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A restudy of the lower Cenomanian to basal Coniacian part of the Chispa Summit For­
mation in Jeff Davis County in Trans-Pecos Texas shows that most of the ammonite suc­
cession farther north in the Western Interior can be recognised as far south as the Mexican 
Border ,  where typical Western Interior faunas co-occur with northwest European and 
Tethyan elements. The Chispa Summit Formation rests disconformably on the Buda Limes­
tene of early Cenomanian age (zone of Budaiceras hyatti) . The basal beds of the Chispa 
Summit are also of early Cenomanian age and contain Acompsoceras. Beds slightly higher 
are characterized by Forbesiceras brundrettei (Young. 1 958) which may also be of early 
Cenomanian age. A little higher are beds that contain a middle Cenomanian fauna charac­
terized by "Eucalycoceras" leonense Adkins. 1 928. 

Higher or younger middle Cenomanian ammonite faunas have not been found at Chispa 
Summit. A sparse Calycoceras (Proeucalycoceras) canitaurinum zone assemblage of earhest 
late Cenomanian age occurs higher ,  but there is no ammonite evidence of the succeeding 
Metoicoceras mosbyense zone which is so widely present in the Western Interior. The late 
Cenomanian zones of Sciponoceras gracile and Neocardioceras juddii contain rich ammonite 
assemblages ,  but there is no indication of the zone of Vascoceras cauvini - V. gamai that 
separates these zones in  southwestern New Mexico. The Turanian is weil represenled by 
the zones of Pseudospidoceras flexuosum, Mammites nodosoides, Collignoniceras woollgari, 
Prionocyclus hyatti, P. wyomingensis and Scaphites whitfieldi. Comparisons are made with 
sequences elsewhere in  Texas , in Europe . and in Nigeria. Sixty-eight species of ammonites 
and 14  species of inoceramids are treated .  many of them new to the region. 
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The Chispa Summit Formation was introduced by 
Adkins ( 1933) for a sequence of what he termed 
. . .  "day facies ,  with a subordinate amount of t hin 
platy layers and bands of septaria and con­
cretions" . . .  in the Chispa Summit region of Jeff 
Davis County in west Texas (Figure 1 ) .  Adkins re­
garded i t  as of late Cenomanian and Turanian age 
on the basis of arnmonites described by him in 193 1 .  
W e  visited this region i n  1 973 (WJK.  JMH ) .  1979 
(WAC,  SCH) and 1980 (WAC.  SCH) with two pur­
poses in mind : to attempt earrelation with Ceno­
manian through Turanian sequences of western Eu­
rope (WJK,  JMH) and to extend the refined biozo­
natian developed in the Western Interior of the 

United States south to the Mexican border (W AC, 
SCH) . This work revealed the Chispa Summit For­
mation to be the thickest and most complete fossi­
liferous lower Cenomanian to basal Coniacian suc­
cession known in Texas and the Gulf Coast . The 
work further revealed the presence of a succession 
of previously unrecognised ammonite faunas that 
include co-occurring northwest European . Western 
Interior and Tethyan genera and species ; these al­
low interregional earrelation of the Cenomanian­
Turonian sta ge boundary .  The work furthe r 
revealed a thick interval of beds between the hig­
hest undoubted Cenomanian and lowest Turanian 
faunas; this suggests to us that this sequence should 
be investigated by workers on other fossil groups , 
notably foraminifers , nannofossils and dinoflagella-
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Fig. I. Location map of part of Trans-Pecos Texas showing the position of the Chispa Summit section 
and other important localities mentioned in the text . The heavy broken Iine shows the approximate 
position of the boundary between the Diabolo Platform to the north-east and the Chihuahua Trough 
to the south-west .  

tes , to determine its suitability as a potential stage 
boundary reference section (Hancock 1984) . 

Chispa Summit , which takes its name from the 
grade of the abandoned railway to the coal mines at 
San Carlos to the south lies 37 km airline south­
southwest of Van Horn and is easily accessible by 
dirt road.  The region is semi-arid and sparsely vege­
tated .  A detailed geological map of the area is 
shown in Twiss ( 1 959) .  The study area lies between 
the Van Horn Mountains to the north and the Sierra 
Vieja to the south , and is bounded to the east by the 
Mayfield fault , which separates outcropping 
Mesozoic and Tertiary from Quarternary deposits , 
and to the west by the Dieciocho fault . Southward­
dipping Buda Limestune is overlain disconformably 
by the Chispa Summit Formation ,  which extends to 
the south for many kilornetres before disappearing 
below the Tertiary Vieja Group . Although outcrop 
area is vast , the section is not without problems. 
Firstly , t here is considerable minor tectonic disturb­
ance which complicated thickness measurements 
(Adkins suggested 243 m (800 feet)  in 1933 , Powell 
measured 608 m (2 000 ft) of Cenomanian and Tur-

onian sediments in 1965; our figure is 260 - 270 m 
(854- 887 ft) ) ; secondly ,  an absence of marker beds 
and concretions makes shale intervals difficult to 
subdivide and collect fossils from; thirdly , the re are 
extensive spreads of alluvium covering the middle 
day-shale in terval and fourthly,  intrusion of the 
Needle Peak pluton produced both deformation and 
baki ng of som e intervals .  Fortunately ,  non e of t hese 
affects the Cenomanian-Turonian boundary in ter­
val . 

Figure 2 shows the generalised lithological suc­
cession in the lower part of the sequence; Figure 3 
the upper part . An unexposed interval of 65 - 70 m 
separates the two . In a general way , the succession 
records much of the same lithological sequence as in 
the southern part of the Western Interior region . 
Most of the lower part with its limestune units and 
generally higher earbonale content (Adkins , 193 1 ,  
units l and 2 )  i s  the lithic equivalent o f  the Green­
horn Limestone , and the upper ,  more shaly part 
(Adkins , 193 1 ,  p .  37 ,  units 3 - 8) is the lithic equiva­
lent of the Carlile Shale .  

The generalised geological setting of  the  area in 
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Fig. 2. Schematic section in the lower part of the Chispa Summit Formation at Chispa Summit .  This 
interval is entirely within Unit l of Adkins ( 193 1 ) .  
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Fig. 3. Schematic section in the upper part of the Chispa Summit Formation at Chispa Summit . Ap­
proximately 1 30 m (460 feet) of largely barren or unexposed sediments separate this interval from that 
shown in Figure 2, although Collignoniceras woollgari woollgari occurs 1 8 . 3  m (60 feet) below the 
hiatus concretion bed in  unit 3. The divisions recognised by Adkins are numbered 3 through 9. 
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Cretaceous time is shown in figure 2 in Powell ( 1 965 
and references therein) . Chispa Summit thus lies in 
an intermediate position between the Diabola Plat­
torm and the Chihuahua Trough (Figure 1 ) .  On the 
plattorm to the east earbonates dominate , and are 
termed the Boquillas Formation (Udden 1907) rang­
ing around 147 - 156 m ( 450-475 feet) in the area 
of the Big Bend National Park 210 km ( 1 30 miles) 
to the south-east . To the west and south ,  the basinal 
facies are termed Ojinaga Formation , a predomi­
nantly clay and shale sequence more than 600 m 
(2 000 ft) thick in the southern Quitman Mountains 
on the Texas-Mexico border only 50 km from 
Chispa Summit . 

Previous work 

The first account of the Cretaceous beds and faunas 
of Chispa Summit is that of Adkins ( 193 1 )  who div­
ided the sequence into eight l ithostratigraphical 
units that we retain for convenience in our account . 
Adkins also recognised eight successive fauna! units , 
although no formal zonal nomenciature was pro­
posed .  A few ammonites from west Texas and nor­
thern Mexico were later described by Kummel & 
Decker ( 1 954) . 

Powell  ( 1963a ,  1963b , 1965) described ammonites 
from localities in the Quitman Mountains farther 
west , and made passing reference to Chispa mater­
ial . In 1963 , Daugherty & Powell provided ad­
ditional information . Powell ( 1 965 , 1970) summar­
ised other previous work , proposed a zonation , and 
noted the discontinuity between the Buda Limes­
tone and Chispa Summit Formation.  Powell ( 1 965) 
put forward the following zonation: 
( lower Coniacian, zone of Peroniceras spp . )  
upper Turanian 

zone of Coilopoceras sp . cf. C. col/eti 
Barren zone 

middle Turanian 
zone of Coilopoceras chispaense 
zone of Romaniceras cumminsi 
zone of Spathites chispaensis 

lower Turanian 
Barren zone 
zone of Pseudaspidoceras flexuosum 
zone of Kanabiceras septemseriatum 

upper ( ? )  Cenomanian 
zone of Pseudouhligella elgini. 

Subsequently Young & Powell ( 1978) proposed the 
following zonal scheme: 
Coniacian: Peroniceras haasi zone 
Turonian: Prionocyclus hyatti zone 

Coilopoceras eaglefordense zone 
Metoicoceras whitei zone 
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Upper 
Cenomanian: Kanabiceras septemseriatum zone 

Acanthoceras alvaradoense zone 
Eucalycoceras bentonianum zone 
Conlinoceras tarrantense zone 

Lo w er 
Cenomanian: Forbesiceras brundrettei zone 

Budaiceras hyatti zone 
Graysonites lozoi zone 
Graysonites adkinsi zone 
Plesioturrilites brazosensis zone 

Young & Powell also reviewed previous work on 
the Texas middle Cretaceous . These studies apart , 
we note also the micropaleontological results of 
Huffman ( 1960) , Pessagno ( 1967 , 1969) , Frush & 
Eicher ( 1975) and McNulty , Neybert & Reaser 
( 1978) . 

Stratigraphical results 

Cenomanian through Turanian zonal sequence in 
west Texas 

Our new collections demonstrate that the standard 
ammonite sequence of the southern Western In­
terior can be traced into West Texas as far as the 
Mexican border and beyond . The standard scheme 
is shown in Figure 4, which is taken , with minor 
modifications ,  from Cobban ( 1984a ) ,  where de­
tailed evidence for the sequence and criteria for rec­
ognising zones can be found . 

The fauna! sequence at Chispa Summit 

We have not studied the fauna of the Buda Limes­
tone in  any detail . At Chispa Summit it contains 
Budaiceras hyatti (Shattuck , 1903 ) ,  index fossil of 
the B. hyatti zone . to which Young ( 1979 and refer­
ences therein) refers all of the Buda.  The Buda Li­
mestone contains undoubted lower Cenomanian 
ammonites elsewhere in Texas (see Young ,  1979 , 
for fauna! list ) .  

As noted by  Powell  ( 1 965 , p .  5 15 ) , a marked dis­
conformity separates the Buda Limestone and 
Chispa Summit Formation.  The basal bed of the 
Chispa Summit is a fine- to medium-grained thick­
bedded sandstone as much as 0.9 m thick that occu­
pies depressions on top of the Buda.  The only fossil 
found in this sandstone (USGS locality D 10889) 
was part of the body chamber of a robust , ornate 
ammonite (USNM 41993 1 )  that suggests Acompso­
ceras inconstans (Schliiter ,  1 87 1 ) .  At a slightly dif-
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Scaphites lerronens is 

Scaphites warreni 

Coilopoceras inflatum 

Coilopoceras colleti 

Coilopoceras springeri 

Hopliteides sandovalensis 

Collignoniceras woollgari regulare 

Collignoniceras woollgari woollgari 

Fig. 4. The standard middle Cenomanian through upper Turenian zonal sequence recognised in the 
southern part of the Western Interior, modified after Cobban ( 1 984a) . 
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ferent locality (USGS D 1 1 18 1 ) ,  but near the base 
of the Chispa Summit Formation , fragments of two 
!arge , nearly smooth ammonites (USNM 419932 , 
419933) were found that may be A. renevieri 
(Sharpe , 1857 ) .  

Beds of  limestone 2 . 1 - 3 . 9  m above the base of 
the Chispa Summit Formation contain a fauna that 
is characterized by Forbesiceras brundrettei (Young , 
1958 ) .  the guide fossil to the zone of Forbesiceras 
brundrettei of Young and Powell  ( 1978) . USGS lo­
cality D 1 1 182 ,  near the base of this sequence of 
beds , contains M oremanoceras elgini (Y o ung , 
1958) , Acompsoceras cf. renevieri (Sharpe , 1857) , 
F. brundrettei, Borissiakoceras? sp . ,  Ostlingoceras 
davisense Young , 1958 , Mariella cf. cenomanensis 
(Schli.iter ,  1876) , Hypoturrilites youngi Clark , 1965 , 
lnoceramus aff .  arvanus Stephenson , 1953 , and Os­
trea beloiti Logan , 1898, USGS locality D 1 1336 , at 
the top of the sequence , contains the same fossils 
with the addition of Ostlingoceras brandi Young , 
1958 .  

A thin bed of l imestone 4 .6  m above the base of 
the Chispa Summit Formation contains a different 
fauna that is characterized by Acanthoceras bellense 
Adkins , 1928.  Other fossils in this bed at USGS lo­
cality D 10742 include "Eucalycoceras" leonense 
Adkins , 1928 , Acompsoceras? sp . ,  Cunningtoniceras 
johnsonanum (Stephenson , 1955 ) ,  Tarrantoceras 
spp . , ?  Turrilites acutus Passy, 1832, lnoceramus aff. 
arvanus, and Ostrea beloiti. This zone , of middle 
Cenomanian age , will be referred to as the Acantho­
ceras bellense zone . 

Another thin bed of limestone 10 .4  m above the 
base of the Chispa Summit contains fragments of 
fossils including lnoceramus prefragilis stephenson , 
1953 ,  which suggests an early late Cenomanian age . 
The collection (USGS locality D 10743) contains 
the ammonites Tarrantoceras s p. nov . , Borissiako­
ceras? sp . ,  and a bit of a turrilitid . The assemblage 
suggests either the zone of Plesiacanthoceras wyom­
ingense or the zone of Calycoceras canitaurinum. A 
thin bed of Iimestone 6 .4  m higher at USGS locality 
D 10744 definitely contains C. canitaurinum along 
with /. prefragilis, Moremanoceras sp. nov . , and 
Tarrantoceras? sp . This bed is overlain by 18 .5 m of 
calcareous shale from which no fossils were collec­
ted.  

A conspicuous bed of limestone about 36 .5 m 
above the base of the Chispa Summit Formation 
contain fossils indicative of the late Cenomanian 
Sciponoceras gracile zone . At USGS locality 
D 10745 this bed contained Moremanoceras scotti 
(Moreman , 1942 ) ,  C. (Calycoceras) naviculare 
(Mantell , 1822) , and Metoicoceras sp .  A soft chalky 
bed of l imestone 2 m higher yielded a more varied 
fauna at USGS locality D 10746 . Fossi ls collected 
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included a solitary coral , small echinoids , gastro­
pods , and the ammonites Euomphaloceras sep­
temseriatum (Cragin ,  1 893) , Pseudocalycoceras an­
golaense (Spath ,  193 1 ) ,  Metoicoceras geslinianum 
(D'Orbigny , 1 850) , Borissiakoceras reesidei Mor­
row, 1935 , Sciponoceras gracile (Shumard , 1860) , 
and Worthoceras vermiculus (Shumard , 1860) . 

A poorly preserved but very interesting fauna oc­
curs in a soft bed of limest

.
one about a metre above 

the S. gracile fauna .  The fossils are intemal malds 
the upper surfaces of which are corroded , thus sug­
gesting a minor hiatus and erosion at the top of the 
bed . Fossils found at USGS localities D 10747 and 
D 10898 include Thomelites robustus sp. nov . , Neo­
cardioceras juddii (Barrois and de Guerne , 1878) , 
Euomphaloceras costatum Cobban , Hook & Kenn­
edy , 1898 , Pseudaspidoceras pseudonodosoides 
(Choffat , 1 898) , Nigericeras gadeni (Chudeau , 
1909) , Thomasites koulabicus ( Kier ,  1908) , Tho­
masites s p . , lnoceramus pictus J .  de C .  Sowerby , 
1829 ( late forms) and lnoceramus sp. This rep­
resents the widely distributed Neocardioceras juddii 
zone of very late Cenomanian age . 

About 8 m above the N. juddii fauna is a bed of 
concretionary limestone overlain by a bed of Iimes­
tone concretions ; both beds contain fossils indica­
tive of the very early Turanian zone of Pseudaspido­
ceras flexuosum. Fossils from USGS localities 
D 10893 and D 10899 include P. flexuosum, Marn­
mites powelli Kennedy , Wright & Hancock , 1987 , 
Vascoceras proprium Reyment , 1954 , Neoptychites 
cf. cephalotus (Courtil ler , 1860 ) .  Hamites? sp . , Os­
trea s p . , and abundant Mytilaides columbianus 
(Heinz , 1935 ) .  

Limestone beds and Iimestone concretions about 
2 .5 m above the beds with the P. flexuosum fauna 
contain fossils of the Mammites nodosaides zone of 
late early Turanian age . USGS localities D 10895 
and D 10900 , about 57-58 .5 m above the base of 
the Chispa Summit Formation , contain Trago­
desmoceras bassi Morrow , 1935 . Mammites no­
dosoides, Morrawires depressus Powel l .  1963b , 
Baculites yokoyamai Tokunaga & Shimizu . 1926 . 
Mytilaides mytilaides (Mantell . 1822) , and small 
smooth curved oysters that reflect attachments to 
Mytilaides and possibly the ammonite Puebloites. 

About 26 m of shale in which fossils were not 
noted overlie this sequence of limestone beds and 
concretions . Above this shale is a concealed interval 
of perhaps as much as 95 m. Higher fossiliferous 
beds are exposed in the vicinity of Needle Peak 
about 2 km southwest of Chispa Summit .  

The lowest collection (USGS locality D 1 1 179) 
from the Needle Peak area ,  32 m below a unit of 
flaggy sandstone contains Collignoniceras woollgari 
woollgari (Mantel l ,  1822) , the index species of the 
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widely distributed C. woollgari zone , of early 
middle Turonian age . The presence of the restricted 
subspecies indicates the lower subzone of the wooll­
gari zone . 

A 2 m thick unit of shale that contains highly sep­
tarian l imestone concretions as weil as the bed of 
hiatus concretions described by Kennedy and others 
( 1977) lies about 12 m below the flaggy sandstone . 
Fossils from these concretions (USGS D 10755 , 
D 1 1 175 ) ,  include Tragodesmoceras sacarroense 
Cobban & Hook ,  1979 , C. woollgari regulare (Haas 
1946) , Romaniceras (Yubariceras) ornatissimum 
(Stoliczka , 1864) , Spathites coahuilaensis (Jones , 
1938) , lnoceramus cuvieri J .  Sowerby , 1 822 , and 
gastropods . This fauna indicates the upper ,  regulare 
subzone of the woollgari zone . Ammonites were not 
found in the unit of flaggy sandstone . The only 
fossils (USGS D 1 0752) collected were inoceramids 
that may be Mytilaides subhercynicus (Seitz ,  1935 ) .  

A unit o f  shale about 10  m thick that contains 
abundant fossiliferous limestone concretions lies 
a bo ut 20- 30 m above the flaggy sandstone . Coilo­
poceras is especially common , and the unit was re­
ferred to as the Coilopoceras graveyard by Powel l  
( 1 965 ) .  The most varied collection is at USGS lo­
cality D 10753 where the following were found: Ro­
maniceras (Romaniceras) mexicanum Jones , 1938 , 
R. (R. )? sp. , ammonite (incertae sedis), Spathites 
puercoensis (Herrick & Johnson , 1900a) , Prionocy­
clus hyatti (Stanton , 1894) , Coilopoceras springeri 
Hyatt , 1903 , Scaphites carlilensis Morrow, 1 935 , and 
lnoceramus sp . This represents the Prionocyclus hy­
atti zone of late middle Turonian age . In the Needle 
Peak area ,  not far from locality D 10753 , W . S .  
Adkins and associates collected a fauna o f  pyritic 
nuclei and micromorphs , which include the follo­
wing forms (identified by W.J . K . ): P. hyatti, Coilo­
poceras s p. ju v . , Metaptychoceras s p. nov . , Allocrio­
ceras sp. , and Worthoceras sp.  nov . 

A shale unit , possibly 55 m thick , that lacks con­
cretions , overlies the unit with concretions and the 
P. hyatti fauna .  A few beds of brown and grey cal­
carenite and calcarenitic concretions overlie the 
thick shale unit. These calcarenitic beds resemble 
those in the lower upper Turonian Juana Lopez 
Member of the Maneos Shale of New Mexico and 
contain the following fossils at USGS locality 
D 1 1170: Prionocyclus wyomingensis Mee k ,  1 876 ,  
Coilopoceras inflatum Cobban and Hook ,  1 980a , 
Scaphites warreni Meek & Hayden ,  1 860,  
Hourcquia mirabilis Collignon , 1965a , Baculites 
yokoyamai Tokunaga & Shimizu , 1926,  and abun­
dant lnoceramus dimidius White , 1874 . This 
assemblage represents the Prionocyclus wyomingen­
sis zone of early late Turanian age . The concretions 
that contain this fauna are overlain by a bed of cal-
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carenite that contains many of these fossils at USGS 
locality D 1 1 17 1  as weil as Baculites undulatus d'Or­
bigny , 1 850 , and abundant planktonic forminifers .  

A thin b e d  o f  fine-grained calcareous sandstone 
about 17 m above D 1 1 17 1  at USGS locality 
D 1 1 1 72 contains lnoceramus perplexus Whitfield , 
1 877 , and Baculites yokoyamai. The inoceramid 
suggest the late Turonian Scaphites whitfie!di zone . 

The youngest late Turonian collection was made 
east of Needle Peak at USGS locality D 10754 
where the following fossils were found in con­
cretionary limestone beds: lnoceramus parvus 
Tröger ,  1967 , l. perplexus, Mytilaides incertus 
(Jimbo , 1 894) , M. mytiloidiformis (Tröger ,  1967 ) ,  
Prionocyclus s p . , and Baculites yokoyamai. This 
assemblage could be as young as the zone of Priono­
cyclus quadratus. 

The youngest fauna studied came from USGS lo­
cality D 1 1 1 73 some distance above D 10754 . 
Among the fossils are Cremnoceramus cf. rotun­
datus (Fiege , 1 930) , C. cf. waltersdorfensis (Andert , 
1 9 1 1 ) ,  Scaphites sp . , and Baculites sp . The inocera­
mids indicate the lower part of the zone of Cremno­
ceramus erectus of very early Coniacian age . Ano­
ther collection (USGS D 1 1 1 80) , from this zon e 
contains C. rotundatus and Forresteria sp . 

Correlation with other areas 

Other seetians in Trans-Pecos Texas. 

Chispa Summit is the most complete fauna! se­
quence for the lower Cenomanian to upper Tur­
onian in Trans-Pecos Texas , but there are a number 
of less-complete sequences and some diverse faunas 
that amplify the present account .  

Go/d Hill and the northeast Davis Mountains. 
Young ( 1958) described an interesting silicified 
fauna occurring in chert at the base of the Boquillas 
Formation in the northeastern part of the Davis 
Mountains (Figure l). Young originally regarded 
this fauna as early Cenomanian . but he has recently 
( 1 986,  p. 1 2 1 3) placed it at the base of the middle 
Cenomanian ; this is the Forbesiceras f Neopulchel­
liaf brundrettei zon e at its type locality . Young in­
itially regarded the fauna as reworked: our own col­
leting in the area revealed only remanie fossils scat­
tered over a wide area with no clear contact with the 
Buda . The assemblage consists of Moremanoceras 
elgini (Young , 1958 ) ,  Forbesiceras brundrettei 
(Young , 1958 ) ,  Ostlingoceras brandi Young , 1958 , 
O. davisense Young , 1 958 , Hypoturrilites youngi 
Clark , 1 965 , lnoceramus aff. arvanus Stephenson , 
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1953 , Ostrea beloiti Logan , 1899 , plus several other 
bivalves and gastropods . At the same locality but a 
little higher ,  unsi licified ammonites of the Scipono­
ceras gracile zone are also present .  Gold Hill is in 
Jeff Davis County 8 .8 km (5 .3 mi . )  south , 32° east 
of the common corner of Jeff Davis ,  Culberson and 
Reeves Counties (Figure 1 ) .  The same fauna as that 
described by Young occurs as silicified fossils resting 
in depressions on top of the Buda (Hook & Cobban 
1983 ) .  Above , Hook & Cobban recognised only the 
Acanthoceras amphibolum and Calycoceras cani­
taurinum zones in the Cenomanian , succeeded by 
indications of the Pseudaspidoceras flexuosum and 
Mammites nodosaides zones ,  succeeded by the 
woollgari subzone of the C. woollgari zone . A 
marked disconformity and hardground is over lain 
by reworked elements of the woollgari subzone as 
weil as Prionocyclus hyatti. The regulare subzone of 
the woollgari zone and the Prionocyclus percari­
natus zones are thus missing.  Perhaps this break is a 
development of the hiatus concretion horizon in the 
regulare subzone at Chispa Summit . Still higher el­
ements of the zones of Prionocyclus hyatti, P. ma­
combi, P. wyomingensis and P. quadratus are all 
represented .  

Southern Quitman Mountains. The Buda/Oj inaga 
Formation boundary and succeeding strata are weil 
exposed in Mule and Calvert Canyons close to the 
Texas- Mexico Border (Figure 1 ) .  Details are given 
by Jones & Reaser ( 1970 , with Quadrangle Map) , 
and Powell ( 1963a) described the faunas . Powel l 's  
bed A is a distinctive earthy limestone 20 cm thick , 
some 9 . 1 m above the top of the Buda. It yielded ,  
a t  USGS Mesozoic locality D 10757 ,  Moremano­
ceras aff. elgini (Young,  1958) , Stoliczkaia cf. chan­
cellori Wright & Kennedy , 1984 , gen.  nov . , Euhys­
trichoceras adkinsi Powel l ,  1963a , A campsaceras 
sarthense (Gueranger ,  1867) ( = A. bifurcatum Po­
well , 1963a) , Hypoturrilites youngi Clark , 1 965 , and ' 
lnoceramus sp.  The presence of Acompsoceras sug­
gests a earre lation with the basal beds of the Chispa 
Summit Formation at Chispa Summit .  Turrilites 
acutus Passy , 1832 , of middle Cenomanian age , was 
found about 18 m above the top of the Buda at 
USGS locality D 10759.  The next significant fauna 
is that of Powell 's bed B, recently revised by Kenn­
edy , Wright & Haneock ( 1987) . In stratigraphic iso­
lation some 300 m above the top of the Buda, the 
assemblage of the Pseudaspidoceras flexuosum zone 
contains Quitmaniceras reaseri Powell , 1963a ,  Ka­
merunoceras calvertense Powel l ,  1 963a ,  Pseudaspi­
doceras flexuosum Powell , 1963a , Mammites powelli 
Kennedy, Wright & Hancock,  1987 , Vascoceras 
proprium Reyment,  1954, Fagesia catinus (Mantel ! , 
1822 ) ,  Neoptychites sp. , Wrightoceras munieri (Per-
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vinquiere , 1907 ) ,  Thomasites adkinsi (Kummel & 
Decker ,  1954) , Allocrioceras dentonense Moreman , 
1942 , A. larvatum (Conrad , 1855 ) ,  Sciponoceras sp . ,  
Worthoceras vermiculus (Shumard , 1 860) and abun­
dant Mytilaides columbianus (Heinz , 1935 ) .  

El Paso 

The Buda/Boquillas contact is exposed on Cerro de 
Cristo Rey (Cerro de Muleros) in New Mexico , 
some 8 km northwest of downtown El Paso (Figure 
1 ) .  The hil l  itself is formed by an andesitic intrusive 
of Eocene age . The Cretaceous sequences were 
studied by Böse ( 1906 , 19 10) and , later by Strain 
( 1976) . Unit 1 1  of Böse , which he called the Eagle 
Ford Formation , was referred to the Boquillas For­
mation by Strain ( 1968 , 1976 ) :  Böse ( 1910 , p .  30) 
gave a thickness of 1 10 m .  The basal bed yielded the 
followingJauna in bioclastic l imestones:  Moremano­
ceras straini Kennedy , Cobban & Hook , 1988 , 
Desmaeeras ( Pseudouhligella) s p . ,  Cunningtoniceras 
cf. johnsonanum (Stephenson , 1955 ) ,  Paracompso­
ceras landisi Cobban , 1972 , Acanthoceras amphibo­
lum Morrow , 1935 , Tarrantoceras sellardsi (Adkins , 
1 928) , Anisoceras sp. , Turrilites acutus Passy , 1832 ,  
lnoceramus aff. arvanus Stephenson , 1953  and Os­
trea beloiti Lo gan , 1899 . This is an A. amphibolwn 
zone assemblage . 

Western Europe 

Kennedy ( 1985 , 1986) reviewed the standard w­
nation of the Cenomanian and Turanian in western 
Europe and campared it with that of the Western 
Interior of the United States .  The Sciponoceras gra­
cile zone is equivalent to the European Metoicoceras 
geslinianum zone , and the younger Neocardioceras 
juddii zone of the two are also equiva,ent .  There is 
no trace in Texas of the poorly characterised (and 
as yet unnamed) fauna that occurs between the 
geslinianum and juddii zones in Europe . Above , the 
common occurrence of Mytilaides columbianus and 
Fagesia catinus suggests that the Pseudaspidoceras 
flexuosum and European Watinoceras coloradoense 
zones are in part or whole equivalent , as are the 
succeeding Mammites nodosaides zones .  The 
boundary between the lower and middle Turanian 
earresponds to the appearance of Collignoniceras 
woollgari in both regions . The Texas occurrences 
show the presence of the C. woollgari woollgari and 
C. woollgari regulare subzones , the latter character­
ised by Romaniceras (Yubaricems) ornatissimum. In 
Europe this species characterises the middle part of 
the C. woollgari zone ; we have now recognised that 
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regulare forms of woo/lgari also occur at this leve! in 
Europe . The apparent anomaly of what appeared to 
be typical C. woollgari woo/lgari at the top of the 
species range in France (Kennedy , Arnedra & Col­
lete , 1986) is explained by the present observations 
that show the adults of the two forms to be indis­
tinguishable in some cases ; the anomalous French 
specimens we take to be adults . 

Portugal 

Correlation of the vascoceratid-dominated sequen­
ces in Portugal were discussed by Kennedy ( 1 985 , 
1986) , Kennedy , Wright & Haneock ( 1987) and 
Berthou , Chancellor & Lauverjat ( 1985 ) ,  who re­
viewed the extensive earher work of Berthou and 
his collaborators . The extension of Pseudaspido­
ceras pseudonodosoides to leve! J in Portugal shows 
this to be late Cenomanian as it is restricted to the 
juddii zon e in the U . S .  For continuing difficulties in 
earrelation of the nearby Spanish successions at this 
leve ! ,  see Kennedy et al. ( 1987) . 

Nigeria 

Kennedy ( 1985 , 1986) and Kennedy , Wright & 
Haneock ( 1987) recently discussed the problems as­
sociated with placement of the Cenomanian - Tur­
onian boundary in the vascoceratid-dominated 
Nigerian successions on the basis of the work of 
Wozny & Kogbe ( 1984) and previous workers in the 
Upper Benue Basin ; they conclude that the base of 
the Turanian lies samewhere within the Vascoceras 
costatum zon e of Barber ( 1957 ) ,  t hat is to sa y with in 
bed 9 of the Pindiga seetian (Barber 1957 , table 3 ) ,  
nating that previous reports show typical upper 
Cenomanian elements occurring within the costatum 
zone .  Since that discussion , Popoff, Wiedmann & 
De Klasz ( 1986) have provided additional infor­
mation , recognising the following zonal succession 
in the Pindiga sequence at and around Pindiga vil­
lage: 

Middle 
Turanian 

Lo w er 
Turanian 

Upper 
Cenomanian 

1 Choffaticeras barjonai zon e 
P. (Wrightoceras) wallsi zone 
P. ( B.auchioceras) nigeriensis zon e 

{ Paravascoceras costatum zon e 1 Vascoceras bulbasurn zon e 
Vascoceras tavense zone 
Nigericeras gadeni zone 
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The same zonal succession is recognised in the 
Gongila Formation at Ashaka Quarry , where t hese 
authors recorded more diverse faunas. Pseudaspido­
ceras pseudonodosoides occurs in the tavense zone , 
indicating the juddii zone of the northwest Eu­
ropean/United States sequence . The bulbasurn zone 
yields Vascoceras evolutum Schneegans , 1943 , 
which is a synonym of V. cauvini (fide Schöbel 
1975 ) ,  again indicating the juddii zone . The upper 
part of the nigeriensis zone also yields P. pseudono­
dosoides, which is exclusively a juddii zone species 
elsewhere . Vascoceras proprium, which first ap­
pears in the basal Turanian Pseudaspidoceras flexu­
osum zone in Trans-Pecos Texas is first recorded in 
the costatum zone which thus appears to yie ld both 
upper Cenomanian and lower Turanian elements in 
the sense that these substages are used in the pres­
ent account .  

USGS Mesozoic localities m Trans-Pecos 
Texas 

Forty-eight collections of fossils mentioned in the 
text were made by Hook and Cobban as weil as by 
J .D. Powell and R.E. Burkholder ,  who are former 
members of the U . S .  Geological Survey. These 
collections have a prefix D (for Denver, Colorado) 
and are stored at the Denver Federal Center in 
Lakewood , Colorado.  Specimens from these collec­
tions that are either il lustrated or mentioned in the 
text have been assigned USNM catalog numbers 
and are kept at the National Museum of Natural 
History , Washington , D . C .  

D 1074 1 .  From 0 . 1 -0 .2  k m  southeast o f  Chispa 
Summit ,  Jeff Davis County. From a !ens of cal­
carenite 1 . 5 m above base of Chispa Summit For­
mation . 

D 10742 . Same locality as D 10741 . From a 2 . 5-
cm-thick limestone bed 4 . 6  m above base . 

D 10743 . Same locality. From a shaly bed of li­
mestone 10.4 m above base . 

D 10744 . Same locality . From 5-cm-thick bed of 
limestone 16 . 8  m above base . 

D 10745 . Same locality. From 15-cm-thick , soft , 
massive limestone bed about 37 m above base . 

D 10746 . Same locality. From 15-cm-thick , soft , 
massive limestone bed 2 m above D 10745 . 

D 10747 . Same locality. From soft limestone beds 
l m above D 10746 . 

D 10749 . From 0 .9  km south-southeast of Chispa 
Summit .  Float from thick shale unit . 

D 10750 . About 0 . 3  km southeast of Needle 
peak , southwest of Chispa Summit on Ninetysix 
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Ranch 71/z minute quadrangle .  From limestone con­
cretion below a unit of thin beds of sandstone .  

D 1075 1 .  About 0 . 5  km west-southwest of  Needle 
Peak . From shale unit above the sandstone beds of 
D 10750 . 

D 10752 .  Near head of arroyo about l km east of 
Needle Peak . Float from lower part of the sands­
tone unit . 

D 10753 . Same locality as D 10752 . From limes­
tone concretions in thick shale unit above the sands­
tone unit . 

D 10754 . Same locality . From concretionary li­
mestone beds at top of outcrop . 

D 10755 . North side of service road of highway 
290 , 2 km east of overpass at junction with highway 
80 , Reeves County (Gomez Peak quadrangle ) .  
From concretionary l imestone beds i n  Boquillas 
Formation . 

D 10757 . East side of Mule Canyon 0 . 8  km N 6511 

W of Love triangulation station of Eagle Mountains 
SW 7Yz minute quadrangle , Hudspeth County . 
From soft , argillaceous 23-cm-thick limestone bed 9 
m above base of Ojinaga Formation . 

D 10759 . Same locality as D 10757 . About 18 m 
above base . 

D 10760 . Mule Canyon about 0 . 6  km S 7311 W of 
Love triangulation station . From ridge-forming , 
platy limestone bed in Ojinaga Formation .  

D 10889 . Quarry just north o f  road and about 
0 . 15  km west of Chispa Summit .  Basal 0 . 6-m-thick 
bed of sandstone of Chispa Summit Formation . 

D 10891 . Same locality as D 10741 . From 1 . 5-m­
thick unit of shaly l imestone beds 3-4 . 5  m above 
base of Chispa Summit Formation . 

D 10893 . Same locality . From ledge of con­
cretionary limestone 50 m above base . 

D 10894 . A little northwest of road and a bo ut l. 7 
km southwest of Chispa Summit . From 5-cm-thick 
bed of calcarenite 55 m above base of Chispa Sum­
mit Formation .  

D 10895 . Same locality a s  D 10894 . From white 
l imestone concretions a bo ut 57 - 58 m above b ase . 

D 10898 . North of road and about 1 . 4 km south­
west of Chispa Summit . From soft . yellowish 15-
cm-thick bed of limestone about 40 m above base 
of Chispa Summit Formation . 

D 10899 . A little northeast of D 10894 . From unit 
of white and gray limestone concretions about 50 m 
above base . 

D 10900 . About 1 . 7 km southwest of Chispa 
Summit .  From limestone concretions about same 
levet as D 10895 . 

D 1090 1 .  About 0 . 1 km north of limestone quarry 
near southwest corner of San Martine 7Yz minute 
quadrangle (Culberson County ) .  Base of Boquillas 
Formation . 
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D 10902 . Same locality as D 10901 . Abou, 30 cm 
above base . 

D 10904 . Same locality . From 10-cm-thick bed of 
gray l imestone 3 . 3  m above base . 

D 10936 . Top of ridge 1 .45 km N 65°E of Stone 
Ranch on Grayton Lake 7Yz minute quadrangle , 
Hudspeth County . From gray concretionary limes­
tone bed just above ridge of yellow-tan limestone in 
Chispa Summit Formation . 

D 1 1 169 .  About 2 . 1  km S 23° W of Needle Peak . 
From white-weathering limestone concretions just 
below base of Juana Lopez equivalent in Chispa 
Summit Formation . 

D 1 1 170 . Same locality as D 1 1 169 .  From gray 
concretionary limestone bed a little above D 1 1 169.  

D 1 1 1 7 1 . Same locality . From brown-weathering 
hard limestone bed just above D 1 1 170 .  

D 1 1 172 .  Same locality . From gr a y limestone bed 
higher than D 1 1 17 1 . 

D 1 1 173 .  About 3 . 6  km S 20°W of Needle Peak . 
From baked shale at dike cutting Chispa Summit 
Formation . 

D 1 1 174 .  Bottom of arroyo at breached tank 2 . 2  
k m  S 3 1°W o f  Needle Peak . From white-weathering 
limestone concretions .  

D 1 1 175 .  East of Van Horn Creek and 2 .5 km S 
4011W of Needle Peak . From hiatus concretions be­
low the sandy unit of the Chispa Summit For­
mation . 

D 1 1 176 .  About l km S 18°W of Needle Peak . 
From white-weathering limestone concretions .  

D 1 1 177 .  Arroyo 0 .9  km S 22°W of Needle Peak . 
From white-weathering limestone concretions . 

D 1 1 178 .  West end of Needle Peak . From limes­
tone concretions below the sandy unit . 

D 1 1 179.  About 0 . 55 km S 75°W of Needle Peak . 
From below the sandy unit . 

D 1 1 180 .  About 1 . 4 km N 8i1E of Ninetysix 
Ranch on Ninetysix Ranch 7Yz minute quadrangle ,  
Jeff Davis County. From soft white limestone con­
cretions above the Juana Lopez equivalent in the 
Chispa Summit Formation .  

D 1 1 1 8 1 .  Arroyo 3 km west of Chispa Summit .  
From argillaceous limestone bed l m above base of 
Chispa Summit Formation . 

D 1 1 182 .  Same locality as D 1 1 18 1 .  From argil­
laceous limestone bed 2 . 1 m above base . 

D 1 1 187 .  About 0 . 8  km S 8 1°E of Needle Peak . 
From white-weathering limestone concretions below 
the sandy unit . 

D 1 1 188 .  Same locality as D 1 1 1 80 .  From con­
cretionary limestone bed in lower part of Juana 
Lopez equivalent in the Chispa Summit Formation . 

D 1 1209 . About 0 . 1 km N 6411 E of Needle Peak . 
From siltstone beds below hiatus concretions . 

D 1 13 19 .  About 0 . 3  km east-northeast of Gold 
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Hill on Gomez Peak 71/z minute quadrangle , Jeff 
Davis County . From base of Boquillas Formation . 

D 1 1336.  About 1 . 3  km S 79°W of Chispa Sum­
mit .  From 3.9 m above base of Chispa Summit For­
mation . 

D 1 1337 . A bo ut 0 . 1 km south of Chispa Summit .  
From limestone concretions at leve! of D 1 1336 .  

Repositories of  specimens 

BMNH = British Museum (Natural History) , Lon­
don . 
OUM = Oxford University Museum , Oxford . 
TMM = Texas Memorial Museum , Austin .  
UM = University o f  Michigan Museum o f  Paleont­
ology , Ann Ar bor. 
USNM = National Museum of Natural History , 
Washington , D . C .  

Plaster casts o f  figured specimens are deposited in 
the Collections of the Paleontologiska Institutionen ,  
Uppsala .  

Systematic Paleontology 

Order :  AMMONOIDEA Zitte l ,  1HH4 

Suborder :  AMMONITINA Hyatt . 1H89 

Supertamil y :  HAPLOCERAT ACEAE Zitte l ,  1HH4 

Family : BINNEYITIDAE Reeside . 1927 

Genus : BORISSIAKOCERAS Arkhanguelsky, 
19 16  

Type species: By original designation : Borissiako­
ceras mirabile Arkhanguelsky . 19 16 (p .  55 . pi . H ,  
figs 2 , 3 ) . 
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Borissiakoceras orbiculatum Stephenson . 1955 

1955 Borissiakoceras orbiculatum Stephenson .  p .  64 . pi. 
6, figs 1 - 4 .  

1988  Borissiakoceras orbiculatum Stephenson .  1 955: 
Kennedy , p .  1 8 .  pi . l, figs 23 -26 (with full sy­
nonymy) . 

Holotype: USNM 108832 from the basal Eagle Ford 
Formation concretions on Walnut Creek .  4 . 75 mi . 
northeast of Mansfield . Texas: middle Cenomanian 
Acanthoceras amphibolum zone .  

Material: Four specimens from USGS Mesozoic lo­
cality D 1089 1 .  

Discussion: Specimens are crushed , and range up to 
35 mm in diameter. The best-preserved one shows 
characteristic falcoid striae , weil preserved on the 
outer f lank , where they are periodically accentuated 
in to broad , low , distant ribs .  Given differences in 
preservation , they agree weil with material figured 
by Cobban ( 196 1 . p. 750 , pi. 88 . figs 15 - 44: text­
tigs 5a-f) .  

Occurrence: The species ranges from the early Ce­
nomanian zone of Forbesiceras brundrettei to the 
late Cenomanian zone of Sciponoceras gracile, with 
records from Wyoming . Montana .  Colorado . 
Kansas and Texas . 

Borissiakoceras auriculatum Kennedy 1988 

1 9S8 Borissiakoceras auriculatum Kennedy. p. 19 .  pi. l ,  
figs 1 4 - 20: text -fig .  S c .  

Holotype: USNM 41 1430 . from the  Britton For­
mation , upper Cenomanian Sciponoceras gracile 
zon e ,  Texcrete Quarries ,  Dallas County . Texas . 
Paratypes USNM 41 143 1 and 41 1432 . from the 
same locality . 

Fig. 5. (A), (B )  Borissiakoceras reesidei Morrow . 1 935: USNM 4 1 9934 . from locality D 10746. Sciponoceras gracile zone . 
(C) , (D)  Moremanoceras elgini (Young. 195S): USNM 4 1 9937 . from locality D 1 1 336. Forbesiceras brundrettei zone . (E) 
Moremanoceras sp .  nov . :  USNM 4 1 9936 , from locality D 1 0744 . Calycoceras caf'itaurinum zone . (F) Moremanoceras 
elgini (Young, 1 95S): USNM 4 1 993S . from locality D 10S9 1 ,  Forbesiceras brundrettei zone . (G) , (H) .  Tragodesmoceras 
cf. bassi Morrow . 1 935: U SNM 4 1 9939. from locality D 10900 . Mammites nodosaides zone . (l)- (M)  Mariella (Marie/la) 
cf. cenomanensis (Schliiter.  1 S76): (l) is USNM 420030. ( J )  is USNM 420033 .  (K ) .  is USNM 420034 ,  (L) is USNM 
420032 ,  (M)  is USNM 42003 1 .  a l l  from locality D 1 1 1 S2. Forbesic·eras brundrettei zone . (N)  Moremanoceras scotti ( More­
man , 1 942): USNM 4 1 9935. from locality D 1 0745 . Sciponoceras gracile zone . (0) . (P) . ( U ) .  (V) Forbesiceras brundret­
tei (Young ,  1 95S): (0). (P) are U SNM 4 1 9940 . ( U ) .  (V) are USNM 4 1 994 1 .  from locality D 1 1 336, Forbesiceras 
brundrettei zone . (0), (R)  Cunningtoniceras johnsonanum (Stephenson. 1955): USNM 4 1 9943 , from locality D 1 0742 , 
Acanthoceras bellense zone .  (S ) . (T) Acanthoceras bellense Adkins . 192S: USNM 4 1 9942 , from locality D 10742, Acan­
thoceras bellense zone . (W) . (X) "Eucalycoceras" cf. leonense Adkins. 1 92S: USNM 4 1 9944 , from locality D 10742 , 
A canthoceras bellense zone . 
All figures are x l .  
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Discussion: Several fragments in the OUM collec­
tions from the upper Cenomanian Sciponoceras gra­
cile zone fauna of Adkins ( 193 1 )  Unit l may belong 
here . The species also occurs in the S. gracile zone 
of north-central Texas . 

Borissiakoceras reesidei Morrow , 1935 Figs 5A ,  B 

1935 Borissiakoeeras reesidei Morrow , p .  463 , pl. 49, 
fig .  7 ;  pl .  50, fig .  5 ;  text-fig .  8 .  

1 96 1  Barissiakaeeras reesidei Morrow ; Cobban , p .  749 , 
pl .  88. figs l - 1 4 ;  text-figs 3h-k .  

l 965a Barissiakaeeras reesidei Morrow ; Hatt in ,  pl . 5 ,  figs 
A. B .  

1978 Bariss
.
iakaeeras reesidei Morrow ; Hattin & Sie-

mers , fig .  5 . 13  

Holotype: By original designation : the specimen fig­
ured by Morrow ( 1 935) as his pi . 49 , fig .  7 ,  
University o f  Kansas Collections n o .  1 1276, from 
the Acanthoceras amphibolum zone in the Graneros 
Shale , Wilson County , Kansas . 

Material: USNM 419934, USGS Mesozoic locality 
D 10746 , plus numerous poorly preserved speci­
mens from the same harizon in the OUM Collec­
tions .  

Discussion: Rounded whoris and feeble nodes , 5 - 6  
per hal f w hor l .  characterize this species and are weil 
seen in USNM 419934. The remaining material is 
rather poor or juveni lle . 

Occurrence: Middle Cenomanian A canthoceras am­
phibolum to upper Cenomanian Sciponoceras gra­
cile zone . There are middle Cenomanian records 
from Wyoming, Colorado and Kansas ; the species 
has not been previously recorded from the S. gracile 
zon c .  

Superfamily: DESMOCERATACEAE Zittel ,  1 895 

Family : DESMOCERATIDAE Zittel ,  1 895 

Genus : MOREMANOCERAS Cobban , 1 972 

Type species: Tragodesmoceras scotti Moreman , 
1942 , p .  208 , pi . 33 , fig .  8 ;  text - fig .  2d ; by original 
designation . 

Moremanoceras scotti (Moreman , 1 942) 
Fig. 5 k 

1 927 Paehydiseus sp. A Moreman , p. 94 , pl . 1 5 .  fig .  4 .  
1942 Desmaeeras scaui Moreman, p .  208 , pl . 33 , fig .  8 ;  

text - fig. 2d . 
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1 960 Onitshaeeras? scaiii (Moreman) ;  Matsumoto , p. 46 , 

text - figs l O  A - C .  
1972 Desmaeeras (Maremanaceras) scaiii Moreman ; 

Cobban , p. 6. pl .  2, figs 1 - 23 , text- figs 3 - 5 .  
1 977 Desmaeeras (Maremanaeeras) seatti Moreman ; 

Kauffman. p. 25 1 ,  pl . 1 6 ,  figs l, 2 .  
1 986 Maremanaeeras scatti (Moreman ) ;  Cobban , fig .  

3A.  B .  
1 988 Desmaeeras (Maremanaeeras) scotti Moreman ; 

Kennedy, p. 22 , p l. l ,  figs 1 - 13 .  

Holotype: By monotypy : TMM 1 9807 from the  Brit­
ton Formation on Hackberry Creek ,  0.5 mile north 
of Somers-Coppel Road , north of Somers , Texas. 
Upper Cenomanian , Sciponoceras gracile zone . 

Material: USNM 419935 and a seeond specimen 
from USGS Mesozoic locality D 10745 . 

Discussion: See Cobban ( 1 972) and Kennedy ( 1988) 
for recent accounts of this species ;  the former provi­
des an extensive discussion ; the latter reil lustrates 
the holotype . Both of the present specimens are 
crushed , but show the characteristic globase inval­
ute shell form and distant bar-like fiared ribs so 
typical of the species . 

Occurrence: Upper Cenomanian Sciponoceras gra­
cile zone of Trans-Pecos and north-central Texas . 
New Mexico (Cooke Range ) , Arizona and Color­
ado . See Cobban ( 1972) for detai ls .  

Moremanoceras sp.  nov . 

Fig . SE 

Material: USNM 419936, from USGS Mesozoic lo­
cality D 1 0744 , upper Cenomanian Calycoceras 
canitaurinum zone . 

Discussion: The specimen is crushed , with a maxi­
mum diameter of 40 mm.  Coiling very involute , 
with tiny umbilicus . Inner and middle flanks 
smooth , outer flanks developing concave , distant 
ribs that extend onto the ventrolateral shoulder .  It 
appears to be a Moremanoceras, and a representat­
ive of an unnamed species .  Similar forms occur in 
the Calycoceras canitaurinum zone of Grant 
County , New Mexico . 

Moremanoceras elgini (Young , 1958) 
Fig. SC,  D, F 

1 958 Desmaeeras (Pseudauhlighella) elgini Young , p .  
292 , p l .  39 ,  figs 4-20 ,  24 , 25 , 30 ,  3 1 ;  text-figs l a - e .  

1 959 Pseudauhlighella elgini Young : Young . p .  80, p l .  2 .  
figs l -7 .  
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non 
1 963a Desmaeeras (Pseudauhlighella) elgini Young ; Po­

well , p .  3 1 4 ,  pi . 3 1 ,  figs 13- 16.  
1 978 Pseudauhlighella elgini Young;  Young & Powell . 

pi . 3 ,  figs 3 - 5 ,  7 ,  8 .  1 5 .  

Type: The holotype is TMM 10782A ; it and numer­
ous paratypes are from the base of the Boquillas 
Formation on the northeast flank of the Davis 
Mountains in Trans-Pecos Texas .  

Material: Numerous specimens from USGS 
Mesozoic localities D 1 1 336 . D 1 1 337 .  D 1089 1 .  
D 10901 and D 1 1 1 82 plus abundant juveniles i n  the 
OUM collections .  

Discussion: Kennedy , Cobban & Hook ( 1988) dis­
cuss the basis for referring this species to More­
manaceras rather than Pseudauhlighella. Mare­
manaceras elgini most closely resembles M. straini 
Kennedy , Cobban & Hook 1988 , from which it dif­
fers in being more campressed with very flat sides 
and developing coarse , distant lateral and ventrolat­
eral ribs at a diameter when straini is still smooth ; 
adults are smaller , and never develop a siphonal 
keel or ridge . 

Occurrence: This species is present in !arge numbers 
in the basal Chispa Summit , Ojinaga , and Boquillas 
Formations in Trans-Pecos Texas ;  it also occurs at 
the same horizon in Kinney County , Texas . I t  is a 
good indicator for the Farbesiceras brundrettei zone .  

Family MUNIERICERATIDAE Wright ,  1952 

Genus TRAGODESMOCERAS Spath , 1922 

Type species: Desmaeeras clypealaides Leonhard , 
1 897 . p .  57 .  pi .  6. fig .  2 ;  by original designation . 

Tragadesmoceras sacarroense Cobban & Hook ,  
1979 

1 979 Trugadesmaeeras sacarroense Cobban & Hook,  p .  
1 3 .  p i .  5 .  figs 9 .  10 :  p i s  6 .  7 ;  p i .  I l ,  fig .  10 ;  text­
fig .  4 .  

1 983a Tragadesmaceras sacarroense Cobban & Hook ;  
Cobban & Hook . p .  7 ,  p i .  2 ,  figs 10- 14 .  

1 986 Tragadesmaceras sacarroense Cobban & Hook ;  
Cobban. p .  8 1 ,  fig .  7G,  H .  

Types: Holotype is USNM 252806 , the  original of 
Cobban & Hook.  1979 , p i .  6, figs l ,  2; text- fig .  4 .  
Paratypes are USNM 252807 , 252808 , 255608 , from 
the middle Turonian Collignoniceras woollgari 
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waollgari subzone fauna of the Maneos Shale of 
north-central New Mexico . 

Material: Two !arge fragments from USGS 
Mesozoic locality D 10750 ; OUM KT905 from the 
hiatus concretion bed in that unit . 

Discussion: OUM KT905 is a !arge , wholly septate 
di se 260 mm in diameter ,  t hat agrees closely with 
the holotype and other specimens from the Tur­
onian Tres Herrnanos Formation of New Mexico . 

Occurrence: Middle Turonian Collignoniceras 
woollgari zone of Trans-Pecos Texas and New Mex­
ico . 

Tragodesmoceras cf. bassi Morrow , 1935 
Fig . 5G.  H 

campare 
1935 Trugadesmaeeras bassi Morrow . 1935 , p. 468 , pi . 

52.  figs l a - c ;  p i .  53 .  figs 3 - 5 ;  text- figs l ,  3 .  
1 972 Trugadesmaeeras bassi Morrow ; Cobban & Scott ,  

p .  58 .  p i .  38. figs 2 ,  3 ,  5 - 13 ;  p i .  39 .  

Material: One specimen , USNM 419939 . from 
USGS Mesozoic locality D 10900 . Lower Turonian , 
Mammites nodosasides zone . 

Discussion: The specimen has a maximum pres­
erved whorl height of 23 mm.  Primary ribs are 
straight on the inner flank ,  concave on the ou ter,  
sweeping forwards to form a marked ventraJ 
chevron . Interealatories arise high and low on the 
flank and strengthen to match the primaries on the 
outermost flank and ventrolateral shoulders . 

Superfamily ACANTHOCERAT ACEAE 
de Grossouvre , 1 894 

Family LYELLICERATIDAE Spath . 1921 

Subfamily STOLICZKAIINAE Breistroffer ,  1953 

Genus BUDAICERAS Böse , 1 928 

Type species: Budaiceras mexicanum Böse . 1 928 , p .  
259 , p i .  1 0 ,  figs 1 - 3 ;  pi . 9 ,  figs 1 6 .  1 7 ;  by  original 
designation = Budaiceras hyatti Shattuck , 1 903 . p. 
36 ,  pi . 25 , figs 2, 3 .  

Budaiceras hyatti (Shattuck , 1903) 
Fig. 7L,  M 

1903 Budaiceras hyatti Shattuck . p .  36. pi . 25 . figs 2. 3 
1 979 Budaiceras hyatti (Shattuck , 1 903 ) ;  Young. p. 63 , 

p i .  7, figs 1 -4 , 6- 10 ,  12- 1 4  (With full synonymy) .  
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Holotype: By monotypy , USNM 30243 the original 
of Shattuck , 1903 , pi. 25 , figs 2, 3, from the lower 
Cenomanian Buda Limestone of Shoal Creek .  Tra­
vis County , Texas . 

Material: OUM KT907 , collected loose from Buda 
Limestone float at Chispa Summit .  

Discussion : The specimen consists of just under half 
a whorl of a partially septate specimen 62 mm in 
diameter. There are nine strong,  broad , distant 
f lexuous ribs on the f lank .  The venter is acute with 
small siphonal clavi that are twice as numerous as 
the ribs . The fragment finds an exact match in speci­
mens described and figured by Young ( 1 979) . who 
discussed differences from other species .  

Occurrence: Lower Cenomanian Budaiceras hyatti 
zone of Texas and northern Mexico . 

Family FORBESICERATIDAE Wright .  1 952 

Genus FORBESICERAS Kossmat . 1 897 

Types species: Ammonites /argilliertianus d'Orbigny. 
1 84 1 , p. 320 , pi . 95 ; by subsequent designation by 
Diener ,  1 925 . p.  1 80 .  

Forbesiceras brundrettei (Young , 1958) 

Figs 50. P .  U. V;  Fig. 7 1  

1 958 Neopulchellia brundrettei Young , p .  289 , pi . 3 9 ,  figs 
1 - 3 .  26-28 .  33 .  35 -38 ;  pi . 40, figs 6, 9, I l ;  text ­
figs l f, i, k. m .  

1 959 Neopulchellia brundretti Young ; Young, pi . l ,  figs 
4. 7. 8: �- 3, fig .  4 .  

1 978 Forbesiceras brundrellei (Young) ; Young & Powell , 
pp. 1 5 - 24 ,  pi . 3 ,  figs l ,  2, 6 .  

1 983 Forbesiceras brundreuei (Young) ; Hook & Cobban , 
p. 52 .  

Holotype: TMM 10734 , the original of Young ,  1958 ,  
pi . 39.  figs 35 -37 ,  from the  base of  the  Boquillas 
Formation on the northeast f lank of the Davis 
Mountains in Trans - Pecos Texas.  

Material: Seven specimens from USGS Mesozoic lo­
cality D 1 1336 ; l from locality D 1 1337 ; 3 from lo­
cality D 10902 . Lower Cenomanian , Forbesiceras 
brundrettei zone . 

Discussion : The Chispa material is poor.  This spe­
cies is characterised by its crowded , bidichotomous 
falcoid flank ribs in middle growth , terminating in 
sharp ventral clavi , and lack of siphonal ornament . 
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lt is closest to Forbesiceras chevillei (Pietet & Rene­
vier ,  1866) (fide Wright & Kennedy , 1984, p .  93 , pi . 
1 3 ,  f ig .  2 ;  pi . 1 5 ,  figs l ,  2 ;  text - fig .  1 7 )  which differs 
in several respects , notably the presence of multiple 
ventral ribs between clavi and mid-lateral tubercles .  
Forbesiceras con/ini Stephenson ,  1953 (p .  205 , pi .  
56 ,  f ig .  l ;  pi .  57 ,  f igs l .  2) of the middle Ceno­
manian Conlinoceras tarrantense zone in north-cen­
tral Texas may be differentiated from F. brundrettei 
on the same criteria .  

Occurrence: Forbesiceras brundrettei is the index 
species of the Forbesiceras brundrettei zone . In  west 
Texas the species occurs at USGS Mesozoic locality 
D 10902 in Culberson County along with More­
manoceras elgini as weil as at USGS Mesozoic lo­
cality D 1 13 19  at Gold Hil l  in Jeff Davis County 
(Hook & Cobban,  1983) and at the type locality 
(Young,  1958 ) .  The species also occurs on Cloice 
B ranch in Mc Lennan County , Texas , presurnably 
in the Pepper Shale . 

Family ACANTHOCERATIDAE de Grossouvre , 
1894 

Subfamily ACANTHOCERA TINAE de 
Grossouvre , 1894 

Genus ACOMPSOCERAS Hyatt , 1903 

( = Pseudacompsoceras Spath , 1925 , p. 197) 

Typ e species: Ammonites bochumensis Schli.iter . 
1 87 1 ,  p .  l ,  pi .  l ,  figs 1 - 4 by original designation 
( =Ammonites renevieri Sharpe , 1857 , p .  44 , pi. 20, 
fig. 2) . 

Acompsoceras spp . 

Material: Three poorly preserved fragments from 
the basal part of the Chispa Summit Formation at 
USGS Mesozoic localities D 10889 and D 1 1 18 1 .  

Discussion: All three specimens are intemal molds 
of sandstone that represent parts of body chambers 
of large ammonites .  The oldest specimen , USNM 
41993 1 , from the base of the Chispa Summit For­
mation at USGS Mesozoic locality D 10889 , is a 
fragment 194 mm in length that represents about 
two-thirds of a whorl of a robust ammonite . The 
whorl is a little higher than wide with broadly 
rounded flanks and f lattened venter .  Four widely 
spaced ,  rounded , rectiradiate ribs of equal lengths 
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are present ;  these arise from umbilical bullae and 
end in ventrolateral davi . Whether other tuberdes 
were present cannot be determined because of the 
poor condition of the specimen .  The specimen may 
represent the adult of same ornamented species of 
Acompsoceras such as A. renevieri (Sharpe , 1857) 
( e . g .  Ammonites sarihensis Gueranger ,  1867 , p .  5 ,  
pi . 4 ,  fig .  l ;  p i .  8 ,  fig .  2 ;  a synonym) o r  A.  incon­
stans (Schliiter ,  187 1 , p. 7. pi. 3 ,  figs 1 - 5 ) .  

The other two specimens . (USNM 419932 , 
419933) are parts of large whoris from l m above 
the base of the Chispa Summit Formation at USGS 
locality D 1 1 18 1 .  Only one side of each is pres­
erved , bu t the y indicate whoris higher than wide 
with broadly rounded flanks and flattened venters . 
One (USNM 419933) has a whorl height of 132 mm 
and ornament of low , broad ribs t hat be gin from 
low umbilical bullae and fade out on the upper part 
of the flank .  The other (USNM 419932) is a frag­
ment 233 mm Iong of a little more than half a whorl 
of a smooth specimen that has a whorl height of 10 1  
mm. I t s  dorsum shows the  presence of  ventrolateral 
davi and a low siphonal ridge on the penultimate 
whorl . The specimen probably represents the body 
chamber of a weakly ornamented variant such as A .  
renevieri (Sharpe , 1 857 , p .  44 . p i .  2 ,  fig .  2 ) .  

Occurrence: A s  under material . Acompsoceras is 
generally a good marker for the high lower Ceno­
manian . 

Genus ACANTHOCERAS Neumayr . 1875 

Type species: Ammonites rhotomagensis Brongniart 
in Cuvier & Brongniart , 1 822,  p. 391 .  pi. N. figs 2a ,  
b ,  by subsequent designation of de Grossouvre 
( 1 894 ) .  

Acanthoceras bellense Adkins . 1928 

Fig. SS, T 

1 928 Acanthoceras bellense Adkins . p. 245 , p i .  30. figs 
l ,  2 .  

1 928 A canthoceras stephensoni Adkins . p .  246. p i .  3 1 .  
figs l ,  2 .  

1 928 A canthoceras n .  sp .  6 aff. Cunningtoni var. earn­
utum Kossmat, 1 895 ; Adkins . p. 247 . pi .  5 ,  fig .  l .  

? 1 928 A canthoceras n .  sp.  7 .  Adkins . p .  247 . 
1 942 Acanthoceras aff. rhotomagense (Defrance) ;  

Moreman , p .  20 1 .  
1 942 A canthoceras aff. turneri White ; Moreman , p .  202 . 
1947. A canthoceras aff. hunteri Kossmat ; Moreman. p .  

203 . 
1942 A canthoceras validum Moreman . p. 203 , pi . 32, 

fig .  l ;  text-fig .  2 j .  
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1942 A canthoceras bellense Adkins ; Moreman , p .  203 . 
1942 A canthoceras stephensoni Adkins ; Moreman , p .  

204 . 
1 942 A canthoceras aff. cunningtoni (Sharpe) ;  More­

man , p. 204 . 
1942 Acanthoceras aff. cunningtoni var. cornutum Kass­

mat ; Moreman , p. 204 . 
1 942 A canthoceras pepperense Moreman , p. 204 , pi . 32,  

fig .  5 ;  text-fig .  2 m .  
1 959 A canthoceras n .  sp.  aff. A .  turneri White , Adkins ; 

Matsumoto , p. 84 , text-fig .  37 .  
1959 A canthoceras sp. Matsumoto . p .  84 ( ?pars ) ,  ? 

text-fig .  38 .  
1959 A canthoceras pepperense Moreman ; Matsumoto , 

p .  86, text-fig .  39 .  
1 959 A canthoceras n .  sp.  Adkins ; Matsumoto , p .  86 .  
1 978 Euomphaloceras lonsdalei Adkins ; Young and Po­

well ,  pi . 5, fig .  7 only , non pl. 7. fig .  l. 
1 987 A canthoceras bellense Adkins , 1928; Wright & 

Kennedy , p .  190, text-fig .  66a . 
1 987 A canthoceras bellense Adkins ; Cobban . p. 5 ,  pi . 

l ,  figs 1 8 .  1 9 ;  p i .  2, fig .  2 ;  text-fig .  5 .  

Material: Four fragments from USGS Mesozoic lo­
cality D 10742 . 

Discussion :  Each specimen consists of less than half 
a whorl that has a robust quadrangular whorl see­
tian a little broader than high . Straight . rectiradiate 
primary ribs begin on the rounded umbilical wall 
and may or may not rise into low umbilical bullae 
on the shoulder .  The ribs cross the flattened flanks ,  
where they weaken and broaden on the outer part 
and then rise inta prominent nodate inner ventrolat­
eral tuberdes and terminate in smaller outer ventro­
lateral davi . These are matehed by low siphonal tu­
berdes on the flattened venter .  Ribs and tuberdes 
are rather sparse and number about 8 per half 
w h or l .  

Occurrence: Middle Cenomanian Acanthoceras bel­
lense zone in east-central and Trans-Pecos Texas , 
southern New Mexico , and eastern Wyoming.  

Genus CUNNINGTONICERAS Collignon . 1937 

Type species: Ammonites cunningtoni Sharpe , 1855 , 
p. 35 . pi .  1 5 ,  fig .  2 ;  by original designation . 

Cunningtoniceras johnsonanum (Stephenson , 1 955) 

Fig . 50. R 

1 955 Acanthoceras johnsonanum Stephenson,  p. 58 ,  p i .  
4 ,  fig 1 4 - 17 .  

1 955 Euomphaloceras lonsdalei (Adkins) ; Stephenson ,  
p .  62  (pars ) ,  pi . 6 ,  figs 9 - 20 only . 

1 988 Cunningtoniceras cf. johnsonanum (Stephenson ,  
1955 ) ;  Kennedy ,  Cobban & Hook , p .  38 ,  fig .  20  p .  
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Type: Holotype is USNM 108846, the original of 
Stephenson , 1955 , pl. 4,  figs 14- 17 ,  by monotypy, 
from the Acanthoceras amphibolum zone fauna of 
the basal Eagle Ford Group in Johnson County , 
Texas. 

Material: Two weil-preserved specimens and 6 frag­
ments from USGS Mesozoic locality D 10742 ; a 
doubtful fragment from D 1 1336. 

Discussion: The holotype is weil i l lustrated and des­
cribed by stephenson ( 1 955 , p .  58, pl. 4, figs 
14- 17) .  Additional material in the J . P .  Conlin 
Collection (Federal Center, Denver ,  Colorado) , 
from various localities in Johnson County , Texas , 
include specimens with intercalated ventraJ ribs such 
that there are more outer ventrolateral and siphonal 
than inner ventrolateral tubercles , suggesting the 
species to be a Cunningtoniceras. USNM 419943 
(Fig. 4(q) ) shows this feature . 

Occurrence: Middle Cenomanian Acanthoceras am­
phibolum zone in north-central Texas . Acanthoceras 
bellense zone in Trans-Pecos Texas. 

Genus uncertain 

"Eucalycoceras " cf. leonense Adkins , 1928 

Fig . 5W, X 

compare : 

1 928 Eucalycoceras leonense Adkins , p. 240 , pi .  28 ,  fig .  
l ;  pi . 29. fig .  3 .  

Material: One specimen (USNM 419944) from 
USGS Mesozoic locality D 10742 . 

Discussion : The specimen is a fragment preserving 
only part of 4 ribs with weak inner and strong cla­
vate outer ventrolateral and siphonal tubercles .  
Whorl section' style and strength of ribbing match 
that of better-preserved topotypes in the USGS and 
OUM collections although poor preservation pre­
dudes firm identification . 

Occurrence: Middle Cenomanian Acanthoceras bel­
lense zone in east-central and Trans-Pecos Texas 
and eastern Wyoming.  

Genus CALYCOCERAS Hyatt , 1900 

Subgenus CALYCOCERAS Hyatt , 1 900 

( ICZN Generic Name no . 1352) 

Type species: By designation under the Plenary 
Powers ( ICZN Opinion no . 557) 
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Ammonites navicularis Mante l ! ,  1822 , p. 198 ,  pl. 22 , 
fig .  5 ( ICZN Specific Name No.  1633 ) .  

Calycoceras (Calycoceras) naviculare (Mante l ! ,  
1 822) 

Fig . 6A , B 

1 822 A mmonites navicularis Mante l l ,  p. 198 ,  pi . 22, fig .  5 
( in error in explanation of plate : Ammonites ca· 
tinus ) .  

1981  Calycoceras (Calycoceras) naviculare (Mantel! . 
1 822) ; Wright and Kennedy ,  p. 34.  pi . 4. fig .  5 :  pi . 
5 ,  figs 1 - 3 ;  text-figs 13 ,  14c - e  (with synonymy) .  

1 986 Calycoceras naviculare (Mantell ) : Kennedy . pi . 8 .  
fig .  6 .  

1 988 Calycoceras (Calycoceras) naviculare ( Mantel! . 
1 822) ; Kennedy , p .  39 ,  pi .  4. fig .  1 0 .  

Holotype: By monotypy : BMNH 568 1 ,  the  original 
of Mantel! ,  1 822 , pl. 22, fig .  5, from the upper Ce­
nomanian Metoicoceras geslinianum zone Plenus 
Mari of "Offham" ,  Sussex (see Wright & Kennedy. 
198 1 ,  p .  35) . 

Material: Three specimens from USGS Mesozoic 
Locality D 10745 . 

Discussion: The material is crushed . The targest 
specimen had a diameter in excess of 200 mm. lts 
ornament consists of coarse bullate straight recti- to 
feebly rursiradiate primaries and single shorter in­
tercalatories t hat alternate regularly .  The ventraJ 
region is poorly preserved but shows a ventrolateral 
angulation to have been present .  See Cobban ( 1 972) 
for a full description of the North American mater­
ial of the species , which these specimens match 
closely .  

Occurence: Calycoceras (C. ) naviculare first occurs 
in the Calycoceras guerangeri zone and its earrelat­
ives in England and France and possibly in the 
Metoicoceras mosbyense zone of the Cooke Range 
in southern New Mexico . The species is much more 
widespread in the Sciponoceras gracile zone and its 
earrelatives in Texas , New Mexico . Colorado . 
Kansas and California in the United States ,  and in 
England,  France , Germany , Spain .  Portugal . North 
Africa , Angola , Madagascar .  the near East . Iran . 
south lndia and Japan . 

Subgenus PROEUCALYCOCERAS Thomel , 1 972 

Type species: Calycoceras ( Eucalycoceras) bes­
airiei Collignon , 1937,  p . .  37( 13) , pl. 3 ,  figs 1 -4 ;  pl .  
8 ,  fig .  5 ;  by original designation.  
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Fig. 6. (A) , (B)  Calycoceras (Calycoceras) naviculare (Mantell , 1 822) : USNM 4 1 9945 , from locality 
D 10745 , S. gracile zone . 
Both figures are x l .  

Calycoceras ( Proeucalycoceras) cf. canitaurinum 
(Haas , 1 949) 

compare : 
1 949 Mantelliceras canitaurinum Haas, p. 9 , pis 1 - 3 ;  pi . 

4. figs l ,  2, 4: text-figs 1 - 4 .  

Material: Two fragments from USGS Mesozoic lo­
cality D 10744 . 

Discussion : These two !arge fragments have a whorl 
height of up to 1 00 mm. They show the character­
istic and distinctive ribbing of adults of the species 
(Haas , 1 949 , pis 1 - 3 ;  pi. 4 ,  figs l ,  2 ) ,  quite unlike 
that of any other described North American species .  

Occurrence: Widespread in the upper Cenomanian 
Calycoceras canitaurinum zone from north-central 
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Montana south to New Mexico . Also recorded from 
Gold Hill , Jeff Davis Country , Texas (Hook & Cob­
ban , 1983) ; unknown east of the Pecos River. 

Genus PSEUDOCAL YCOCERAS Thomel ,  1 969 

Type species: By original designation : A mmonites 
harpax Stoliczka , 1 864 , p .  72 (pars) , pi . 39 ,  fig .  l 
on! y .  

Pseudocalycoceras angolaense (Spath ,  193 1 )  

Figs 7A , B ,  J 

1 93 1  Protacanrhoceras angolaense Spath , p .  3 16 .  
1 978 Pseudocalycoceras angolaense (Spath) ;  Cooper ,  p .  

96 ,  text-figs 4A - C ,  H - K ;  61 , J ;  !OF ,  G ;  14A;  18E ,  
F ;  1 9A - B ;  23 -25 ;  26F - K  (with synonymy) . 

1 988 Pseudoca/ycoceras angolaense (Spath , 1 93 1 ) ;  Kenn­
edy, p .  42. pi .  4 ,  figs l ,  2 ,  6-9 ,  1 1 ,  12; pi. 5, figs 
1 - 1 2 ;  pi. 8, figs 7, 8; text-figs !Oh,  l lb ,  e .  

Lectotype: By the subsequent designation o f  Kenn­
edy , 1988 , p .  42 : the original of Douvi l le ,  1 93 1 ,  p .  
17 ,  p i .  l ,  fig .  l ,  from the upper Cenomanian o f  Sali­
nas , Angola. 

Material: Numerous specimens from USGS 
Mesozoic locality D 10746 . The holotype of Eucaly­
coceras underwoodi Powell , 1 963a (p.  3 1 5 ,  p i .  3 1 ,  
fig .  1 7 ;  text-figs 3e , g) ; TMM 3 1086 . Several speci­
mens in the Adkins Collection {TMM) and OUM 
KT 1047-55 ,  1 108 and 1 1 10 .  

Discussion: See Cobban & Scott ( 1 972) , Wright & 
Kennedy { 1 98 1 )  and Kennedy ( 1 988) for descrip­
tions of this species .  Eucalycoceras underwoodi Po­
well , 1 963a is an obvious synonym ; other material 
varies widely in strength of ribbing and tubercu­
lation ,  as in previously described material . 

Occurrence: Upper Cenomanian Sciponoceras gra­
cile zone and earrelatives in north-central and 
Trans-Pecos Texas , New Mexico . Arizona. Color­
ado , Kansas and Utah in the United States ,  and in 
southern England , France , Angola and Japan . 
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Genus TARRANTOCERAS Stephenson , 1955 

Type species :  Tarrantoceras rotatile Stephenson , 
1 955 , p .  59 ,  p i .  5 ,  figs 1 - 10 ;  = Mantelliceras sel­
lardsi Adkins , 1928,  p. 239 , p i .  25 , fig .  l ;  pi . 26 , fig .  
l .  

Tarrantoceras sp . nov . 

Fig . 7C,  K 

Material: Numerous crushed specimens from USGS 
Mesozoic locality D 10743 . 

Discussion: This species ,  to be described fully else­
where , differs from T. sellardsi in that it has more 
campressed whoris with denser ribbing and reten­
tion of ventrolateral and siphonal clavi to a !arge 
diameter. 

Occurrence: Upper Cenomanian Calycoceras cani­
taurinum zone in Trans-Pecos Texas , also in the 
basal part of the Cody Shale of northwestern 
Wyoming and possibly in the base of the Greenhorn 
Formation in the B lack Hills area of western South 
Dakota . 

Genus SUMITOMOCERAS Matsumoto , 1969 

Type species: Sumitomoceras faustum Matsurnota & 
Muramoto , 1 969 , p .  283 , p i .  38 ,  figs 1 -4 ;  text-fig .  8 .  

Sumitomoceras con/ini (Wright & Kennedy.  1981) 

Fig. 7D - F  

1 9 8 1  Tarrantoceras (Sumitomoceras) con/ini Wright & 
Kennedy , p. 39,  text-fig .  1 6A .  

1988 Tarrantoceras (Sumitomoceras) con/ini Wright & 
Kennedy, 1 98 1 ;  Kennedy , p. 44 , pi .  6. figs 1 - 5 .  
8 - 1 3 ,  1 6 ,  1 7 ;  text-fig .  lOb.  

Holotype: By monotypy , USNM 400803 , from the 
Britton Formation , upper Cenomanian Scipono­
ceras gracile zone , east bank of creek 1/2 mile west 
of old Britton-Midlothian road , 2 1/2 miles south of 
Britton , Ellis Country , Texas . 

Fig. 7. (A) , (B) ,  (J)  Pseudocalycoceras angolaense (Spath . 1 93 1 ) :  (A) ,  (B)  are the holotype of Euca/ycoceras under­
woodi Powell , 1 963 , TMM 3 1 085 , (J )  is USNM 4 1 9948 , from locality D 1 0746 ; both Sciponoceras gracile zone.  (C) , (K) 
Tarrantoceras sp. nov. (C) is USNM 4 1 9949 , (K) is USNM 4 1 9950, both from locality D 1 0743 . Calycoceras canitaurinum 
zone . (D) , (E) , (F) Sumitomoceras con/ini (Wright & Kennedy. 1 98 1 ) :  USNM 4 1 995 1 .  from locality D 10746 , S. gracile 
zone . (G) ,  (H) Sumitomoceras sp:  TMM 34028, the original of the Metacalycoceras (? )  sp. of Adkins, 193 1 ,  pi . 2, figs .  
13,  14 :  S. gracile zone presumed. ( l )  Forbesiceras brundrettei (Young, 1 958 ) :  USNM 4 1 9952 . from locality D 1 1336, F. 
brundrettei zone . (L) , (M) Budaiceras hyatti (Shattuck , 1 903 ) :  OUM KT907 . B. hyatti zone.  
All figures are natural size . 
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Material: T wo specimens from the J. D .  Powell 
Collection ,  by their preservation from USGS 
Mesozoic locality D 10746 . 

Discussion: The targer . specimen (Fig .  7d-f )  is 
beautifully preserved with the following dimensions: 
16 .8 ( 100) 9 . 5(35 .4) 1 1 .2(41 .8)  1 2 . 0(44 .8 ) .  lt mat­
ehes perefectly with material from north central 
Texas described by Kennedy ( 1988) and weil pres­
erved specimens from New Mexico in the USGS 
collections. 

Occurrence: Upper Cenomanian Sciponoceras gra­
cile zone of north-central and southern Texas ; also 
occurs in New Mexico and southeastern Colorado .  

Sumitomoceras sp . 

Fig. 7G , H 

1 93 1  Metacalycoceras ( ? )  sp. Adkins , p. 45 , pi .  2, figs 
1 3 - 14 .  

Material: TMM 34028 , Adkins original specimen , 
from his Unit l .  

Discussion :  This fragment is very worn on the  flanks 
but whorl section , umbilical bullae and ventrat rib 
pattern all suggest a Sumitomoceras, rather coarser 
ribbed than typical S. con/ini of the same size . 

Genus THOMELITES Wright & Kennedy,  1973 

Type species: Jeanrogericeras sornayi Thomel , 1966, 
p.  43 1 .  pi . 1 1 ,  figs 1 - 3; by original designation . 

Thomelites robustils s p .  nov . 

Fig . 8A -F,  J . K 

Types: Holotype is USNM 41995 3 ,  paratype USNM 
419954-419957 ,  from locality D 10747 . Upper Ce­
nomanian , Neocardioceras juddii zone . 

Description: Medium-sized , targest known specimen 
is 90 mm in diameter .  Coiling evolute , umbilicus 
deep, broad for genus (35 % of diameter) , with 
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rounded , outward-inclined wall . Whorl section de­
pressed , with eostal wb :wh ratio 1 . 13 ,  intereostat 
ra tio 1 . 1 1 ;  trapezoidal , greatest breadth low on 
flank or at umbilical bulla .  Inner flanks strongly 
rounded , outer flanks f lattened , convergent ,  con­
cave costally. Venter broadly rounded , f lattened 
both costally and intercostally .  Inner whoris poorly 
preserved ;  septate parts of outer whorl and older 
part of body chamber with massive umbilical bullae , 
4 or 5 per hal f who r! . Each gives rise to a low , 
broad , straight ,  rectiradiate rib or pair of ribs ,  one 
of which is more tenuously connected to the umbili­
cal bulla than the other. Short intercalated ribs also 
present .  All ribs bear weak to strong rounded inner 
ventrolateral tuberdes and a strong , outward-direc­
ted pinched outer ventrolateral davus . A subdued 
rib connects the d avi a cross the venter ,  and be ars a 
!arge , rounded davate siphonal tuberde . 

On later parts of the (mature?) body chamber 
umbilical bullae dedine and ribs crowd , most ex­
tending to the umbilicus , with or without a feeble 
bulla .  The venter becomes tabulate , with somewhat 
weakened to effaced inner ventrolateral tuberdes 
although the outer ventrolaterals persist . 

Sutures not seen . 

Discussion: Thomelites robustus sp . nov. differs 
from contemporaneous T. serotinus Wright & 
Kennedy , 1981  (p .  40 , pi . 8 ,  figs 7 ,  9 - 1 6 ;  pi . lO , f ig .  
19; text-figs 1 9M ,  O, R) , which has parailet flanks , 
much finer and denser ornament with smaller um­
bilical bullae , and narrower ,  weaker and more nu­
merous ribs that total 30 - 42 per whorl in middle 
growth .  The older Thomelites sornayi (Thomel ,  
1969) ( p .  43 1 ,  pi . 1 1 ,  figs 1 - 3 ;  see Wright & Kenn­
edy , 1973 , 1981 for synonym y and illustrations of 
variants) is much more variable with campressed 
variants easily separable from the present species;  
depressed ones have comparable coarse ornament 
to T. robustus but umbilical bullae are stronger and 
spinate ,  and inner and outer ventrolateral tuberdes 
are strong , particularly the inner. Thomelites han­
cocki Juignet & Kennedy , 1976 (p .  124, pi . 34, f ig .  
2) is more densely ribbed than both of the above 
species .  

Occurrence: Upper Cenomanian Neocardioceras 
juddii zone in Trans-Pecos Texas.  

Fig. 8. (A) - (F) , (J) . ( K) Thomelites robustus sp . nov . :  (A) . (B)  paratype USNM 4 1 9954 , from locality D 10898 (C) , 
(D)  paratype USNM 419955 , (E) , (F) paratype USNM 4 1 9956, (l) paratype USNM 419957 ,  (J) , (K)  holotype USNM 
419953 , all from locality D 1 0747 , Neocardioceras juddii zone . (G).  (H) Hourcquia mirabilis Collignon, 1 965 ; USNM 
4145 1 9 ,  from locality D 1 1 170,  Prionocyclus wyomingensis zone , Scaphites warreni subzone . 
All figures are x l .  
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Genus NEOCARDIOCERAS Spath , 1926 

Type species: Ammonites juddii Barrois & de 
Guerne ,  1 878 , p. 46 , pi . l ,  figs l ,  2, by original des­
ignation . 

Discussion: Neocardioceras was first described from 
western Europe where the type species is taken as 
zonal index for the uppermost narned zone of the 
Cenomanian . lt occurs at the same horizon in 
Texas , New Mexico , Arizona ,  Wyoming and Mon­
tana . The Plesiacanthoceras wyomingense and 
Dunveganoceras pondi zones of the Black Hills con­
tain unerushed specimens of a series of undescribed 
species of the genus ; crushed specimens in shale 
also occur more widely in the northern part of the 
Western Interior .  The material shows a number of 
common features with "Acanthoceras" cuspidum Ste­
phenson ,  1953 (p .  202 , pi . 50,  figs 1 -4) such as to 
suggest this wyomingense zone species .  which we 
believe to be a Tarrantoceras, is a possible ancestor . 
There remains ,  however ,  a gap in the record with 
Neocardioceras unknown in the gracile zone . 

Neocardioceras juddii (Barrois & de Guerne ,  1878) 

Fig. 8A- F  

1 878 Ammonites juddii Barrois & d e  Guerne ,  p .  46, pl .  
l .  figs l ,  2.  

1981 Neocardioceras juddii juddii (Barrois & Guerne ,  
1 878) ; Wright and  Kennedy . p .  49 , pl . 8 ,  fig .  l ;  pl .  
9 .  figs 1 - 20 ;  text-fig .  1 7 .  l .  2 ;  text-fig .  1 9 ,  figs H ,  L 
(with full synonymy) . 

1 98 1  Neocardioceras juddii Barrois & Guerne ; Hook & 
Cobban.  pl .  l. figs 5 - 8 .  

1 986 Neocardioceras juddii juddii (Barrois & Guerne) ; 
Kennedy. pl . 8, figs 1 - 3 .  

Types: The original syntypes o f  Barrois & de 
Guerne ( 1 878 pi. l ,  figs l ,  2)  have not been traced . 
They were said to be from the "Marne a Belemnites 
plenus " of Novy-Chevrieres , Ardennes , France . 

Material: Ten specimens from Adkins unit l ,  bed 15 
at  locality D 10898 . Upper Cenomanian Neocardio­
ceras juddii zone .  
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Discussion: The specimens include 3 finely ribbed 
individuals identical to European specimens re­
ferred to the species , 2 with coarser ornament and 2 
with very coarse decoration not seen in European 
material .  Comparison with !arge collections of weil­
preserved material from New Mexico convinces us 
that but a single species is represented .  

Occurrence: Widespread i n  New Mexico (Cooke 
Range , Big Burro Mountains ,  Little Burro Moun­
tains) , Black Mesa , Arizona ; Tropic Shale of Utah , 
Frontier Formation of south-central Montana and 
north-central Wyoming. Also known from southern 
England ,  northern France , the German Federal 
Republic and Czechoslovakia .  

Genus NIGERICERAs Schneegans , 1943 

Type species: Nigericeras gignouxi Schneegans ,  
1943 , p .  1 19 ,  pi .  5 ,  figs 10- 1 5 ;  by subsequent desig­
nation by Reyment ,  1955 , p. 62 . 

Discussion : Wright & Kennedy ( 1 98 1  p .  85) fol­
lowed Wright ( 1957) and others in referring Nigeri­
ceras to Vascoceratidae . We now know that Vasco­
ceras occurs in the Sciponoceras gracile zone of both 
the Western Interior and northwest Europe and at 
the top of the Metoicoceras mosbyense zone in New 
Mexico . These occurrences pre-date the first ap­
pearance of Nigericeras, and the Vascoceras species 
concerned have already lost the multiply tuberculate 
and typically acanthoceratine inner whoris of the 
former genus , of which they are thus not the ances­
tor. We regard Nigericeras as Acanthoceratinae in 
which the loss of ornament in adplts is homoeo­
morphous with Vascoceratinae and not an indicator 
of close affinity. 

Nigericeras gadeni (Chudeau , 1909) 

Fig. 9L,  M; Fig .  1 1 0 .  P 

1909 Acanthoceras ? gadeni Chudeau . p. 7 1 .  pl . 3 .  fig .  6 .  
1921  Acanthoceras gadeni Chudeau ; Chudeau . p .  468 . 

fig .  4 .  
1925 Acanthoceras gadeni Chudeau ; Diener. p .  1 6 1 . 

Fig. 9. (A)  - (F) Neocardioceras juddii (Barrois & de Gucrne . 1 878) : (A) ,  (B )  is USNM 4 1 9958 ,  (C) is USNM 419959, 
(D), is USNM 4 1 9960, (E) is USNM 4 1 996 1 ,  (F) is USNM 4 1 9962 . all from 1occality D 1 0898, Neocardioceras juddi zone . 
(G)  Vascoceras cauvini Chudeau , 1 909 , USNM 4 1 9999 . from 1oca1ity D 1 0747 , Neocardioceras juddii zone . (H)  - (K) , 
(N)  - (P) Pseudospidoceras pseudonodosoides (Choffat. 1 898) : ( H ) .  ( l )  are USNM 419975 , from 1oca1ity D 10747 ; (J) , 
(K) are USNM 419976, from 1oca1ity D 1 0898 . (N )  - (P) USNM 337428. from 1ocality D 1 0 1 1 4  in the Cooke Range , 
southwest New Mexico , Neocardioceras juddii zone . ( L ) .  (M)  Nigericeras gadeni (Chudeau , 1 909) : USNM 419963 , from 
1oca1ity D 10747 , Neocardioceras juddii zone . 
All figures are x l .  
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1943 Nigericeras gignouxi Schneegans .  p .  1 1 9 .  pi . 5. figs 
10- 1 5 ;  text-figs l, 2 .  

1943 Nigericeras lamberti Schneegans , p .  2 1 .  pi . 6 ,  figs 
1 - 5 ,  7; text-figs 3 - 4 .  

1943 Nigericeras gadeni (Chudeau) ; Schneegans,  p .  123 ,  
p i .  7 ,  figs 3 ,  4 ;  text-fig .  5 .  

1 943 Nigericeras sp.  l Schneegans ,  p .  1 24 ,  pi . 6 ,  fig .  6 ;  
text-fig .  6 .  . 1 943 Nigericeras jacqueti Schneegans , p. 125 .  pi . 6, f1g .

_ 8 ; text-fig .  7 non pi .  7, fig .  l ( = Vascoceras cauvtm 
Chudeau ; fide Schöbel ,  1975 ) . 

1 943 Nigericeras sp.  2 Schneegans , p. 126 ,  pi . 7 ,  fig .  2 ;  
text-fig .  8 .  

1 975 Nigericeras gadeni (Chudeau) ;  SchöbeL p .  1 1 7 .  p i .  
6 ,  figs 1 - 3  (with additional synonymy ) .  . 1981  Nigericeras cf .  gignouxi Schneegans , 1 943 ; Wnght 
& Kennedy , p. 85 , pi . 1 5 ,  fig .  6. 

Holotype: By monotypy , the original of Chudeau 
1909 , p. 7 1 ,  pi. 3, fig .  6, from Damergou , Niger .  

Material: One specimen (Fig .  9L , M) from locality 
D 10747 . A seeond imprecisely localised specimen 
in the Adkins Collection , TMM 12754 also belongs 
here . 

Description: USNM 419963 is a near-complete 
specimen 83 mm in diameter :  Coiling moderately 
evolute , with 34 % of previous whorl covered .  um­
bilicus comprises 33 % of diameter ,  is of moderate 
depth , with a rounded wal l .  Whorl seetian de­
pressed ,  subreniform , with broad ly rounded inner 
and flattened , convergent outer flanks and broadly 
rounded venter .  Six !arge , blunt , low umbilical 
bullae of variable strength and development are 
present on the last half whorl . They give rise to one 
or a pair of low , broad , straight ,  prorsiradiate ribs 
that decline in strength as they cross the flanks and 
are very subdued - mere low undulations - over 
the venter .  

Adkin 's  specimen (F ig .  1 10 ,  P) lacks bullae and 
has ribs that are weak on the inner flank but streng­
then on the outer flank before weakening again 
over the venter .  It seems to be a body chamber frag­
ment . 

Discussion:  Schöbel ( 1 975) analysed a !arge popu­
lation of Nigericeras from Damergou (Niger) and 
concluded that N. gignouxi, lamberti, jacqueti, spe­
cies l and species 2 of Schneegans ( 1 943) were all 
synonyms of gadeni. USNM 419963 closely 
resembles the holotype of the species . whereas the 
Adkins' specimen finds a match in adult specimens 
s u ch as that i l lustrated by Schneegans ( 1943 , pi. 7 ,  
fig .  4) . 

Occurrence: Upper Cenomanian , Neocardioceras 
juddii zone of Trans-Pecos Texas . Specimens from 
Niger and adjacent areas are presurnably of the 
same date . The English specimen is from a slightly 
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lower harizon , between juddii and geslinianum 
zones of the English sequence . 

Subfamily EUOMPHALOCERATINAE Cooper ,  
1978 

Genus EUOMPHALOCERAS Spath ,  1 923 

Type species: Ammonites euomphalus Sharpe , 1855 , 
p. 3 1 ,  pi . 1 3 ,  fig .  4 ;  by monotypy . 

Euomphaloceras septemseriatum (Cragin ,  1 893) 

Fig. ! OA-J ; Fig .  l i D - l  

1 893 Scaphites septem-seriatus Cragin ,  p .  240. 
198 1  Euomphaloceras septemseriatum (Cragin ,  1 893 ) ; 

Wright & Kennedy , p .  55 , pi . 12 ,  figs 1 - 8 ;  pi . 1 3 ,  
figs 1 -6 ;  pi . 1 4 .  figs 5 - 9  (with synonymy) . 

1988 Euompha/oceras septemseriatum (Cragin ,  1 893 ) ; 
Kennedy, p. 53 ; pi . 8, figs 1 - 6 ;  pi . 9, figs 1 - 3 .  
5 - 7 .  9- 1 2 ;  pi . 22, fig .  3 ;  text-figs !Oc,  l i d (with 
synonymy) . 

Holotype: TMM 21085 , from the Britton For­
mation , upper Cenomanian Sciponoceras gracile 
zone , Keenan 's erossing on the Trinity River ,  Dal­
las County , Texas . 

Material: Numerous specimens from locality 
D 10746 ; TMM Adkins Collection and OUM KT 
1044 , all from the same horizon . 

Discussion : Cobban & Scott ( 1 972) , Wright & 
Kennedy ( 1981) and Kennedy ( 1988) describe this 
species at length . The Chispa Summit material 
shows the wide intraspecific variation documented 
previously, and includes beautifully preserved juv­
eniles (Fig. 10A - J) as weil as larger specimens in 
middle growth (Fig .  l l D - I) . 

Occurence: Upper Cenomanian Sciponoceras gracile 
zone and earrelatives in Trans-Pecos and north­
central Texas , New Mexico , Arizona , Colorado , 
Kansas , Montana ,  Utah and California ;  northern 
Mexico , Brazil , southern England , northern France 
and the German Federal Republic , Angola , Nigeria 
and Japan . 

Euomphaloceras costatum Cobban , Hook & Kenn­
edy , 1989 

Fig. I lA - C ,  J - N ;  Fig .  12 A - H ;  Fig . 13A,  B 

1 98 1  Kamerunoceras aff. puebloense (Cobban & Scott ,  
1 972) ; Wright & Kennedy , p .  5 6 ,  p i .  14 ,  figs 3 ,  I l .  

1 98 1  Euomphaloceras septemseriatum ( Cragin ,  1 893 ) ; 
Wright & Kennedy, p. 55 (pars. ) ,  pi . 14 ,  figs 7-9 .  

1 989 Euomphaloceras costatum Cobban,  Hook & Kenn­
edy. p .  37,  figs 37,  77S - EE ,  78A - H .  
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Fig. JO. (A) - (J) Euomphaloceras septemseriatum (Cragin ,  1 893) :  TMM , Adkins Collection , from 
Chispa Summi t ;  Sciponoceras gracile zone inferred .  (K) - (N) Worthoreras vermiculus (Shumard , 
1860) : (K) , (L) are TMM 2 10 18 ,  a macroconch . the original of Adkins , 1 93 1 ,  pi . 2, fig .  I l ;  (M) ,  (N)  
are TMM 21019 ,  also a macroconch , the  original of Adkins , 1 93 1 ,  pi . 2 ,  fig .  1 2 ;  both from Chispa 
Summit,  Sciponoceras gracile zone inferred .  (0) ,  (P) A llocrioceras annulatum (Shumard, 1 860) :  TMM 
35367 , the original of Adkins 1 93 1 ,  pi . 2 ,  fig .  8; from Chispa Summit , Sciponoceras gracile zone in­
ferred .  
All figures are x 2 .  

Types: Holotype is USNM 419966 , from USGS 
Mesozoic locality D 1 0 1 1 4  on the west side of the 
Cooke Range , Luna County , New Mexico . Para­
type USNM 419967 is from the same harizon and 
locality. Paratypes USNM 419969 and 419974 are 
from USGS Mesozoic locality D 10527 , Redrock 
Canyon , Grant County , New Mexico ; paratype 
USNM 419971 is from USGS Mesozoic locality D 
1 1526 , Slate Creek ,  Grant County , New Mexico ; 
paratypes USNM 419968 , 419970 , and 419972 are 

Dimensions: 

D W b 

from USGS Mesozoic locality D 1 1 752 ,  Clyde 
Creek ,  Grant County , New Mexico ; paratype 
USNM 419973 is from USGS Mesozoic locality D 
10995 , Slate Creek ,  Grant County , New Mexico . 
All upper Cenomanian , Neocardioceras juddii zon e .  

Material: Numerous topotypes .  Fourteen specimens 
from Adkins' u nit l ,  bed 15  at Chispa Summit . All 
upper Cenomanian Neocardioceras juddii zone . 

W h Wb:Wh u 
Holotype 44 . 3 ( 100) - ( -) 16 .  7(37 . 7) 1 5 . 0(33 . 9) 
USNM 4 19966 
Paratype c 49 . 8 ( 100) 20 .0)40 . 1) 19 . 0(38 . 2) 1 . 05 17  . 2(34 . 5 )  
USNM 419969 
Paratype c 93 .0 ( 100) 37 .0(39 . 8) 37 .0(39 . 8) 1 . 0 32 . 2(34 . 6) 
USNM 419971 
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Description: Coiling evolute with shallow dorsal im­
pressed zone . Whoris expand slowly.  Umbilicus 
broad , moderately deep , with subvertical wall in 
early growth ,  rounding and indining outwards later. 
Whorl seetian varies from depressed to equidimen­
sional in  intereostat seetian with broadly rounded 
inner flanks ,  flattened ,  convergent mid- and outer 
flanks and a broadly rounded venter .  Degree of f lat­
tening variable . 

Ornament to a diameter of up to 17 mm consists 
of dense , crowded flexuous !irae , concave over the 
umbilical wall and shoulder .  sweeping forwards and 
convex across the middle of the flanks ,  then sweep­
ing forwards to cross the venter in a narrow con­
vexity ; very feeble strengthenings of ribs on the ven­
trolateral shoulders and over the siphonal region are 
incipient tubercles .  In some specimens !irae streng­
then to form coliars to feeble constrictions. as in the 
holotype . As size increases !irae differentiate into 
dense , crowded ,  flexuous ribs as in USNM 419968 , 
with development of weak inner and outer ventro­
lateral and siphonal tubercles .  Thereafler ribbing 
differentiates in to stronger primaries ,  20- 23 per 
whorl at a diameter of 45 - 50 mm , with a weak 
bulla just outside the umbilical shoulder from which 
the ribs are straight , narrow and prorsiradiate across 
the flank ,  developing a strong conical inner ventro­
lateral tubercle .  Short ribs arise on the ventrolateral 
shoulder , or not , and t here are numerous ou ter ven­
trolateral tubercles , 2 - 3  times as numerous (or 
more) t han the inner ventrolaterals .  The re is a 
marked siphonal ridge hearing numerous small tu­
bercles . As size increases beyond 50 mm , primary 
ribs differentiate into weak and strong ones with 
bullae of variable strength , and the inner ventrolat­
eral tuberdes develop spines that interfere with 
later growth .  Outer ventrolateral tuberdes earres­
panding to primary ribs become stronger than those 
between primaries and are opposite the inner ven­
trolaterals . Maturity is indicated by a dedine of tu­
bercles and crowding of ribs ; specimens attain a dia­
meter of over 1 50 mm.  

Suture with broad bifid L (F ig .  13A ,  B ) .  

Discussion:  This species i s  abundant at Chispa Sum­
mit and is a good indicator for the topmost Ceno­
manian . All specimens are very poor , and for this 
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reason we i l lustrate weil-preserved material from 
New Mexico for comparison .  We have debated the 
generic attribution of this species between ourselves 
at some length .  The early constricted stages ,  coiling , 
whorl seetian and !arge size suggest assignment to 
Kamerunoceras Reyment , 1954 , whereas the pat­
tern of ribbing and tuberculation with outer ventro­
lateral and siphonal tuberdes more numerous than 
inner , presence of inner ventrolateral spines and s u­
ture with broad L (whereas it is narrower than the 
E/L saddle in all later Kamerunoceras including the 
type species) all y i t to Euomphaloceras sep­
temseriatum. On balance we refer  it to the latter 
genus . 

Euomphaloceras costatum is easily differentiated 
from E. septemseriatum by its more evolute coiling , 
targer size , distinctive inner whoris and distant reg­
ular ribbing at maturity. 

Occurrence: Upper Cenomanian Neocardioceras 
juddii zone of the Western Interior . Uppermost Ce­
nomanian of southern England .  

Genus PSEUDASPIDOCERAS Hyatt , 1903 

Type species: Ammonites footeanus Stoliczka ,  1 864 , 
p. 101 , pi . 52 ,  figs l ,  2 ;  by original designation . 

Discussion: The subfamilial assignation of the type 
species of Pseudaspidoceras presents certain prob­
lems , as discussed by Wright & Kennedy ( 1981 , p .  
82) .  The outer whoris o f  the lectotype (Stoliczka 
1864 , pi .  52 ,  figs l ,  la) and the paralectotype (pi . 
52 ,  fig .  2 ,  2a) resemble Pseudaspidoceras pseudono­
dosaides (Choffat ,  1898) and P. flexuosum Powell , 
1963a close ly ,  w h e reas the s u ture of the holotype 
(Stoliczka,  1864 , pi. 52, fig .  le) has a very broad L .  
Al l  suggest that Pseudaspidoceras is Euomphalo­
ceratinae . Y et what purport to be the inner whoris 
of the holotype (Stoliczka ,  1 864 , pi. 52, fig .  lb) ap­
pear typically mammitine . The last point led Kenn­
edy , Wright & Haneock ( 1 980c , text-fig .  9) and 
Wright & Kennedy ( 198 1 ,  p. 8 1) to derive Pseudas­
pidoceras from Mammites. We now know that the 
former precedes the latter ,  first appeanng in the 
juddii zone versus the flexuosum zone for the first 

Fig. 11. (A) - (C) , (J) - (N)  Euomphaloceras costatum sp. nov . :  (A) - (C) holotype USNM 419966 , from locality 
D 101 1 4 ;  (J) paratype USNM 419967 . from locality D 1 0 1 1 4  (K) .  (L) paratype USNM 419968 ; from locality D 1 1752 ; 
(M) , (N)  paratype USNM 419969 . from locality D 1 0527. All specimens from the Neocardioceras juddii zone of the 
Cooke Range and Big Burro Mountains in southwest New Mexico. (D) - (F) . (G) - (I) Euompha/oceras septemseriatum 
(Cragin ,  1 893) : (D)  - (F) are USNM 4 1 9964 : (G) - (l )  are USNM 4 1 9965 , both from locality D 10746 , Sciponoceras 
gracile zone . (0) ,  (P)  Nigericeras gadeni (Chudeau . 1 909) :  TMM , W. S. Adkins Collection 12754, from Chispa Summit .  
All figures are x l .  
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Mammites, and there are passage forms between 
Kamerunoceras and Pseudaspidoceras pseudono­
dosaides in New Mexico (USGS collections , Den­
ver) .  

The weight of evidence thus suggests that 
Pseudaspidoceras is Euomphaloceratinae rather 
than Mammitinae . We place it in the former at this 
time for as Wright & Kennedy ( 1981 , p .  82) note 
the apparently anomalous inner whoris of the lecto­
type that suggest otherwise remain to be restudied .  

Pseudaspidoceras pseudonodosoides (Choffat , 1898) 

Fig . 9H - K. N - P  

1 898 Acanthoceras (?) pseudonodosoides Choffat , p .  65 , 
pi . 1 6 ,  figs 5 - 8 ;  pi . 22 , figs 32,  33 .  

19 12 Mammites pseudonodosoides Choffat ; Roman,  p .  
1 2 .  pi . 2 .  fig .  2 ;  p i .  3 ,  fig .  2 .  

1 969 Pseudaspidoceras cf .  P.  pseudonodosoides (Chof­
fat ) ;  Freund & Raab , p. 1 4 ,  p i .  l ,  figs 1 0 ,  I l ;  text­
figs 4j - k .  

1 9 8 1  Pseudaspidoceras n .  s p .  Hook & Cobban . pi . l .  figs 
1 -4 ;  9- 1 1 ;  pi . 2, figs 6- 1 1 ;  pi . 3. figs 1 - 4 .  

1 983b Pseudaspidoceras pseudonodosoides (Choffat) : 
Cobban & Hook , p. 37 .  figs 2. 3 .  

Lectotype: Here designated:  the  original of  Choffat 
1898 pi . 1 6 ,  fig .  5 ;  pi . 22,  fig .  32 .  from the niveau 
du Vascoceras douvillei, Costa-d'Arnes .  Portugal . 

Material: Two weil-preserved specimens and 13 
fragments from localities D 10747 and D 10898 ; 
OUM KT 1 103 from the same horizon dose by. 

Description: The smallest fragment (Fig .  91 . K) 
available has a whorl height of  8 . 5  mm and shows 
distant non-bullate primaries with prominent bullate 
inner ventrolateral nodes . Between are 2 - 3  irregu­
larly developed secondaries ,  with feeble inner ven­
trolateral tuberdes or not , all ribs having feeble ou­
ter ventrolateral davi dose to the siphonal Iine . 
where there are pronounced ventrat constrictions . 
The smallest complete specimen before us is 40 mm 
diameter .  Coiling is evolute . with shallow dorsal 
impressed zone . Umbilicus of moderate size . 29 % 
of diameter and quite deep . Whoris massive . with 
depressed ,  rectangular whorl section (Wb :Wh is 
1 . 2 1 ) , the greatest breadth at the inner ventrolateral 
tuberde in eostal section and at the ventrolateral 
shoulder intercostally . Inner w hor! flanks flattened , 
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Fig. 13. (A) ,  (B)  Externa! sutures of Euomphaloceras cos­
tatum sp. nov . : (A) paraptype USNM 4 1 9974 : (B)  para­
type USNM 419973 . Bar scale is 5 mm.  

diverging outwards . Ventrolateral shoulders nar­
rowly rounded , the venter broad and flattened.  
There are five weak , variably developed umbilical 
bullae per half whorl . These give rise to low , broad , 
straight ,  prorsiradiate ribs ,  almost effaced at mid­
flank ,  while non-bullate ribs are also present be­
tween the primaries ,  extending low on the flank as 
mere striae that may reach the umbilicus . All ribs 
bear inner ventrolateral tuberdes . borne on the 
ventrolateral shoulder ;  they are generally weak on 
the secondaries but strong on the primaries .  Venter 
ill-preserved,  but with a weak rib projected for­
wards to a small rounded ventrat tuberde lying 
dose to the siphonal I ine . 

OUM K 1 103 shows development to 60 mm. The 
umbilical bullae remain distant , as do the primary 
ribs . The inner ventrolateral tuberdes are the stron­
gest , but the venter is now broad and flat , without 
obvious ribs and no trace of outer ventrolateral tu­
berdes .  The primary ribs seem , in some cases ,  to be 
subdivided and to loop between tuberdes: there are 
strong growth !irae , some approaching riblets , and 
irregular ventrat constrictions in the interspaces .  
The remaining material is rather poor . bu t suggests 
the species may have attained a diameter of more 
than 1 50 mm . 

Fig. 12. (A)  - (H) Euomphaloceras costatum sp. nov . :  (A) .  (B )  paratype USNM 4 19970 , from locality D l l 752 ;  (C) , (D)  
paratype USNM 4 1 997 1 ,  from lowerlase D 1 1 526: (E) .  (F) paratype USNM 4 19972 , from locality D 1 1 752 :  (G) , (H) 
paraptype USNM 4 1 9973 , from locality D 1 0995 . Al l  are from the Neocardioceras juddii zone of the Big Burro Moun­
tains in  southwest New Mexico . 
All figures are x l .  
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Discussion:  OUM KT 1 103 is very close indeed to 
the lectotype (Choffat , 1 898 , pi . 1 6 ,  fig .  5 ;  pi. 22 , 
fig .  32) ; and also resembles both the rather poor 
material from Israel described by Freund & Raab 
( 1969 , pi. l ,  figs 10- 1 1 )  and better preserved juven­
iles from New Mexico (Fig. 9N - P ) .  Freund & Raab 
referred to P. pseudonodosoides a specimen from 
Egypt that Greco ( 1 9 1 5 ,  p. 208 , p i .  1 7 ,  fig .  5) h ad 
considered as Mammites (Pseudaspidoceras) fao­
teanus ( ?) Stol . sp. , bu t it shows persistent inner and 
outer ventrolateral tuberdes to a !arge size , thus dit­
fering from the present species .  Collignon ( 1965b p .  
176) has renamed i t P.  footei var  grecoi. 

The early loss of all but umbilical and a single 
ventrat tuberde , l inked by distant ,  bar-like ribs 
(well-illustrated by Hook & Cobban , 1 98 1 , pi. 3 ,  
fig .  2) plus massive quadrate whoris are a highly dis­
tinctive feature of this species .  The innermost 
whoris (Fig .  9J , K) are , however ,  very similar to 
those of Pseudaspidoceras flexuosum Powel l ,  1 963a 
(e .g . , Kennedy , Wright & Hancock , 1987 , pi . 2, figs 
1 -4) and reference to Pseudaspidoceras is beyond 
doubt . Abundant and weil-preserved material from 
New Mexico before us shows that middle growth 
stages are commonly characterised by outer ventro­
lateral tuberdes that are more numerous than inner 
ventrolateral and umbilical ones , with the outer 
ventrolaterals on the bullate primaries stronger than 
those on the secondary ribs (Fig. 9N- P) .  Ventrat 
ribs and constrictions are feeble . These characters 
show Ammonites conciliatus Stoliczka , 1 864 (p. 99, 
pi .  50,  fig .  4 ;  pi .  5 1 .  fig .  l )  to be a dose ally ,  as may 
be Mammites hourcqi Collignon , 1 939 (p. 82 , pi. 7 ,  
figs l ,  2 ;  text-fig. F ) .  

Occurrence: Upper Cenomanian Neocardioceras 
juddii zone and correlatives .  Widespread in New 
Mexico , Arizona , and Trans-Pecos Texas ; also oc­
curs in Portugal , Tunisia and Israe l .  

Pseudaspidoceras flexuosum Powel l ,  1963a 

1 963a Pseudaspidoceras flexuosum Powel l ,  p .  3 1 8 ,  pi . 32. 
figs l. 9 .  10;  text-figs 2a- c ,  f, g .  

1 986 Pseudaspidoceras flexuosum Powel l ;  Kennedy. pi .  
I l . figs 1 0- 1 3 .  

1 986 Pseudaspidoceras flexuosum Powell ; Cobban . p .  8 1 .  
fig .  9(J ) .  
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1 987 Pseudaspidoceras flexuosum Powell , 1 963 ; Kenn­
edy,  Wright & Hancock,  p .  34.  pi .  2 ,  f igs 1 -4 ,  
8 - 1 3 ,  16 ,  1 7 ;  text-figs 3 A - C ,  5 ,  6 C ,  D ,  7A - C 
(with synonymy) . 

Holotype: TMM 30842 ,  the original of Powel l ,  
1963a ,  pi .  32 , figs l ,  9 ,  from the lower Turanian 
Pseudaspidoceras flexuosum zone of Dos Alamos , 
Chihuahua , Mexico . 

Material: Numerous specimens from localities 
D 10899 , D 10936 ; also OUM collections .  

Discussion: The material mostly consists of !arge , 
rather badly worn body chambers of this distinctive 
species ,  revised by Kennedy, Wright & Haneock 
( 1987) . 

Occurrence: Lower Turonian Pseudaspidoceras 
flexuosum zone , Calvert Canyon and Grayton Lake 
Quadrangle ,  Hudspeth County . and Chispa Sum­
mit ,  Jeff Davis County , Texas , southwestern New 
Mexico , Arizona - New Mexico boundary area ;  
northern Chihuahua .  Also recorded from the lower 
Turanian of Czechoslovakia and Nigeria .  

Genus MORROWITES Cobban & Hook , 1983a 

Type species: Mammites wingi Morrow , 1935 p .  467 . 
p i .  5 1 ,  fig .  2 ;  p i .  52 , fig .  2 ;  text-fig .  2 .  

Discussion: Morrowites dosely resembles Mammites 
Laube & Bruder ,  1 887 in middle and late growth.  
The very early whoris are , however, highly distinc­
tive , being smooth with periodic constructions 
(Cobban & Hook ,  1983a , pi. 4 , figs 1 -3) , and the 
suture Iine has a very broad bifid L rather than the 
very narrow L of Mammites. This suture style is 
typical of Euomphaloceras of Euomphaloceratinae . 
Kamerunoceras and Romaniceras of the Euompha­
loceratinae have constricted inner whoris with tu­
berculate collar-ribs as in Morrowites. We condude 
that Morrowites is a euomphaloceratine homoeo­
morph of Mammites, and transfer it to that sub­
family.  

Fig. 1 4. (A) , (B) Romaniceras (Yubariceras) ornatissimum (Stoliczka.  1 864) : USNM 4 1998 1 ,  from locality D 1 1 1 87 regu­
lare subzone of Collignoniceras woollgari zone . (C) . (G) Romaniceras (Romaniceras) sp . ?  USNM 4 1 9979 , from locality 
D 1 0753 , Prionocyclus hyatti zone , Coilopoceras springeri subzone . (D) .  (E ) ,  (F) , (J ) ,  (K) Romaniceras (Romaniceras) 
mexicanum Jones , 1 938 :  (D)  is OUM KT875 : (E ) .  (F) are USNM 4 1 9977 . from locality D 1 0753 ; (J) , (K)  are USNM 
419978 , from locality D 1 1 177 ,  all Prionocyclus hyatti zone , Coilopoceras springeri subzone. (H) .  ( l )  incertaP sedis: 
USNM 4 19980 , from locality D 10753 ,  P. hyatti zone . C. springeri subzone . 
All figures are x l .  
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Morrowites depressus (Powell , 1 963b) 

1 963b Mammites ? depressus Powel l ,  p .  1 228,  p i .  168 ,  figs 
1 -3 ;  pi . 170 ,  figs 4, 5 ;  p i .  1 7 1 ,  fig .  l; text-figs 5e ,  
6f- h .  

1 983a Morrowites depressus (Powell) ; Cobban & Hook , 
p. 1 1 ,  p i .  6, figs 1 ,  2; text-fig .  5 (with synonymy) .  

1 986 Morrowites depressus (Powell) ; Cobban , p .  8 1 ,  fig .  
JO .  

Holotype: TMM 30953 ,  the original of Powell 
1963b , pi . 168 ,  figs 2, 3, from the middle Turonian 
Collignoniceras woollgari zone fauna of Cannonball 
Hil l , Chihuahua,  Mexico . 

Material: Fragments of several large individuals 
from locality D 10895 ; OUM 847 - 850,  from the 
same horizon . 

Discussion: This species has been fully revised by 
Cobban & Hook ( 1983a) . The present material con­
sists of fragmentary adults with whorl heights of up 
to 1 00 mm and diameters in excess of 300 mm. 
Massive quadrate depressed whoris readity separate 
i t  from both Morrowites wingi (Morrow , 1 935) (see 
below) and M. subdepressus Cobban & Hook,  
1983a,  (p .  1 1 ,  p i .  l ,  figs 8- 1 3 ;  pi . 3 ,  figs 19 ,  20 ; pi .  
4 ,  figs 1 -3 ,  1 2 - 1 6 ;  p i .  7 ,  text -figs 6-7) .  

Occurrence: Lower Turonian Mammites nodosaides 
zone of New Mexico , Gold Hill in Jeff Davis 
Country , and Chispa Summit .  Middle Tumnian 
Collignoniceras woollgari zone , woollgari subzone 
of Chihuahua , Mexico and New Mexico , Greenhorn 
Limestone near Pueblo , Colorado , Tropic Shale of 
southern Utah ; and Froniter Formation near Buf­
falo , Wyoming. 

Morrowites cf. wingi (Morrow , 1935) 

compare : 

1 935 Mammites wingi Morrow, p. 467 , pi .  5 1 ,  fig .  2 ;  pi . 
52 .  fig .  2 :  text-fig .  2 .  

19H3a Morrawires wingi (Morrow) ; Cobban and Hook ,  p .  
9 .  text-figs 3 .  4 (with synonymy) . 

Holotype: The original of Morrow 1935 pi .  52 ,  fig .  
2 ,  from the lower Turonian Mammites nodosaides 
zone of Kansas . 

Material: Several fragments from locality D 1 0900 . 

Discussion : The material is poor ,  bu t resembles 
specimens described by Cobban & Scott ( 1 972 , p .  
79 , pi . 26.  figs 1 - 4 only ; pi . 32 ; text-fig .  38 ; non pi . 
33 ) .  Morrowites depressus is much targer with very 
depressed whoris and strong outward-directed. 
horns , and develops looped ventrat riblets at ma-
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turity . M. subdepressus Cobban & Hook , 1983a (p .  
12 ,  pi . l ,  figs 8 - 13 ;  pi . 3 ,  figs 19 ,  20 ; pi .  4 ,  figs 1 - 3 .  
12- 16 ;  pi .  7 ;  text-figs 6 ,  7 )  i s  also depressed rather 
than campressed as in Morrowites wingi. 

Occurrence: Lower Tumnian Mammites nodosaides 
zone of the South Dakota , (Black Hills) , southern 
Colorado,  Kansas and New Mexico . 

Genus ROMANICERAs Spath , 1923 

Type species: Ammonites deverianus d'Orbigny .  
1 841 , p .  356 ,  pi . 1 10 ,  figs l ,  2 ;  by original desig­
nation . 

Subgenus ROMANICERAs Spath , 1923 

Romaniceras (Romaniceras) mexicanum Jones .  1 938 

Fig . 1 40-F. J .  K 

1 938 Romaniceras mexicanum Jones , p. 121 . pi . 7 .  figs 
l .  6. 

1 938 Romaniceras adkinsi Jones,  p .  1 20 ,  pl . 8. figs 4. 5 .  
1 938 Romaniceras santaanaense Jones,  p .  1 2 1 .  pl . 8 .  figs 

l .  6 .  
1 938 Romaniceras loribioense Jones ,  p .  1 22 ,  pl . 7 .  figs 7 .  

8 .  
1 959 Romaniceras pseudodeverianum (J imbo ) ;  Matsu· 

moto . p .  93 (pars ) .  
1 980a Shuparoceras s p .  nov. Kennedy, Wright & Han­

cock,  p .  329 , text-fig .  2. 
1 980a Romaniceras (Romaniceras) kal/esi (Zazvorka . 

1 958) ; Kennedy, Wright & Hancock ,  p. 342 (pars ) .  
text-fig .  6 only .  

1 988 Romaniceras ( Romaniceras J mexicanum Jones.  
1 938 ;  Kennedy & Cobban , p .  25 , figs 2 ,  3 ,  5 ,  6a - d .  
g,. 7 - 1 0 .  

1 988 Romaniceras ( Romaniceras J mexicanum Jones . 
1938 ;  Kennedy, p. 54.  p l .  10. figs 1 - 4 :  1 4 - 1 7 :  
text-fig .  24g. 

Holotype: By original designation University of 
Michigan Museum of Paleontology no . 1 6928 .  the 
original of Jones , 1 938 ,  p. 1 2 1 . pi. 7 ,  figs l. 6. from 
the Turonian Indidura Formation of Coahui la ,  Mex­
tco . 

Material: Two specimens from localities D 10753 
and D 1 1 177 ;  also OUM KT814 ,  87 1 -876 from the 
same horizon . 

Discussion: Kennedy & Cobban ( 1 988) described 
and i l lustraled this species ,  as weil as its variability 
and synonym y. The present material consists of two 
rather coarsely ribbed juveniles (Fig .  14D,  E, F ) ,  
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Fig. 15. Romaniceras (Yubariceras) ornatissimum (Stoliczka,  1 864) :  TMM 3544 1 ,  the ho1otype of Ro­
maniceras cumminsi Adkins,  1 93 1 .  pi. 3, figs . 5, 6, from Chispa Summit ; regulare subzone of Colligno­
niceras woollgari zone inferred .  
Reduced x 0 .4 ,  the original is 330 mm in  diameter .  

on e of which shows the ear! y ,  constricted sta ge (Fig .  
140) and a samewhat distorted closely ribbed speci­
men 1 15 mm (Fig .  1 41 ,  K) in diameter. Differences 
from other species are discussed by Kennedy & 
Cobban ( 1 988) . 

Occurrence: Middle Turanian Prionocyclus hyatti 
zone ,  Coilopoceras springeri subzone of New Mex­
ico and Trans-Pecos Texas ; condensed zone in the 
Eagle Ford Group of the Austin area .  The types are 
from Coahui la ,  Mexico . 
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Romaniceras (Romaniceras) sp . ?  

Fig. 14C,  G 

Material: One specimen ,  USNM 419979 from lo­
cality D 1 1 177 .  

Description: Maximum preserved diameter 46 mm, 
part  of which is body chamber .  Coiling moderately 
evolute , with umbilicus comprising 55 % of diame­
ter , of moderate depth , the umbilical wall flattened 
and subvertical . Whorl section slightly compressed 
(whorl breadth to height ratio 0 . 88 ) ,  subquadrate , 
with parailet flanks and broadly rounded ventrolat­
eral shoulders . Venter somewhat flattened . Orna­
ment consisted of crowded round,  flexuous ,  prorsi­
radiate ribs , broader than the interspaces .  They ar­
ise from dosely spaced umbilical bullae , singly or in 
pairs , and are accompanied by non-bullate ribs that 
extend to the umbilical shoulder as mere striae , and 
shorter intercalatories .  The ribs sweep forwards 
from the umbilical shoulder ,  are feebly convex at 
mid-flank , and concave on the outer flank ,  where 
they sweep forwards over the ventrolateral shoul­
ders to cross the venter in a broad convexity. All 
ribs bear small bullate inner and weakly davate ou­
ter ventrolateral and siphonal tuberdes .  

Sutures not seen .  

Discussion: This fragment ,  with dense , crowded 
flexuous ribs and no detectable lateral tuberdes dif­
fers from all described Turanian Euomphalocera­
tinae . lt  most dosely resembles inner whoris of R. 
(R. ) mexicanum Jones , 1938 , described above , and 
we presume it to be either an oddity in which devel­
opment of lateral tuberdes is supressed or delayed , 
or a new taxon . 

Occurrence: Middle Turonian Prionocyclus hyatti 
zone of Trans-Pecos Texas . 

lncertae sedis 

Fig. 14H . l 
Material: One specimen, USNM 419980 from lo­
cality D 10753 . 

Description: The specimen is crushed and distorted 
and some 45 mm in diameter .  Coiling is moderately 
evolute , with umbilicus of moderate depth .  Whoris 
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expand slowly , and the i r original section was probi­
ably as wide as high , with flattened flanks , narrowly 
rounded ventrolateral shoulders and broad , flat­
tened venter .  Weak , elongate umbilical bullae give 
rise to strong, straight , prorsiradiate ribs , singly or 
in pairs . These are separated by up to four non­
bullae ribs that either arise at the umbilical shoul­
ders as mere striae or are inserted low on the flank ,  
where a few o f  the primary ribs may branch . The 
ribs pass straight across the venter without a trace 
of tuberdes. 

Discussion : So dose is this specimen to certain 
Jurassic and Cretaceous Perisphinctaceae that we 
were indined to dismiss it as an exotic specimen 
brought in by a previous geological visitor to the 
area .  Yet the preservation is identical to that of 
other material in the springeri subzone concretions 
at Chispa and we must presume it to be genuinely 
indigenous . The ribbing style shows some resem­
blance to Romaniceras ( Romanice ras) sp . ?  des­
cribed above ; it may be a further new euomphalo­
ceratine , but no more can be said without additional 
specimens . 

Occurrence: Middle Turonian Prionocyclus hyatti 
zone of Trans-Pecos Texas . 

Subgenus YUBARICERAS Matsumoto , Saito & 
Fukada,  1957 

Type species: By original designation : Yubariceras 
yubarense Matsumoto , Saito & Fukada , 1957,  p. 27 , 
pi . 8 ,  fig .  l ;  pi .  10 ,  fig .  l ;  pi . 1 1 ,  fig .  l ;  pi .  1 3 ,  fig .  
l ;  pi . 1 5 ,  fig .  l ;  text-figs 8 ,  9 ;  = Ammonites ornat­
issirnus Stoliczka , 1 864, p. 75 , pi . 40 . 

Romaniceras (Yubariceras) ornatissimum (Stoliczka ,  
1864) 

Figs 14A .  B; 1 5A ,  B; 1 6A ,  B 

1 864 A mmonites ornatissimus Stoliczka . p .  75 . pi . 40 . 
1981  Romaniceras (Yubariceras) ornatissimum (Sto­

liczka ,  1 864) ; Wright & Kennedy. p .  60 , pi . 1 5 .  figs 
l ,  2, 4 (with synonymy) . 

1986 Romaniceras (Yubariceras) ornatissimum (Stol­
iczka) ; Kennedy, pi. 1 5 .  

Fig. 16 .  (A) , ( B )  Romaniceras (Yubariceras) ornatissimum (Stoliczka ,  U \64) :  USNM 4 1 9982 , from locality D 1 1 177 ,  
Prionocyc/us hyatti zone . (C) , (D)  Mammites powelli Kennedy , Wright & Hancock,  1 987: USNM 4 1 9988 , an adult body 
chamber from locality D 1 1 1 83 ,  Calvert Canyon .  6.8 km south of north I ine and 1 . 8 km east of west I ine of Eagle Moun­
tains SW quadrangle ,  Hudspeth County , Pseudaspidoceras flexuosum zone . 
All figures are x l .  
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Fig. 1 7. Metoicoceras geslinianum (d'Orbigny , 1 850) : TMM ex .  W. S .  Adkins Collection 231 9 ,  the 
phragmocone of an adult macroconch from Chispa Summit ;  Sciponoceras gracile zone . 
8oth figures are slightly reduced ;  the original is 150 mm in diameter. 

Holotype: By monotypy , GeologicaJ Survey of India 
Collections ,  no. 174, the original of Stoliczka 1 864 , 
pl . 40 , from the Uttatur Group of Odium , south In­
dia .  

Material: Numerous specimens from the prominent 
h iatus concretion bed (Fig. 3 ) ,  but the species ran­
ges higher :  localities D 10750 , D 1 075 1 .  D 10759, 
D 1 1 177 ,  D 1 1 1 87 ;  also the holotypes of Rorna­
niceras loboense Adkins 193 1 (p .  44 , p l. 2, figs L 21 ; 
pl . 23 , fig .  5) and R. cumminsi Adkins, 1931  (p .  43 , 
pl . 3 ,  fig .  6) and other TMM and OUM specimens.  

Discussion :  Kennedy , Wright & Haneock ( 1 980a , p .  
348 , p l .  39 , figs 1 - 6 ;  pl . 40 , figs l ,  3 ,  5 ;  pl . 45 , fig .  
l ;  p l .  48 , figs 1 -4 ;  p l .  49 , figs 1 - 8 ;  p l .  50 ,  figs 1 -4 ;  
text-figs 3E,  7 ,  8) review this species .  its variation 
and synonyms at length . The abundant Chispa ma­
terial is rather fragmentary but typical , ranging from 
nuclei (Fig. 14A ,  B ) ,  to the !arge near-adult holo­
type of Romaniceras cumminsi, over 330 mm in dia­
meter (Fig. 1 5 ) .  Adkins ( 1 93 1 )  recorded this species 
(as R.  cumminsi) from his units 3 and 5. All our 
material comes from the equivalent of his unit 3 ;  
specimens h e  recorded from unit 5 are specimens of 
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R. (R. ) mexicanum, described above . The holotype 
of cumminsi was referred to unit 5 by Adkins , but 
i t  is in  fact from an unknown harizon and was not 
collected by him.  

Occurrence: Middle Turonian , upper part of Collig­
noniceras woollgari zone where precisely dated in 
southern England , France , Czechoslovakia ,  Leba­
non , Israel , Tunisi a ,  Madagascar,  southern India ,  
Japan , northern Mexico , Trans-Pecos Texas and 
California ,  also low Prionocyclus hyatti zone at 
Chispa Summit . 

Subfamily MAMMITINAE Hyatt , 1903 

Genus METOICOCERAS Hyatt , 1 903 

Type species: Metoicoceras swallovi Shumard , 1860 ,  
p .  591 ;  by subsequent designa tian by Shimer & 
Shrock 1 944 p .  591 . 

Metoicoceras geslinianum ( d'Orbigny , 1850) 

Figs 17A,  B; 1 8A - C  

1 841  A mmonites catillus d'Orbigny.  p .  325 . pi .  97 , figs l ,  
2 .  

1 850 A mmonites ges/inianus d'Orbigny, p .  1 46 .  
1958 Metoicoceras sp. Young, p .  29 1 ,  p i .  40 . figs 3 ,  8 .  
1 9 8 1  Metoicoceras geslinianum (d'Orbigny , 1 850) ; 

Wright & Kennedy, p. 62, p i .  1 7 ,  fig .  2 ;  pi . 1 8 ,  figs 
l .  2; pi. 19, figs l ,  2 ;  pi. 20 , figs 1 -3 ;  pi. 2 1 , figs l ,  
2 ;  text-figs 19C - E ;  20 ; 2 1 A - D  (with synonymy) . 

1986 Metoicoceras geslinianum (d'Orbigny) ; Kennedy, 
p i .  10 .  

1986 Metoicoceras geslinianum (d 'Orbigny) ; Cobban , p.  
8 1 ,  fig .  3 (J)  and (K) .  

1988 Metoicoceras geslinianum ( d'Orbigny,  1 850) ; Kenn­
edy,  p .  58 ,  pi . 7 ,  fig .  8 ;  p i .  8 ,  figs 25 - 27 ;  p i .  10, figs 
16 ,  1 7 ;  text-figs 20- 23 (with synonymy) . 

Lectotype: MNHP 6 1 10 ,  the original of d'Orbigny 
1841 , pi. 97 , figs l ,  2, from the upper Cenomanian 
of northern France . 

Material: Numerous specimens from Iocality 
D 10746 ; also TMM W.S .  Adkins Collection and 
OUM collections . One specimen from Iocality 
D 10745 . 

Discussion : Early and middle growth stages are des­
cribed by Cobban & Scott ( 1 972) and Wright & 
Kennedy ( 1981 ) .  Kennedy ( 1 988) described and il­
lustrated the striking dimorphism shown by north­
central Texan material .  The present abundant ma­
terial is mostly fragmentary , but includes two Iarge 
macroconchs (Adkins Collection , TMM 1 1430 , 
23 19) (Fig . 17A, B) . 
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Occurrence: Upper Cenomanian Sciponoceras gra­
cile zone and correlatives .  Texas, New Mexico , Ari­
zona ,  Colorado,  Kansas , Utah and elsewhere in  the 
Western Interior;  northern Mexico , southern Eng­
land ,  France , Spain ,  Germany ,  Czechoslovakia ,  
Iran ( ? ) ,  Angola ,  Nigeria ,  and possibly, Morocco . 

Genus SPATHITES Kummel & Decker , 1 954 

Type species: Spathites chispaensis Kummel & 
Decker ,  1954 p .  3 1 1 ,  pi . 30, figs l ,  2 ;  pi . 3 1 ,  figs 
1 - 15 ;  text-fig .  l ;  = Pseudotissatia ( ? )  coahuilaensis 
Jones , 1938 , p. 123 ,  p i .  9 ,  figs l ,  3 ,  8 .  

Spathites (Spathites) coahuilaensis (Jones , 1938) 

Fig . 1 8D - M  

1931  Pseudotissatia ( ? )  n .  sp.  Adkins. p .  58 .  p i .  2 ,  fig .  5 ;  
p i .  4 ,  figs 3 ,  6 .  

1938  Pseudotissatia (?) coahuilaensis Jones. p .  1 23 .  pi . 9 ,  
figs l ,  3 ,  8 .  

1938 Pseudotissatia (?) kellyi Jones.  p .  124 .  p i .  9 ,  figs 2 ,  
7 ;  p i .  10 ,  fig .  9 ;  non pi . 8 .  fig .  3 ( = Wrightoceras 
sp . ) .  

1 954 Spathites coahuilaensis (Jones) ; Kummel & Decker. 
pp.  3 1 1 ,  3 1 2 .  

1954 Spathites chispaensis Kummel & Decker.  p .  3 1 1 .  pi . 
30,  figs l ,  2 ;  p i .  3 1 .  figs 1 - 15 ;  text-fig .  l .  

1954 Spathites kellyi (Jones) ; Kummel & Decker.  pp. 
3 1 1 ,  3 1 2 .  

1957 Spathites chispaensis Kummel & Decker ;  Wright .  
p .  L419 ,  text-fig .  539,  l .  

1 980c Spathites chispaensis Kummel & Decker ;  Kennedy. 
Wright & Hancock . p .  822 , text-figs l .  8b. 

1988 Spathites coahuilensis (Jones ) ;  Cobban . p .  8 .  figs. 
2a- n ;  3p- y ;  4. 

Types: Holotype in  UMMP 1 6822 . the original of 
Jones , 1 938 , pi. 9, figs l .  3, 8, from an unknown 
harizon in Coahuila ,  Mexico . 

Material: Numerous specimens from locality 
D 1 0750. Also OUM KT 859 , 895-6 . 943 . 

Discussion : Kummel & Decker ( 1954) described 
and i l lustrated this species at length ; we have exam­
ined their type series and numerous topotypes 
which convince us that their chispaensis, coahuilaen­
sis of Jones , 1938 and kellyi of Jones , 1938 are con­
specific .  As first revising author Cobban ( 1988) 
selected coahuilaensis as the name for the species . 
The Chispa material includes both juveniles and 
adults ,  agreeing perfectly with previously described 
material . 

Occurrence: Middle Turonian , Collignoniceras 
woollgari zone , Trans-Pecos Texas , and New Mex­
ico ; Coahuila and Chihuahua,  Mexico . 
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Spathites (Spathites) puercoensis (Herrick & 
Johnson ,  1 900a) 

1 900a Buchiceras swal/ovi Shumard ; Herrick & Johnson , 
p .  39 , p i .  l ,  figs l ,  2 .  

1 900a Buchiceras swallovi Shumard var. puercoensis Her­
rick & Johnson ,  p. 39, pi . l, figs 3. 4 .  

1 900b Buchiceras swallovi Shumard ; Herrick & Johnson , 
p .  2 1 3 ,  pi . 27 , figs l ,  2 .  

1 900b Buchiceras swallovi Shumard var. puercoensis Her­
rick & Johnson ,  p. 2 1 3 ,  pi . 27.  figs 3 .  4 .  

1 968 Spathites puercoensis (Herrick & Johnson ) ;  Dane , 
Kauffman , & Cobban , p .  F7 . 

1 980c Spathites (Spathites) puercoensis (Herrick & 
Johnson) ;  Kennedy , Wright & Hancock . p. 834, pi . 
104,  figs 1 - 5 ;  pi . 106, fig .  3 ;  text-fig .  8c. 

1 988 Spathites puercoensis (Herrick & Johnson ) ;  Cob­
ban ,  p. 1 5 ,  figs 3a- 1 ,  9a -c .  g - m ;  ! Oa - 1 ,  I l a - f. 
14 .  

1 988 Spathites puercoensis (Herrick & Johnson ,  1 900a) ; 
Kennedy , p. 70, pi . 2, fig .  1 5 ;  pi . 1 2 ,  figs 4 - 8 ;  text­
figs 24b , c ;  31 a. 

Types: Destroyed in a fire of 1910 .  A neotype will 
be designated by Cobban when the Rio Puerco 
fauna that yielded the type material is revised . 

Material: One specimen OUM KT 821 .  

Discussion : Spathites (Spathites) puercoensis is a 
highly distinctive species .  The present specimen al­
though poor shows the characteristic pseudoceratitic 
suture ; the lobes are minutely denticulate , E/L bifid 
with few incisions , the saddles on the umbilical lobe 
entire in some cases .  

Occurrence: Upper Turonian , Prionocyclus hyatti 
zone ,  Coilopoceras springeri subzone ,  Trans-Pecos 
Texas and New Mexico . 

Genus MAMMITES Laube & Bruder , 1 887 

Type species: Ammonites nodosaides Schliiter ,  1 87 1 ,  
p .  1 9 ,  pi . 8 ,  figs 1 -4 .  B y  monotypy . 

Mammites powelli Kennedy , Wright & Hancock , 
1 987 

Fig .  16C. D 

1 963a Mammites nodosaides (Schlotheim) ; Powell ,  p. 3 16 ,  
pi . 3 3 .  figs l .  3 .  4 .  6 ,  10 ,  I l ;  text-fig .  3m-o ,  t ,  u .  
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1 978 Mammites nodosaides (Schlotheim) ; Young & Po­
well , pi . 2 ,  fig .  2. 

1982 Mammites cf. mutabi/is Reyment ; Chancellor, p .  
90 , figs 22 ,  23 . 

1 987 Mammites powel/i Kennedy , Wright & Hancock,  p .  
42 , pi . 3 ,  figs 1 - 14 ;  pi . 4 ,  figs 16 ,  1 7 ;  text-fig .  2F, 
G. 

Holotype: OUM KT404 , the original of Kennedy et 
al 1 987 , pi . 3, figs 1 3  and 14; by original desig­
nation ,  from the lower Turonian Pseudaspidoceras 
flexuosum zone fauna of Calvert Canyon , Hudspeth 
County , Texas . 

Material: Several specimens from locality D 10899 ; 
also from locality D 10936 , in the Grayton Lake 
quadrangle , Hudspeth County , Texas . 

Discussion: Kennedy et al ( 1 987) had only juveniles 
of this species ,  showing the mammitine early stages .  
Specimens from locality D 10936 and new topotypes 
show the features of the adult (Fig .  16C,  D ) .  These 
are rnature at 100- 130 mm diameter .  Coiling is 
very evolute , with U = 42 .7  % with a very shallow 
umbilicus , the wall low and outward-inclined . The 
whorl section is depressed trapezoidal in intercostal 
section , with broadly rounded inner flank.  flattened 
convergent outer flank ,  broadly rounded ventrolat­
eral shoulder and broad flattened venter .  Four 
strong distant umbilical bullae per half whorl are 
present on the last part of the adult phragmocone . 
These bullae give rise to broad . straight , prorsiradi­
ate primary ribs that efface at mid-tlank before 
strengthening once more , or not ; the latter simply 
terminate at mid-flank .  There are up to two shorter 
ribs between the primaries .  These and the persistent 
primaries strengthen into conical inner ventrolateral 
tuberdes connected by a prorsiradiate high . bar-like 
rib to a strong , feebly clavate outer ventrolateral 
tubercle . As size increases these merge pro­
gressively into a bar-l ike node with a smooth ventral 
zone between . Umbilical bullae and primary ribs 
end abruptly on the later part of the body chamber 
leaving a third of a whorl without umbilical or flank 
ornament : there are only feeble riblets and folds. 
Ribs reappear on the outer flank and strengthen 
into strong, conical inner ventrolateral tuberdes 
linked to broad , bar-like prorsiradiate ribs t hat ter­
minate at a feeble outer ventrolateral clavus. As the 

Fig. 18. (A) , (B) , (C) Metoicoceras geslinianum (d'Orbigny. 1 850) : (A) ,  (B) are USNM 4 1 9983 (C) is USNM 419984 , 
both from locality D 10746, Sciponoceras gracile zone . (D)  - (O) Spathites (Spathites) coahuilensis (Jones, 1938) : (D)  -
(F) are USNM 4 1 9985 from locality D 10750. (G) .  (H) are USNM 4 1 9986 from locality D 1 0750, ( I ) ,  (J)  are USNM 
419987 , from locality D 1 0750. (K) is USNM 404339 from locality D 1075 1 .  (L) .  (M) are USNM 404341 from locality 
D 1 0750, (N) ,  (O) are USNM 404336 from locality D 1075 1 .  all from the regulare subzone of Collignoniceras woollgari 
zon e .  
All figures are x l .  
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adult aperture is approached , these disappear leav­
ing a tubular terminal portion . The wide interspaces 
between these very distant ribs bears a weak orna­
ment of convex growth Iines and striae . 

These adult features show Mammites powel/i to 
be a close ally of Mammites mohovanensis Böse , 
1920 (p .  206 , p l .  1 2 ,  figs 6 ,  8 ;  text-fig .  4) . recently 
re vi sed by Chancellor ( 1982 , p. 86 . figs 2E , 8- 10 ,  
14 ,  1 6 - 2 1 ) .  The latter is a much r;nore massive in­
volute she l l ,  although this might be no more than 
the limits of intraspecific variation . Differences 
from the other species are discussed by Kennedy . 
Wright & Haneock ( 1 987 , p .  42) . 

The present species is quite unlike Mammites no­
dosoides (the type species of the genus) at rnaturity , 
although inner whoris of the two are of identical 
s ty le  and ornament ( compare Kennedy et al . .  1987 , 
p l .  3 ,  figs 1 - 12 with Cobban & Hook . 1983a .  pl . 4 .  
figs 4-9,  1 7 ,  18 ) . These similarities suggest that 
Mammites nodosaides may be a hypermorphic giant 
derivative of M. powelli and its allies on one hand , 
rather than being derived from Spathites as sug­
gested by Kennedy , Wright & Haneock ( 1980c , p. 
822 , 833 ; text-fig .  9) . 

On the other hand . the small size and distinctive 
middle and late ornament of M. powelli and M. 
mohovanensis is so different from that of Mammites 
nodosaides that generic or subgeneric separation 
may be appropriate . 

Occurrence: Lower Turonian . Pseudaspidoceras 
flexuosum zone of Trans-Pecos Texas ; also known 
from northern Chihuahua.  Mexico . and Novo Re­
dondo , Angola .  

Family VASCOCERATIDAE H .  Douville , 1 9 12  

Subfamily VASCOCERA TINAE H .  Douvil le , 
19 12  

Genus V ASCOCERAS Choffat , 1 898 

Subgenus V ASCOCERAS Choffat , 1898 

Type species: Vascoceras gamai Choffat , 1 898,  p. 
54 , p l. 7. figs 1 -4 ;  p l. 8, fig .  l ;  p l. 10, fig .  2; p l. 2 1 , 
figs l - 3 ;  by original designation . 
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Discussion: Paravascoceras Furon ,  1935 , Pachyvas­
coceras Furon , 1935 , Paracanthoceras Furan , 1935 , 
Broggiiceras Benavides-Caceres ,  1956 , Discovasco­
ceras Collignon , 1957 and Provascoceras Cooper ,  
1979 , are a l l  regarded as  synonyms of Vascoceras. 
Wright & Kennedy ( 1980 , 1987) have recently des­
cribed a series of species and subspecies of Prota­
canthoceras from a pre-gracile zone upper Ceno­
manian that are the immediate ancestors of the ear­
Iiest Vascoceras, V. (V. ) diartianum (d 'Orbigny ,  
1 850) . Recent collections from the  Colorado For­
mation of Luna County , New Mexico , extend the 
range of V. diartianum. lt occurs 3 m below the base 
of the gracile zone , associated with Eucalycoceras 
pentagonum (Jukes-Browne , 1896) and Euomphalo­
ceras euomphalum (Sharpe , 1 855) indicating a hor­
izon equivalent to the northwest European Calyco­
ceras guerangeri zone . 

Vascoceras (Vascoceras) proprium (Reyment ,  1954) 

Fig . 20A , B 

1954 Pachyvascoceras proprium Reyment,  p. 258,  p i .  5 ,  
fig .  l :  text-fig . 3d .  

1 986 Vascoceras proprium (Reyment) ; Kennedy,  figs 
10- 12 .  

1 987 Vascoceras proprium (Reyment) ; Kennedy, Wright 
& Hancock.  p .  46 , pi . 4 ,  figs 1 - 15 ,  1 8 ,  1 9 ;  pis 5 - 6 ;  
text-figs 8A - C ,  9 .  (with full synonymy) 

Holoptype: BMNH C47302 , the original of Rey­
ment , 1954 , p .  258 , pl . 5, fig .  l ;  text-fig .  3d; by orig­
inal designation . From the lower Turonian of nor­
thern Nigeria .  

Material: Numerous specimens from localities 
D 10893 and D 10899 and the same horizon in the 
Grayton Lake quadrangle , Hudspeth County , 
Texas . 

Discussion: Kennedy , Wright & Haneock ( 1 987) 
describe and discuss the variation in this species at 
length .  The present material is typical , including 
both juvenile and adult specimens . 

Occurrence: Lower Turanian Pseudaspidoceras 
flexuosum zone in Trans-Pecos Texas ; also recorded 
from Chihuahua , northern Mexico and Nigeria .  

Fig. 19. (A) , (B) ,  (E ) ,  - (L) , (0) , (P) Vascoceras (Vascoceras) silvanense Choffat , 1898 : (A) , (B)  are USNM 419990 ; 
possible j uveniles (E) ,  (F) are USNM 41999 1 ,  (G) ,  (H) are USNM 4 1 9992 . ( 1 ) , ( J )  are USNM 419993 , (K ) ,  (L) are 
USNM 419994 , (0) . (P) are USNM 419995 . all from locality D 10747 , Neocardioceras juddii zone . (C) , (D) Thomasites 
sp:  USNM 420005 , from locality D 10747 . N. juddii zone . (M) .  (N) .  (0). (R) ,  (S) Thomasites kou/abicus ( Kier ,  1908) : 
(M)  is USNM 420001 , (N) is USNM 420002 . (0). (R) are USNM 420003 . (S) is USNM 420004 . all from locality D 10747 , 
N. juddiii zone . 
All figures are x l .  
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Vascoceras (Vascoceras) silvanense Choffat , 1 898 

Fig . 19A ,  B ,  E - L .  O. P 

1 898 Vascoceras silvanensis Choffat ,  p. 57, pi. 8. fig .  5 ;  
p i .  2 1 ,  fig .  9 .  

1 956 Vascoceras cf .  V. silvanense Choffat ; Benavides­
Caceres , p. 47 1 ,  pi. 56, fig .  7 .  

Holotype: The original o f  Choffat .  1898.  p i .  8 .  fig .  
5 ;  pi . 2 1 , fig .  9 ;  by monotypy ; it is from an impre­
cise horizon at Silvan , west of Pampilhosa , Portu­
gal . 

Material: Eight specimens from locality D 10747 . 
Upper Cenomanian Neocardioceras juddii zone . 
Description: Specimens that ma y be juveniles of this 
species are 1 7 - 20 mm in diameter and very Fa­
gesia-like , in that they have depressed .  reniform 
whorl sections ,  with swollen inner sides converging 
to a broadly rounded venter .  Strong to massive um­
bilical bullae , 4 - 5  per hal f w hor! . giv e rise to 
strong , narrow , rounded prorsiradiate primary ribs 
that pass straight across the inner flanks and then 
project forwards and cross the venter in a broad 
convexity . On e or two sh orter ,  weaker secondaries 
are present between the primaries , arising high or 
low on the flank .  Shallow constrictions follow some 
of the primaries .  

The larger specimens have a maximum preserved 
diameter of 68 mm.  Coiling is invalute with a deep 
umbilicus . Because of crushing . the whorl section 
cannot be accurately determined ;  it appears to have 
been depressed and reniform , with the greatest 
breadth at the massive umbilical bullae . Seven 
massive conical umbilical bullae per whorl are pres­
ent on the inner whoris and first half of the outer 
whorl . These give rise to strong lateral bulges that 
extend out across the flanks and decline at the ven­
trolateral shoulders to leave a broad , smooth , 
rounded venter .  On the last half whorl . which ap­
pears in part to be body chamber. the bullae 
weaken and low ribs develop . The preservation of 
the best specimen i s ,  however. im perfeet at this 
point .  

Discussion: Of described Vascoceras species ,  only 
V. silvanense has the massive whoris and massive 
umbilical bulges of our form . Vascoceras bulbasurn 
(Reyment , 1954) (p. 263 , pi . 4, fig .  2; text-figs 3g, 
9 ;  Barber 1957 , pi . 6 ,  figs 6 ,  8;  p i .  27 , figs l -6) also 
has strong lateral bulges , but is a less massive she!! . 

Occurrence: Upper Cenomanian Neocardioceras 
juddii zone of Trans-Pecos Texas ; Portugal . 
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Vascoceras (Vascoceras) cauvini Chudeau , 1909 

Figs 9G,  20C - G  

1 909 Vascoceras cauvini Chudeau . p .  68 , pi . L figs l ,  2 ;  
p i .  2 ,  figs 1 - 3 ;  p i .  3 ,  figs l ,  2 ,  4 .  

1 975 Paravascoceras cauvini (Chudeau) 1909 ; Schöbe l .  
p .  1 19 ,  pi . 4 ,  figs 1 - 3 ;  pi . 5 ,  figs 1 -4 (with sy­
nonymy) .  

1986 Paravascoceras cauvini (Chudeau ) ;  Zaborski , p .  
727 , figs 1 - 4 .  

Types: Lectotype , here designated ,  is the  original of  
Chudeau , 1909 , p .  68, pi . l ,  fig .  l ;  pi . 3 ,  fig .  l .  Para­
types are the originals of Chudeau , 1909 , p. 68 , pi . 
l ,  fig .  2 ;  pi . 2 ,  fig .  2 ;  pi . 3 ,  figs l ,  2 ,  4 ;  all are pres­
erved in the collections of the Museum National 
d'Histoire Naturelle , Paris .  

Material: Seven specimens from locality D 10747 
and two from locality D 10898 . 

Description: The material consists of poorly pres­
erved interna! moulds that show considerable vari­
ation . The largest specimen (USNM 419999) has a 
diameter of 67 . 5  mm with an umbilical ratio of 0 .28 .  
Inner flanks are smooth and umbilical bullae are 
absent .  low . rounded ribs arise on the outer part of 
the flanks and cross the venter transversely ; these 
number 25 per whorl . A seeond specimen is inval­
ute with U = 18  % ;  its umbilicus is of moderate 
depth with an outward-inclined umbilical wall . The 
whorl section is compressed ,  with a whorl breadth 
to height ra tio of O .  7. The inner flanks are flattened 
and the outer flanks converge to a narrowly arehed 
venter .  Inner and middle flanks are smooth ; outer 
flank and venter are erossed by low, broad , coarse , 
rounded ribs .  A third is even more campressed and 
entirely smooth . 

Discussion: Comparison with a !arge suite of speci­
mens from Israel (OUM collections) and the excel­
lent account of Schöbel ( 1 975) show these speci­
mens to be Vascoceras cauvini. They particularly 
resemble the specimens figured by Schneegans 
( 1943 , pi . 7, fig .  l ,  as Nigericeras jacqueti) and Schö­
bel ( 1975 , pi . 5, figs l a - c  to 3a-c) .  

Occurrence: Vascoceras cauvini is a long-ranging 
species ; it can be dated as occurring in the equiva­
lents of the Sciponoceras gracile zone in Israel by 
virtue of its co-occurrence there with Metoicoceras 
geslinianum (Lewy , Kennedy & Chancellor 1984, 
fig .  4 ,  l )  and as extending to the Neocardioceras 
juddii zone on the basis of the present occurrences .  
lt characterises a cauvini zone in Israel that  is equi­
valent to the juddii zone herein ;  it occurs in the 
Sinai Peninsula and the Algerian Sahara ; elsewl=lere 
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in Africa it occurs in the southern Sudan , Niger and 
Nigeria .  There are also records from Peru (as 
Broggiiceras species) . In southwestern New Mexico 
Vascoceras cauvini characterises a zone between the 
gracile and juddii zones ; occurrences in the last 
narned zone are restricted to Chispa Summit ,  how­
ever .  

Genus FAGESIA Pervinquiere , 1907 

Type species: Olcostephanus superstes Kossmat , 
1 897 , p .  26 , pi . 6 ,  fig .  l ;  by original designation . 

Discussion : Fagesia has generally been regarded as 
exclusively Turonian . first appearing in the Pseudas­
pidoceras flexuosum zone and extending to the Col­
lignoniceras woollgari zon e ;  not e ,  however .  t hat 
poor fragments of Fagesia occur in the upper Ceno­
manian Neocardioceras juddii zon e in Luna County . 
New Mexico (Hook & Cobban . 1 98 1 .  pi . 2 ,  figs L 
2 ,  5 ) .  

Fagesia catinus (Mante l l ,  1 822) 

1 822 Ammoniles calinus Mantel ! . p .  198, pi . 22 . fig .  10 
(non fig .  5. attributcd in error; = Ammoniles tia­
vieularis) . 

1 986 Fagesia calinus (Mantel l ) :  Kennedy. pi . 1 2 .  figs l .  
2 ,  8 .  9 .  

1 987 Fagesia calinus (Mantel! . 1 982 ) :  Kennedy. Wright 
& Hancock . p .  5 1 .  pi . 7 .  figs 1 - 1 3 ;  pi. 8. figs 1 -4 .  
6-9;  tcxt-figs 2J . K .  M .  N .  l O  (with synonym y) .  

Holotype: By monotypy . BMNH C3379 , the orig­
inal of MantelL 1 822 , pi. 22. fig .  1 0 .  From the lower 
Turanian Middle Chalk near Lewes .  Sussex .  

Material: Several specimens from Adkins' unit l at 
localities D 1 0893 and D 10899 and the same har­
izon at D 10936 in the Grayton Lake Quadrangle ,  
Hudspeth County . 

Discussion: The flexuosum zone material earres­
ponds to that described by Kennedy , Wright & 
Haneock ( 1987) . Material from the nodosaides zone 
that is poorly preserved and indicates adult diame­
ters in excess of 300 mm may also belong here . 

Occurrence: Lower Turanian of Trans-Pecos Texas , 
Montana and California ;  northern Mexico , southern 
England ,  France and Venezuela .  The upper Ceno­
manian Neocardioceras juddii zone material from 
New Mexico seerus to belong here . 
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Genus NEOPTYCHITES Kossmat , 1895 

Type species: A mmonites telinga Stoliczka ,  1 865 , p .  
1 24 ,  pi . 6 1 , figs l ,  2 ;  by  original designation = Am­
monites cephalotus Courtil ler , 1 860 p .  248 , p i .  2 ,  figs 
1 -4 .  

Neoptychites cf. cephalotus (Courti l ler ,  1 860) 

campare 

1 860 A mmoniles cephalo!us Courti l ler.  p. 248 . pi . 2. figs 
1 -4 .  

1 979 A mmoniles cephalo!us (Courtiller) ; Kennedy & 
Wright , p .  670 , p i .  82 . figs 3 - 5 :  pl . 83 , figs l - 3 :  pi . 
84,  fig .  3 ;  p i .  85 , figs l - 5 :  p i .  86. figs 5 - 6 ;  text-fig .  
2 (with synonymy) . 

1983a Neoplychiles cephalo!us (Courtiller) ; Cobban & 
Hook ,  p .  1 4 .  p i .  3 .  figs 9- l l :  pls 9- 1 2 :  text-fig .  I l .  

Lectotype: The original of Courti ller ,  1 860 , p i .  2 ,  
figs l ,  2 ,  i s  i n  the collections o f  the Chateau d e  Sau­
mur, Maine-et-Loire , France . Designated by Kenn­
edy & Wright , 1979 , p. 674 , the type is from the 
middle Turanian of the environs of Saumur , France . 

Materiat One specimen from locality D 10899 . 
Lower Turanian Pseudaspidoceras flexuosum zone . 

Discussion : The specimen (USNM 420000) consists 
of a quarter of a whorl that has a compressed ,  oval 
section at a whorl height of 35 mm. The shell 
surface is smooth except for broad constrictions 
flanked by collar ribs .  The specimen closely 
resembles the variant of N. cephalotus figured by 
Cobban & Hook ( 1983a , pi . 3, fig .  10) , although 
poor preservation precludes firm reference to the 
species .  

Subfamily PSEUDOTISSOTINAE Hyatt , 1 903 

Genus THOMASITES Pervinquiere , 1907 

Type species: Pachydiscus rollandi Peron , 1 889,  p .  
25 , pi . 2 7 ,  figs 1 - 3 ;  by  original designation . 

Thomasites koulabicus (Kier ,  1908) 

Fig . 1 9M,  N, 0 - S  

1908 Pseudolissofia koulabica Kler, p .  157 , pls 6 ,  7 ;  p i .  
8 ,  fig .  l .  

1 954 Gombeoceras koulabicum Kler ;  Reyment ,  p .  69 . 
1958 Thomasiles koulabicus ( Kler) ; Luppov & Drushch­

hits. p .  124. pi . 6 1 ,  figs 3a. 3b; text-fig .  99b . 
1 969 Gombeoceras (Ferganites) kou/abicum ( Kler) ; 

Stankevich & Pojarkova.  p. 94 , pl . 2, fig .  3 ;  pi . 3 ,  
fig .  l .  
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1983 Thomasites koulabicus ( Kier) ; Yan Heng-Ren et 
a l . , pi . l ,  figs 4-6 .  

1 987 Thomasites koulabicus ( Kier, 1909 ) ;  Zaborski , p .  
4 8 ,  figs 33a - c .  

Holotype: The original of Kl er ,  1908 , p i .  l ,  fig .  2 ,  
from the so-called " lower Turonian" of Turkestan 
in the USSR. 

Material: Eight specimens from locality D 10747 
and D 1 10898 . 

Description: Coiling moderately invalute with U 
18 % in middle growth . Whorl seetian depressed 
with greatest breadth at umbilical bullae or low on 
flank.  Whorl sides strongly inflated and venter 
broadly rounded. There are five massive umbilical 
bullae per half whorl at 50- 60 mm diameter. These 
give rise to groups of 2 or 3 coarse , blunt , straight 
prorsiradiate ribs , while l or 2 shorter interealat­
ories arise around mid-flank .  All ribs show a 
marked angulation and blunt ventrolateral tuberdes 
from which the ribs pass straight across the venter 
which is fastigiate in eostal seetian with a blunt si­
phonal node . The massive bullae generally dedine 
in strength from 70 mm onwards , with bullate and 
non-bullale primary ribs and shorter intercalatories .  
With increasing diameter ,  the relative proportions 
modify , the coiling becoming more evolute and the 
whoris only slightly broader than high . The targest 
specimen (Fig. 19N) shows strengthening of ventrat 
ribbing with a rounding of the venter ,  a trace of a 
ventrolateral node , but loss of the siphonal one . 

Discussion: These specimens,  although poor show a 
comparable ornament . coiling and ontogen y to the 
type material of Pseudotissatia koulabica. Small 
specimens campare weil with the holotype ( Kler 
1908 , pi. 6, fig .  2; Stankevich & Pojarkova. 1 969 . 
pi . 2 ,  fig .  3 ) ,  and our targer specimens agree with 
the targer paratype (Kler ,  1 908 , pi . 7. fig .  1 ) .  The 
relationship between T. koulabicus and other spe­
cies is discussed by Reyment ( 1 954) and Wright & 
Kennedy ( 1981 ) .  Ornament is in general signifi­
cantly coarser than in Nigerian species of the genus . 
Gombeoceras ( Ferganites) kanicum Stankevich & 
Pojarkova,  1969 (p .  95 , p i .  3 .  fig .  2) and G. (F. ) 
kleri Luppov in Stankevich & Pojarkova . 1 969 (p .  
96,  pi . 4 ,  figs 1- 3)  ma y we i l  be no mo re  t hat 
variants of this species ,  a view supporled by Zab­
borski ( 1 987) . 

Apart from the cited specimens numerous other 
fragments from the same harizon at Chispa Summit 
may belong here . 

Occurrence: Upper Cenomanian Neocardioceras 
juddii zone in Trans-Pecos Texas . The types are 
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from what we presume to be the same harizon in 
Turkestan ,  and Y an Heng-Ren et al . ( 1983) illus­
traled a specimen from the upper member of the 
Kukebai Formation in the Western Tarim Basin ,  
south Xinj iang , China .  The single Nigerian speci­
men (Zaborski , 1 987) is from either the Upper Ce­
nomanian or Lower Turonian .  

Thomasites sp . 

Fig. 19C,  D 

Material: One specimen (USNM 420005 ) from 
Adkins' unit l at locality D 10747 . Upper Ceno­
manian , Neocardioceras juddii zone . 

Discussion :  This crushed fragment appears to have 
come from a rather invalute species .  The flanks are 
ornamented by feeble umbilical bullae and irregular 
low , broad , crowded ribs . both primaries and secon­
daries .  The venter is narrow and flattened . with a 
blunt lateral keel on each side bearing low davi that 
earrespond to the ends of the ribs . A shallow groove 
separates these from a siphonal ridge that also bears 
blunt davi . The specimen is specifically indetermi­
nate bu t of interest as a seeond instance of co-occur­
ring Neocardioceras and Thomasites, previously 
noted in southern England (Wright & Kennedy . 
19X 1 .  pp.  99 et seq . ) .  

Thomas i tes sp. ? 

Material: Five poorly preserved specimens from lo­
cality D 1 0747 . 

Discussion: Coi ling is evolute , with broad , de­
pressed rounded-trapezoidal whorl section . Orna­
ment consists of coarse , distant bulla te primary ribs 
alternating with weaker.  shorter interealaled ribs . 
There are variably developed weak oblique ventrat 
tuberdes on either side of the flattened venter ,  
across which they are linked by a weak r ib  that may 
bear a weak siphonal tuberde .  

Occurrence: Upper Cenomanian , Neocardioceras 
juddii zone .  

Subfamily HOURCQUIINAE Renz ,  1982 

Genus HOURCQUIA Collignon , 1965a 

Type species: Hourcquia mirabilis Collignon , 1 965a , 
p. 77 , pi . 4 1 1 .  fig .  1 703 ; p i .  4 1 3 ,  fig .  1 709 . 
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Hourcquia mirabilis Collignon , 1965a 

Fig . 8G, H 

compare : 

1965a Hourcquia mirabilis Collignon,  p. 77,  pi . 4 1  L fig .  
1 703 ; pi . 413 ,  fig .  1 709 . 

1 965a Hourcquia ingens Collignon,  p. 80 , pi . 4 1 2 ,  figs 
1 704 - 1 706 ; p i .  463 , fig .  1 708.  

1 965a Hourcquia ingens var. antsakoazatensis Collignon, 
p .  82 , pi . 4 1 3 ,  fig .  1 7 1 0 .  

1981  Horcquia cf .  ingens Collignon ;  Obata et  al  . . pi . 2 .  
fig .  2 .  

1 982 Hourcquia ingens Collignon.  1 965 ; Matsumoto & 
Obata, p. 79,  pi .  4 ,  fig .  2 .  

Material: A single fragment (USNM 4145 19) from 
locality D 1 1 170,  and an impression (USNM 
414520) in calcarenite from the same stratigraphic 
position at a nearby locality (D 1 1 188) . 

Discussion: One specimen (Fig. 8G,  H) is a poorly­
preserved composile intemal mould 28 mm in dia­
meter. Coiling is involute , the small umbilicus com­
prising 25 % of the diameter .  The whorl section is 
compressed ,  with a whorl breadth to height ratio of 
0 . 67 .  The sides are flattened , the ventrolateral 
shoulders are rounded , and the venter is fastigiate­
carinate . Umblical bullae give rise to groups of low , 
broad , falcoid ribs , and there are occasional shorter 
intercalatories .  All ribs sweep forward across the 
ventrolateral shoulder and terminale in blunt clavi 
on either side of the rounded siphonal ridge . 

The specimen compares closely with the cam­
pressed Hourcquia ingens Collignon , 1965a (p. 80, 
pi .  412 ,  figs 1704 - 1706) from Antsakoazato (Belo­
sur-Tsiribihina) , Madagascar .  This co-occurs with 
the type species , H. mirabilis (Collignon ,  1965a ,  p. 
77 , pi . 41 1 ,  fig .  1703 ; pi. 4 1 3 ,  fig .  1709) of which it 
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is no more than a variant ,  as is H. ingens 
antsakoazatensis Collignon ,  1965a (p .  81 , pi . 413 ,  
figs 1 707 , 1 7 10) .  

Occurrence: I n  the United States Hourcquia is 
known from the present specimens and six others 
from the upper Turonian zones of Prionocyclus ma­
combi and P. wyomingensis at various localities in 
New Mexico and at two localities in Trans-Pecos 
Texas . The types are from Madagascar . 

Family COLLIGNONICERATIDAE Wright & 
Wright , 195 1  

Subfamily COLLIGNONICERATINAE Wright & 
Wright , 195 1 

Genus COLLIGNONICERAS Breistroffer , 1947 

Type species: Ammonites woollgari Mantel l ,  1822, 
p .  197 ,  p,l . 2 1 ,  fig .  16; pi . 22,  fig .  7; by original desig­
nation by Meek , .  1876 , p. 453 as type species of 

Prionotropis Meek ,  1876 (non Fieber ,  1 853) for 
which Breistroffe r ( 1947 , unpaged) p roposed Collig­
noniceras as nomen novum. 

Collignoniceras woollgari woollgari (Mantel l ,  1822) 

Figs 24A -C.  H - L  

1 822 Ammonites woollgari Mantell , p .  1 97 ,  pi . 2 1 , fig .  
1 6 ;  pi . 22 .  fig .  7 .  

1 979 Collignoniceras woollgari wool/gari (Mantell ) ;  Cob­
ban & Hook,  p .  2 1 ,  pi . l ,  figs 1 - l l ;  pi. 2, figs 
5 - 22 : pi . 4 .  figs l L 1 2 ;  pi . 5, figs 1 3 - 16 ;  pi. 1 2 ,  figs 
l ,  2 (with synonymy) . 

Fig. 21.  Adult apertural sections of (A) macroconch (USNM 4200 1 2) and (B)  microconch (OUM KT 
95 1 )  of Collignoniceras woollgari (Mantell , 1 822) regulare Haas , 1 946. 
Bar scale is  10  mm .  
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Fig. 22. Collignoniceras woollgari (Mantell ,  1 822 regulare Haas, 1 946 : USNM 420() 1 2 ,  from locality 
D 1 1 1 86 ,  regulare subzone of C. wool/gari zone .  Reduced x 0 . 75 .  

l 980b Collignoniceras woollgari (Mantell) ; Kennedy, 
Wright & Hancock,  p .  560 (pars) , pls 62, 63 , figs 
l -4 ,  7-9 ,  l l ,  12 non 5-6 ;  pi . 64 ; p i .  65 , figs 1 - 3 ;  
non 4 - 8 ;  non pis 66, 67 ; non p l .  69 , figs .  3 ,  4 ;  non 
pi . 7 1 ,  figs . l - 3 ;  non text-fig .  l A ;  text-fig .  2 ; ? 3 ;  
4C- D  non A - B .  

198 1  Collignoniceras woollgari (Mantell , 1 822) ; Wright 
& Kennedy. p .  103, pi . 28, fig .  3; non i ,  2 ;  pi. 29, 
fig .  5; non 1 -4 ,  6 ,  7; pi . 30, fig .  l .  

1986 Collignoniceras woollgari woollgari (Mantell ) ;  Cob­
ban . p .  8 1 .  figs 6J , K,  7K, L. 

1 986 Collignoniceras wool/gari (Mantel! ) ;  Kennedy, pi . 
1 3 .  figs 1 - 3 ;  pi . 1 6 ,  figs l ,  2 .  

Types: Lectotype , by the subsequent designation of 
Wright & Wright , 1 95 1 ,  p .  ;35 , is BMNH 5682 , the 
original of Mantell , 1 822 , pi . 2 1 , fig .  16. The re are 
also two presurned paralectotypes ,  BMNH C5742a 

and b. All are from the middle Turanian Middle 
Chalk of Lewes,  Sussex .  

Material: One specimen (Figure 24L) from Adkins' 
unit 2 at locality D 1 1209 , 1 8 . 25 m (60 feet) below 
the hiatus concretion bed in unit 3. We have also 
examined numerous specimens from Cannonball 
Hill , Chihuahua , Mexico in connection with this 
study (OUM and J. D. Powell Collections) . 

Discussion : The present material confirms the pres­
ence of both early C. woollgari woollgari and late 
C. woollgari regulare Haas , 1946 in trans-Pecos 
Texas . The former have middle and late growth sta­
ges characterised by secondary ribs , more siphonal 
tuberdes than ventral ones and looped ribs connect-
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Fig. 23. Collignoniceras woollgari ( Mantel ! ,  1 822) regulare (Haas, 1946) : OUM KT95 1 ,  from the regu­
lare subzone of the C. woollgari woollgari zone . 
Reduced x 0 .7 .  the original is 180 mm Iong . 

ing ventrolateral horns , a feature weil seen in the 
Mexican material ( examples are shown as Fig .  
24A - C ,  H-K) .  In contrast , subspecies regulare 
generally lacks these features in middle growth . 
Adult body chambers of the two subspecies are , 
however ,  near inseparable in some cases .  

Occurrence: Middle Turonian , lower subzone of C. 
woollgari zone . Widespread in the United States 
from the Mexican border to Wyoming ; California , 
northern Mexico , Europe , the USSR west to Trans­
caspia ,  Japan and northern Austral ia .  

Collignoniceras woollgari (Mantell , 1822) regulare 
(Haas , 1946) 

Figs 2 1 ,  22 , 23 , 24D 

1 946 Prionotropis woollgari var. regularis Haas . p. 1 5-1 .  
p i .  16 ,  figs 1 - 17 :  text-figs 10- 1 2 .  59-74 .  78. 80 . 
8 1 ,  83 . 

1979 Collignoniceras woollgari regulare Haas : Cobban 
and Hook ,  p. 22. pi. 3, figs 1 - 14 ;  pi . 1 2 .  fig .  3. 

Holotype: By original designation :  the original of 
Haas , 1 946 , p. 154 ,  pi . 1 6 ,  figs 14 ,  16 ;  text-figs 80 . 
8 1 , South Dakota School of Mines Collection no . 
1470. "Probably from the Carli le Formation , Black 
Hills area" (fide Haas) . 
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Material: Numerous specimens from the levet of the 
hiatus concretion bed or collected loose : USGS 
Mesozoic localit ies D 10750 , D 1 1 178 ,  D 1 1 175 , 
D 1 1 187 ;  also OUM collections .  The holotype of 
Pseudospidoceras chispaense Adkins , 193 1 ,  TMM 
34088 and Pseudospidoceras ( ? )  n .  sp . A of Adkins 
( 1 93 1 , p. 3, pi . 3, figs 3, 4) also betong here . 

Discussion :  C. woollgari regulare differs from the 
nominate subspecies ,  discussed above , in the 
absence of secondary ribs and in having siphonal 
and ventrolateral tuberdes that are equal in number 
in  middle growth . In addition , ribs are higher and 
sparser on C. w. regulare. This is weil shown by ex­
cellent specimens from the Black Hills figured by 
Cobban & Hook ( 1 979 , pi . 3, figs 1 - 14 and pi . 12 ,  
fig .  3) , who show these ribs extending onto the body 
chamber of an individual 1 40 mm in diameter .  The 
Chispa material extends to a much greater size and 
includes adult body chambers that are up to 360 mm 
in diameter such as the giant fragments figured by 
Adkins ( 1 93 1 ) .  Two forms of adult occur.  The smal­
ler (Fig. 23) have a distinctly campressed whorl sec­
tion , oval intercostally (Fig. 2 1B ) .  Strong distant 
primary ribs have fiared umbilical bullae that mi­
grate out at rnaturity and ventrolateral horns that 
may retain a trace of the outer ventrolateral clavus 
linked by a high , flared , prorsiradiate rib to an 
angular culminatian with a pronounced clavus , the 
clavi commonly l inked by a siphonal ridge . These 
we take to be microconchs . The targer (Fig . 22) 
have a much more robust oval whorl section ,  as 
wide as high at the beginning of the body chamber 
but becoming campressed at the adult aperture 
(Fig. 2 1 A) ; we take them to be macroconchs . The 
distant ribs are coarser and lower than in the micro­
conch , although they also migrate out to a mid-lat­
eral position at rnaturity . The ventrolateral horns 
point out at the beginning of the adult body charn­
ber with a persistent outer ventrolateral clavus that 
merges towards the adult aperture to give a eostal 
whorl seetian much broader than high with a broad , 
flattened venter. Ventrat ornament consists of a si­
phonal ridge that strengthens opposite the horns 
with one or sometimes two distinct clavi . Low broad 
ribs extend from the adapertural and adapical limits 
of the horns and loop to these clavi (Adkins , 193 1 ,  
pi . 3 ,  fig .  2) . 

Both micro- and macroconchs have a short tubu­
lar terminal part to the body chamber ,  without ma­
jor ribs or tubercles .  

Discussion: Medium-sized specimens of C.  w .  
woollgari and  C.  w .  regulare

. 
are utterly distinct . At  

rnaturity there i s  the  same type of  dimorphism , but 
some regulare adult body chambers that we have 
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seen have a siphonal ridge , siphonal tuberdes more 
numerous than ventrolateral ones and looped ven­
traJ ribs such that these body chambers are insepar­
able from C. woollgari woollgari. 

Occurrence: Middle Turanian C. woollgari zone ,  
regulare subzone . Widespread in  the  Western In­
terior from Wyoming to the Mexican barder.  The 
subspecies also occurs in western Europe . 

Genus PRIONOCYCL US Meek , 1871 

Type species: Prionocyclus serratocarinatus Meek ,  
1871 p .  298 (non Stoliczka 1865 p .  57 ,  pi . 32 , fig .  3 )  
= Prionocyclus wyomingensis Meek ,  1 876 , p .  452 .  

Prionocyclus hyatti (Stanton , 1894) 

Figs 24F, G. M; 25 , 26A , B, 27A - J ,  S - W  

1 894 Prionotropis hyarti Stanton , p .  176,  pi . 42 , figs 5 - 8 .  
1 899 Prionotropis hyatti Stanton ; Logan ,  p .  468 , p i .  102, 

figs 5 - 8 .  
1910 Prionotropis hyarti Stanton ; Grabau & Shimer, p .  

228 , fig .  1509 ( e-g) .  
1 925 Prionotropis hyatti Stanton ; Diener, p .  1 56 .  
1928 Prionotropis aff. P.  hyatti Stanton ; Adkins,  p .  250. 
1 928 Prionotropis eaglensis Adkins, p .  250 , pi . 32,  figs l ,  

2 .  
193 1  Pseudaspidoceras eaglense (Adkins) ; Adkins,  p .  53 . 
1951 Collignoniceras hyarti (Stanton) ;  Cobban , pp. 2 19 1 , 

2 1 92 ,  fig .  2 .  
1 952 Collignoniceras hyarti (Stanton) ; Cobban & 

Reeside , p. 1019 .  
1 962 Collignoniceras hyatti (Stanton) ; Hattin ,  p .  79, pi . 

24 , figs A - E .  
1963b Prionocyclus hyatti (Stanton) ;  Powell , p .  1 220, pi . 

1 66,  figs l ,  8- 12 ;  text-figs 5 (a ) ,  (c) , (d) , ( f- h ) .  
1965b Collignoniceras hyatti (Stanton) ; Hattin ,  fig .  4 (4) . 
1 976 Prionocyclus hyatti (Stanton) ;  Cobban , p. 122,  pi . 

l .  fig .  l .  
1976 Prionocyclus hyatti (Stanton) ; Kennedy & Cobban , 

pi . 8, fig .  3 .  
1 977 Prionocyclus hyatti (Stanton) ;  Kauffman , p .  260 , p i .  

22, fig .  l ;  pi .  26 ,  fig .  7 .  
1977 Prionocyclus hyarti (Stanton) ;  Hatti n ,  p .  189,  figs 8 

(9) , ( I l ) .  
1978 Prionocyc/us hyarti (Stanton) ;  Hattin & Siemers ,  

figs 10 (9) . ( I l ) .  
197R Prionocyclus hyatti (Stanton) ; Young & Powell ,  p i .  

l ,  figs 1 - 3 .  7 ,  R .  
1979 Prionocyclus hyarti (Stanton) ;  Merewether, Cob­

ban , & Cavanaugh ,  pi . 3 ,  figs l ,  2. 
1986 Prionocyc/us hyatti (Stanton) ; Cobban , fig .  3q . 
19R8 Prionocyclus hyatti (Stanton , 1 894) ; Kennedy, p .  

75 , p i .  1 5 ,  figs 1 - 24 ;  pi . 16 ,  figs 1 - 20;  pi . 1 7 ,  figs 
1 - 7 ;  text ;  figs 240 , E, F, 25 - 27 ,  3 1 B .  

Types: Lectotype , b y  the subsequent designation of 
Matsumoto , 1965 , p. 19 is USNM 229 1 ,  the original 
of Stanton , 1 894 , pi. 42 , figs 5, 6; figured paralecto-
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type is the original of Stanton's p i .  22 , figs 7, 8, with 
the same registration nu m ber . the y are from the 
middle Turanian Codell Sandstone (Pugnellus 
Sandstone) Member of the Carlile Shale of Huer­
fano Park , Colorado . 

Material: Numerous fragmentary moulds from 
USGS Mesozoic localities D 10749 , D 10753 ,  
D 1 1 177 and  OUM collections .  Several hundred 
pyritic nuclei in the TMM , W. S. Adkins collections 
from Adkins ( 193 1 )  localities 1 1377 , 2612 ,  2627 and 
2642 . 

Discussion: The Chispa material includes abundant 
pyritic nuclei (Fig. 27A - J ,  S - W) that continue the 
ontogeny down to 2 - 3  mm diameter .  These include 
evolute coarsely ribbed individuals (Fig. 27 A- E) as 
weil as more campressed ones (Fig.  27G -J) ,  both 
with and without differentiation of ribbing at these 
early stages .  

A medium-sized individual o f  the robust form is 
shown in Figure 26 . The holotype of Prionotropis 
eaglensis Adkins , 1928 (p .  250 , pi . 32 , figs. 1 - 2) is 
a fragment of a larger individual . An adult specimen 
before us (USNM 420015)  (Fig. 25) has a whorl 
height of 1 00 mm corresponding to an estimated 
diameter of 250- 300 mm ; its in tereostal section is 
nearly circular.  Distant primary ribs that have 
feeble umbilical bullae , link to massive ventrolateral 
horns t hat are directed outwards and upwards. Lo w ,  
broad ribs extend from the adapterturat and adapi­
cal edges of the horn and cross the venter in a dia­
mond-shaped pattern , I inking to a coarse , blunt un­
dulating siphonal ridge . Such as re mains of the body 
chamber is too crushed for description . 

Occurrence: Widespread in the middle Turanian 
Prionocyclus hyatti zone from northern Mexico to 
the Canactian barder .  

Prionocyclus wyomingensis Meek , 1 876 

Fig. 24E 

1870 A mmonites serra/o-carinatus Meek .  p .  429 . 
1871  A mmonites (Pieuroceras) serra/o-carinatus 

Mee k ;  Meek ,  p. 298 . 
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Fig. 25. Whorl section o f  an adult Prionocyc/us hyaui 
(Stanton ,  1 894) , based on USNM 4200 1 5 .  from locality 
D J0753 . 
Bar scale is JO mm.  

1 876 Prionocyc/us wyomingensis Meek ,  p .  452 , foot­
note . 

1 880 Prionocyc/us wyomingensis Mee k ;  Whitfield . p .  
440 , pi .  14 ,  figs 1 - 3 .  

1 883 Prionocyc/us wyomingensis Meek ;  White , p .  35 . 
pi .  1 5 ,  figs l a - e .  

1 894 Prionocyclus wyomingensis Meek :  Stanton . p .  
1 7 1 , p i .  40, figs 1 - 4 .  

1 896 Prionocyclus wyomingensis Meek :  Gilbert . p .  
565 , pi . 58 ,  figs 1 - 3 .  

1 898 Prionocyc/us wyomingensis Me ek ;  Lo  gan . p .  
463 , pi . 1 06 ,  figs 1 -4 .  

1903 Prionocyc/us wyomingensis Meek ;  Barbour. pi . 
5 ,  figs 4, 5 .  

1 9 1 0  Prionocyc/us wyomingensis Meek ;  Grabau & 
Shimer. p. 228, fig .  1 5 10a - d .  

1 92 1  Prionocyclus wyomingensis Meek ;  Grabau , fig .  
1 697 (e) - (h ) .  

1 925 Prionocyc/us wyomingensis Meek ;  Diener,  p .  
1 55 .  

? 1 932 Prionocyc/us reesidei Sidwell , p .  3 1 8  (pars . ) p i .  
49. figs JO ,  1 1 .  

1 938 Prionocyc/us wyomingensis Meek ; Roman , p .  
457 ,  p i .  46 , fig .  435 . 

1 944 Prionocyclus wyomingensis (Meek ) ;  Shimer & 
Shrock,  p. 593 , pi . 247 , figs 3 ,  4 .  

1 946 Prionocyclus wyomingensis Meek ,  and  variety 
robusta Haas, p .  200 , non var. elegans p .  210 ( = 
P. novimexicanus) ;  pi . 20, figs 1 - 3 ,  5 - 7 ;  non 
pi . 20 . fig .  4 ( = P. novimexicanus) ;  pi .  2 1 ,  figs 
4, 6: non plate . 2 1 ,  figs 1 - 3 ,  5 ( = P. novimexi­
canus) ; pi . 22, figs 3 - 5 ;  non pi . 22 , figs l ,  2 ( =  
P. novimexicanus) pi . 23 , figs l ,  3 ( in part) ; p i .  

Fig. 24 .  (A) - (C) , (H) , ( ! ) ,  (J ) ,  (K) ,  (L)  Collignoniceras woollgari woollgari (Mantel/, 1822) (A) ,  (B) are  USNM 
420006 , (C) is USNM 420007 , (H) .  ( I )  are USNM 420009. (J ) .  (K) are USNM 4200 JO ,  a l l  from Cannonball Hi l l ,  
Chihuahua,  Mexico , (L) is USNM 4200 1 1 from locality D 1 1209 . (D) Collignoniceras woollgari regu/are (Haas ,  1 946) , 
USNM 420008,  from locality D 1 1 1 79 .  (E)  Prionocyc/us wyomingensis Meek ,  1 876: USNM 420017 ,  from locality 
D 1 1 17 1 ,  P. wyomingensis zon e, Scaphites warren i subzone . (F) . (G) ,  (M) Prionocyclus hyaui (Stanton ,  1 894) : (F) , (G)  
are  USNM 4200 13 ,  from locality D 10753 ; (M) i s  USNM 4200 14 ,  from locality D 1 0753 , Prionocyclus hyaui zone , Coilo­
poceras springeri subzone .  
All figures are  x l .  
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Fig. 26. Prionocyc/us hyatti (Stanton ,  1 894) : USNM 4200 1 6 ,  from USGS Mesozoic locality D 1 1 177 ,  
P .  hyatti zone , Coilopoceras springeri subzone . 
Reduced x 0 . 7 ,  the original is 190 mm in diameter. 

24,  figs 2 ,  3; text-figs 93 - 97 ,  105 - 108;  non 
98- 104 ( = P. novimexicanus) .  

1 957 Prionocyclus wyomingensis Meek ;  Wright ,  p .  
426, fig . 547(6) . 

1 960 Prionocyclus wyomingensis Meek ; Termier & 
Termier, fig .  24 1 8 .  

1 965 Prionocyclus wyomingensis M e  e k ;  Matsurnota , 
p .  1 8 ,  pi .  1 6 ,  fig .  l ;  pi . 1 7 ,  fig .  2 ;  pi .  1 9 ,  fig .  l .  

1 97 1  Prionocyclus wyomingensis Me ek ;  Matsurnota , 
p. 1 32 ,  pi . 2 1 ,  fig .  2 ;  pi . 22, fig .  l ;  text-fig .  2 .  

1 975 Prionocyclus wyomingensis Meek ; Hattin ,  pi . 2 ,  
fig .  I l .  

non 1 976 Prionocyclus wyomingensis Meek ;  Kennedy & 
Cobban , pi . I l ,  fig .  4 ( = P. novimexicanus ) .  

non 1 977 Prionocyclus wyomingensis M e  ek ;  Kauffman , 
p. 266 , pi . 26, figs 2, 3 ( = P. novimexicanus ) .  

non 1 978 Prionocyclus wyomingensis elegans Ha as;  
Kauffman, Cobban & Eicher,  pi . 5 ,  fig .  14  ( = 

P. novimexicanus) .  
non 1 982 Prionocyclus wyomingensis Meek ;  Case , fig .  

1 2(63 )  ( = P.  novimexicanus) . 
1 986 Prionocyclus wyomingensis Meek , 1 876a ; Kenn­

edy,  p .  88,  pi . 14 ,  fig .  8 .  

Types: Lectotype , by the subsequent designation of 
Matsumoto,  1965 , p. 18 is USNM 7728 , the original 
of Stanton , 1894 , pi. 40 , fig .  3; 2 paralectotypes 
have the same number and are the originals of Stan­
ton , 1894 , pi. 40 , figs l ,  2. All are from what is now 
known as the Wall Creek Sandstone Member of the 
Frontier Formation in the Medicine Bow River val­
ley of southeastern Wyoming (Cobban 1984a , p. 
86) . 

Material: Fragmentary specimens and moulds from 
localities D 1 1 170 and D 1 1 171 . 

Discussion : Although fragmentary this material 
clearly belongs to P. wyomingensis. This species dif­
fers from P. hyatti in combining conspicuous ribbing 
with a relatively slender whorl . Ribs are always dif­
ferentiated into strong primary ones and weaker pri-
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v 
Fig. 27. (A) - (J) ,  (S)  - (W) Prionocyclus hyatti (Stanton , 1894) : (A) - (C) , (U)  - (W) are from 
Adkins ( 1 93 1 )  Locality 2612 ,  day beds 200 yards southest of Needle Peak ;  (D) - (J) , (S ) ,  (T) are from 
TMM Adkins Collection 1 1377 , "E of Willoughby Ranch , 1/4 mile south of Needle Peak" .  (K) - (R) 
Worthoceras cf .  minor Kennedy , 1988 all from Adkins Collection 1 1377 , as above . (X) , (Y) Coi/opo­
ceras springeri Hyatt , 1 903 , from Adkins Collection 1 1377 , as above . 
All figures are magnified x 4 .  

mary and secondary ones ; the  stronger ribs support 
umbilical tuberdes and inner and outer ventrolat­
eral ones . Ribs sometimes arise in groups from 
bullae and may develop a lateral tubercle and in 
some cases ,  even a finger-like septate inner ventro­
lateral horn . 

Prionocyclus novimexicanus (Marcou . 1 858 ,  p. 35 , 
pi . l ,  fig .  2 ;  see Hook & Cobban , 1 979 , p. 35 , figs 
3E- L) , of which P. wyomingensis elegans Haas , 
1946 (p .  200 , pi . 1 9 ,  figs 1 - 7 ,  1 1 - 14 ;  pl . 20 , fig .  4 ;  
p i .  2 1 ,  figs 1 - 3 ,  5 ;  p i .  22 , figs 1 .  2 ;  text-figs 9X- 104) 
is a synonym , is easi ly differentiated from P. hyatti 
by the loss of the outer ventrolateral tubercle early 
in ontogen y .  

Occurrence: Upper Turonian Prionocyc/us wyomin­
gensis zone . Rare in Trans-Pecos and north-central 
Texas (McNulty , 1966) . The species is found from 
south-central New Mexico northward through 
Colorado , Wyoming,  and Montana and eastward to 
southwestern South Dakota and southwestern 

Kansas . A single specimen has been recorded from 
Japan (Matsumoto , 1 97 1 ,  p .  132 ,  pi . 2 1 ,  fig .  2 :  p i .  
22 , fig .  l ;  text fig .  2) . 

Prionocyclus novimexicanus (Marcou , 1 858) 

1 858 A mmonites Novi-Mexicani Marcou . p .  35 ,  pi . l .  
fig .  2 .  

1925 Ammonites novi-mexicanus Marcou ; Diener, p .  
3 1 .  

? 1942 Prionocyclus novimexicanus (Marcou) ;  Moreman . 
p. 2 14 .  

1 946 Prionocyclus wyomingensis (Meek) var. elegans 
Haas.  p. 2 1 1 ,  p i .  19 ,  figs l - 7 .  l l - 14 :  pi . 20 . fig .  
4 ;  p i .  2 1 ,  figs l - 3 ,  5 ;  pi . 22. figs L 2 :  text-figs 
98- 104. 

1965 A mmonites novi-mexicanus Marcou ; Matsumoto , 
p. 20. 

1970 Prionocyclus (Prionocyclus) wyomingensis Meek 
var. elegans Haas ; Jcletzky ,  pi . 26. fig .  8. 

1972 Prionocyclus wyomingensis elegans Haas ; Mere­
wether & Cobban . table l .  

1 976 Prionocyclus wyomingensis Meek ;  Kennedy & 
Cobban , p i .  l L fig .  4 .  

1 977 Prionocyc/us wyomingensis Meek ;  Kauffman . p .  
266 , p i .  26 . figs 2 ,  3 .  
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1 978 Prionocyclus wyomingensis elegans Haas ; Kauff­
man,  Cobban & Eicher ,  pi . 5, fig .  1 4 .  

1 979 Prionocyc/us novimexicanus (Marcou) ; Hook & 
Cobban , p .  35 , fig .  3E- L .  

1 982 Prionocyc/us wyomingensis Meek ; Case , fig .  1 2  
(63 ) .  

Holotype: BMNH C49764 , from an uncertain lo­
cality in  New Mexico (fide Hook & Cobban 1979) . 

Material: Two impressions in siltstone from locality 
D 10754. Upper Turonian Scaphites whitfieldi zone . 

Discussion: Prionocyclus novimexicanus most 
closely resembles P. wyomingensis Meek ,  1876, 
from which it may be differentiated by the loss of 
the outer ventrolateral tubercle early in ontogeny in 
novimexicanus, which also has a low ridge bordering 
a smooth ventral groove on either side of the sipho­
nal ridge , features not seen in wyomingensis. 

Occurrence: Upper Turonian Scaphites whitfieldi 
zone ;  widespread in the Western Interior from the 
Canadian to Mexican borders . See Hook & Cobban 
( 1979 , p .  40 , fig .  4) for detai ls .  

Family COILOPOCERATIDAE Hyatt , 1 903 

Genus COILOPOCERAS Hyatt , 1903 

Type species: Coilopoceras colleti Hyatt , 1903 , p .  
9 1 ,  pi . 10 ,  tigs 5 - 2 1 ; pi . 1 1 ,  fig .  l ;  by original desig­
nation .  

Coilopoceras springeri Hyatt , 1903 

Fig .  27X , Y ;  28- 30,  3 1 M ,  N, W, X 

1 903 Coilopoceras springeri Hyatt , p. 96, pi . 1 2 ,  figs 
1 - 3 .  

1 93 1 Coilopoceras eag/efordense Adkins, p. 46, pi .  4, figs 
4, 8; pi . s. fig .  l .  

1 93 1  Coilopoceras chispaense Adkins, p .  48, pi . 4 ,  figs 5 ,  
7 ;  pi . 5 ,  fig .  2 .  

1 93 1  Coilopoceras sp. aff. C. springeri Hyatt ; Adkins,  p .  
5 1 ,  pi .  5 ,  fig .  3 .  

1 978 Glebsoceras (s ic)  chispaense (Adkins) ; Young & 
Powel l ,  pi . 4, fig .  2; pi . 5 ,  fig . 6 .  

1 978 Coilopoceras eaglefordense Adkins ;  Young and Po­
well , pi . 5, figs 4, 5 .  

1 980a Coilopoceras springeri Hyatt ; Cobban and Hook , 
p. 16 .  pi . l .  figs 5 .  6; pi . 3 ,  figs 9- 1 1 ;  p i .  6, figs 9 ,  
1 0 ;  pi .  10 ;  pi . 1 8 ,  figs 7- 1 0 ;  pi .  1 9 ,  figs 1 - 9 ;  text­
figs 1 1 - 1 3 .  

1 988 Coilopoceras springeri Hyatt , 1 903 ; Kennedy, p .  92 , 
pi . 1 3 .  figs 4-7 ;  text-figs 24H , I ,  33 ,  34.  

Holotype: The original of Hyatt , 1903 , pi .  12, figs 
1 - 3 ,  from [Rit du Plain] Rio del Piano , Colfax 
County , New Mexico . 
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Material: Numerous specimens from localities 
D 10749 , D 10753 ,  D 1 1 174,  D 1 1 176,  D 1 1 177 ; 
TMM Collections including the holotypes of Coilo­
poceras chispaense Adkins ,  193 1  and C. eaglefor­
dense Adkins,  193 1 ;  also pyritic nuclei from Adkins 
( 193 1 )  localities 2612 ,  2627 and 1 1377 , and OUM 
KT796-803 , 805 - 820 , and 822 - 825 . 

Discussion: This species occurs in vast numbers at 
Chispa Summit in what Powell ( 1965) termed the 
Coilopoceras graveyard leve ! .  The species is fully 
described by Cobban & Hook ( 1 980a) who studied 
Chispa Summit material . 8oth smooth (eaglefor­
dense) and ribbed ( chispaense) variants occur ,  the 
latter referred to Glebsoceras [Glebosocerasj Rey­
ment , 1954 by Young & Powell ( 1 978) . The species 
attains a !arge size with phragmocones up to 600 
mm diameter ;  it proved impossible to collect and 
measure enough adult specimens to determine whe­
ther the smooth and ribbed forms earrespond to size 
dimorphs. 

Coilopoceras springeri is a descendant of Hop­
litaides sandovalensis Cobban & Hook , 1980a (p .  8 ,  
pi . 2 ;  pi . 3 ,  figs 6 - 8 ;  1 2- 16 ;  p i .  4 ;  pi . 1 1 ,  fig .  l ;  pi . 
1 8 ,  figs 4-6 ;  text-figs 6, 7) which characterises the 
lower subzone of the hyatti zone .  The two are indis­
tinguishable when rnature but easily separated if the 
early stages are known . Coilopoceras sandovalensis 
has a tabulate venter in early growth stages ,  
whereas it is acute in the early growth stages in 
springeri (Fig .  27X, Y) . 

Occurrence: Middle Turonian Prionocyclus hyatti 
zone , Coilopoceras springen· subzone in TranS­
Peeos and north-central Texas and New Mexico . 

Coilopoceras inflatum Cobban & Hook ,  1980a 

1980a Coi/opoceras inflatum Cobban & Hook.  p. 1 9 .  pi . 
l ,  figs 9- 1 1 ;  p i .  Il .  fig .  2 ;  pis 1 2- 1 7 ;  pi . 1 8 ,  figs 
1 - 3 ;  1 1 - 1 3 ;  pis 20, 2 1 ;  text-figs 1 4 ,  1 5 .  

1 986 Coilopoceras inflatum Cobban & Hook ;  Cobban . 
p. 8 1 ,  fig .  7A-C.  

1988 Coilopoceras inflatum Cobban & Hook ,  1 980a ; 
Kennedy, p. 96 . 

Holotype: USNM 275920 , the original of Cobban & 
Hook ,  1980a , p .  1 9 ,  p i .  1 1 .  fig .  2 ,  from the upper 
Turonian Prionocyclus wyomingensis zone in Valen­
cia County , New Mexico . 

Material: Fragments of two !arge phragmocones 
from locality D 1 1 170.  

Discussion: These intemal molds have only one side 
preserved , but they show the stout whorl section 



Bull . Geol . Inst . Univ . Uppsala ,  N . S .  1 5  ( 1 989) Biostratigraphy of the Chispa Summit Formation 95 

Fig. 28. Coilopoceras springeri Hyatt , 1 903 : TMM Collections, the holotype of Coilopoceras chispaense 
Adkins , 1 93 1 .  
Reduced x 0 .9 ,  the original i s  36 1 mm i n  diameter .  

and bold ornament typical of this species .  Whorl 
heights are 144 mm (USNM 420022) and 1 67 mm 
(USNM 420023) .  See Cobban & Hook ( 1980a) for 
differences from other species .  

Occurrence: Known only  from the upper Turanian 
Prionocyclus wyomingensis zone of New Mexico 
and Chispa Summit .  

Suborder ANCYLOCERATINA Wiedmann ,  1 966 

Superfamily TURRILITACEAE Gil l ,  1871  

Family HAMITIDAE Gill , 1871  

Genus Metaptychoceras Spath , 1926 

Type species: Ptychoceras smithi Woods , 1 896 , p. 
74 , pi . 2, figs l ,  2; by original designation . 
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Fig. 29. Coilopoceras springeri Hyatt , 1903 : USNM 4200 1 8 .  from locality D 1 1 177 ,  Prionocyclus hyaui 
zone , C. springeri subzone . 
Reduced x 0 .8 ,  the original is 165 mm in diameter .  

Metaptychoceras cf .  crassum Kennedy , 1988 

193 1 Metaptychoceras n .  sp. aff. M. smithi ( H .  Woods) ; 
Adkins , p. 64 . 

1 95 1  Metaptychoceras Adkins & Lozo . p .  1 55 .  
1 988 Metaptychoceras crassum Kennedy , p .  98 , pi . 2 1 ,  

figs I l ,  1 2 ,  1 6 - 1 8 ,  2 1 - 24 .  

Discussion: Fragments of  a minute Metaptychoceras 
characterised by very coarse ribbing on the last two 
shafts occur in the pyritic faunas from the Prionocy­
clus hyatti zon e at Adkins localities 262 1 and 2627 . 
A comparable form , M. crassum, occurs in the up­
per part of the Eagle Ford Group in north-central 
Texas and is described by Kennedy ( 1 988) . 

Genus HAMITES Parkinson ,  1 8 1 1 

Type species: H amites attenuatus J .  Sowerby , 18 14 ,  
p .  137 ,  p i .  6 1 , figs 4 .  5 ;  by  subsequent designation 
by Diener 1925 (p. 65) . 

Hamites? sp. 

Fig . 3 1 A -C 

Material: Two specimens from locality D 10899 . 
Lower Turonian Pseudaspidoceras flexuosum zone . 

Discussion : Whorl section appears to have been 
oval , with blunt , feebly oblique ribs as wide as the 
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Fig. 30. Coilopoceras springeri Hyatt , 1 903 : USNM 4200 19 ,  from locality D 1 1 1 77 ,  Prionocyclus hyatti 
zone , C. springeri subzone .  
Reduced x O .  7 ,  thee original is 1 90 mm in diameter .  

interspaces .  If correctly identified these fragments 
extend the range of the genus from upper Ceno­
manian Sciponoceras gracile zone into the Turonian . 

Family ANISOCERATIDAE Hyatt , 1 900 

Genus ALLOCRIOCERAS Spath , 1926 

Type species: Crioceras ellipticum Woods , 1 896 , p .  
84  (non Mantel! ) , renamed Allocrioceras woodsi 
Spath , 1939,  p. 598 = Hamites angustus J. de C .  
Sowerby, 1850 , p .  346 , p i .  29 , fig .  12 .  

A/locrioceras annulatum Shumard , 1 860 

Fig . 10, O, P 

1 860 Ancyloceras annulatus Shumard , p. 595 . 
1 93 1  Allocrioceras n. sp . Adkins, p .  63 , pi . 2, figs 6, 8 .  
1 98 1  Allocrioceras annulatum (Shumard , 1 860) ; Wright 

& Kennedy, p .  1 1 1 ,  pi .  32, figs 3 - 7  (with sy­
nonymy) . 

1 988 Allocrioceras annulatum (Shumard , 1 860) ;  Kenn­
edy, p .  1 04 , pi . 19, figs 3 - 1 2 ,  1 4 ;  pi . 22, figs l , 2; 
pi . 24 , fig .  2 :  text-fig . 36.  

Types: Lost . From the Britton Formation ,  upper 
Cenomanian Sciponoceras gracile zone of Shawnee 
Creek ,  Grayson County , Texas . 
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Material: TMM 21017 ,  the original of Adkins , 1 93 1 ,  
p .  63 , pi . 2 ,  figs 6 ,  8 .  B y  its preservation from USGS 
Mesozoic locality D 10746 . 

Discussion: Kennedy ( 1988) described weil-pres­
erved material from north-central Texas , where the 
species is abundant .  In contrast , but a single speci­
men is known from Chispa Summit ,  and that 
samewhat malformed, with one row of tuberdes 
much weaker than the other .  

Occurrence: Upper Cenomanian Sciponoceras gra­
cile zone and earrelatives in north-central and 
Trans-Pecos Texas , New Mexico , Arizona,  Color­
ado , Kansas , Utah and Wyoming;  northern Mexico , 
southern England and Haute Normandie in France . 

Allocrioceras spp . 

Discussion: A poorly preserved fragment from the 
Pseudaspidoceras flexuosum zone at locality 
D 10899 is probably A. larvatum (Conrad , 1855 ) ,  a 
species abundant elsewhere in Trans-Pecos Texas 
( Kennedy , Wright & Haneock 1987 , p . 63 ,  pi. 10 ,  
figs 1 -8 ) .  Two small pyritic specimens from the 
Prionocyclus hyatti zone , Coilopoceras springen· 
subzone in the TMM Collections from W. S .  Adkins 
( 193 1 )  locality 2627 represent another species .  

Family TURRILITIDAE Gill , 1871  

Genus OSTLINGOCERAS Hyatt , 1900 

Type species: Turrilites puzosianus d'Orbigny , 
1 842a , p .  587 , p i .  1 23 ,  figs l ,  2 ;  by original desig­
nation .  
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Ostlingoceras brandi Young,  1 958 

Fig. 3 1 R  

1 958 Ostlingoceras brandi Young.  p .  287 . p i .  40 . figs 4 ,  
5 ,  7 ;  text-fig .  In .  

1 959 Ostlingoceras brandi Young; Young, pi . l ,  figs 5 ,  
6 ,  9 .  

1 965 Ostlingoceras (Ostlingoceras) brandi Young; Clark . 
p. 37 ,  p i .  8, figs 2, 7 .  

Typ e :  Holotype is TMM 1 028 1 , from the base o f  the 
Boquillas Formation on the northeast flank of the 
Davis Mountains , Jeff Davis County , Texas . 

Material: Several specimens from localities 
D 1 1336,  and D 1 1337 ,  also OUM 10900-4 . Lower 
Cenomanian Forbesiceras brundrettei zone . 

Discussion: The Chispa Summit material dosely 
matehes abundant topotypes in the OUM Collec­
tions . The re are generally 20 low , oblique ribs per 
whorl , with a feeble tuberde just above the lower 
whorl suture . This species most dosely resembles 
O. davisense Young, 1 958 (p. 289 , pi. 39, figs 29 , 
34) with which it co-occurs ; davisense has , however ,  
up to  4 rows of  tuberdes on the  ribs ,  one  dose to 
mid-flank ,  one just above the lower whorl suture , 
and two dosely spaced tuberdes on the lower whorl 
face . Whether brandi and davisense are separate 
species or mere intraspecific variants of a single spe­
cies cannot be determined from the present mater­
ial . 

Occurrence: Lower Cenomanian Forbesiceras 
brundrettei zone of Gold Hill (Hook & Cobban , 
1 983 , p .  5 1 )  as weil as the type locality in Jeff Davis 
county.  Localities D 10901 and D 10902 in Cul­
berson County ; both in Trans-Pecos Texas . Cloice 
Branch in McLennan County , Texas , presurned to 
be from the Pepper Shale Member of the Woodbine 
Formation.  

Fig. 31 .  (A) - (C) Hamites ? sp.  (A) .  (B)  are  USNM 420024 . (C) is USNM 420025 , both from locality D 10899 , 
Presudaspidoceras flexuosum zone . (D) .  (V) Ostlingoceras davisense Young. 1 958 :  (D) is USNM 420027 , (V) is USNM 
420028, both from locality D 10902 . Forbesiceras brundrettei zone . (E ) - (H) Baculites cf .  yokoyamai Tokunaga & 
Shimizu , 1926: (E ) , (F) are USNM 420035 , (G) .  (H) are USNM 420036, both from locality D 1 1 170, Prionocyclus wyom­
ingensis zon e. ( I )  Baculites undulatus d'Orbigny . 1 850: USNM 420037 .  from locality D 1 1 1 7 1 ,  P. wyomingensis zone . (J) 
Scaphites carlilensis Morrow, 1935 : USNM 420038 ,  from locality D 10753 , Prionocyc/us hyatti zone , Coilopoceras 
springeri subzone . (K) ,  (L) Scaphites warreni Meek & Hayden .  1 860 : USNM 420039 .  from locality D 1 1 170 ,  P. wyomin­
gensis zone , S. warreni subzone . (M) .  (N ) .  (W) ,  (X) Coilopoceras springeri Hyatt , 1903 . (M) ,  (N) are USNM 420020, 
(W) , (X) are USNM 42002 1 ,  from locality D 1 1 1 77 ,  P. hyatti zone.  C. springeri subzone . (0) ,  (P) , (Q) , (T) , (U) Wortho­
ceras vermiculus (Shumard , 1 860) : (0) . (P) . (Q)  are USNM 420040 . (T) . (U) are USNM 42004 1 ,  both from locality 
D 10746 , Sciponoceras gracile zone .  (R) Ostlingoceras brandi Young, 1 958 :  USNM 420026, from locality D 1 1336, For­
besiceras brundrettei zone . (S) Hypoturri/ites youngi Clark . 1 965 : USNM 420029 , from locality D 1 1 182,  F. brundrettei 
zon e .  
All figures are x l .  
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Ostlingoceras davisense Young,  1958 

Fig. 3 1 0 ,  V 

1 958 Ostlingoceras davisense Young, p. 289, p l .  39,  figs 
29, 34. 

1 965 Ostlingoceras (Ostlingoceras) davisense Young; 
Clark . p .  36, pl .  8 .  figs l ,  3.  

Type: Holotype is TMM 10286 from the base of the 
Boquillas Formation on the northeast flank of the 
Davis Mountains ,  Jeff Davis County , Texas . 

Material: Two specimens from locality D 1 1336. 
These speciemens are poorly preserved ; better 
specimens from the type area are shown in Fig . 
3 1 0 ,  V.  

Discussion: Differences from O. brandi are noted 
above . The generic position of this species is of 
some interest ; it resembles Mariella in several re­
spects and might be better referred to that genus . 

Occurrence: Lower Cenomanian Forbesiceras 
brundrettei zone of Gold Hill as weil as Chispa Sum­
mit and the type locality in Jeff Davis County . 
Localities D 10901 and D 10902 in Culberson 
County and D 1 1 336 in Jeff Davis County , all in 
Trans-Pecos Texas. Cloice Branch in McLennan 
County , Texas , presurned to be from the Pepper 
Shale Member of the Woodbine . 

Genus and Subgenus : MARIELLA Nowak , 19 16  

Type species: Turrilites bergeri Brongniart , 1 822 , by 
original designation . 

Mariella ( Mariella j s p. cf. cenomanensis (Schliiter ,  
1876) 

Fig . 5 1 - M  

Material: Seven specimens from the  basal part of 
the Chispa Summit Formation at locality D 1 1 182 .  

Description: These small specimens , which consist 
of l or 2 whorls ,  differ from other species of turrili­
tids from this level in that the basal row of tuberdes 
consists of double tuberdes .  Each of these tuberdes 
is davate and has a notch paraHel to its Iong axis . 
Tuberdes in the next higher row are also davate 
and about the same size as those below . Tuberdes 
of the t hird row are located a little above the middle 
of the flanks ; they are nodate and larger than those 
of the other rows . An oblique rib extends from each 
of the upper tuberdes to the top of the whorl . Tu­
berdes in all three rows are equal in numbers . 
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Discussion: These specimens are poorly preserved ,  
but comparable t o  Mariella (Mariella) cenomanensis 
(Schliiter ,  1 876) (p .  1 3 1 , p i .  37 , figs 6-8 ) .  

Occurrence: Lower Cenomanian Forbesiceras 
brundrettei zone at locality D 1 1 182 .  

Genus HYPOTURRILITES Dubourdieu , 1953 

Types species: Turrilites gravesianus d'Orbigny , 
1842a, p .  596 , pi . 144 ,  figs 3 - 5 ;  by original desig­
nation . 

Hypoturrilites youngi Clark , 1965 

Fig. 3 1 S  

1 958 Hypoturrilites n .  sp. Young . p .  287 . pl .  39, fig .  32 : 
tex't-fig .  l g .  

1 965 Hypoturrilites youngi Clark . p .  5 2 .  pl . 1 9 .  fig .  6 .  

Type: TMM 10285 , the original o f  Clark , 1 965 , pi . 
1 9 ,  fig .  6 ;  holotype by monotypy . From the base of 
the Boquillas Formation on the northeast flank of 
the Davis Mountains ,  Jeff Davis County , Texas . 

Material: Two specimens from locality D 1 1337 , and 
one from D 1 1 182 .  

Discussion : At both Chispa Summit and the  type 
locality ,  small specimens like the holotype occur 
with very large . generally poorly preserved frag­
ments with whorl heights of up to 60 mm.  Hypotur­
rilites youngi thus matehes some of the largest spe­
cies known , such as H. komaroi (Yabe , 1904) (p .  7 ,  
p i .  l ,  fig .  l ;  pi .  2 ,  fig .  l) and H .  gravesianus (d 'Or­
bigny , 1842a) (p .  596 , pi . 144. figs 3 - 5 ) ,  the latter 
as represented by specimens in the British Museum 
(Natural History ) .  

Occurrence: Lower Cenomanian , Forbesiceras 
brundrettei zone at the type locality of H. youngi 
and at Chispa Summit and Gold Hill , Trans-Pecos 
Texas . 

Genus NEOSTLINGOCERAS Klinger & Kenn­
edy, 1 978 

Type species: Turrilites carcitanensis Matheron , 
1842 , p .  267 , pi . 1 2 ,  fig .  4 ;  by original designation . 
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Neostlingoceras kottlowski Cobban & Hook , 1981 

1981  Neostlingoceras kou/owski Cobban & Hook , p .  26,  
p l .  4 ,  figs 1 - 28 .  

1 984a Neostlingoceras koulowski Cobban & Hook;  Cob-
ban , p. 1 7 ,  pl. 4 ,  fig .  9. 

Type: Holotype , by original designation is USNM 
306777 , the original of Cobban & Hook ,  198 1 ,  pi .  
4 ,  figs 14- 16 .  

Material: One specimen from locality D 10743 . 

Discussion : The single specimen is a bit of a whorl 
that appears to represent N. kottlowski. Numerous 
crushed specimens were found farther south at 
USGS Mesozoic locality D 10760. 

Occurrence: The species is best known from the up­
per Cenomanian Calycoceras canitaurinum zone but 
may appear in the underlying Plesiacanthoceras 
wyomingense zone .  The geographic distribution ex­
tends from Montana south to the present occurren­
ces on the Texas-Mexico border (see Cobban & 
Hook,  1981 , fig .  8) . 

Family BACULITIDAE Gill , 1871 

Genus SCIPONOCERAS Hyatt , 1894 

Type species: By original designation : H amites bacu­
loide Mantel l ,  1822 , p. 123 ,  pi. 23 , figs 6 ,  7 .  

Sciponoceras gracile (Shumard , 1860) 

1 860 Baculites gracilis Shumard , p .  596. 
198 1  Sciponoceras gracile (Shumard , 1 860) ; Wright and 

Kennedy . p .  1 1 2 ,  pl .  3 1 ,  figs . 1 - 3 ;  pl . 32, figs .  8, 
I l ;  text-figs . 38A - Q  (with full synonymy) . 

1983 Sciponoceras gracile (Shumard) ; Kennedy and Juig­
net , p .  22, figs . 1 8a-d ,  32i -p (with additional sy­
nonymy) .  

1984 Sciponoceras gracile (Shumard , 1 860) ; Kennedy , 
Amedro . Badille t .  Haneock and Wright ,  p. 41 , figs . 
2a -d .  

1 988 Sciponoceras gracile (Shumard , 1 860) ; Kennedy , p .  
1 08 ,  pl .  20 ,  figs 1 - 1 4 ,  1 7 - 20 ;  text-fig .  38 .  

Types: Shumard 's types are lost , but are presurned 
to be from the upper Cenomanian Sciponoceras gra­
cile zone fauna of the Britton Formation of the 
Eagle Ford Group . The locality given by Shumard 
is G rayson County , Texas . 

Material: Numerous fragmentary specimens from 
locality D 10746 . 

Discussion: Variation and dimorphism in the abun­
dant and well-preserved north-central Texas mater-
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ial i s  described by  Kennedy ( 1 988) to whom refer­
ence should be made . The Chispa Summit material 
is rather fragmentary and the species far less abun­
dant than elsewhere in both Texas and the Western 
Inte rior. 

Occurrence: Upper Cenomanian Sciponoceras gra­
cile zone and correlatives .  Abundant in north-een­
traJ Texas , Arizona , New Mexico , Colorado , 
Kansas , Wyoming, Montana,  Utah and California ; 
northern Mexico , southern England , northern 
France , southern Germany,  and possibly, Angola .  
Rare , poorly-preserved Sciponoceras from the 
juddii zone of Grant County in New Mexico may be 
late survivors of this species .  

Genus BACULITES Lamarck , 1799 

Type species: Baculites vertebralis Lamarck , 180 1 ,  
p .  103 ; b y  subsequent designation b y  Meek 1876 p .  
391 .  

Baculites yokoyamai Tokunaga & Shimizu , 1926 

Fig. 3 1 E - H  

campare 

1 926 Baculites (Lechites) yokoyamai Tokunaga & 
Shimizu , p. 195 ,  p l .  22. fig .  5 ;  pl .  26, fig .  I l .  

1 979 Baculites yokoyamai Tokunaga & Shimizu ; Cobban 
& Hook,  p. 1 3 ,  pl . 4. figs 9 .  lO (with synonymy) .  

1986 Baculites yokoyamai Tokunaga & Shimizu ; Cob­
ban , p. 8 1 ,  fig .  3E- I .  

1988 Bacu/ites yokoyamai Tokunaga & Shimizu , 1 926; 
Kennedy, p .  1 10 ,  pl . 23 , figs 8 - 10 ;  text-fig .  29C . 

Discussion: Poorly-preserved smooth to feebly or­
namented Baculites first appear in the upper part of 
the lower Turonian at locality D 1 0900 and range 
upward through the upper Turonian at locality 
D 10754 . Some show delicate ventraJ ribbing and 
are comparable to other examples of B. yokoyamai, 
which ranges throughout the whole of the Turonian 
in  the Western Interior (Cobban & Hook , 1979 , p. 
13 ) . 

Baculites undulatus d 'Orbigny , 1 850 

Fig. 3 1 I  

1 850 Bacu/ites undulatus d'Orbigny.  p .  1 90 .  
1979 Baculites undulatus d'Orbigny ;  Wright ,  p .  287 . p l .  

l ,  figs 6-8 ;  p l .  7 ,  fig .  I l  (with synonymy) .  
1 985 Baculites undulatus d'Orbigny ,  1 850; Breton & 

Bavent ,  p .  102 ,  figs 1 - 3 .  
1986 Baculites undulatus d'Orbigny ;  Cobban . p .  8 1 .  
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Type: Holotype , by monotypy is d 'Orbigny's orig­
inal specimen ( 1 850 ,  p. 190) figured by Roman & 
Mazeran ( 19 13 ,  p i .  4 ,  fig .  6) and Sornay ( 1955) ,  
Museum National d 'Histoire Naturelle , d 'Orbigny 
Collect ion ,  no . 6796 , from the upper Turanian of 
Uchaux , Vaucluse , France . 

Material: A single specimen from locality D 1 1 17 1 .  
OUM KT931 -2 ,  935 - 6 ;  slabs with numerous speci­
mens,  from the same horizon .  

Discussion: Fragmentary Baculites from the Priono­
cyclus wyomingensis zone differ from those referred 
to B. yokoyamai above in having strong crescentic 
flank ribs in addition to fine ventraJ intercalatories .  
These closely resemble both English (Wright , 1979 , 
p .  287 , p i .  l ,  figs 6 - 8 ;  pi . 7 ,  fig .  1 1 )  and Japanese 
exarupies (Matsumoto & Obata . 1963 , p. 28. pi . 8, 
fig .  4; pi. 9 ,  figs 1 - 5 ;  pi . 1 1 ,  figs 2, 3; text-figs 
62- 7 1 ) .  

Occurrence: Upper Turonian , Prionocyclus ma­
combi and P. wyomingensis zones , Trans-Pecos 
Texas and New Mexico . Upper Turanian of Japan , 
southern England ,  France and , possibly , Czechoslo­
vakia. 

Superfamily SCAPHIT ACEAE Gil l ,  1871 

Family SCAPHITIDAE Gil l ,  1871 

Subfamily SCAPHITINAE Gill , 1871 

Genus SCAPHITES Parkinson , 1 8 1 1  

Type species: Scaphites equalis J .  Sowerby , 1 8 13 ,  p .  
53 , pi . 18 ,  figs 1 - 3 .  

Scaphites carlilensis Morrow, 1935 

Fig .  3 1 1  

1 935 Scaphites carlilensis Morrow, p .  466 , pi . 5 0 ,  fig .  4 .  

Holotype: The original o f  Morrow, 1935 , p i .  50 ,  fig .  
4 ,  from the Prionocycfus hyatti zone of  Kansas . 

Material: One specimen from locality D 10753 .  

Discussion: This fragmentary but  typical specimen 
agrees closely with contemporaneous specimens 
from north-central Texas to be revised elsewhere , 
w hen a ful l  synonym y will be given (Kennedy , 
1988 ) .  Scaphites carlilensis is based on a macro­
conch , of which Scaphites pygmaeus Morrow , 1935 
(p. 465 , pi . 50, fig .  2, renamed morrowi Jeletzky , 
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1949 because of prior usage by Holzapfel ( 1888) ) is 
the microconch . Scaphites areadiensis Moreman , 
1942 (p .  2 16 ,  pi . 34,  fig .  3) is a synonym and a 
macroconch . All the Scaphites from the Carli le 
Shale of Kansas described by Crick ( 1978) may be 
no more than variable dimorphic S. carlilensis in  our 
vie w, in spi te of Crick's detailed numerical analysis 
which led him to divide 46 body chambers from a 
single harizon into five species .  

Occurrence: Middle Turanian Prionocyclus hyatti 
zone ; known from Trans-Pecos and north-central 
Texas ; rare in New Mexico , but common in  Kansas 
and extending to northwestern Montana .  

Scaphites warreni Meek & Hayden ,  1860 

Fig . 3 1 K , L 

1 860 Scaphites warreni Meek & Hayden ,  p. 177 .  
1 952 Scaphites warren i Meek & Hayden ; Cobban , p .  2 1 , 

p i .  3. figs 8-2 1  (with synonymy) . 
1 952 Scaphites warren i Meek & Hayden var. ubiquitosus . 

Cobban , p. 23 , pi . 3 ,  figs 26, 27 ; pi . 4, figs 1 - 15 .  
1960 Scaphites warreni Meek & Hayden ;  Easton .  text­

figs I l .  28-2a-b .  
1 975 Scaphites warreni var. ubiquitosus Cobban ; Hattin . 

p i .  2, figs 8- 10 .  
1976 Scaphites warreni Meek & Hayden ;  Cobban , p .  

122,  pi .  l ,  fig . 3 .  
1 977 Scaphites warreni Meek & Hayden ;  Kauffman, p .  

259 , pi . 22, figs 1 1 ,  1 2 ;  p i .  23 , figs 5 ,  6 .  
1 979 Scaphites warreni Meek & Hayden ;  Merewether, 

Cobban & Cavanaugh , pi . 2 .  figs 6-9 .  

Holotype: USNM 225 , from the  Carlile Shale of the 
southern edge of the B lack Hills , South Dakota ;  by 
monotypy . 

Material: Two specimens from locality D 1 1 170. 
Upper Turanian Prionocycfus wyomingensis zone , 
Scaphites warreni subzone . 

Discussion:  Scaphites warreni is based upon a stout 
form , the macroconch (Cobban , 1952 ,  pi. 3, figs 
8 - 2 1 ) .  The microconch is the generally smaller ,  
slender evolute form narned S. warreni ubiquitosus 
Cobban , 1952 (pi . 3 ,  figs 26 ,  27 ; p i .  4, figs 1 - 15 ) .  
The Chispa Summit specimens are both rather typi­
cal microconchs . Variety haydeni of Cobban ( 1952 
p. 23 , pi . 3, figs 22, 25) is a rare form with very 
strong primary ribs , based on a macroconch . 

Occurrence: This species is the index of the lower 
subzone of the upper Turonian Prionocycfus wyom­
ingensis zone and is known from southeastern Mon­
tana , western South Dakota ,  southwestern Kansas , 
Colorado , Utah , New Mexico and , herein ,  TranS­
Peeos Texas.  
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Subfamily OTSCAPHITINAE Wright ,  1953 

Genus WORTHOCERAS Adkins , 1928 

Type species: Macroscaphites platydorsus Scott , 
1924, p .  1 8  pis 5 ,  6 ;  pi .  9 ,  fig .  6 ;  by original desig­
nation .  

Worthoceras vermiculus (Shumard , 1860) 

Fig. lOK- N ;  3 1 0 - Q ,  T ,  U 

1 860 Scaphites vermiculus Shumard , p. 4 1 9 .  
1931  Scaphites sp . aff. africanus Pervinquiere ; Adkins, 

p. 63 , pi . 2 ,  figs 1 1 ,  1 2 .  
1 988 Worthoceras vermicu/us (Shumard . 1 860) ; Kenn­

edy,  p. 1 14 ,  pi .  22,  figs 5, 10- 1 5 ;  pi . 24 , figs 22-23 ;  
text-fig .  39 . 

Neotype: TMM 19827 , designated by Moreman 
( 1 942 , p. 2 1 4) from the upper Cenomanian Britton 
Formation 0 . 8  km east of the Britton-Midlothian 
road , Ellis County , Texas . 

Material: Abundant specimens from USGS 
Mesozoic locality D 10746 plus numerous OUM 
specimens from the same horizon . 

Discussion :  This species is reviewed at length by 
Kennedy ( 1988) to w h om reference sh ou id be 
made . The neotype of Worthoceras vermiculus is a 
microconch ; the corresponding macroconch is 
Worthoceras gibbosum Moreman , 1942 (p .  2 1 5 ,  pi .  
34, figs 12,  13;  text-fig .  2p) . Scaphites sp.  aff. afri­
canus Pervinquiere of Adkins ( 1 93 1 ,  p. 63 , pi . 2 ,  
figs . 1 1 ,  1 2 )  are macroconchs o f  this species (Fig. 
lOK-N) . Macroconchs are much commoner than 
microconchs in the Chispa Summit material , as in­
deed they are in north-central Texas . 

Occurrence: Upper Cenomanian Sciponoceras gra­
cile zone , north central and Trans-Pecos Texas , 
New Mexico , Colorado , Kansas and Wyoming ; the 
German Federal Republic, Eastbourne , Sussex ,  
England ;  southeast France . 

Worthoceras cf. minor Kennedy , 1988 

Fig . 27K - R  

195 1  Worthoceras Adkins and Lozo , p .  1 5 5 .  
1 988 Worthoceras minor Kennedy, p .  1 1 6 ,  pi . 2 1 ,  figs 

l - lO .  13 . 14 ,  25 . 

Discussion : The pyritic fauna of minute ammonites 
and nuclei from the Prionocyclus hyatti zone , Coilo­
poceras springeri subzone at Adkins ( 193 1 )  localities 
26 1 2 ,  2627 and 1 1377 include spires of Worthoceras 
up to 6 mm in diameter .  they are closely compar­
able to W. minor, a minute species with adult body 
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chambers only 15 mm in maximum length that is 
common in the upper part of the Eagle Ford Group 
in north-central Texas . 

Class BIV AL VIA Linnaeus ,  1 758 

Subdass PTERIOMORPHIA Beurlen , 1944 

Order PTERIOIDA Newel l ,  1965 

Superfamily PTERIACEA Gray , 1 847 

Family INOCERAMIDAE Giebe l ,  1 852 

Genus INOCERAMUS J.  Sowerby,  1814  

Type species: Inoceramus cuvierii J .  Sowerby,  1814 ,  
p.  448 ( ICZN Opinion 743 , 1957) . 

Inoceramus aff. arvanus Stephenson . 1953 

Fig .  32A - C ,  E, F 

Material- Numerous specimens from localities 
D 1 0742 , D 1 1 181 , D 1 1 182 ,  D 1 1336 and D 1 1337 
at Chispa Summit . 

Discussion : Moderately convex inoceramids that 
have a subquadrate to nearly square shell outline 
with a posterior auricle and ornament of weak , ir­
regular growth Iines and rugae resemble l. arvanus 
Stephenson , 1953 (p .  65 , pi . 12 ,  figs 6-9)  in these 
features but differ in lacking a posterior sulcus .  
Other specimens are considerably higher than wide 
with a slightly concave anterior margin .  Some of the 
more weakly ornamented specimens resemble /. 
tenuistriatus Nagao & Matsumoto , 1939 (p. 272 , pi . 
24 , fig .  8 ;  p i .  26 , figs 1 -4) . Although more than one 
species are probably included in the forms illus­
trated in Figure 32 and Iisted from the localities 
above , most of the specimens seem to represent 
some generalized form that gave rise to l. arvanus. 

Occurrence: Rare in the Forbesiceras brundrettei 
zone and abundant in the Acanthoceras bellense 
zone in Trans-Pecos Texas . 

lnoceramus prefragilis Stephenson , 1953 

Fig . 320 , G - I  

1 953 Jnoceramus prefragilis Stephenson .  p .  64 . pi . 12 ,  
figs 10- 12 ;  p i .  1 3 ,  figs l .  2 .  

1975 Inoceramus prefragilis Stephenson ;  Hattin .  p .  209 , 
pi .  3 ,  figs H - N ;  pi . 5 ,  figs L. M .  

1977 Inoceramus prefragilis Stephenson ;  Cobban , p .  1 5 ,  
pi . 1 9 ,  figs l ,  2 .  4 .  
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1 977 Inoceramus prefragilis prefragilis Stepheoson ; 
Kauffman & Powel l ,  p .  60 , p i .  l ,  figs 5 ,  6 ;  pi . 2, figs 
7, 9 .  

1 977 Inoceramus prefragilis stephensoni Kauffman & Po­
well , p. 62 , pi . 2, figs l ,  3, 6, 8, 10 .  

1 977 Inoceramus prefragilis Stepheosoo ; Kauffman , p .  
232 , pi . 4 ,  figs 10 ,  I l .  

1 977 Inoceramus prefragilis Stephenson ;  Hattio & Sie­
mers ,  text-fig . 6 . 6 ,  6 . 9 .  

1 978 Inoceramus prefragilis Stephenson ;  Hattin , p .  185 ,  
figs 5 . 6 ,  5 . 9 .  

1 983 Inoceramus prefragilis stephensoni Kauffman & Po­
wel l ;  Cobban , p. 4, pi . 2, figs 19, 20 ; pi . 3 .  

1 984a Inoceramus prefragilis Stephenson , Cobban , p .  12 ,  
p i .  4 ,  figs lO ,  1 1 ;  p i .  5 ,  fig .  6 .  

1 986 lnoceramus prefragilis Stepheoson ;  Cobban . fig .  
8B . 

Holotype: USNM 105 15 1 ,  the original of Ste­
phenson ,  1953 , p. 64 , pl. 1 2 ,  fig .  10, from the 
middle Cenomanian Lewisvi lle Member of the 
Woodbine Formation in  Grayson County,  Texas . 

Material: Numerous fragments from Iocalities 
D 10743 and D 10744 . 

Discussion:  This distinctive species is characterised 
by closely spaced growth Iines that make it recognis­
able even in fragments. stephenson ( 1953)  and 
Kauffman & Powell  ( 1977) described the species 
thoroughly . The subspecies stephensoni differs from 
the nominate species in having a broader and flatter 
shell without a shallow posteroventraJ sulcus and 
with regular ornament persisting to a very )arge 
size . 

Occurrence: Aside from northeastern Texas , /. pre­
fragilis is  found from Trans-Pecos Texas northward 
through the Western Interior to southern Montana . 
The species is chiefly found in the upper Ceno­
manian Calycoceras canitaurinum zone ,  but speci­
mens have been found sparingly in the underlying 
Plesiacanthoceras wyomingense zone .  Kauffman & 
Powell ( 1977) attribute a longer range , down as far 
as the Conlinoceras tarrantense zone .  Wiedmann & 
Kauffman ( 1978 , pl .  4 ,  fig .  1 5 ;  reproduced in Wied­
mann , 1980 , pl. l ,  fig .  1 5 )  recorded Inoceramus aff. 
prefragilis from the middle Cenomanian of northern 
Spain .  
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lnoceramus pictus J .  de C .  Sowerby,  1829 

Fig . 32J ; Fig. 33A, D, F ,  G, L 

1829 Inoceramus pictus J .  de C. Sowerby , p .  2 1 5 ,  pi . 604 , 
fig .  l .  

191 1 Inoceramus pictus J .  de C .  Sowerby ; Woods , p .  
279 , text-fig .  36 only (with ful l  synonymy) 

1 965b Inoceramus pictus Sowerby;  Hatti n ,  fig .  3 . 7 .  
1967 Inoceramus pictus pictus J .  de C .  Sowerby;  Tröger ,  

p .  36, pi . 3 ,  figs 1 -6 ;  text-figs 6 ,  7 .  
1977 Inoceramus pictus pictus Sowerby ; Kauffman & Po­

well , p .  55, pi . l ,  fig .  l .  
1977 lnoceramus pictus Sowerby ; Kauffman , p .  232, pi . 

4, fig .  1 2 ;  pi . 5 ,  fig .  3 .  
1978b Inoceramus pictus pictus Sowerby ; Kauffman , pi . 4 ,  

figs 2 ,  l l .  
1984a Inoceramus pictus pictus J .  de C .  Sowerby ; Cobban ,  

p .  I l ,  pi . 3 ,  figs 5 - 7 .  

Type: BMNH 43272, from the  Lower Chalk of  
Guildford , Surrey ,  England ; by monotypy . 

Material: Fragmentary specimens from Iocalities 
D 10745 and D 10746 ; upper Cenomanian Scipono­
ceras gracile zone . Several specimens from USGS 
Mesozoic Iocalities D 10747 and D 10898 ; upper 
Cenomanian Neocardioceras juddii zone . 

Discussion : lnoceramus pictus has been divided into 
a number of subspecies by authors , yet no account 
of the British material is available to allow com­
parison of these with variation in material contem­
porary with the holotype , which is from the 'Chalk 
Mari' of Guildford , Surrey,  England (see i l lus­
tration in Kauffman & Powell , 1977 , pl . l ,  fig .  1 ) .  
Material from the S .  gracile zone a t  Chispa Summit 
shows a combination of even growth Iines and rugae 
that resemble those of the holotype . Specimens 
from the succeeding N. juddii zone also agree with 
the holotype (Figure 33 (f) ) ;  others show closely 
spaced growth Iines (Fig. 33G) . 

Occurrence: Widespread in the upper Cenomanian 
of the Western Interior and northern Mexico , rang­
ing from the Calycoceras canitaurinum zone to the 
Neocardioceras juddii zone .  Occurs widely in the 
middle and upper Cenomanian of eastern and wes­
tern Europe , the USSR , Greenland and elsewhere . 

Fig. 32. (A) - (C) ,  (E ) , (F) Inoceramus aff. arvanus Stephenson . 1 953 :  (A ) is USNM 420042 , (B )  is USNM 420043 , 
both from locality D 10742 ; (C)  is USNM 420044 . (E)  is USNM 420045 . (F) is USNM 420046, all from locality D 1 1 336, 
Forbesiceras brundrettei zone . (D).  (G)  - (l)  Inoceramus prefragi/is Stepheoson ,  1 953:  (D) is USNM 420047 , (G) is 
USNM 420048, (H) is USNM 420049 . (l) is USNM 420050 . all from locality D 10743 , Calycoceras canitaurinum zooe . 
(J )  /noceramus pictus J .  de C. Sowerby . 1 829 : USNM 42005 1 .  from locality D 10898 , Neocardioceras juddii zone . 
All figures are x l .  
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lnoceramus cf. cuvieri Brongniart , 1 822 

compare 
1 822 Inoceramus cuvieri Brongniart , p. 386, pi . 4 ,  figs 

lOA,  E- I .  

Material: Several fragments from USGS Mesozoic 
locality D 1 1 177 .  

Discussion and Occurrence: Thick-shelled fragments 
of a very !arge lnoceramus show the characteristic 
growth Iine ornament of l. cuvieri as i l lustraled by 
Woods (e .g .  1 9 12 ,  text-fig .  73) .  This species ,  which 
occurs widely in  the Western Interior from south­
eastern Montana to New Mexico and in western 
Europe and elsewhere , is most abundant in the 
middle Turonian zones of Col/ignoniceras woollgari 
and Prionocyclus hyatti. Excellent specimens are il­
lustrated by Hattin ( 1962 , pi . 1 5 ) .  

lnoceramus dimidius White , 1874 

Fig . 33B - C ,  E, H - J  

1 874 Inoceramus dimidius White , p .  1 74 .  
1 877 Inoceramus dimidius White ; White , p .  1 8 1 , pi . 16 ,  

fig .  2 .  
1 894 Inoceramus dimidius White ; Stanton . p .  7 8 .  pi . 1 0 ,  

figs 5 ,  6 .  
1 898 Inoceramus dimidius White ; Logan.  p .  452 . pi . 98, 

figs 5, 6.  
1 903 Inoceramus dimidius White ; Johnson , p .  1 1 6 .  pi . 2 ,  

fig .  18 .  
1 909 Inoceramus dimidius White . Grabau & Shimer p .  

441 ' fig .  579 . 
1 942 Jnoceramus dimidius White : Moreman . p. 200 . pi . 

3 1 ,  figs 2 ,  6 .  
1 944 Inoceramus dimidius White : Shimer & Shrock . p .  

389 , pi . 1 5 1 ,  figs 3 ,  4 .  
1 975 Inoceramus dimidius White ; Hatt in .  p i .  2 .  figs 6 .  7 .  
1 977 Inoceramus ?  dimidius dimidius White : Kauffman. 

p .  238, p i .  8 ,  figs 7 ,  12 .  1 3 .  
1 980 Inoceramus dimidius White ; Hook & Cobban . p .  

44, fig .  7 .  
1 986 Jnoceramus dimidius White ; Cobban.  fig .  S C .  D .  

Types: Kauffman ( 1 977 p .  238) designaled USNM 
8623a ,  one of White's original specimens ,  as the 
lectoholotype and USNM 8623b as a lectoparatype . 
These terms have no rueaning under the Rules of 
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Zoological Nomenciature (3rd Edition , 1985) and 
cannot be construed as valid designatians of types 
of whatever category . We here designale USNM 
86232a , the original of White , 1874 , p. 26, i l lus­
traled by White , 1 877 , p i .  1 6 ,  fig .  2b , as the lecto­
type . The type is  from the Pescado Tongue of the 
Maneos Shale of the Pescado area ,  21 km ( 1 3  mil) 
east of Zuni Pueblo , New Mexico , not from the 
Juana Lopez Member equivalent of the Maneos 
Shale on the east bank of the Rio Puerco 6 miles 
below Caza Salazar , New Mexico as stated by 
Kauffman , ( 1977 , p. 238) (note that other desig­
natians of lectoholotypes by Kauffman , 1977 , are 
also incorrect) . 

Material: Numerous specimens from localities 
D 1 1 1 69 ,  D 1 1 1 70 ,  1 1 17 1  and 1 1 172 .  

Discussion: This is a highly variable species and no 
two specimens are alike . A distinctive feature of 
many individuals is the well-ornamented early 
growth stage followed by a marked geniculation in 
the shell profile , beyond which ornament is irreg­
ular or absent .  

Occurrence: Upper Turonian Prionocyclus wyomin­
gensis zone . Widespread from Texas to the southern 
Montana.  

lnoceramus perplexus Whitfield , 1 877 

Fig. 33K. M - 0 :  34F 

1 877 Inoceramus perplexus Whitfield,  p. 3 1 .  
1 880 lnoceramus perplexus Whitfield,  p .  392 , p i .  8 ,  fig .  

3 ;  pi . 1 0 .  figs 4 ,  5 .  
1 898 lnoceramus perplexus Whitfield ;  Logan ,  p .  450, pi . 

87 ' fig .  l .  
1 977 lnoceramus (/noceramus) perplexus Whitfield ;  

Kauffman. p .  238 .  pi . 8 ,  figs 6 ,  14 ,  15 .  
1 984b lnoceramus perplexus Whitfield ; Cobban , p .  1 1 ,  pi . 

2. figs 1 - 3 .  

Lectotype: Here designated :  USNM 12274 , the  orig­
inal of Whitfield , 1880 , p. 392 , pi . 8, fig .  3; pi. 1 0 ,  
fig .  5 .  (Figure 33(k) . )  

Fig. 33. (A) ,  ( D ) ,  (F) , (G) , (L )  lnoceramus pictus J .  de C .  Sowerby . 1 829 : (A)  is USNM 420052 .  from locality D 1 0747 , 
Neocardioceras juddii zone ;  (D )  is USNM 420053 , from locality D 10898 . N. juddii zone ; (F) is USNM 420054, from 
locality D 10746 , Sciponoceras gracile zone ; (G)  is USNM 420055 . (L) is USNM 420056, both from the same horizon and 
locality as (A) . ( B ) ,  (C) , (E ) ,  ( H ) .  ( 1 ) .  (J) lnoceramus dimidius White . 1 874: ( B ) ,  (C) are USNM 420057 ,  (E) is USNM 
420058 ,  (H)  is USNM 420059,  (l) is USNM 420060 , (J) is USNM 42006 1 ,  all from locality D 1 1 170,  Prionocyclus wyom­
ingensis zone .  (K) , ( M ) ,  ( N ) ,  (0) lnoceramus perplexus Whitfie ld.  1 877: (K) is the lectotype , USNM 1 2274 , from the 
Carlile Shale ,  Belle Fourche River 10 miles west of Crow Peak , Black Hills region , (M) is USNM 420062 , (N) is USNM 
420063 , both from locality D 1 0754 , P. wyomingensis zone . ( 0 ) .  paralectotype USNM 1 2263 , from the same horizon and 
locality as (K) . 
All figures are x l . 
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Material: Numerous specimens from locality 
D 10754. 

Discussion: This small species is a descendant of 
lnoceramus dimidius. The hinge is Iong, well­
defined , with a sharp terminal umbo and a promi­
nent posterior wing. There are strong, rounded con­
centric rugae of variable strength and spacing . The 
species differs from ancestral dimidius in its lack of 
geniculation and subsequent feebly ornamented 
sta ge . 

Occurrence: Upper Turanian Scaphites whitfieldi 
and Prionocyclus quadratus zones ,  widespread and 
abundant in the Western Interior from central Mon­
tana south to New Mexico . Not previously recorded 
from west Texas. 

lnoceramus sp . 

Fig . 34A 

Material: Fragmentary specimens from localities 
D 10747 and D 10898 . Upper Cenomanian Neocar­
dioceras juddii zone . 

Discussion: The present material is poor ,  but seems 
to be a species transitional from lnoceramus to My­
tiloides. Specimens are samewhat elongate and have 
weak growth Iines and irregular rugae . 

Genus MYTILOIDES Brongniart , 1 822 

Type species: Ostracites labiatus Schlotheim ,  1 8 13 ,  
p .  93 ; by monotypy . 

Mytilaides columbianus (Heinz , 1935) 

Fig . 34C - E ,  G ,  H 

1 894 Inoceramus labiatus Schlotheim : Stanton .  pi .  14 ,  
fig .  2 .  

1 898 Inoceramus labiatus Schlotheim ; Logan , p i .  9 2 .  fig .  
4 .  

1 900b Inoceramus labiatus labiatus Schlotheim :  Herrick & 
Johnson , p i .  37 ,  fig .  2 .  

1 90 1  Inoceramus labiatus (Schlotheim) ; Hill . pi . 40 , fig .  l 
on ly .  

1 908 Inoceramus labiatus Schlotheim ; Grabau & Shimer. 
p .  443 , fig .  583 . 

1920 Inoceramus labiatus Schlotheim ; Böse . p. 229 . pi . 
20 , fig .  5 .  

1921 Inoceramus labiatus Schlotheim : Grabau, fig .  
1 696b . 

1 923 Inoceramus labiatus (Schlotheim) ; Reeside , p. 3 1 ,  
p i .  14 ,  fig .  5 .  

1928 Inoceramus plicatus (d'Orbigny) ;  Heinz . p .  63 . pi .  
4 ,  fig .  4 .  

1 935 Orpheoceramus columbianus Heinz, p .  304 . 
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1 955 Inoceramus labiatus (Schlotheim) ; Cobban , p .  204 , 
p i .  2, fig .  1 1 .  

1 977 Mytilaides sp. aff. M. duplicostatus (Anderson) ;  
Kauffman & Powell , p .  8 1 ,  p i .  6 ,  fig .  5 :  pi . 7 ,  figs 
2, 6 .  

1 977 Mytilaides sp. aff. M. duplicostatus (Anderson) ;  
Kauffman , p i .  6 ,  fig .  I l .  

1 977 Mytilaides mytilaides (Mantell ) ; Kauffman , pi .  6 ,  
fig .  1 2 .  

1 978 Mytilaides sp .  aff. M. duplicostatus (Anderson) ;  
Kauffman,  Cobban , & Eicher ,  p .  xxiii . 9 ,  pi . 1 0 .  fig .  
1 1 .  

1 978 Mytilaides mytilaides (Mantell ) ;  Kauffman , Cobban 
& Eicher ,  p. xxii i . 9 ,  pi . 10, fig .  1 2 .  

1 978 Mytilaides mytilaides ( Mantell) ; Wiedmann & 
Kauffman,  p i .  2, fig .  3 .  

1 978 Mytilaides opalensis elongata (Seitz) ; Wiedmann & 
Kauffman ,  p i .  2, figs 5 ,  I l .  

1 980 Mytilaides mytilaides (Mantell ) ; Wiedmann.  pi .  2 ,  
fig .  3 .  

1 980 Mytilaides opalensis elongata (Seitz) ; Wiedmann , 
p i .  2, figs 5 ,  1 1 .  

1 986 Mytilaides plicatus (d 'Orbigny) ; Cobban .  fig .  8F. 
1 987 Mytilaides columbianus (Heinz) ; Kennedy, Wright 

& Hancock,  text-fig .  1 2A ;  C .  

Type: Holotype is the  original of  Heinz, 1928 , p .  63 , 
p i .  4 ,  fig .  4 ,  from Cachira , Colombia .  

Material: Numerous specimens from localities 
D 10893 , and D 10899 . 

Discussion: This highly distinctive species is charac­
terised by its moderate elongation , flattened form , 
with umbo anterior and a fairly short hinge Iine .  
Ornament consists of rugae , commonly doubled (or 
bearing a pair or riblets) with unpaired riblets be­
tween .  Occasional specimens may lack the doubling 
or have rugae bearing several riblets ; we believe 
these to be no more than intraspecific variants. 

The holotype of this species is a weil preserved 
specimen from 2 km south of Cachira. Colombia .  
Heinz ( 1928 , p .  63 , pi . 4 ,  fig .  4) originally referred 
the specimen to lnoceramus plicatus d'Orbigny,  
1842b (p .  56 ,  pi . 3 ,  fig. 9) . Dr .  F .  Etayo-Serna (let­
ter of 30 January 1987) tells us that d 'Orbigny's 
original of plicatus was probably collected from beds 
of Turanian to Cenomanian age , but the surviving 
syntypes (Kennedy , Wright and Hancock , 1 987 , 
text-fig .  12D) bear no resemblance to the figure and 
we regard plicatus as a nomen dubium. Dr. Etayo­
Serna also indicates that the type specimen of lnoce­
ramus columbianus js from near the Cachira river 
mouth (Porto Wilches , not Porto Nilches as Heinz 
wrote) and that it is Late Cretaceous (Turonian or 
younger) . Subsequent authors have ignored Heinz's 
name , referring to this species as Mytilaides opalen­
sis (Böse , 1923) or as Mytilaides aff. M. duplicos­
tatus (Anderson , 1958) . The lectotype of M. opalen­
sis, the original of Böse's p i .  1 3 ,  figs 2 ,  3 ,  appears 
to be a middle Turanian species with a much more 
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circular form to the growth Iines and rugae . Badillet 
& Sornay ( 1980) have drawn attention to the fact 
that use of the name opalensis for very low Tur­
onian Mytilaides by some authors is unacceptable ; 
we agree .  Mytilaides duplicostatus is an upper Tur­
onian species from California ;  the holotype was as­
sociated with Oregoniceras jilsoni Anderson , 1 958 , 
which is a Subprionocyclus neptuni (Geinitz , 1 850) . 
Mytilaides duplicostatus is much more elongate than 
the present species ,  although showing the same 
doubling of riblets . 

Occurrence: Lower Turanian Pseudaspidoceras 
flexuosum zone . Widespread in the Western In­
terior from Montana south to New Mexico and west 
Texas . Widespread at the same harizon in western 
Europe and Colombia .  

Mytilaides mytilaides (Mantell , 1822) 

Fig . 34B 

1822 lnoceramus mytiloides Mantell , p .  2 1 5 ,  pi . 28 , fig .  
2 .  

1 977 Mytiloides mytiloides (Mantell ) ;  Kauffman & Po­
well ,  p. 74. pi . 6, figs 1 1 - 16 (with synonymy) . 

1 978b Mytiloides mytiloides mytiloides (Mantell) sensu 
Seitz 1934 ; Kauffman , pi. l ,  figs 4, 1 2 .  

1 978 Mytiloides mytiloides (Mantell ) ;  Kauffman , Cobban 
& Eicher ,  pi .  10 ,  fig .  8 only. 

1 978 Mytiloides mytiloides (Mantell ) ;  Hattin ,  fig .  6 . 3 .  
1 983 Mytiloides mytiloides (Mantell) s .  l . ;  Cobban ,  p .  6 ,  

pi . l ,  fig .  l ; pi . 8 ,  figs 8 ,  9 .  
1 984b Mytiloides mytiloides (Mantell ) ;  Cobban , p .  9 ,  pi . 

2, figs 14 .  15 .  

Type: BMNH 5859,  the original of Mantel l , 1 822 , 
pi . 28 , fig .  2 .  is referred to as the type by several 
authors ; it is a syntype,  as Mantell refers to more 
than one specimen . The specimen is from the 
Middle Chalk of Plumpton , Sussex ,  England .  

Material: Numerous specimens from localities 
D 10895 and D 10900 . Lower Turonian , Mammites 
nodosaides zone .  OUM Collections : from middle 
Turonian Collignoniceras woollgari zone , regulare 
subzone .  

Discussion :  This species i s  described i n  detail by 
Kauffman & Powell ( 1977 ) .  The species is the Jno­
ceramus labiatus of most authors . and is the most 
abundant inoceramid in the Turanian of the Wes­
tern Interior .  Mytilaides mytilaides differs from M. 
submytiloides (Seitz , 1 935) most obviously in having 
stronger sculpture and a much more elongate form , 
and differs from Mytilaides columbianus in its grea­
ter elongation and less uniform ornament. 
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Occurrence: Mytiloidus mytilaides ranges from the 
lower Turanian Mammites nodosaides zone into the 
middle Turanian Collignoniceras woollgari zone . 
The inoceramid occurs throughout the Western In­
terior , i t i s  widespread in western and e astern Eu­
rope , the USSR, and elsewhere . 

Mytilaides cf. subhercynicus (Seitz, 1935) 

Fig . 341 

compare : 

1 935 Mytiloides /abiatus n .  var. subhercynica Seitz . p .  
465 , p i .  40 , figs 1 -5 ;  text-figs 17 .  1 8 .  

1935 Mytiloides labiatus var .  hercynica forma transiens 
Seitz , p. 468 ,  p i .  40, figs. 3 ,  4 .  

Holotype: The original of Seitz , 1935 , pi . 40 , fig .  l ,  
destroyed during World War I I  according to Badil­
let & Sornay ( 1 980) . lt was from the Turanian of 
Lengerich , Germany . 

Material: Two specimens from locality D 10894 ; 
four specimens from locality D 10752. 

Discussion :  The early stages are circular to subcircu­
lar in many specimens , followed by an elongate my­
tiliform adult stage . Ornament consists of evenly 
spaced sharp rugae at first . thereafter becoming ir­
regular and widely spaced .  

Badillet & Sornay ( 1 980) discussed the variation 
and nomenciature of this species .  They point out 
that Jnoceramus labiatus subhercynica Seitz , 1935 
(p .  465 , pi. 40 , figs 1 - 5 ;  text-figs 1 7 , 18)  is the early 
stage and Jnoceramus labiatus subhercynica var . 
transiens the adult of the same species .  These 
authors conserve the name transiens as a subspecies 
of their Inoceramus goppelnensis, introduced as no­
men novum for Jnoceramus opalensis Seitz non 
Böse elongatus Seitz non Etheridge , abandoning the 
name subhercynicus because of subsequent usage by 
Egoian ( 1 955) . This is nomenclaturally invalid. 
Seitz's subhercynica was introduced as a variety and 
under the Rules use of either of the terms "variety" 
or "form" prior to 1961 is not to be interpreted as 
an express statement of either subspecific or 
infrasubspecific rank .  However , a form of a variety 
must in logic be of infrasubspecific rank so that 
elongatus is  not available . 

Occurrence: Lower Turonian Mammites nodosaides 
zone and middle Turanian Collignoniceras woo/lgari 
zone . Widespread in the Western Interior from 
Wyoming to  New Mexico and west Texas . Widesp­
read in western Europe , Mexico and elsewhere . 
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Mytilaides incertus (Jimbo , 1894) 

1 894 Mytilaides incertus Jimbo, p .  1 89 (43) , pi. 24(8) , fig .  
7 .  

1 984 Mytilaides incertus (Jimbo ) ;  Noda, p .  498 , pi . 84 , 
pi . 85 , pi . 86, figs 1 -8 (with synonymy) . 

Lectotype: By subsequent designation of Matsu­
mota & Noda,  1983 , p .  1 1 1 ,  University of Tokyo 
Collections no . UMUT MM7535 , from a float con­
cretion in the bed of the Pombets , Hokkaido , Ja­
pan . 

Material: Five specimens from locality D 10754 , up­
per Turanian Scaphites whitfieldi zone . 

Discussion: Matsurnota & Noda ( 1983)and Noda 
( 1984) discussed this species at length and clarified 
its age and relationships . The characteristic orna­
ment is of regular concentric rugae with very even 
fine riblets between .  Complete sheils have a distinc­
tive quadrangular appearance . The European lno­
ceramus fiegei fiegei Tröger ,  1967 (p. 105 ,  pi. 1 1 ,  fig .  
3 ;  p i .  13 ,  figs 14 ,  1 5 ,  17 ,  20) i s  a synonym . 

Occurrence: Upper Turonian Prionocyclus quad­
ratus zone from Montana south to southern New 
Mexico . The present material is from the underlying 
Scaphites whitfieldi zone .  The species has a wide dis­
tribution in the upper Turanian of central Europe , 
Afghanistan , and possibly , Brazi l .  

Genus CREMNOCERAMUS Cox , 1969 

Type species: lnoceramus inconstans Woods, 1 9 1 2 ,  
p .  285 , text-fig .  43 , b y  original designation . 

Cremnoceramus cf. rotundatus (Fiege , 1930) 

Fig. 34J , K 

campare : 

1930 lnoceramus inconstans rotundatus em.  Fiege , p. 42, 
pi . 7 ,  fig .  32 ; pi . 8 ,  fig .  3 1 ,  non fig .  33. 
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1 967 lnoceramus rotundatus Fiege ; Tröger ,  p .  1 10 ,  pi . 
1 3 ,  figs 5, 6 ;  pi . 1 3 ,  figs 1 0- 1 3  (with synonymy) . 

1979 Cremnoceramus ? rotundatus (Fiege ) ;  Kauffman in 
Herm , Kauffman & Wiedmann ,  p. 68, p i .  9, figs 
A, C (with synonymy) . 

· 

1984b Cremnoceramus ? rotundatus (Fiege ) ;  Cobban , p .  
9 ,  pi . l ,  figs 2 ,  3 .  

Material: Three specimens from locality D 1 1 173 .  

Discussion: Cremnoceramus rotundatus has been re­
garded as upper Turonian in Europe , but Kauffman 
( 1975 , 1977 , 1978a- b ;  Kauffman , Cobban & Eic­
her , 1978) have established a very ear! y Coniacian 
rotundatus zone and claim European occurrences to 
be of this age . The geographic distribution extends 
from the Western Interior to the Caribbean , wes­
tern Europe and the USSR. 

Cremnoceramus cf .  waltersdorfensis (Andert , 191 1 )  

Fig . 34L 

campare 

1 9 1 1 lnoceramus waltersdorfensis Andert , p .  53, pi. 5 ,  
figs 2 ,  5 .  

1 977 lnoceramus waltersdorfensis Andert : Kauffman , p .  
243 , pi .  1 0 ,  fig .  8 .  

1 977 lnoceramus waltersdorfensis waliersdorfensis An­
dert ; Kauffman ,  p .  24 L pi . 9, figs 22 , 26 . 

l 984b Cremnoceramus? waltersdorfensis (Andert) : Cob­
ban , p .  8, pi. l ,  fig .  l .  

Material: Two specimens from locality D 1 1 173 ,  
lower Coniacian .  

Discussion and Occurrence: This form occurs i n  the 
Prionocyclus quadratus and Scaphites preventricosus 
zones , thus spanning the Turonian-Coniacian 
boundary in the Western Interior . The V-shaped 
ribbing is distinctive , even on fragments . The spe­
cies ranges from northern Montana to central New 
Mexico and Trans-Pecos Texas , and is also present 
in the Austin Chalk in central Texas . Widespread in 
eastern and western Europe . 

Fig. 34. (A)  lnoceramus sp . :  USNM 420065 , from locality D 10747 . Neocardioceras juddii zone . (B )  Mytilaides mytilai­
des (Mantell , 1 822) : USNM 42007 1 ,  from locality D 10900 , Mammites nodosaides zone . (C) - (E) ,  (G) , (H) Mytilaides 
columbianus (Heinz, 1 935 ) : (C) is USNM 420066, ( D )  is USNM 420067 , (E)  is USNM 420068 , (G) is USNM 420069, (H)  
is USNM 420070, a l l  from locality D 10899 , Pseudaspidoceras jlexuosum zone . (F)  lnoceramus perplexus Whitfield,  1 877,  
USNM 420064 , from locality D 10754, Prionocyclus wyomingensis zone . ( I )  Mytilaides cf .  subhercynicus (Sei tz ,  1 935 ) , 
USNM 420072,  from locality D 10894 , Mammites nodosaides zone .  (J ) ,  (K)  Cremnoceramus cf. rotundatus Fiege , 1 930, 
(J )  is USNM 420073 , (K) is USNM 420074 , both from locality D 1 1 173 ,  lower Coniacian . (L)  Cremnoceramus ? cf. wal­
tersdorfensis Andert ,  1 9 1 1 ,  USNM 4 1 9946 , from locality D 1 1 173 ,  lower Coniacian . (M)  Ostrea beloiti Lo gan , 1 899, 
USNM 419947 , from locality D 1074 1 , Forbesiceras brundrettei zone . 
All figures are x l .  
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Suborder OSTREINA Ferussac , 1 822 

Superfamily OSTREACEA Rafinesque , 18 15  

Family OSTREIDAE Rafinesque , 18 15  

Subfamily OSTREINAE Rafinesque , 1 8 15  

Genus OSTREA Linnaeus , 1758 

Type species: Ostrea edulis Linnaeus , 1758,  p .  696 
( ICZN Opinion 94, 1 958) . 

\ 

Ostrea beloiti Logan , 1 899 

Fig. 34M 

1 876 Ostrea elegantula Newberry , p .  33 (nomen oblitum) . 
1 884 Ostrea elegantula Newberry ; White . p. 295 , pi . 36. 

figs 5 - 7 .  
1 899 Ostrea beloiti Logan , p .  2 1 4 ,  p i .  25 . figs 7 .  8 .  
1 965a Ostrea beloiti Logan ; Hall in .  p .  50 .  pi . 4 .  figs A.  

B ,  G , ! .  
1 977 Ostrea beloiti Logan ; Kauffman & Powel l .  p .  92 . pi .  

8 ,  figs 9 ,  10. 
1 977 Ostrea beloiti Logan ; Halli n .  fig .  4 . 1 4 .  
1980b Ostrea beloiti Logan ;  Cobban & Hook . p .  1 69 .  fig .  

2A,  B .  
1 984a Ostrea beloiti Logan ;  Cobban . p .  1 3 .  pi . 5 .  fig .  I l .  
1 986 Ostrea beloiti Logan ;  Cobban . fig .  5 .  I .  b .  
1 988 Ostrea beloiti Logan ; Kennedy . Cobban & Hook, 

p .  42 , figs. 2f .  g ,  m .  r .  

Type: Lectotype , here designated ,  the original of 
Logan , 1899 , pi . 25 , figs 7 ,  8 ,  from the Cenomanian 
of north-central Kansas . 

Material: Numerous specimens from localities 
D 10741 , D 10742 , D 1 1 182,  D 1 1336 and D 1 1337 .  

Discussion:  Kauffman & Powell  ( 1977 , p .  92,  p i .  8 ,  
figs 9 ,  1 0 )  described O. beloiti in detail and  outline 
differences between it and other Western Interior 
middle Cretaceous species .  Hook & Cobban ( 1 980 , 
p. 42) not ed t hat Ostrea elegantula Newberry , 1 876 
(p. 33) , first i l lustrated by White ( 1 884) which has 
the same types as O. beloiti is a prior name , but cor­
rectly relegated it to the status of a nomen oblitum. 
Cobban & Hook ( 1 980b , fig .  l) show the distri­
bution of O. beloiti in New Mexico and the Western 
Interior. 

Occurrence: The species ranges from the middle 
Cenomanian Conlinoceras tarrantense zone , where it 
is rare in southern Colorado to the upper Ceno­
manian Dunveganoceras pondi zone ,  where i t is rare 
in the Great Plains areas and in New Mexico . Ostrea 
beloiti is abundant and sometimes a rock former in 
the middle Cenomanian Acanthoceras amphibolum 
zone ,  ranging from Manitoba (McNeil & Caldwell , 
1974) to west and north central Texas. 
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