile and of the Mancos Shales was deposited 
during this time. 

Molluscan fossils had little diversity during the time of S. 

M'hitfieldi. lnoreramus perplexus Whitfield, Lopha /ugubris 

(Conrad). Baruli1es yokoyamai Tokunaga and Shimizu. Sra­

philes M'hitfieldi Cobban. and Prionorydus novimexiranus 

(Marcou) are the usual forms. A rarity in the Western Interior is 
the ammonite Rusidei1es cf. minimus (Hayasaka and Fukada). 
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