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The ammonite fauna from Loma el Macho, Coahuil a, Mexico, ori ginall y monograp hed 
by Bö se ( 1 9' 2 0 ) ,  is restudied in the l ight of recent work on the Cenomanian-Tur oni an 
ammonites of Texas and northeast M exico. A description of L oma el Macho i s giv en 
and it is shown that the c ol lections avail abl e  must be treared as a stratigraphical ly mixed 
assembl age. The l ess well known l ocal ity of Piedra de Lumbre and its ammonite 
fauna is also rev iewed in rel ation to Loma el Macho. Th e Loma el Macho ammonites 
are d escribed and discussed in detail, revising Bc se's resul ts where necessary. The 
species are Metoicoceras cf. geslinianum (d 'Orbigny) ,  Metoicoceras? sp., Mammites 
cf. nodosaides (Schlii ter). M. cf. mutabi/is Reyment, Pseudaspidoceras cf. flexuosum 
Powell , P. footeanum (Stol ic zka) , Vascoceras cf. gamai Che ffa t Paravascoceras hartti 
(Hyatt) ,  P. aff. hartti (Hyatt),  P. carteri (Barber ) ,  P. angermanni (Böse) , P. com
p,·essum (Powell not Barber?) Pagesia haarmanni Be se, F ?  pervinquieri Bö se. Para· 
mammites? mohovanensis (Böse) ,  Neoptychites sp., Pseudotissatia cf. nigeriensis (Woods) ,  
P .  adkinsi (Kummel & Decker) ,  and Wrightoceras cf. munieri (Pervinquiere) ,  These 
are predominantl y  lower Turonian ammonites, with the exception of Metoicoceras 
from the uppermost Cenomanian and, in terms of the Ol d-Worl d  sequences , several 
genera which range into the middl e  Turonian. The Loma el Macho association has 
cl ose biogeographical relationships with regions throughout the mid- Cretaceous low 
an d middl e  l atitudes. incl uding Eu rope, Turkestan, the Middl e  East, north and w est 
Africa, Madagascar, India, Japan, Cal ifornia, western Interior U.S .A. ,  the Caribbean, 
an d th e Pacific and Atl antic coasts of South America. 

Gordon R.  Chancellor, GeologicaJ Collections, University Museum, Oxford OX1 3PW, 
United Kingdom, 25th May, 1 981 . 

This work is a stud y of some Cenomanian-Turo
nian ammonittes from Coahufla, Mexico, and con
sists mainly of a revis ion of an assoc iation mono

graphed by Emil Böse in 1 920. Pr eliminary resuks 
have been published in an earlier volume of 
this Bulletin (Chancel1or m al. 1 977)  and a bas ic 
stratigraphica� orienta:tion will be found therein. 
By way of introduction, a brief summary is 
given here. 

The rocks which yielded the a:mmonites treated 
below are btera>Hy con:tinuous, although not ne
cessari<ly of the same facies, with sediments in the 
U n :ted Sta:tes which today ouKrop over a vast 
area, even at zona� leve! (Koch 1980). The main 
loca:livies concerned here are loma el Macho and 
Piedra de Lurobre, both on the Coahui1a Pbtform, 
and the rock unit is rhe Indidura Formation. 
For an excelJent synopsis of wha:t is currencly 
known about th is formaction and its immediate 
cxrelatives >the reader is referred to Young ( 1 977)  
and Young & PoweH ( 1 978). Much of Coahuila, now occupying a large area 

of the desert of nor;t'heast Mexico, is uhought to 
have been a region of comparatively high eleva
tion throughout rhe Cretaceous, know'1 as the 
Coahuila Platform (see map, fig. 1). While sur
round ng areas were under deep water, me CJa· 
huiia Platform extended south from the N Jrrh 
American continem and acted as a sh·od1ow-water 
reef-fringed block , perhaps comparable to the 
modern Bahamas or Florida (for a useful review 
of the mid-Cretaceous palaeogeography of Mexico 
see Wilson 1 975 ). 

This paper is a contribution to IGCP project 
no. 58  "Mid-Creta:ceous Events", spons:ored by 
UNESCO and the IUGS. 

The Lom a  el Macho loca!Ity 

In 1 920 Emil Böse published a mon:)graph on 
the first S'izeable collection of m mmitine and 
vascocenutid a:mmonites from the N :Jnh American 
continent. 11he fossils had been given to Böse 
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on differem occasioil!S by Dr. E. AngermJ.nn and 
Dr. E. Haarmann, and had been found a:t a <locabty 
in the Mexican desert known to them as Cerro 
del Macho. This iocality was located by B::ise in 
an area approximately 30 km no11rhwest of the 
Sierra del TJahualila (see Kellum & Robinson 
1963) and was described as being on rhe Hacienda 

Table l. Bc se' s  original ( 1 9 1 3 )  l ist of ammonites from 
Cerro del Macho. The numbers on the right are the 
catal ogue numbers of the Museu m  fi.i r Naturkunde, 
Ea st B erl in, w here the fossil s  are now kept. The roma n  
numeral s  to the l eft indicate the stratigraphic ha rizons 
Böse bel ieved his specimens to have come from (see 
Tabl e  2 ) .  

Metoicoceras aff. whitei Hyatt C 5 60. 
M. boesei Jones [= M. n.  sp. Be se; group M. gesli
nianttm (Petrascheck not d'Orbigny)] C561 .  

I I  Mammites mohovanensis Böse [group M. nodosai
des (Schli.i ter)] C 56 2 . 

II Pseudaspidoceras aff. /ooteanttm (Petrascheck not 
S tol iczka) CS 5 7 .  

I I  P. af f. pedroanum (White) C 5 5 6. 
III Vascoceras angermanni Böse [group V. kossmati 

Choffat] C5 68, C 5 69, C 5 7 0. 
II V. aff. adonense Choffat CS 7 1 .  
III  V. aff. gamai Choffat ("j uv." ) C5 67 .  
I I I  V.  mohovanense Bese [group V.  polymorphum 

Pervinquiere] C5 74. 
III Vascoceras ? s p. [group 'Ammonites' arnesensis Chof

fat] C 5 7 2 .  
II  Pagesia haarmanni Böse [group F. superstes (Kass

mat)] C5 66. 
II F. pervinquieri Böse [group F. tevesthensis (Fe-

ron)] C565 . 
III Neoptychites aff. xetri/ormis Pe rvinquiere C5 76. 
III N. aff. cephalottts (Courtill er) C5 7 7 .  
III Hoplitaides aff. mirabilis Pe rvinquiere C5 58 ,  C 5 5 9 .  
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del Moh6vano, in  the Municipality of  San Pedro, 
District of Parras in the State of Coahuila. 

Böse's (1920) monograph mntains, besides a 
derailed descriprion of the ammonites and their 
associated fauna of bivalves, including 'Inoceramus 
labiatus Schlorheim', gastropads and echinoids, a 
fuH disrussron of ·vheir biostratigraphica!l and pa
laeobiogeographical relations, as far as they could 
be deduced a.t rhart time. 

Böse ( 1 91 3, footnote on p. 1 3 )  had published 
some years before a prehminary list of idenrifica
tions of the Cerro dd Macho ammonirt:es, and rhi.s 
is given here in modern taxonornie order, with 
s.pellings, etc., brought up tn date (TabJe 1). Bjse 
(19 1 3) considered the ammonites to be an upper
most Cenomanian? (horizon I) and lower Turo
nian (horizon II and III) assembiage, displaying 
strong affinites with rhose known from Norrh 
Africa and Portugal (see Table 2). The oniy 
changes made to this earlier ( 1 9'1 3) list in B'1s='s 
(1920) monograph were a removal of rhe ? from 
Vascocgras sp. and a noting of tihe V. aff. adonense 
as a new species. (For a short history of what 
subsequemly became of Böse's ammoni.res, so far as 
I have been a!ble to recons:truct it, see ·rh e Appendix 
herein.) 

Böse explained thart: Haarmann in making his 
collection had obrained the fossils from rhe three 
different horizons present at Cerro del Macho. 
Haarmann had drawn a seetian of rhe locality 
showing these horizons, which Böse reproduced 
(1920, p. 1 83). 

There seems to have been uncerrainty as to the 
exact horizon of some of the fossiJs; Bcs.e expressed 
doubt abour the levels of V. aff. gamai and M. 

Table 2. The compl ete fauna from Cerro del Macho, tabul ared according to Böse ( 1 92 0, p. 1 9 2 )  
bur w ith the ammonite names revised (see text for detail s) .  

L o  we r 
Turanian 

Harizon 

III 

Harizon 

II 

Upper l Hor

1

izon 
Cenomanian 

5-6 m of grey limescones with: 

Paravascoceras hartti?  (C5 7 0) ,  P. carteri (C5 69), P. angermanni (C568, 
C5 72 ,  C5 7 3 ) ,  P. compressum (C5 7 7 ) ,  Paramammites? mohovanensis 
(C5 74) ,  Neoptychites sp. (C5 7 6 ) ,  Wrightoceras cf. munieri (C5 5 8 ,  
CS 5 9 ) ,  ]no c eramus labiatus, A vieula sp., T rigania s p . ,  Crassatella s p. ,  
Tylostoma sp. (bivalves and gastropads extremel y  abundant) . 

----

2 ,5  m of grey-bluish mads with: 

Mammites cf. nodosaides (CS-63 , C564) ,  M. mohovanensis (C5 62 ,  
C5 7 5 ) ,  Pseudaspidoceras cf. flexttosttm (C5 5 7 ) ,  P .  footeanttm (C5 5 6) ,  
Paravascoceras aff. hartti (C5 7 1 ) ,  Pagesia haarmanni (C5 66) , F. ? per
vinquieri (C5 6 5 ) .  

2 m o f  yellow and reddish rnaris and Iimestones with: 

Metoicoceras cf. geslinianttm (C5 60, C5 6 1 ) ,  Exogyra spp. ,  Remiaster s p. 

The following forms were not recorded by Böse: Metoicoceras? sp. (PMMA 1 ) ,  Mammites cf. 
mtttabilis (PMMA 1 9 ) ,  Pseudotissatia cf. nigeriensis (PMMAll) , P. adkinsi (PMMA1 2 ,  PMMA3 1 ,  
PMMA34) . 
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boesei and he contradiets himself concerning 
the harizons of V. mabovanense and N. aff. xetri
formis. Some of the handwritten labels with 
the specimens today in Berlin indude SWI:tigraphi
cal data (e.g .. "UmeDturon, Ob. Horiz" with N. aff. 
xetriformis) ; where dated, how ev er, rhese la bels 
seem m have been written by Haarmann in 1 926, 
and I have for •this reason ehosen to ignore them. 

There are same differences in l<ithology among 
Böse's ammoni<tes; the ra:rher coarse, mariy rexture 
of C564, for example, contrasting wi<th the fine, 
m:critic limestone of C566. Unforrunately, I doubt 
very much if ohese differences can be used today 
to separate the foss:ils inro their various horizons, 
as Haarmann did. In my experience rhe fossils 
change colour when a fresh surface is exp:1sed 
and the specimens in the older collections aJways 
seem w be darker than more recendy coHected 
material!. 

The resuk of all this uncertainty, plus the fact 
rha<t rhere no Ionger appears to be a recognisable 
section at loma el Macho (today the official name 
of Cerro del Macho; see below) leads me to 
believe vhat Haarmann's "horizons" must be treared 
wivh caurion. 

In connection wi.rh the work of Reyment & 
Tait ( 1 972) on the distribuvion of Cretaceous 
organisms around the formative Atlantic Ocean, 
these aurhors visi<ted Haarmann's and Angermann's 
locahty in 1 97 5. S.ome new material was coHected 
and I was subsequent'ly engaged as a research 
student to srudy this materirul. Our preliminary 
joint results appeared in 1977 in which year Rey
ment and Ta•it, rhis time accompanied by me, 
made a seeond vis:it to the locality to coHect more 
specimens. The results of my srudy of the collec· 
tions made in 1975 and 1 977,  combined with 
Bö3e's original coUection, are presenred in this 
paper. 

Böse's local-ity is apparently today mapped as 
a hiH llit 103 ° 32'  30" W, 2 6 °  47' 30" N caNed 
loma el Macho ( 1:50,000 sca<le map, El Cinco 
sheet, no. G- 1 3 -B- 5 5  published by DETENAl: 
Direcci6n de Estudios del Terricorio Nacionai). 
There is a wet·season dam on the norrhwest side 
of loma el Macho, nrumed "El Macho" on rhe 
map. Since Haarmann's geologicai section for 
Cerro del Macho (Böse 1 920, p. 1 83) also shows 
a "tank" (anglicization of the Spanish "estanque") 
or wet-season dam, there seems little doubt rhat 
Cerro dcl Macho is rhe same place as loma el 
Macho. It shouid, however, be noted thllit Haar
mann's seetian shows the "tank" on rhe south 
side of Cerro del Macho, rather than the nouh. 

Unforruna<tely Chancellor et aL ( 1977) did not 
make dear that the exact points at which their 
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coUecoions were made (and which are shown in 
rheir f·ig. 4 photographs) are not on the hiH 
mapped on vhe El Cinco sheet as Loma el Macho, 
bur are in fact small hillo:::ks on the norrhwest 
side of the dam. It should be noted that these 
billocks were indicated to be "la loma llamada 
el Macho" by r h e local guide, Mr. Juan Chispasa, 
employed by Reyment and Tait in 1 975 .  Chan
cellor et al.'s ( 1 977) fig. 4a looks towards one 
of these billocks in a norrheasterly direction, with 
the dam extending off the photogra:ph to the 
right. The track shown leading to the dam in fig. 
4a is marked as a pecked line on the ma·p, running 
northeastwards past the dam on the norrhem side 
of Loma el Macho. Professor Reyment informs 
me (personal communication) that some of the 
material he collected in 197 5  was found in siru 
in an arroyo east of the "tank", b ut non e of the 
specimens collected in 1 977  could be so weil 
localised. 

I now believe it almo:>t certain, norwithstanding 
the probabJy erroneous explan:IJtion of fig. 4a given 
by ChanceHor et aL, that this hi11lock is vhe one 
shown in Haarmann's section. Tha:t is to say, the 
precise localioty from which the fossi'ls have been 
caHected is not Loma el Macho as it appears 
today on the map. In 1 975  and 1977 fossils were 
also picked up loose on some of the other billocks 
west of the dam; none is shown on the map as 
more vhan an irregularity in the contours. I found 
no foss.i<ls nor exposed section on the hiH now 
narned Loma el Macho. 

Böse ( 1 920, p. 1 84) quoted the rotall thickness 
of Haarmann's outcrop as "about 1 0  metres". 
This figure wouid approximate to the height of 
the fossiliferous hiliock shown in ChanceHor et 
al.'s fig. 4a, whereas rhe hiH mapped as Loma el 
Macho is a much larger feature. It also seems 
likely tha<t a true seotion may have been ava�la'ble 
near the dam in Haarmann's day, perhaps in 
COnnection with i.ts construction. For the present 
i.r seems sensib�e <!'O regard Cerro del Macho and 
Loma el Ma-eho as synonymous, but until a far 
more rigmous geological study of the area is 
undertaken, there can be no certainty on this 
point. 

Young & PoweH ( 1 978,  fo::Jmote l) relied 
heavily on Böse's Loma el Macho monograph in 
compiling their lists of species from the upper 
Cenomanian-lower Turonian of Mexico. Their 
zonation based on these lists is iven here (Tabl-e 
3); the S. gracile Zone earresponds to Haarmann's 
horizon I, the M. nodosaides Zone to horizon II, 
and the V. mohovanense(?) Zone to horizon III. 
Apart from the diffirul<ty of using "Vascoceras 
mohovanense" as an index species (the holotype 
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Table 3. Young's & Powell's ( 1 9 7 8 ,  p. 2 4) ammonite 
zonation for the Cenomanian-Turonian of Mexico. 

CONIACIAN 

TU RONIAN 

CENOMANIAN 

Prionocyclm hazzardi 

? 
Prionocyclus hyatti 
Vascoceras mabovanense ( ? )  
Mammites nodosaides 

Sciponoceras gracile 

is the only certain specimen ; see p. 112 ) ,  Haar
mann's horizons are clea:rly a weak foundat'on 
for recognirion of two zones in the early Turo
nian. lt is probably advisable, however, to retain 
the S. gracile and M. nodosaides Zones for use 
in Mexko, since they ·have been widely recognised 
t'hroughout North America and Europe. 

The Piedra de lumbre locality 

A measureable section is known to exist at Piedra 
de Lumbre, some 70 km east-northeast of Loma 
el Macho (Böse & Cavins 1 928). Facies are 
probably alike at both Iocalities - -l'he few known 
ammonites from Piedra de Lumbre have a matrix 
simi•lar to rhat of specimens in the Loma el Macho 
coHecrion. 

No suacigraphical study of Piedra de Lumbre 
seems to have been pubFshed since Bös.e & Ca
vins ( 1 9'28, p. 29') lisred the following species 
(Böse's determinarions are reta.ined here): Austini
ceras aff. austeni (Sharpe), Vascoceras angermanni 
Böse, V. aff. adonense Choffat, V. cf. mohovanense 
Böse, Vascoceras (undescribed new species), Fa
gesia haarmanni B)se, F. aff. haarmanni (unde
scvtbed new species), Pagesia (undescribed new 
species), Neoptychites (undescribed new species), 
Hoplitaides aff. mirabilis Pervinquiere, Hoplitai
des (undescribed new species), [? = 'H.' adkinsi 
Kummel & Decker; see below], Acanthoceras ? sp., 
Metoicoceras cf. whitei Hyatt, Metoicoceras sp. 

These determinations were Iek provisional by 
Böse's accidentxl death while his paper was in 
press (see Böse & Cavins 1928 ,  p. 6). I quote 
here part of a letter dated June 2 8th., 1 92 5  written 
by B�se to W. S. Adkins, almost certainly referring 
ro P1edra de Lumbre: "Among other things I 
have found a new locality of Salmurian [= lower 
Turonian} with relatively better material rhan 
the Cerro del Macho on the Mohovano [ = Loma 
el MaehoJ but with a number of new species 
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and perhaps genera . . . please keep these •things 
I teH you in my letters and especiaHy this one 
enrirely to yourself unri-l I publish ... ". All my 
attempts to loca.re l'he original fossils have so far 
been fruitless. 

The only specimens from Piedra de Lumbre 
I have seen are those at the Bureau of Economic 
Geology in Austin, Texas. These were mlleoted 
apparenvly, in 1 92 8  by Messrs. Wellings and 
Tappo·let for the El Agui'la Oil Company (La 
Compania Shell de Mexico) for whom Adkins 
worked from eatly 1 921  untii 1 924 (see Adkins 
193 1 ;  Young 1 979). There is one specimen from 
Piedra de Lumbre in the University of Texas, 
Geology Department CoHections in Austin (WSA 
1 3 1 8/1 3 1 9). It is a haH body whorl of F. haar
m.anni which I have reconstruoted from two frag
ments. lt is in a much better state of preservation 
than the equivaient part of the holotype (C566) 
from Loma el Macho. 

Kummel & Decker ( 1 954) reviewed the then 
known lower Turonian ammonites of Texas and 
Mexico kept at the Bureau of Emnomic Geology. 
They described the Piedra de Lumbre material 
under the names F. haarmanni (on e specimen, 
WSA 2080; one fragment, BEG 20828),  Pagesia 
sp. (one specimen, BEG 20826) and "Hoplitoides" 
adkinsi (the holotype, BEG 20832 ,  first described 
by Adkins ( 1 93 1,  p. 5 9, pl. 4, fig. 2) rogerher with 
five topotypes: BEG 2 082 7 ;  20830;  2083 1 ;  2 08 3 3 ;  
20834), discuss,ed bdow. 

Systematic palaeontology 

Location of specimens. -The foHowing abbrevia
tiorus are used to indicate the repasiwres of speci
mens studied: 

BMNH British Museum (Natural History), Lon-

UT 

WSA 

BEG 

PM 

don. 
University of Texas at Austin, Geology 
Department CoHections. 
University of Texas at Austin, Geology 
Department Gollect�ons, W. S. Adkins 
Collection. 
Texas Memorial Museum, Bureau of Eco
nomic Geology, Austin. 
Pa:leontologiska museet, University of 
Uppsala. (MA designates Middle Ame-
rica.) 

USNM United States National Museum, Wash

c 
OUM 

ington DC. 
Museum fiir Naturkunde, East Berlin. 
Oxford University Museum. 

Dimensions. - AH dimensions are given in milli
metres; figures in parentheses are dimensions ex-
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Fig. 2. Sutures of ammonites from Loma el Macho. E= Externa! lobe, I= Interna! lobe. Bar 
scales are 1 cm. A, Pseudaspidoceras /ooteanum (Stoliczka) ,  from PMMA 3 8 ;  B, Paravascoceras 
hartti (Hyatt) , from PMMA9; C, Paravascoceras hartti (Hyatt) , from PMMA2 0;  D, Paravascoceras 
angermanni (Bese) ,  from PMMAS; E, Mammites mohovanensis (Bese) , from PMMA2 ; F, Fagesia? 
pe;·vinquieri Bi.se from fMMA5 ;  G, Fagesia? pervinquieri Böse, from PMMA29; H, Wrightoceras 
d. munieri (Pervinquiere) ,  from PMMA3 7 ;  I, Pseudotissatia adkinsi (Kummel & Decker) ,  from 
PMMA12 . 
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pressed as a percentage of the diameter. D= 
diameter; Wb = whod breadth; Wh =whod 
height; U = umbiEcus. 

T echniqu:!S. - Specimens were whitened and pho
rographed by Dr. W. J. Kennedy on Kod.a:k Pan 
F35 mm Flm, ASA rating 50, using a Pentax 
reflex camera with a l :2/55 Super T akumar lens. 

Order AMMONOIDEA Zittel 1884 
Suborder AMMONITINA Hyart.t 1889 
Superfamily ACANTHOCERATACEAE 
de Grossouvre 1894 
Family ACANTHOCERATIDAE de Grossouvre 
1894 
Subfamily MAMMITINAE Hyatt 1900 
(= Metoicoceratidae Hya:tt 1903; FaUotitinae 
Wiedmann 1960) 

REMARKS: Kennedy et al. (1980) provide a de
railed discuss:on of this subfamily. 

Genus METOICOCERAS Hyatt 1903 

TYPE SPECIES: Ammonites swallovi Shumard 
1859 by subsequent designation of Shimer & 
Shrock 1944. 

REMARKS: Metoicoceras is discussed in fuH by 
Kennedy et al. (1981). In addition to the geo
graphical range mapped by Cooper (1978, text
fig. 39) and Matsurnota (1973, text-fig. 4) rhere 
are reports of this genus from Colombia (Petters 
1955), Iran (James & Wynd 1965) and Turkestarr 
(Khakimov 1971). 

Metoicoceras cf. geslinianum (d'Orbigny) 
Figs . 3, 4 

Metoecoceras aff. whitei Hyan ; Bö se, p. 20 3 ,  pl. 12 , figs . 
4, 7; t ext -fig. l. 
Metoecoceras sp. nov. (= M. boesei Jones] ;  Böse, p. 
2 0 5 ,  pl. 12 , t igs. 1-3 .  

COMPARE: 
Metoicoceras geslinianum (d'Orbigny); Wright & 
Kennedy 1981, p. 62, pl. 17, fig. 2; pl. 18, figs. l, 
2; pL 19, figs. l, 2; pl. 20, figs. 1-3; pl. 21, figs. 
l, 2; texr-figs. 19C-E, 20, 21A-D (with full 
synonymy). 

MATERIAL: C560, C561, from Loma el Macho. 

REMARKS: Kennedy et al. (1981) give a complete 
synonymy for M. geslinianum, including wirhin it 
Böse's M. aff. whitei and M. boesei Jones (1938, 
p. 127, pl. W, figs. 1-3). 

DISCUSSION: I have exa:mined Böse's two poody 
preserved eJCtaJnt specimens of Metoicoceras, casts 
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of which are figured here. In my opinion neither 
can wi.rh certainty be referred to M. geslinianum. 
One might note rhat in reality the flexuous ribs 
of C561 are more impressive rhan they appear in 
Böse's il'lusnations (19'20, pl. 12, figs. 1-3). 

Metoicoceras ? sp. 
Figs . 5 ,  6 
197 7 Metoicoceras aff. wbitei Hyatt ; Chancell or et al . ,  p.  
91, fig. 5 .  

MATERIAL: Fragment PMMAl, lengrh 28 mm, 
found in the ma>rrix of PMMA7 (see below), from 
Loma el Macho. 

DESCRIPTION: lt is impossihle -ro recomtruot 
the original whorl secr'on of PMMAl, S'ince oniy 
one Hank is preserved. If rhe ventral area is assu
med w be complete, however, the ammonite seems 
to have been campressed and discoidall with high, 
subpa:rallel flanks which converge mrher sharply 
just below the narrow, arehed venter. Along each 
ventro'lateral shoulder is a row of sharp, slighdy 
obhque clavi, which n.umber about 18 per half 
whorl at rthis projeoted diameter. There is a faint 
suggesr:on of a double row of minute clavare 
sweilings on the venter. The venrrolaterad clavi 
are connected by very 1ow frolds, which extend 
down the flanks as markedly alternating strong 
and weak ribs which inflect (probably forwards, 
although the direction of growth is uncertain) at 
the point on rhe flank where the whorl seotion 
becomes convergent. 

DISCUSSION: Previous,ly Chance1lor et al. (1977, 
p. 91) determined PMMAl as M. aff. whitei, but 
I now believe it is too fragmentary for any certain 
idenvificartion. It may, as Cooper (1979, p. 124) 
rhought, be a Quitmaniceras PoweH. I have campa
red PMMAl wirrh numerous specimens and frag
ments of Quitmaniceras from Carlvett Canyon, 
Texas (Oxford University Museum CoHections) and 
find a parcicularly strong resemblance ro OUM 
KT547. 

Genus MAMMITES Laube & Bruder 1887 
(= Schluetericeras Hyatt 1903) 

TYPE SPECIES: Ammonites nodosaides Schli.iter 
1871 by monotypy. De Grossouvre (1894) was the 
first to state nodosaides as the rype of Mammites. 

REMARKS: See Wright & Kennedy (1981, p. 75) 
for a diagnosis and remarks on this genus. 

DISCUSSION: I have encountered particular diffi
culties in establish>ing a dear distinction between 
this genus and Pseudaspidmceras Hyatt (see below) 
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Figs. 3-4. Metoicoceras cf. geslinianum (d'Orbigny) . 
3. C ast of C5 60 (see Böse 1 92 0, pl. 1 2 ,  figs. 4, 7 ;  t ext 
fig. 1 ) .  4. Cast of C 5 6 1  (see Böse 1 92 0, pi. 1 2 ,  figs. l 
-3) . Bot h from Loma el M acho. X l. 
Figs. 5-6. Metoicoceras? sp. PMM A l .  From the mat rix 
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of  M A7,  from Loma el M acho. X 2 .  
Fig. 7 .  Mammites cf. nodosaides (Sc hliit er) . PMM A 1 8 .  
From Loma e l  M acho. X l .  
Fig. 8 .  Mammites mohovanensis Böse. C 5 7 5 .  From 
L oma el M acho. X l. See also Figs . 9�10 . 
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Figs. 9'----- 1 0. Mammites mohovanensis Böse. C 5 7 5 .  From 
Loma el M acho. X l. � ee also Fig. 8 .  
Figs. 1 1-12. Mammites cf. nodosaides (Schliiter) .  C 
5 63 .  Fro m Loma el M ach o. X l. 
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Fig. 1 3 .  Mammites cf. nodosaides ( Sc hliiter) . C5 64 
(see Böse 1 920, text-fig. 4) . From Loma el M acho. X l. 
� ee also Fig. 1 5 .  
Fig. 14 .  Mammites mohovanensis Böse. PMM A2. From 
Loma el M acho. X l. �ee also Figs. 2E , 1 6 .  
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although the type species are distinct enough. I 
fohlow Matsurnow et al. (1978) in referring Am
monites conciliatus Swliczka to Mammites, whereas 
s::Jme authors (noubly CoHignon 1965b) consicler 
it a Pseudaspidoceras. In my opin ion, the essential 
differences berween Mammites and Pseudaspido
ceras res,:des in the grea:rer involution of the for
mer. As Dr. P. Bengtson has indica,ted to me, 
however, rt'he exaggerated development of ventro

laremi horns often seen in rnature Mammites 
rarely occurs in undaubred Pseudaspidoceras, al
thoug:l a pJssible exception is P. vincentinii Col
lignon (1966, pl. 23). 

Mammites cf. nodosaides (Schliiter) 
Figs . 7, 1 1- 1 3, 1 5  

COMPARE: 
Mammites nodosaides (Schliiter) ; Wright & Ken 
nedy 1981, p. 75, pl. 17, fig. 3; pl. 19, fig. 3; pl. 
20, Hg. 4; pl. 22, fig. 4; pl.  23, figs. 2, 3, ? l; pl. 
24, figs . 2, 3; teX'digs . 19B, 23, 24 (wi.rh ful1 syno
nymy) . 

MATERIAL: Three poorly preserved but more 
or less mmpilete juven:le specimens, C563, C564 
and PMMA16, with ene fragment PMMA18 con 
s isting of one side of abom 60° of a large body 
chamber, all from loma el Macho.  

DIMENSIONS (approximate) : 

C 5 6 3  
C 5 64 
PMMA 1 6  
PMMA 1 8  

D Wb Wh 
70 ( 10 0) 30(43 )  3 0(43 )  
90( 1 00)  43 (48)  43 (48)  
70 ( 1 00 )  30 (43)  3 0{43)  

? 2 00 - ? 7 0 -

Wb:Wh U 
1 ,00  1 2 ( 1 7 ) 
1 ,00 1 5 ( 1 6) 
1 ,00 

DESCRIPTION: C563, C564 and PMMA16 ap
pelr to b �long to a single species, although all 
t'he materia:! is very poorly preserved. The suture 
of C564 was erroneous1y described by Bös,e (1920, 
p. 207, text-fig. 4) as <thaJt of M. mohovanensis. 
The whortl secrion is a high trapezoid, with Blat 
mnvergent flanks and a broachly arching venrer. 
The umbilica1 shoulder appears to be smoothly 
rounded. The benter preserved of rthe two smaHer 
specimens, C563, has four moderarely prominent, 
slighcly buUate umbiEca1 nodes per haH whod, 
slighnly Mrrower �rhan the inters:paces be:tween 
rhem. C564 has about five much less pmminent 
umbiEcal nodes per half whorl, which bifurca.re 
irregularly into low rectiradia:te ribs which end 
at a mw of 1 0  sharp ciavare inner ventrolateral 
tuberdes high on rhe shoulder . An equa<l number 
of outer ventroJateral tuberGles are set slighdy 
behind the inner tuberdes and are joined to them 
by prominent but narrow ridges which weakrly 
extend across ·clle vemer. The ventroJa:Jteral tuberc
les of the smaUer specimens are approximately 
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equal in number to those of C564 bur have t<he 
outer row ser samewhat forward of the inner 
row. During growth the outer row of tuberdes 
on C564 graduaHy weakened and moved outwards 
from rhe s·iphonal area. 

PMMA18 is a mere fragment and no whorl 
seetian can be recons,tructed from i<t. It may, 
however, be stated rhat rhe rather steep umbirlical 
wal1 arppears to curve imo a generaHy friat flank 
which rapid�y dedines towards rhe venter so 
vhat the ventrolateral shoulder is well rounded. 
Prominent ventroJa,rerarl horns proj ect sharply 
away from this shoulder and terroinate in olavare 
ridges or areres . There must have been about 5-6 
venrrroJateral tuberdes per half whod when PMMA 
18 was oomplete. 11he rwo remain :ng tuberdes 
are hnked to the umbilical shoulder by fold-'like 
ribs across the flanks. One of vhese is rectiradiate 
while rthe ocller is offset by about 20° from the 
verticaL Probably this indimtes that PMMA18 is 
part of a rnature body whorl, near the aperture . 

On rhe intemal part of PMMA18 is 'the impres
s�on of the previous whorl; from this it is poss,ible 
to say rhat involution was about 25 % .  This 
previous whorl had about 9-10 prom:nen .t ventro
lateral clavi per haJt whorl, from which strong 
fold-like ribs extended down the Hanks. 

DISCUSSION: C563 and C564 are rhe "several 
fragments" Böse (1920, p. 206) referred to M. 
mohovanensis, except that one of these, C575, is 
described below as belonging to the lartter species 
(see Appendix) . Since the suture described from 
M. mohovanensis cannot be made visible on the 
holotype of thart species (C562), but has instead 
been painred in on C564 and figured by Böse, one 
must assume that the suture he described belongs 
here and not to M. mohovanensis. Moreover, C562 
has a broader whorl section (Wb:Wh = 1,27) 
than the present materiaL PMMA18 can only be 
cetmpared with difficulty to other specimens, bur 
when aU rogerher are campared with the Ienotype 
of M. nod!OSoides (CS S S, see Wright & Kennedy 
1981 for a ful:l description) good agreement is 
found, wirhin the limits of preservation . lt is worrth 
noting that C564 is comparable with same of 
the more widely umbilicated specimens of Spathi
tes, a genus apparently absent from loma el Macho 
bur well-known from elsewhere in Mexico (see 
below in discussion of M. mo hovanemis) . 

Mammites mohovanensis Böse 
Figs . 2'E, 8-W,. 1 4, 1 6-2 1 

1 9 20 Mammites mohovanensis Böse, p. 2 06, pi .  12 , 
figs. 6, 8 ;  not t ext -fig. 4 .  

1 9 7 7  Mammites mohovanensis Böse; Chancellor et al., 
p. 91, figs . 6, 7. 
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Fig. 1 5 .  Mammites cf. nodosaides (Sc hl iit er) . C564 (see 
Böse 1 92 0, t ext -fig. 4 ) .  From Loma el M acho. X l .  See 
al so Fig. 1 3 .  
Fig. 1 6. Mammites mohovanensis Biise. PMM A2. From 

Cenomanian-Turonian ammonites 87 

Lama el M acho. X l. See al so Figs. 2E, 14 .  
Figs. 1 7-19. Mammites mohovanensis Böse. Hol ocype 
C 5 62 (see Bese 1 920 ,  pl . 1 2 ,  figs . 6-8 ) .  From Loma 
el Macho. X l .  
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Figs. 20-21 . Mammites mohovanensis Bö se. PMM A14.  From Loma el M acho. X l .  

MATERIAL: Böse's hoJotype C562 and one of 
his presurned paracypes C575. The !arter, Figured 
here ( f,igs. 8�10), is a distorred juvenile, s:howing 
weH the venttal ornament. The other material Böse 
grouped under this name is described above as 
M. cf. nodosoides. Fmther material is PMMA2, 
preserved more completely rhan C562 a:nd appa
rendy retaining a ,r,itde over half a whorl of body 
chamber. PMMA14 shows weil the earNer whoris 
but witthaut rhe body chamber. PMMA15, also 
without body chamber and badly corroded on one 
side. PMMA2 and C562 are enerusred in places 
by oysters. AU are from Loma el Macho. 

DIMENSIONS: 
D Wb Wh Wb:Wh U 

C5 7 5  ? 5 0 ( 1 00) ? 3 5 ( 7 0) ? 3 0(60) ? 1 , 1 6  ? 6 ( 1 2 )  
PMM A2 1 01 ( 1 00) 5 1 (5 1 )  39'( 39 )  1 , 3 1  29 (29)  
PMM A1 4 ? 8 0 ( 1 00) 3 8 (48) 3 3 (4 1 )  1 , 1 5  ? 1 0 ( 1 3 )  

DESCRIPTION: Böse (1920) provided an ade
quate description of M. mohovanensis apparendy 
based aJmos1t entirely on the holotype, but the 
juvenile C575 and the new collections al1ow a 
more rhorough account. Unfortunately, the partial 
surute of PMMA2 is aH we know of ·this character 
of the species : it is apparently very s�imple and 
close ro ·rhat of cypical Vascoceras (see Fig. 2E). 

C575 shows the following features : rapidly ex
pand:ing very invoJ.ute whoris wi,rh a very small 

umbilicus showing one or two prominent noduies 
per haJE whorl. The seetian is a Htde wider than 
high, with smooth convergent �lanks meening 
a f.lat, beveHed ventrolateral shoulder ornamented 
with a:bour 11 smald but prominent round or 
slighrly buila.te inner and outer ven.trolateral ru
bercles per haH whml. These tuberdes are linked 
by s'lighdy prorsiradiate narrow ridges which in 
turn extend feebly over rhe slighdy concave roid
venter and fade below the inner ventrolateral 
tuberales high on the flanks. 

A distinctive feature of PMMA2 is the bullare 
mbercles, the eadiest of which appear rwisted, such 
that their adoral faces s.lope more gently than 
nheir adapical faces. The ribbing described by Böse 
for his mMerial is poorly developed on PMMA2, 
presurnably because the latter shows later growrh 
stages; the ratio of about 16--17 ventrohteral 
tubercle pairs to 6--7 umbi1ical tuberdes is, how
ever, retained on the outer whorl of PMMA2. 
The umbi:lica'l tuberdes are much larger and project 
much further •than the inner vemrolateral. tuberoles, 
giving a Hared eostal whorl seetian with strongly 
convergenr, concave flanks. 

The intermediate growrh stages are shown by 
PMMA14 (see Figs. 20, 21). On this specimen, 
at a point equivalent to about 70° behind the 
earhest visible seerian of PMMA2, th� whorl is 
roughly square with vertical flanks and more 
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pronouncedly beveHed ventrolateml shou!lders, in
dined at acbout 45 ° to the flanks. In this respect 
PMMA14 srtands out from the rest of the material 
since we know that in both smaHer and hrger 
specimens rhe who-d seerian is more trapezoidaL 

As Böse prediared · for Iarger specimens than h e 
had seen, the ourer ventrol:tteraJ tuberdes of 
PMMA2 become somewhat less prom=nent in later 
growrh stages. They a!lso move out from the 
siphonal area, which rhus becomes fianer and 
smoot!her and eventua:Uy broadly arched. The outer 
ventrolateral tuberdes rend to be set a lintie furrher 
forward than the inner row. Since a single row 
of ventrolateral horns such as occur in rnature M. 
nodosoid!es is nort seen in the present ma!teriall, vhe 
possibiliry remains that only immature material 
has been seen in M. mohovanensis. 

DISCUSSION: M. mohovanensis appears w be 
quite d 'stinctive, if we accept that the present 
specimens are nort merely juveni-les of same species 
better known at !larger sizes. M. mohovanensis is 
a highly involurte Mammites with exceprionaliy 
prominent umbäical tuberdes and broad whorl 
section. 

M. nodosaides (see above) is elistinat from M. 
mohovanensis in its more campressed seetian at 
comparable diameters. The specimen figured as 
M. michelobensis [= nodosoides] from Saxony 
by Petrascheck (1902, pl. 9, figs. 2a, b) has pro
minent umbilica•l tuberdes and a squarish whorl 
seerian and may represen-t a transition ro M. moho
vanensis. The smaill Tunisian specimen figured by 
PerV'inquiere (1907, pl. 18, fig. l) appears to be 
close in whorl section to the Mexican species. 

Many repo·rts of M. nodosaides refer only to 
early whods, but species can usuaUy orny be 
compa:red at later stages of onrogeny. The speci
mens of intermedia.te size figured from Turkes.ran 
by Arkha:nguelskij (1916, pl. 8, figs. 4, 6) have 
a broad trapezo=dal seetian and thus resemble M. 
mohovanensis. The M. nodosaides figured by Po
wel•l (1963a, pi. 33, �igs. l, 3, 4, 6, 10, 11; text
figs. 3m---o, t, u) from Chihuahua are also simiiar 
to M. mohovanensis in their involution and low 
whorl secrion wi-th prominent umbilical ruberales, 
and the fragment of M. nodosaides from New 
Mexico figured by Cobban & Hook (1979, pi . 9, 
figs. 6, 7) is very close to the Mexican species. 

Ammonites conciliatus Stoliczka ( 1864, p. 99, 
pl. 50, fig. 4, 4a, pl. 51, fig. l, la), which as 
stared above I rake to be a Mammites, was repre
senred in the original illustrations by the inner 
whorls of a "very large" syntype (pl. 50) and the 
"large" lectotype (pl. 51) both from Mungilpadi, 
India. As Spath (1935, p. 416) observed, following 
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Kossmat (1897, p. 21), th:s species is "a near 
rel:at 'on" of M. nodosoides. Böse (1920, p. 186) 
noted that M. conciliatus is "sriH more s•imiiar" to 
M. mohovanensis ·t!han is M. nodosoides, the main 
difference consisting "in its more evolute form" 
(one-rhird as aga:inst two-rhirds embracing) and 
in "som e d erails of ornamentation", i.e. denser 
ventrolateral tuberdes in the Indian species. Böse 
conSJ:dered rhat the specimen figured from Bobe
rnia as Ammonites conciliatus by Fri:rsch & Schlön
bach (1872, pl. 7, figs. l, 2) in being more in
volute than Stohczka's specimens resembled M. 
mohovanensis more closely. In my opinion, the 
Bohemian spec .men is too compressed to be 
considered as close to M. mohovanensis as is Sw
liczka's smaH specimen, which is a1mosr identical 
to PMMA2, except for its involution and less 
prominent umbilica'l rubercles. 

M. conciliatus is well-known from Madagascar, 
where it is the index ammonite for the middle 
Turonian (CoHignon 1977). Besairie (1930, pl. 
18, figs. l, la, 2) figured two specimens from 
Betioky and Maintirano Provinces, which I have 
examinared at the Universite Pierre et Marie Curie 
in Paris, and Basse (1931, pl. 13, fig. 4) figured 
the surure of one of these specimens (although 
it is impossible w determine which one); Cobban 
& Scott ( 19'72, p. 82) stared that this surture "has 
a wide lateral lobe that is deeply bifid and asym
me:ric like Ampakabites" .  Gollignon (1965b, p. 34, 
pl. 390, figs. 1666, 1667, 1668; pl. 391, fig. 1669) 
figured four specimens, to three of which be ap
pended the subspecific names inflata, perin/lata 
and ampakabensis (he referred the species to Pseu
daspidoceras, following Hyatt 1903, p. 107). There 
are strong resemblances between M. mohovanensis 
and the material figured by Collignon, that between 
his fig. 1666 and PMMA2 being especially marked, 
alrhough the Madagascan individual is a li .tle more 
compressed. On the other hand, his fig. 1668 is 
more depressed than PMMA2 and the possibility 
remains that the variation seen in the Madagascan 
and Mexican specimens does not warrant specific 
separation . In no specimen figured from Madagas
car, however, are umbilical tuberdes as strongly 
deveioped as in M. mohovanensis. 

M. wingi Morrow (1935, p. 467, pl. 51, fig. 2; 
pl. 52, fig. 2a-c; text-fig. 2; see adso Wright & 
Kennedy, 1981) ·is a large species with a section at 
!east as broad as high. Lt seems to differ from 
M. mohovanensis in its weaker umb 'licrul tuberdes 
and squarer whofil section. Cobban & Scott (1972, 
p. 79, pl. 26, figs. 1--4, 9, 10) figured several 
eaJ:Ily whofils as M. wingi, treating it as a subspecies 
of M. nodosoides. At comparahle sizes some of 
their materia1 is almost indistingu•ishable from 
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M. mohovanensis . The Mammites sp. from Kansas 
of Morrow (1935, p. 468), with its nodare umbili
cal tubercles, is even doser to the Mexican form. 

Two species described by Co:Hignon (1939) 
fwm Madagasear appear to show an unusually 
simple suture; this was remarked upon by Col
lignon ( 1939, p. 97) and ma y indicate a close 
relarionship with M. mohovanensis. M. menabensis 
(CoHignC)n (1939, p. 80, pl . 6, figs. 2, 2a, 2b; 
rext-fig. E) is mther more evolute than vhe Mexican 
form, with a narrower whorl s �ction . M. hourcqi 
(Co<Hignon (1939, p. 82, pl . 7, figs. l, la, 2, 2a; 
text-fig. F ) ,  like M. depressus Powell (see Cobban 
& Hoo!<, 19'79, p. 15) ,  is an evolute species with 
a deeply depressed whorl section. GoHignon (1939, 
p. 83) drew attemion to the sim:Iarity between 
M. hourcqi and M. mohovanensis, but noted that 
the bntcr is far more invalute t'han the Madagasear 
form. 

The Nigerian ammonites M. dixeyi dixeyi Rey
ment (1955, p .. 50, pl . 9, fig. 4; pL 11, fig. 2a, 
b; texr-figs . 20, 21) and M. dixeyi laevis Reymenr 
(1955, p. 51, pl. 10, fig. 3) seem to be aduk at 
small d :ameters like M. mohovanensis, from which 
they d iffer in being more evolute, wi:rh squarer 
whorl seetian and less massive umbiliml tubercles, 
and in vhe presence of more ourer ventrolateral 
tuberdes than inner ones. M. mutabi/is mutabi/is 
Reyment (1955, p. 51, pl. 10, fig. la, b) and the 
variabJe M. mutabi/is benueensis Reyment (1955, 
p. 53, pl. 10, fig. 2a, b; teXjt-figs. 22, 23) are 
also smaH foruns, with umbilical tubercles ma,tching 
more clos�ly the Mexican species. An es:peciaHy 
strong resemblance is noted for Reyment's (1955) 
pl. 10, fig. la, b (BMNH C47394). Professor R. 
Reymem believes that the two subspecies of each 
of these species are best intetpretable as sexual 
dimorphs (personaJ communication). 

Having exaroined the Nigerian material in the 
British Museum (Natural History) , I feel inclined 
to regard M. dixeyi and M. mutabi/is as possibly 
conspeoific. Like M. mohovanensis they have a 
tendency for rhe ou-ter ventrolatera1 roberdes to 
be Iocared forward of the inner row. This charac
terisoic is also seen in the Mammites spp. described 
by Reyment (1972, p. 365, fig. 8 (2-4)), from 
Trinidad and Cdlombia (see also Etayo-Serna, 
1979, p. 85, pl. 13, fig. 1), but sharply clavate 
ventrolateral roberdes seem to set this material 
apal't from M. mohovanensis. 

Spatbites (]eanrogericeras) Wiedmann inoludes 
certain forms described from Iberia and Tul'kestan 
under the synonym Fallotites Wiedmann (see Ken
nedy et aL 1980, for a full review of Spathites) 
whkh bear a striking resemblance to M. mohova
nensis. Karrenberg (1935; see appendix herein) 
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first recognised the simibrity of C575 to some 
S. (].) subconciliatus (Choffat). Exam;na.t'ion of 
substantial collections of Spathites (]eamrogerice
ras) from France and Spain, however, has not 
convinced me of a s.imilarity close enough to 
warrant removal of M. mohovanensis from Mam
mites sensu stricto.  As is obvious from Kennedy 
et rul . 's (1980) text-fig. 9, S. (]eanrogericeras) and 
Mammites are imimately related, and perhaps 
suggests that M. mohovanensis is an eady repre
s:=ntrutive of its genus. 

Mammites cf. mutabi/is Reyment 
Figs . 22 ,  2 3  

COMPARE : 
Mammites mutabi/is Reyment 1955, p. 51, pl. 10, 
fig. la, b. 

MATERIAL: One specimen PMMA19, from Loma 
el Macho. 

DIMENSIONS: 
D Wb \Y/h 

PMM A 1 9  1 05 ( 1 00) 3 3 (32 )  48 (46) 

Wb:Wh 

0,69 

u 
3 8  ( 3 6) 

DESCRIPTION: Moderately evolute, with a rather 
wide umbi.Jicus, and a square (intercJsta1) to trape
zoidal ( cosral) whorl section. The last whorl 
only is exposed and at least haif of this is 
apparemly a body chamber, which bemmes smooth 
and tubular rowards the apetture. This may be 
parcly due to abrasion, but enerusting oyster frag
ments near the aperture supporr the view that the 
body chamber is modemtely wel:l preserved. Orna
ront of 5-6 bullat·e umbilical tuberdes projected 
outwards, giving rise to strong ribs which fade 
rapidly bur just persist w the ventrolateral shoulder 
where 'they each meet a prominent, clavate inner 
tubercle, between which are interca!lated an equal 
num!ber of roberdes from which irregular ribs 
des·cend to fade on the flank. Each inner ventro
laterall tubercle is linked to a less prominent outer 
ventrolateral roberale by a coarse ridge directed 
obliquely forwards, but apparencly not e)Gtending 
over the mid-venter. There seem to be at least 
13-14 pai·rs of ventrolatera1 roberdes per whorl. 

DISCUSSION: PMMA19 is less infla,ted and more 
evolute than ·t<he material described above as M. 
mohovanensis, but ornament is very s.imi.Iar in the 
two forms. M. mutabi/is apparencly only ddfers 
from M. mohovanensis in its more evolute shel:l, 
s.o a tentative reference of PMMA19 to the Nige
rian species seems reasonable. There are also some 
soecimens in the Oxford University Museum 
Collections from Calvert Canyon (see p. l04) closely 
comparable ro PMMA19. 



Bull. Geol. Inst. Univ. Uppsala, N.S. 9 ( 1 982 ) Cenomanian-Turonian ammonites 91 

23 

Figs. 22-23. Mammites cf. mutabilis Reyment. PMM A19. From Loma el M acho. X l .  

Genus PSEUDASPIDOCERAS Hyartt 1 903 

TYPE SPECIES: Ammonites footeanus Stoliczka 
1 8 64 by origina!l des:ignation . 

REMARKS: See WDight & Kennedy ( 1 98 1 ,  p. 8 1 )  
for a diagnosis and remaDks on this genus . 

DISCUSSION: Pseudaspidoceras is the most abun
dancly represenred genus at Loma el Maoho, and 
presents proportionately large taxonomical pro
blems. In addition to the difficulty of differentia
ting Pseudaspidoceras from Mammites (see a:bove) , 
Kennedy & Wright ( 1 979b) have drawn a·ttenrion 
to the simiia·Dities between Pseudaspidoceras 
flexuosum Powel� and forms described as Ampa
kabites Collignon 1 965b. 

Pseudaspidoceras cf. flexuosum Powell 

1 92 0  Pseudaspidoceras aff. footeanum (Perrascheck not 
Stoliczka) ; Bese, p. 208. 

COMPARE: 

Mammites footeanus (Swliczka) ;  Petrascheck 1 902, 
p. 1 44, pi. 9, fig. la, b. 
Pseudaspidoceras flexuosum Powel:l 1 963a, p. 3 1 8, 
pl . 32 , figs . l ,  9, 10 ;  text-fig. 2a--c, f. g. 
Pseudaspidoceras flexuosum Powell; Young & Po
well 1 9'78, pl. 2, figs. 7, 8. 

MATERIAL: C557 ,  an incomplete poorly preser
ved specimen, from Loma el Macho. 

DISCUSSION: C 5 5 7  is a!lmost ceDtruill!ly 1ihe speci
men described by Böse ( 1 920, p. 208 ) .  Böse provi
sionally identified his specimen with P. footeanum 
as figured from Saxony by Petrascheck ( 1 902 ) 
but speaificaJ1ly not with Stoliczka 's type for the 
species ( 1 864, p. 1 0 1 ,  pl. 5 2 ,  figs. l, 2 )  from 
Odium, southera India. Böse stressed the dis•ninc
tion between Perrascheck's and Stoliczka's speci
mens, namely the higher who!'! secrion of the 
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former (approximate Wb:Wh = 0,62 as against 
1 ,05 ) .  

Powell ( 1 963a) described a large collection of 
Pseudaspidoceras from Kelsey's Crossing, Ghihua
hua, which was very similar to Petrascheck's mate
rial, and he nam·ed P. flexuosum to include both 
(Wb:Wh of ·the ho�otype, UT 30842 , approXJima
tely 0,84) . lt s eems logical, therefore, to idencify 
C 5 5 7  as P. cf. flexuosum; it has already been 
lisred as such by Cooper ( 1978,  p. 140) . Some
what comrary to Böse's des.cription, vhe ribs of 
C5 5 7  foHow exacvly the pattern described by 
PoweU ( op. cit.) for P. flexuosum, i.e. "flexuous, 
concave at rhe umbilical shoulder, convex at mid
flank, conc�ve JJt the ventrolateral margin, and 
convex agam on the venter". ( 1963a, p. 3 1 8 ) .  

Böse had rhought that the difference in whol'l 

seotion between C 5 5 7  and Stoliczka's P. footeanum 
might be due ro the hrge size of C557 .  This is 
uniikely, since several large specimens of the 
footeanum-pedroanum group (see below) show no 
sig?s of b�oming more campressed with maturity. 
Th1s apphes to Stoliczka's largest figured specimen 
( 1 864, pl. 5 2 ,  f.ig. l ,  la-c) of which Dr. C. W. 
Wright has very kindly shown me a east, which 
has a maximum diameter of 260 mm. 

Some of vhe high-whorled Texan maverial de
scribed by Adbns ( 1 9'3 1 ,  p. 54) as P. aff. foo
tean�m may belong here, as may P. footei grecoi 
Colhgnon ( 1 965a, p. 14, pl. E, fig. la, b) from the 
Sahara, although the 'la•tter appears distincrive in 
possessing very strong ventrolaterai tubercles. The 
e:crem to which high-whorled forms with straight 
r1bs should be admitted here is uncertain;  rhus the 
P. cf. footeanum (Petrascheck not Stoliczka) figured 
by Young & PowelJ ( 1 978 ,  pl. 3, fig. 1 6) may 
belong her

.
e if,. as its idencification suggests, its 

whorl sewon 1s much higher rhan wide. 
P. p�ganum as figured by Barber ( 1 957 ,  p. 9, 

pl. l, f1gs . la, b, 2a, b; pl. 2 5 ,  figs. 5-7)  bur not 
the low-whol'l

.
ed hoiotype of Reyment ( 1 954b, p. 

2 5 3 ,  pl. 4, hg. l ;  teX't-figs. 3h, 4) , have high 
whorls and somewhat flexuous ribs. The same 
applies t? P. curvicostatum Reyment ( 1 95 5 , p. 5 5 ,  
pl. 

.
1 1 : f1g. l ;  pl. 1 2 ,  text-fig. 24) a spec-ies only 

douotmlly separable from P. paganum as figured 
by Barber ( 1957 ) .  A11 rhese Nigerian forms are 
dosely related to P. flexuosum; they are discussed 
further bel o w. 

PS?udaspidoceras footeanum (Stoliczka) 
Figs. 2A, 24, 2 5  

1 8 64 Ammonites footeanus Stoliczka, p .  1 0 1 ,  pi. 5 2 ,  
f1gs . l a-c, 2 a ,  b. 
1 88 7  Ammonites .Pedro�nus. White, p. 2 1 2 ,  pi. 22,  
f1gs . l ,  2 (pi . 20,  fig. 3 I S  mislabelled ; it is Paravasco
ce:as hartti (Hyatt) ) .  
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1 92 0  Pseudaspidoce;as aff. pedroanum (White) ; Hö
se, p. 209, p!. 1 3 ,  fig. l ;  p!. 1 5 ,  fig. l .  

? 1 9·3 1 Pseudaspidoceras s p. aff. /ooteanum (Stoliczka) · 
Adkins, p. 54 pars. 

' 

? 1 954b �seudaspidoceras paganum Reyment, p. 2 5 3 ,  
p!. 4 ,  ftg. l ;  text·figs. 3 h ,  4 .  
1 9 7 7  Pseudaspidoceras aff. pedroanum (White) · Chan-
cellor et al., p. 9 1 ,  figs. 8-10. 

' 

MATERIAL: C5 5 6, plus three measureab�e new 
specimens of which the smalleSlt bur most complete 
(PMMA3) is figured here. PMMA4 is the latgest 
complete new specimen, bur irs phragmacone is 
badly crushed (see Chanceillor et aL 1977 ,  f:ig. 10) . 
PMMA 1 7  is complete but for about one sevenrh 
of  its Iast whorl. There are about 20  other speci
mens, mosdy fragments of about one-quarter whorl 
each (e.g.PMMA38) .  Much of the materiad is en
crusted by oysters. All of it is from Loma el 
Macho. 

DIMENSIONS: 
D W b W h Wb:Wh u 

PMMA3 1 2 2 ( 1 00) 49(40) 5 0( 4 1 )  0,98 40(32)  
PMMA4 2 1 1 ( 1 00) 8 1 ( 3 8 )  8 5 (4 1 )  0,95 7 3 (34)  
FMMA 1 7  142 ( 100) 63 (44) 60(42) 1,05 5 8 (4.1 )  

DESCRIPTION: See Böse ( 1 920, p .  2 09) for a 
description of his single large specimen (C5 5 6) .  
The new maJteri:l'l displays cons·iderable variation 
which I �ttempt to summarise here: extreme!; 
evolute w:th subrectangular whorl section, never 
muc� . higher than wide, bur highJy variable; 
umbrhcus very wide, with wa±ls varying from 
steep to genrly curving bur with generaHy a 
distinct shouider. Vemer broadly arehed and al
most aiways more curved than the flanks bur 
on some specimens rather flat or �l>ighdy co�cave. 
The earliest who'l'l seen (on PMMA3 )  is rather 
compressed, wi.�h flat, slighdy divergent flanks, 
but almost invariably ]a;rger whoris are more 
depressed wi,th slighdy convetgent Hanks or a 
trapezoidal section (e.g. PMMA4) .  Some specimens 
have an almoot round, tubniar sect:on. Involution 
never sufficient to cover the ventrolateral shou,lder 
of the preceding whorl. 

Genera!Hy a:bout 1 1  bullae per whorl of variable 
strength arise on rhe umbilical shoulder, this 
number increasing to abour 1 3  on the la.rges't 
whorls . These buHae are linked across rhe flanks 
to an approxirnately equal number of inner ventro
late·ra1 tuberdes by ribs which vary from fiat to 
oarse and fold-Hke. The inner ventrolateral tuberc
les may be located anywhere fmm high oa the 
shoulder to high on the flanks, where they appear 
as sweH 'ngs on the ribs. They are in some cases 
linked across the venter by a low ridge which 
may bear a weak outer ventrolateral tubercle 
set at a var.jable separation eirher side of mid-



Bull. Geol. Inse. Univ. Uppsala, N.S. 9 ( 1 982)  

Figs. 24-25 . Pseudaspidoceras /ooteanum (Scoliczka) . 
PMMA3.  From loma el Macho. X l .  
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Figs. 26--28. Vascoceras cf. gamai Choffat. C 5 67 (see 
Böse 1 9 2 0, pi. 1 5 ,  figs . 3-5 ; text-fig. 3 ) .  From loma 
el Macho. X l .  
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vemer, rhese apparendy being confined to smaHer 
specimens (e.g. PMMA3) .  Regrettably the suture 
can rarely be made out, but a few specimens 
( e.g. PMMA38, Fig. 2A) show rather tall and 
complex saddles with a wide first lateral lobe. 

On some specimens ( e.g. PMMA4) striae are 
observed on rhe flanks. These follow the partern 
of the tibs of P. flexuosum ( see above); where 
these suiae a:re present the ribs rend to be exacrly 
para!Hel to them a:nd indeed the two features seem 
to �ntergrade. The striae presurnably indicate ·rhe 
successive pos·Ltions of the apel'ture. 

DISCUSS.JON: Agreement between the new mate
riwl and Böse's spectmen is good and I have been 
a:ble to compare the mllection with casrts of Sto
hczka's species , kindly supplied by Dr. C. W. 
W right . PMMA3 is idenrica1 to the specimen 
in Scoliczka's pl. 52 ,  fig. 2 a, b, and C5 5 6  is viDtua1ly 
idenrica1 to Stoliczka's pl. 52 ,  fig. l, l a-c. I feel 
confident that wH four spe6mens are conspecific. 

Dr. P. Bengtson has shown me photographs of 
the specimen figured by White ( 1 887) from 
Sergipe, Brazil, and rhese suggest rhat P. pedroa
num is a synonym of P. footeanum. White's figures 
have been reproduced by, e.g. Maury ( 1 936, p. 
2 3 0, pi. 2 1 ,  figs .  l, 2) and by Maga!haes & 
Mezzalira ( 1 95 3 ,  p. 240, pl. 67) .  

Of the other specimens desniobed from Sergripe 
as P. pedroanum, Reymenr & Tait's ( 1 972, pi. 3, 
fig. 12a-f) specimen PMSA3 (Uppsaia CoHec
tion:s) agrees dosely with PMMA3, excepr in being 
more s.rrongly tubermlate. Beurlen's ( 1 970, pl. l, 
figs . 4, 5 )  specimens seem to differ htde from 
Whire's, bur ·those described by Oliveira & Brita 
( 1 969, p. 2 1 9, pi. l, figs. l, 2 ;  text-fig. 2 )  a:re 
probabiy Dunveganoceras Warren & Stelck (see 
Bengtson 1982) or an allied form. Through the 
kindness of Dr. Bengtson, I have exaroined the 
original of Oliveira & Brito's pl . l, fig. l and 
also Dr Bengrson's own extensive collecrions of 
Pseudaspidoceras from Sergipe. I may here nore 
that a specimen in the Uppsala Collecrions from 
Sidi Hajaj, Morocco, (PMAf5 3 1 )  is also identical 
with PMMA3.  

The rwo specimens figured by ChoHar ( 1 898, 
pi. 1 6, figs. 9a-c, 10 ;  pi. 22 ,  fig. 34) as Acantho
ceras? cf. footeanus, ohough apparemly more coar
sely ornamenred vhan the typica1 materia! from 
Loma el Macho, otherwise d iffer only in possessing 
a broader venter with more divergent flanks. 
Chofbt 's doubtful specimen ( 1 898, pl. 6, fig. 5a
c) with rarher spars·e, Hexuous ribs , remains enig
matic. 

The Egyptian specimen figured by Eck ( 191 5,  
p l. 17, figs. l, 2; Berlin Collearions) is :in disting-
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uishable from PMMA3,  wirhin the Emirs of  irs 
poor preservat.ion. The specimen figured by Greco 
( 1 91 5 ,  pL 1 7, fig. 5 a, b), also from Egypt, differs 
from ·the Mexican material aga in only in possessing 
a wider venter. Greco's specimen ha:s been r.eferred 
to the Ponuguese species P. pseudonodosoides by 
Freund & Raab ( 1 969, p. 14) who, on rhe same 
page, described same fragmentary P. footeanum 
from Israel. In ·the latter case, however, as with 
the Syrian specimen of Basse ( 1 937,  p. 1 84) , the 
material was not figured . I have exaroined Madame 
Basse 's specimen at the Musee National d'Histoire 
Naturelle in Paris, and it is cerrainly conspecific 
with the Mexican material. 

P. pseudonodosoides (Choffat 1 898, p. 65 ,  pl. 
1 6, figs. 5-8; pi. 22 ,  figs. 32,  33 )  is itself olosely 
comparable with •the Mexican materiatl, bur pre
sents a specia1 problem since, a!though irs extreme 
evaluteness identifies i.t as a Pseudaspidoceras (as 
Freund & Raah 1 969, p. 1 5 ,  painred out) i t displays 
the nodare ornarnem of a Mammites; Barber 
( 1 957 ,  p. 33)  even considered it dose to his Para
m:tmmites tuberculatus, a vascocerarid. It has 
most recenrly been cited as a Mammites (Wright 
& Kennedy 1981 ,  p. 79) . 

Although Choffat himself thought P. pseudo
nodosaides differed from typical Mammites in 
details of suture and whorl section, both Roman 
( 1 91 2 ,  p. 12 ,  pL 2, fig. 2 ;  pl. 3, fig. 2) and 
Collignon ( 1 957 ,  p. 1 2 1 ,  pi. 2, fig. l) have descri
bed it as a Mammites. Roman's French specimen 
differs from any specimen figured by Cheffat in 
being more evolute. Collignon's Saharan speci
men is poorly pres,erved and cannot be determined 
with cer.rainty; indeed, Freund & Raab ( 1 969, p. 
18)  considered it closely reserobled material rhey 
descri:bed as Paramammites. There is, however, 
a specimen from Sidi Hajaj , Morocco (Uppsala 
CoUections, PMAf5 34) in a more complete con
dition which agrees we11 with Choffat's figures , 
except in being a little mme compressed . Rolland 
( 1 924, p. 249) recorded this species from Sidi 
Hajaj, while Karrenberg ( 1 93 5 ,  p. 1 3 6) and Wied
mann ( 1 964, p. 1 1 1 ) have reporred it from Spain. 

Barber ( 1 957 ,  p. 1 1 , pl .  2 5 ,  fig. 8) described 
a specimen from Nigeria he ca11ed Pseudaspido
ceras sp., which seeros very dose ro P. pseudonodo
soides. Freund & Raab ( 1 969, p. 14, pi. l, figs . 10 ,  
1 1 ;  text-fig. 4j , k) provide the most complete 
account of this species , on the basis of a !arge 
coHection from Is.ra.e1. I agree that their phow
graphed specimen (M345 0-4) is conspecific wirh 
P. footeanum as figured by Greco ( 191 5 ) ;  it is 
also probably conspecific with a fragment in the 
Uppsala CoHections from Sidi Hajaj (PMAf5 3 5 )  
and i s  very dose to the English specimen (OUM 
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Kl048 1 )  desoribed by Wright & Kennedy ( 1981 ,  
p .  8 2 ,  pl. 2 1 ,  fig. 3 ) .  

Al.though Preund & Raab ( 1 969) place greater 
stress on ventraJ ornament in their treatment than 
I do, it is neverrheless clear that there exist some 
striking paraHels between the Israeli P. pseudono
dosaides a:nd rhe Pseudaspidoceras from Loma e1 
Macho. Perhaps most significantly, Freund & Raab 
have been able to divide their materia! into two 
reasonably distinct groups, on the basis of covarying 
differences in juvenile whorl seocion, umbilicus 
width, whorl expansion rate and ornMnentai den
sity, pa:ttern and persistence. I have grouped the 
Loma el Ma:cho material between two taxa (P. 
cf. flexuosum and P. footeanum) differentiated 
mainly by whorl seotion, but to a 1·esser eX'tent by 
ornament. It is tempring to ask wherher the two 
taxa may not in fact represen[ intraspecific di
morphs (sexual dimorphism? ) ,  as appears to be 
the case in Israel. Unfortunately, we do not have 
enough juveniole materiad in the Mexican case m 
decide the question. 

P. paganum Reyment ( 1954b;  see my discus
sion of P. cf. flexuosum, p. 92 above) is based on 
a Nigerian holotype (BMNH C47422 ;  Wb:Wh = 
0,98) which I have examined. lt is probably a P. 
footeanum. I have also examirred the Nigerian 
Mammites (Pseudaspidoceras) sp. of Woods ( 1 9'1 1 ,  
p .  283 ,  pl. 2 3 ,  figs. l ,  2 ;  Sedgwick Museum, Cam
bridge) and feel confident that it is conspecific 
with C47422 ,  allowing for ontogenetic and pre
servationa-l differences (see Barber 1957 ,  p. 1 1 ) .  
I am not so convinced rhaot all the Nigerian speci
mens described by Barber ( 1 957 ,  p. 9, pL l ,  
f.igs. l a ,  b ,  2a, b; pl . 2 5 ,  fig. 5-7) as P .  paganum 
are hkely to be referable to P. footeanum. As 
Preund & Raab ( 1 969, p. 16) have ailready noted 
in their remarks on a fragment of P. cf. paganum 
from Israel, there are substantial d:ifferences be
tween Barber's materiad and the holotype. 

The Morocean species P. vicentinii CoHignon 
( 1 966, p. 43 ,  pl. 2 3 )  has a squar·e whor'l section 
wi.th Hexuous striae af.ter rhe pa.rtern of P. flexuo
sum. It is perhaps wi;thin the range P. footeanum 
but d:iffers from any Mexican specimen I have 
seen ·in •its ex:traordinary hom-olike ventrolaorerai 
tuberdes and i,rs complete absence of umbiloical 
tuberdes. I may also mention t'rnt there are some 
specimens in the British Museum (Narural 
History) from Angola which ma y belong here 
(BMNH C801 68-74) . The fragment figured from 
Japan by Matsurnow et al. ( 1978,  p. 14, pl. 6, 
fig. 2 ;  text-fig. 6) as Ampakabites ? sp., although 
wivh a deep suture, appears almost identical w 
several fragmenrts described here from Loma el 
Mach o. 

Cenomanian-Turonian ammonites 95 

Family VASCOCERATIDAE H. Douville 1 9'1 2 
(name corrected and transiared by Spa,vh, 1 92 5  
from Vascoceratines H .  Douville, 1 91 2 ) .  

REMARKS: For a diagnosis and rema'fks on this 
famay see Wright & Kennedy ( 198 1 ,  p. 84) . 

DISCUSSION: Since the detailed synopsis of the 
Vascoceratidae which appeared in the Treatise on 
Invertebrate Paleontology (Wright 1 957 ) ,  many 
new vascoceratid faunas. have been recorded from 
around the wo1"ld (e.g. from England, France, 
Spain, Texas, Mexico, Brazi:l, Peru, Columbia, Ve
nezuela, Turkestan, Is·rael, rhe Sa:ha·ra, Morocco, 
Co:lorado, Angola, Japan and Madagascar) .  Severa:l 
of these faunas have induded forms which have 
forced revisions of 1t1he Va;scocera:tida:e; here I 
br·iefly summarise the changes which have been 
made. 

Wright ( 1 957 ,  p. 1418)  induded within this 
fami•ly the foHowing genera: Nigericeras Schnee
gans, 1 943 ;  Spatbites Kummel & Decker, 1 954;  
Gombeoceras Reyment, 1954a;  Ezilloella Reyment, 
1 95 4b; Paravascoceras Furon, 1 93 5 ;  Pacbyvasco
ceras Furan, 193 5 ;  Vascoceras Choffa;t, 1 898; Para
mammites Furon, 193 5 ;  Plesiovascoceras Spath, 
19'2 5 ;  Pagesia Pervinquiere, 1 907 ; Tbomasites 
Pervinquiere, 1 907 ; Neoptycbites Kossmat, 1895 .  

Spatbites (of which Fallotites Wiedma:nn, 1 960 
and Spatbitaides Wiedma:nn, 1 960 are synonyms) 
has been transferred to the Mammioinae (see 
Kennedy et al. 1 980) . The subfami,ly fal,lotitinae 
Wiedmann, 1 960 is rheref.ore a synonym (Cooper 
1 978, p. 128 )  as is proba:b[y the subfami1y Neop
tychicinae Coliignon, 1965b for which Masiaposites 
Collignon, 19'65b was proposed as rype genus (be 
should have employed Neoptychites for this pur
pose, since rhe family-group name is derived 
from it) . CoHignon ( 1 965b) added anorher new 
genus, Hourcquia, which seems to have been 
accepted as a vascoceratid. Kennedy & W right 
( 1979a) believed Betiokyites Collignon, 1 96Sb to 
be best regarded a subgenus of Neoptycbites, of 
which they considered Pseudoneoptycbites Leanza, 
1967 a synonym. I ehoase rather to keep these 
two genera distinct on account of the umbilical 
tuberdes present in Pseudoneoptycbites. 

Gombeoceras and its subgenus Ferganites S.tan
kevich & Poyarkova 1 9'69 (including Koulabiceras 
htabekyan 1 966) are syonyms of Tbomasites (see 
Preund & Raab 1 969; Reymenr 1 979; Wright 
& Kennedy 1 98 1 ) ,  which is referred w the vasco
cerwcid subfamioly PseudotissotiJina.e (Wright & 
Kennedy 1 981)  (see, however, Reyment 1 9'79) . 
Discovascoceras CoHignon, 1957 and Imlayiceras 
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Figs. 29-30. Paravascocet·as hartti (Hyatt) . PMMA9. 
From Loma el Macho. X l. See also Figs . 2B, 3 1 .  
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Fig. 3 1 .  Paravascoceras hartti (Hyatt) . PMMA9.  From Loma el Macho. X l .  See also Figs. 2B, 
29-30. 

Lea.nza 1 967 wiH be di:scussed below under the 
la1ter subfamvly. 

Pachyvascoceras and Broggiiceras Benavides-Ca
ceres, 1956  are synonyms of Paravascoceras (see 
Freund & Raab 1 969, p. 1 9) .  Cooper ( 1 979) narned 
Provascoceras but this is regarded as a synonym 
of Vascoceras by Wright & Kennedy ( 1 98 1 ) .  Coo
per ( 1 979) believed Ezilloella to be a synonym 
of Nigericeras, and Wright & Kennedy ( 1 98 1 )  
show that Plesiovascoceras is a synonym of Page
sia. Franciscoites Btayo-Serna, 1 979 and Nanno
vascoceras Renz & Alvarez, 1 979 are litde-known 
vascoceratids kom South America; Greenhorno
ceras Cobban & Scott, 1 972 is a subgenus of 
Vascoceras, from the United States. 

Subfamily VASCOCERATINAE H. DouviUe 1912  

Genus V ASCOCERAS Chofbt 1 898 
( = Provascoceras Cooper 1 979) 

TYPE SPECIES: Vascoceras gamai Ohoffat 1 898 
by origina'l des:ignation. 

REMARKS: Cooper ( 1 978, p. 128)  and Wright 
& Kennedy ( 1 98 1 ,  p. 86) d=scuss -this genus. I 
differ from Cooper in treating Paravascoceras as 
a d ·  stinct genus, not a subgenus of V ascoceras. 
Kennedy & Juignet ( 1 977,  p. 5 87)  proV'ide useful 
remarks on some of the species referred to 
Vascoceras. 

V ascoceras cf. gamai Choffat 
Figs . 2 6-2 8 

1920  Vascoceras aff. gamai Choffat; Böse, p. 2 1 6, pi. 
1 5 ,  figs . 3-5 ; text-fig. 3. 

COMPARE: 
V ascoceras gamai Choffrut 1 898, p. 54, pi. 7, figs. 
1-4; pL 8, fig. l ;  pi. 1 0, fig. 2 ;  pi. 2 1 ,  figs . 1-5 . 

MATERIAL: C567,  a complete specimen, wirh 
apparendy about one-quarter of a body whorl 
preserved. From Loma el Macho. 
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DISCUSSION: Böse ( 1 920) described C567,  the 
single known specimen of Vascoceras from loma 
el Maoho. I can add norbing no Böse's descriprion 
and his iHusrr�tions are good. C5 67 is poody 
preserved, hut apart from 'being comparable with 
Choffat's species is also r,eminiscent of some of 
rhe 'Fallotites' [= Spathites (]eanrogericeras) ]  
described by Wiedmann ( 1 964) from Spain and 
by Khahmov ( 1 972) from Turkestan, and of 
Vascoceras ( Greenhornoceras) birchbyi Cobban & 
Smnt ( 1 972,  p. 85 ,  especiaMy pl. 2 3 ,  figs. 4-6, 9, 
10, 1 1- 1 3 ) .  

Genus PARA V ASCOCERAS Furon 1 935  

( = Paracanthoceras Furon 1935 = Pachyvascoce
ras Furon 1935 = Broggiiceras Benavides-Caceres 
1 95 6) 

TYPE SPECIES: V ascoceras cauvini Chudeau 1 909 
by original designation. 

Paravascoceras hartti (Hyatt) 
Figs . 2 8C, 29�33 

1 8 7 0  Ceratites harttii Hyatt, p.  3 8 6. 
1 8 7 5  Buchiceras harttii Hyart, p .  3 7 0. 

1 8 8 7  Ammonites (Buchiceras) harttii Hyatt; Whi
te, p. 226, pi. 1 9, figs. l, 2; pi. 2 0, fig. 3 (mis
labelled Ammonites pedroanus White) .  
1 903 Vascoceras hartti (Hyatt) ; Hyatt, p .  1 03 ,  pl. 
14, fig. 1 6. (Refigured by Faraud, 1 9'40, pl. 9, fig. 
2 ) .  

? 1 92 0  Vascoceras angermanni Böse, p .  2 1 7 , p i .  1 7 , 
fig. l only; text-fig. 2 upper. 
1 92 5  Vascoceras hartti (Hyart) ; Maury, p. 5 94 . 
1 9'30 Vascoceras hartti (Hyatt) ; Maury, p. 2'8 1 .  
1 9'36 Vascoceras hartti (Hyatt) ; Maury, p .  247, 
pi. 22 ,  figs. l,  2 (copy White 1 8 8 7 ) .  

? 1 940 Vascoceras (Pachyvascoceras) cf. hartti 
(Hyatt) ; Faraud, p. 48, pi. 4, fig. 2 ;  pl. 5 ,  fig. 2 ;  
p i .  9 ,  fig. l .  

? 1 9'60 Vascoceras (Pachyvascoceras) cf .  hartii 
(Hyatt) ; Wiedmann, p. 7 1 2 .  

non 1 966 Vascoceras hartii (Hyatt) ? ;  Willard, pl. 4 1 ,  
Itg. 2 ;  pl. 42, fig. l .  

? 1 9 69 Pachyvascoceras harttii (Hyatt) ; Oliveira & 
Brito, p. 2 2 0, pi. 2, frigs . 1-3; text-fig. 3 .  
1 972 Pachyvascoceras hartii (Hyatt) ; Reyment & 
Tait, pi. 5 ,  fig. 2 6a-c. (Also figured by Beurlen 
1 9 7 0, pl. l, fig. 9) . 

? 1 9 7 2  Vascoceras cf. globoJUm (Reyment) ; Rey
ment & Tait, pl. 5 ,  fig. 2 5 a-c. (Also figured by 
Beurlen 1 97 0, pi. l ,  figs . 1 0, 1 1 ) .  

? 1 972  Vascoceras cf. compressum (Barber) ; Rey
ment & Tait, pi. 5 ,  fig. 2 7 .  (Also figured by Beur
len 1 9 70, pi. l, figs. 1 2 ,  1 3 ) .  
1 9'7 7 Paravascoceras hartti (Hyatt) ; Chancellor et 
al., p.  96, fig. 2 0. 

REMARKS: Ghoffat ( 1 898, p. 62 , pl. 1 3 ,  fig. 7 )  
refigured Whire's ( 1 887, pl. 20, fig. 3 )  whorl see-
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tion diagram and also ( 1 898, pl .  21 ,  fig. 25)  gave 
the suture, taken from White's ( 1 887,  pl. 1 9') illu
strations. Magalhaes & Mezzalira ( 1 95 3 ,  p. 238, pl. 
68) have reproduced White's figure of the species 
in lateral view only. Hyatt's ( 1903) spellin g of 
hartti is used here, simply for convenience; Artide 
3 3a of the drafr for comment of the 3rd edition of 
the International Coae of Zoological Nomenclature 
(l.C.Z.N.) reads : "the terminarians -i and -ii . . .  
are permissibfe alternatives and the use of either 
for rhe other does not con�titute an emendacion 
or an incorreot subsequent spelling." AU the mate
rial in vhe synonymy above is from Mexico (the 
materia� described here) , Spain (Wiedmann 1 960, 
1 964) , France ( Faraud 1 940) , or Sergipe (a:l'l other 
records) . There are two specimens labeHed as this 
species in r:he Brit•ish Museum (Natura'! History) 
from "1loc. 1 007,  5 , 5  km south of Novo Redondo 
[Angola} " (BMNH C80175-6) . 

MATERIAL: C570, f,igured in latera1 view only 
by Böse ( 1 920) and described as Vascoceras anger
manni, only doubtfuHy referred here on account 
of �ts poor scate of preservation. PMMA9, comp�ete 
except for vhe body chamber; this is a weH-pre
served specimen, previously figured oniy in lateral 
view by ChanceHor et a:l. ( 1 977 ) .  C570, PMMA9 
and PMMA20, a juvenile probably belonging here, 
a:ll show parvial sutures. All are from loma el 
Mach o. 

DIMENSIONS: 
D Wb Wh 

PMMA9 1 1 3 ( 10 0) 8 2 ( 7 3 )  46(4 1 )  
PMMA20 5 4 ( 1 00) 5 2 (96) 2 1 (39)  

Wb:Wh U 
1 , 7 8  2 7  (24) 
2,48 15 (27 )  

DESCRIPTION: Very globose, invalute cad�cone, 
with tighdy embracing whoris Ieaving exposed 
only the smoothly rounded umbilical shou1ders of 
previous whods. Section semilunar, but siighdy 
trianguiar in the juvenile; rhickness almost eon
stant across the section. Umbilicus very deep and 
funnel-shaped, with flat, very steep waills . There 
is no ornament, except low folds which cross the 
venter of MA9 in the region where the suture 
is exposed . Although scarcely perceptible, these 
folds are s.\ighvly prors�iradia:te and seem to num

ber abour 5 over rhe space of a quarter-whorl. 
W eak growth s:triae cross the j uvenile sheli. The 
suture seen on PMMA9 (Fig. 2B) consists of four 
large, rounded saddies of the typical Vascoceras 
pattern. The sumre of C570 was described by 
Böse under Vascoceras angermanni ( 1 920,  p. 2 1 7 ;  
see below) . The suture of PMMA20 (see Fig. 2c) 
shows simple, rounded elements, again of the 
typical Vascoceras pattern. 

DISCUSSION: Identity of PMMA9 with Hyat·t's 
'V ascoceras hartti' is wnfirmed by comparison 
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Figs. 32-33. Paravascoceras hartti (Hyatt ) .  PMMA2 0. 
From Loma el Macho. X l .  Eee also Fig. 2C. 
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Figs. 35-37. Paravascoceras carteri (Hyatt) . PMMA7 .  
From Loma e l  Macho. X l. 
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with the Uppsala CoLlections from Sergipe. These 
coLlections contain nme specimens scarceJy disting
uishable from PMMA9, and indicate that White's 
( 1 887) figured specimen is a typicarl example of 
the spe6es ;  there is considerable varirution, how
ever, particularly in regard to umbilical width. 

The U ppsab CoHections als o confi11m the generic 
ass·ignment of Paravascoceras for hartti. Most 
authors since Faraud ( 1 940) have referred HyaH's 
species to Pachyvascoceras, but this genus has 
been shown to be a synonym of Paravascoceras 
(see Schöbel 1 97 5 ) .  The latter is distingu:ished by 
"che absence of umbil :crul tuberdes rut eady stages" 
aond rulso inoludes "the forms which are entirely 
devoid of ornament rhroughout uheir development" 
(Freund & Raab 1 969, p. 20) .  I have seen no 
ornrument on an y of the U ppsaJa specimens, 
arlvhough the eadiest growrh stages have not been 
examined. Fo>lds on the venter of rnature she]ls, 
as are seen on PMMA9, are common in Paravasco
ceras. 

A generar! conclusion to be drawn from the 
U ppsa:la Colilections is that rhere is no clear 
distinction berween P. hartti with nf!!rrow umbilici 
and P. angermanni with wide umbilici (see below) . 
likewise, there is no clear distinction berween 
P. angermanni and P. carteri in regard to um
bilicaJ width. There thus appears to be a more 
or less concinuous range of variation in this 
charaoter Iinking the globose Paravascoceras 
species. Inflation of the sheH is rulso highly var,iable 
in these forms, so it wiH be appreciated thaot my 
use of rhe word 'species' here may have little 
biological meaning. 

Böse ( 1 920, p. 2 1 7)  induded C5 70 with in his 
Vascoceras angermanni. Comparison with the 
Uppslia CoHeccions has shown, however, that C570 
l ies wi,tJhin the range of variation seen in the 
Uppsrula P. hartti, a!khoug:h it is too poo'fly preser
ved to be certain. C570 has severaJ partiai sutures, 
including that shown painred in on Böse's pl. 17 ,  
fig. l and drawn as  his upper text-fig. 2 .  Böse's 
( 1 920, p. 2 1 7) description of ehe surure is probably 
based largely on a more complete example about 
1 80° behind the aperrrure of the specimen. It 
should be noted, however, thf!!t BJse's smaHest 
specimen of V. angermanni (C5 69) also shows 
some suture ( it was figured by Karrenberg 1 935 ,  
text-fig. 3 right) which may rulso have contributed 
to Böse's descripvion. C569 is referred below with 
a fuN discuss:on to P. carteri. 

Choffat ( 1 898) noted thaJt: the whorl section 
figured by White (pl. 20, fig. 3 )  is more triaugular 
than that of the specimen on his pl. 19. Onl.y 
in the explanation to his pl. 1 3 , fig. 7 did Choffa.t 
{ 1 898) tentatively refer hartti to his genus Vasco-
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ceras, but this referrnJ was accepted by Hyatt 
( 1 903, p. 1 03 ) .  

A:lthough Böse ( 1 920) did not identify Hyatt's 
species in his coHection, he summarised what was 
lmown then of its affinities .  Kcs�mat ( 1 895 , p. 5 3 )  
had indicated tihat HyaH's 'Buchiceras' was not 
related to thrut genus (see Kennedy et aL 1 980) , 
but thf!!t hartti was a olose relrutive of the Indian 
Pagesia rudra (Swliczka ) (see Kennedy & Wright 
1979b) . In fact, Hyatt's ( 1 903) figure of 'the 
suture of hartti contirmed that it was better 
referred to Vascoceras, and rela�ted to the Porm
grrese species V. harttiforme, V. amieirense and 
V. kossmati. (According to Berchou et a!l. 1 97 5 ,  
the Porruguese species are not actuaHy known 
w possess umbilicaJ tubercles . They recommend 
considering V. harttiforme a synonym of V. koss
mati) . 

I have examined the Peruvian specimen figured 
by Wi,Vla,rd ( 1 966) as V. hartii? a:nd do not think 
it belongs here, bur ought perhaps to be unired 
with lisson's ( 1908, pl. 9A-C) V. amieirense 
Lisson not Choffat. V. aff. harttiforme has been 
desc11ibed from Spain (Karrenberg 1 93 5 ,  pl. 33 ,  
fig. 1 1 ) ,  while V.  gr. harttiforme has been reporred 
from sou,thern Mex ·co (Burckhardt & MiiHerried 
1 936, p. 32 1 ) ,  although no other information 
was given. 

Pervinquiere ( 1 907, p. 332)  descri:bed a form 
from Tunisia he referrd co V. durandi (Thomas 
& Peron; see below) , which he also considered w 
inolude V. douvillei ChoffM. Perv · nquiere ( 1907) 
vhought V. durandi simi�ar to 'V. hartti' but differ
ent in the possession of tuberdes a:nd a some
whrur more complex suture. 'J1here is a specimen 
in tthe Oxford Universi,ry Museum from Ain Sfaia, 
18 km south of Thala, Tunisia whioh is a'lmost 
identicaJ with PMMA9, (OUM KX207, maximum 
diameter approximately 140 mm). 

Furon ( 1 93 5 ,  p.  58)  described a fo11m s imHar 
to P. hartti from the Niger Republic which be 
named Vascoceras (Pachyvascoceras) erassus and 
which Schneegans ( 1 943, p. 1 3 1 )  inoluded wirhin 
Paravascoceras. Farand ( 1 940, p. 48) dese:r:bed a 
form from France comparable with P. hartti and 
showed tthat the bt:ter was rela�ed to his Vascoceras 
triangulare crassum. 

Ammonites which apparently differ from P. 
hartti in being more compressed include the Tuni
sian V. durandi (Thomas & Peron 1 889, p. 27 ,  
pl. 18 ,  figs. 5-8; see below under P.  angermanni) , 
V. ellipticum Barber from Nigeria (e.g. Offodile 
& Reyment 1 977,  p. 54, fig. 2 5 ) ,  Vascoceras sp. in 
Donville ( 1 928,  p. 1 5 ,  pi. l, fig. 6) from Sinai, 
Vascoceras sp. in Cobban & Scott ( 1 972 ,  p. 83,  
pi.  36, figs. 3 ,  4; text·fig. 41A only) - only the 
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4 cm 
Fig. 34. Paravascoceras aff. hartti (Hyatt) . Outline diagram of PMMA2 1 from Lom:1 el Macho, 
restared and corrected for distortion. 

last two seem to be free of umbilical tuberdes -
and P. angermanni (Böse) . All the material figured 
by Reyment & Tait ( 1 972 ;  see synonymy abave) 
is close to the Mexican P. hartti. 

Paravascoceras aff. hartti (Hyatt) 
Fig. 34 

1 92 0  Vascoceras sp.  nov. ex .  aff. adonense Choffat; 
Böse, p. 2 14,  pl. 14 ,  fig. 4; pl. 1 7 , fig. 2; text-fig. 2 
lower. 

? 1 92 8  Vascoceras aff. adonense Choffat; Böse & Cavins, 
p. 29. 

MATERIAL: C571  described by Bö3e ( 1 920) ; the 
body chamber, �hown in place on B::>se's pL 17 ,  
fig. 2 ;s lost. AJso PMMA2 1 ,  reconstructed from 
fragments, but lacking the body chamber. The 
accompa:nying diagram (Fig. 34) partrays PMMA39 
as it would ruppear if complete and undis torted . 
Both specimens from Loma el Macho. 

DIMENSIONS: 
D Wb Wh Wb:Wh U 

PMMA2 1 1 40( 100) 1 00( 7 1 )  3 0 (2 1 )  3 , 3 3  8 0 ( 5 7 )  

DESCRIPTION: PMMA2 1 a:nd C5 7 1  are identi 
ml, even in mode of preservation and dismrtion. 
The foHowing descript :on is complementary to 
rhat given by Böse( 1 920) for C5 7 1 :  Rather evoiute 
cadicone with very wide, deep umbiiicus. Whod 
section extremely depressed, semilunar, on�y s,Jight
ly higher at mid-section than near the umbilicus. 
Each successive whod leaves exposed only the 

umbilical shoulder of rhe preceding whorl. Um
blical waills high and very steep (almost vertical 
at rhe umbHical seam) ,  with curvruture decreasing 
near the umbilica1l shoulders. The latter become 
progressively more angular, rukhough this may 
be due to crushing. The only perceptible ornament 
seen were iow folds on a part of the earliest 
preserved whorl, now concea:led . Suture apparently 
of the simple Vascoceras type (see Bös e' s ( 1 9'20) 
text-fig. 2 lower) . 
DISCUSSION: The two specimens are identical 
with P. hartti in aH respecrs exoept umbiEcal width. 
They both have an umbilicus wider than that 
of an y specimen I have seen in the Uppsala 
Cohl.eotions, and White's figured specimen differs 
from PMMA2 1 in this character on1y (U = 45 % 
of diameter as aga'nst 5 7 % ) .  

B:'se considered that C5 7 1  reserobled the Portu
guese Vascoceras adonense Choffat ( 1 898, p. 59, 
p!. 9, fig. 3 ;  pL 2 1 ,  fg. 12 )  but noted "this 
la.tter specie> shows nodules on its umbiiical 
corder, whiile these are entirely missing [on 
C57 1 }", ( 1 920,  p. 2 1 5 ) .  The pPesent form may, 
therefore, be referred to Paravascoceras. As Böse 
nored, C5 71 is muah mor e evolute than V. ado
mnse, and there are apparently differences in 
the sutures. Böse conducled t:halt C5 7 1  repres,ented 
a new form, with suture similar to that of 
V. gamai Choffat ( 1 898, p. 54, pl. 2 1 ,  figs .  l, 2 ;  
Choffat's figured specimen of V .  adonense has 
itseH been referred to V. gamai by Berrhou et al. 
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1 97 5 ) .  Since most of the Por.tuguese Vascoceras 
passeJs umbrlioJ tuberales (a�khough see nate 
above concerning V. amieirense, V. harttiforme, 
and V. kossmati) , I rhink it more likely that the 
dosest rela,tives of the Mexican form wiH be 
found olsewhere. 

Pagesia catinus (Manrehl) shares ,the same over
aH shape and wide umbi1licus with PMMA2 1 and 
C57 1 ,  but differs in being more strongJy orna
mented. An English example menrioned by SpaJth 
( 1 92 5 ,  p. 1 98)  and figured by Wright & Kennedy 
( 1 98 1 ,  text-fig. 3 2 ;  BMNH C83 1 6, see p. llO 
herein) is srrikingly similar ro the Mexican form. 
Some spec 'mens of F. haarmanni Bjse (see below) 
are smoo:th at s 'zes comparabJe wirh PMMA 2 1  
and some (e.g. Powell 1963a, pl. 33 ,  fig. 2 )  also 
agree in the po-ssesSiion of an angU'lar umbil,ical 
shoulder.  

The Israeli V. durandi, V. harttiforme and V. 
cf. amieirense described bur not photographed by 
Freund & Raab ( 1 969, p. 29!_32) are probably 
similar to the specimens treated here. I have 
examined one of their specimens of V. durandi 
(USNM 23672)  and find rhaJt this is confirmed, 
a�lrhough ir does possess umbihcal tuberales, as 
described. Freund & Raab's V. cf. adonense (p. 
32 ,  pl. 5, fig. l; tex;dig. ?a, b) was stared 
as showing "no significant difference" from C5 7 1 ,  
bur it was added tha>t ",the l.atter is so bad1y 
preserved that any comparison wowld be uncer
tain". 

Paravascoceras carteri (Barber) 
Figs. 3 5-3 7 

1 92 0  Vascoceras angermanni Böse, p. 2 1 7, pi. 1 6, 
figs . l, 3 only. 

1 9 3 5  Vascoceras angermanni Böse; Karrenberg, p. 
140,  text-fig. 3 right not left? 

1 9 5  7 Vascoceras globosum carteri Bar ber, p. 2 5 ,  pi. 
8 ,  fig. 2; pi. 28, figs. 8 ,  9. 

? 1 963a Pachyvascoceras glo bosum Reyment; Powell, p. 
32 1 ,  pi. 34,  figs . 7 ,  1 1 ;  cexc-fig. 3 s .  

1977  Paravascoceras carteri (Barber) ;  Offodile & Rey
ment, p.  5 5 ,  figs. 2 7a, b, 2 8 .  

1 9 7 7  Paravascoceras carteri (Barber ) ;  Chancellor et 
al., p .  92, figs . 1 5- 1 7 .  

MATERIAL: Böse's specimen C569, pJus one 
other weil-preserved specimen, PMMA7.  AJso 
PMMA22,  ba:dly crushed, plus PMMA2 3, which 
is half of an ammonite split across the whorls, 
and PMMA24. The fragment PMMAl ,  described 
above as Metoicoceras ? sp.,  was found in the body 
chamber of PMMA 7. AH from Loma el Macho. 
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DIMENSIONS: 
D 

PMMA7 94 ( 1 00) 
PMMA22 66 ( 1 00) 
PMMA23 74( WO) 
FMMA24 5 4 ( 1 00) 

Wb Wh 

82 (87)  2 5 (27 )  
6 6 ( 100) 1 4 (2 1 )  
62 (84) -
5 2 (9'6) 14(26) 

Wb:Wh U 
3 ,28  1 5 ( 1 6 ) 
4,7 1  1 2 ( 1 8)  

1 2  ( 1 6) 
3 ,  7 1  7 ( 1 3 )  

DESCRIPTION: Extremely inflated, globose and 
involute; whoris aimast completely embracing; 
eady shdl subspherical but sometimes slightly 
rriangular. Who!J'l seotioo semilunar, a:bout five 
times as broad as high. Umbi,Licus very smaH and 
deep, with nearly vertica1 waUs and subaugular 
shoulder. Low folds can be discerned crosS< :ng the 
venter at middle growth stages on PMMA 7 ;  these 
number about 5 per quarter whorl. No other 
ornament is visible. A poorly preserved suture 
occurs about 1 80 ° behind vhe aperture of C5 69 
and was figured by Karrenberg ( 1 93 5 ,  p. 140, 
text-fig. 3 right) . This is a simple Vascoceras 
suture, and may have been pa:rdy the basis for 
Böse's ( 1 920,  p. 2 1 7)  descripnion of rhe surure 
of V. angermanni. 

DISCUSSION: Böse ( 1 920, pl. 1 6, figs. l ,  3 )  
figured C569 as  V.  angermanni. Chance1lor et 
al. ( 1 977, p. 92)  seleaed C568 (Böse's p! . 1 6, 
figs. 2, 4) as lectotype of V. [= Paravascoceras} 
angermanni, and referred C569 to P. carteri. Un
for;tunaJtely, both judgem.ents were made before 
t'he aoruaJ specimens were seen, a:nd it must be 
admirtted that C568 was a paor choice for 'Lecto
type since it is in a very poor state of preserva
tion. On the basis of the total colaeotioo from 
Loma el Macho, however, it soiU seems reasonable 
to distinguish C5 68 and C569 at the specific 
level as understood here. Likewise I refer C570,  
Böse

:
s t'hird specimen of V. angermanni, to P. 

hartti, ma:inly on rhe bas :s of comparison with 
the Uppsala collections from Sergipe. 

The varialt)ion s,een in the Loma el Macho mate
ria:! howeve:r shows that P. carteri grades into 
P. �ngermam;i which in turn grades into P. hartti, 
principaJ<ly by an increase in umbilical width, a?"d 
I must stress again my use here of ·the species 
category may not reflect bio1ogical reality. 

I have campared the present material with the 
Nigerian holotype BMNH C47630 of Barber's 
( 1 957)  V. globosum carteri and find that alohough 
the lavter is crushed, it is almost certainly con
specific with the Mexican specimens. The species 
V. globosum, however, bears umbilical tuberdes 
a't early stages whereas carteri apparemly does not, 
so more 1ogicaHy (according to Offodile & Rey
ment 1 977 ,  p. 5 5 )  carteri should be el·evated w 

species rank and referred to Paravascoceras. There 
is good agreement between the Mexican speci-
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Figs. 38-39. Paravascoceras angermanni (Bese ) .  PM 
MA28 .  From Loma el Macho. X l .  

Cenomanian-Tttronian amnrmites 1 0 3  

Figs. 40-42. Paramammites? mohovanensis (Bese) . 
Holorype C 5 7 4  (see Bese 1 920, pl. 1 8 ,  figs . l ,  2; rext
fig. 4 upper) . From Loma el Macho. X l .  
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mens and the P. carteri desnibed by Offodile & 
Reyment ( 1977)  from Nigeria. 

Karrenberg ( 1 93 5 ,  p. 140) described a specimen 
of V. angermanni from Spain , but only figured 
its suture (text-fig. 3 ldt) alongside that of C569 
(see a:bove) . Judging from the dimensions and 
description of Karrenberg's specimen, it woruid 
certtainly seem dose ro P. carteri. The small speci
men WSA2 30 figured by PoweH ( 1 963a, p. 3 2 1 ,  
pl. 34, figs. 7, 1 1 ;  teJCt-fig. 3 s )  from Texas may 
belong here, and a specimen in the Oxford 
University Museum Collections from Ca:lvert Ca
nyon (OUM KT378)  is identica-l wi.rh Barber's 
species (Kennedy et a!l ., in preparation) . 

Paravascoceras angermanni (Böse) 
Figs . 2D, 38 ,  3 9  

1 92 0  Vascoceras angermanni Böse, p. 2 1 7, pi. 1 6, 
figs. 2, 4 only. 
1 92 0  Vascoceras sp. ;  Böse, p. 2 1 6, pi. 1 8 ,  fig. 1 2 .  

? 1 972 Vascoceras sp. ;  Cobban & Scott, p. 83,  pi. 3 6, 
figs . l ,  2 ;  rext-fig. 4 1 B. 
1 9 7 7  Paravascoceras angermanni (Böse) ; Chancellor 
et al . ,  p. 9 6, figs. 1 8 ,  1 9 .  

MATERIAL: The lectotype C568, plus Böse's 
figured specimen referred by him to Vascoceras 
sp., C572 ,  plus C573 ,  which is almost certainly 
his unfigured specimen referred to V ascoceras sp. 
(see Appendix) , which shows the inner whods. 
Also PMMA8, previous,ly figured by ChanceHor 
et al. ( 1 977) , and PMMA2 5-2 8, aH somewhat 
eroshed and poorly preserved and all from Loma 
el Macho. 

DIMENSIONS: 
D W b W h Wb:Wh u 

PMMA8 1 1 2 ( 10 0) 7 6 (67) 5 0(45 )  1 ,5 2  1 9 ( 1 7 )  
PMMA2 5 7 9 ( 1 00) 5 0( 6 3 )  3 9 (49) 1 ,28  1 2 ( 1 5 )  
PMMA26 1 1 2 ( 1 00) 8 5 ( 7 6) 5 0( 4 5 )  1 , 7 0  2 1 ( 1 8 )  
PMMA27 9 7 ( 1 00) 7 4 (76) 46(47) 1 ,61  1 9 ( 1 9) 
PMMA28 99( 100) 7 2 ( 7 3 )  4 1 (4 1 )  1 , 7 6  1 8 ( 1 8 )  

DESCRIPTION: Globose, but highly variable; 
some s:heUs somewhlllt campressed ( e.g. PMMA28) 
but generally very i:nflated, with whorls aimos<t 
completely embracing. Whorl section semilunar, 
only slightly thicker at mid-s·ection rhan near 
umb.licus, whic:h is variable but generally taJther 
narrow and deep, with almost vertical wa!Js and 
smoothly rounded shoulder. There appears to be 
a tendency to uncoiling in some !arge specimens 
(e.g. PMMA8) . Suture of the simple Vascoceras 
type, althorugh incompletely known (see Fig. 2D) .  

DISCUSSION: This species apparenrly does not 
possess umbi1ical tuberdes and is therefore here 
referred to Paravascoceras. As such it grades into 
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P. carteri and P. hartti, as discussed above. Bbse 
orig'nad<ly included three specimens in P. anger
manni, C568, C569· and C5 70. I have referred 
C569 to P. carteri and C570 (somewha:t doubt
fu:l1y) to P. hartti, and selected C568 as ·lectotype 
of P. angermanni. I also include in P. angermanni 
Bös e' s V ascoceras sp. since, in terms of overall 
shape and umbilical width, they are indistinguish
able from C568. 

It seems Iikely that Böse ( 1 92 0•, p. 2 1 8)  bad 
C570 in mind when he compared P. angermanni 
with Vascoceras kossmati Choffat ( 1 898, p. 63, pL 
1 3 ,  figs. 8, 9; pl. 1 4, figs. l ,  2 ;  pL 2 1 ,  figs.  26, 
27 ;  <the comparison was rekerared by Karrenberg 
193 5 ,  p. 140) . I have compared C570 directly 
wirh a east of Choffa:t's pl. 1 3 ,  fig. 8; pl. 14, fig. l 
kindly lent to me by Dr. C. W. Wright, and 
with Eck's ( 1 91 5 ,  p. 202)  Egyptian specimen 
(Berlin CoHections) which is apparemly idenrical 
with t!he Porruguese species. Although both speci
mens are dosest in size to C569 (P. carteri) and 
dosest in umbilical widrh to C5 68 (P. angermanni) 
in overall shape they are dosest to C570 (P. 
hartti) .  Böse cired as the main difference berween 
P. angermanni and V. kossmati the less tightly 
rounded inner whoris of the former (by which 
he must have mea:nt C5 69) . The suture "is also 
different, the saddles of [P. angermanni] being 
relllltively higher and rhe lobes deeper" and "one 
might add ·thl!Jt [P. angermanni] grows to a 
larger size than rhe Portuguese species" (p. 2 1 8 ) .  
These buter comparisons were presurnably based 
on specimen C570. 

Böse  ( 1 920, p. 2 1 9) campared his Vascoceras 
sp. wi•th Ammonites arnesensis Choffat ( 1 898, 
p. 68, pl. 1 3 ,  fig. 1 0; pl. 1 4, fig. 3; pl. 22, fig. 39) ; 
indeed, on p. 2 1 4  Böse refers to his materia>! as 
'V. aff. arnesense'. He rulso noted the s.imihrity 
between his V ascoceras s p. and P. angermanni, bu t 
felt rha1t •the !rutter was too globose; this objection 
is removed if comparison is made oniy wi•th the 
lectotype, C568. Ammonites arnesensis itself is a 
singular form. Photograp�s of Choffat's holotype 
(specimen no. 836, Geological Survey of Portugal) ,  
which a s  far a s  I can tell i s  the only specimen 
known, confirm Bjse's observation that i s surure 
is quite different from that of typical V ascoceras. 
Fara ud ( 19ci0, p. 48, pl. 3, fig. 3 )  compared 'V. ar
nesense' with his own V. triangulare and refigured 
Choffat's diagram of its whorl section. 

Vascoceras sp. of Cobban & Scott ( 1 972 ,  p. 83 ,  
pl. 36, figs . l ,  2 ;  text-fig. 41B) from Colorado 
(USNM 1 64020) , aJthough crushed, is very similar 
to some of the more compres'Sed specimens of 
P. angerm:mni. The Tunisian species V. durandi 
( see under P. hartti above) is also close to P. anger-
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Figs. 43-44. Pagesia haarmanni Böse. Holotype C 5 66 
(see Bese 1 920,  pi. 14 ,  figs. l, 2 ;  pi. 1 5 ,  fig. 2 ) .  From 
Loma el Macho. X l. 
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manni; I hope to publish a full rev1s10n of V. 
durandi elsewhere. 

It remains a question wherher Karrenberg's 
( 1 93 5 )  Spanish specimen of 'V. angermanni' (see 
under P. carteri above) shoruld be included here, 
since it was not figured. 

Paravascoceras compressum (PoweH not Barber) 
Figs . 49, 5 0  

1 920 Neoptychites aff. cephalotus (Courtiller) ; Böse, 
p.  2 2 1 ,  pl . 1 8 ,  figs. 3, 1 0, 1 3 ;  text-figs. 5, 6 .  

1 93 1  Thomasites sp . ;  Adkins, p. 5 6, p l .  2 ,  figs . 1 6, 
1 7 . 

? 1 95 7 Vascoceras globosum compressum Barber, p. 
2 5 ,  pl. 7 ,  fig. 4a, b;  pl. 9, fig. l a, b;  pl. 28, figs. 1 0, 1 1 .  
1 963a Pachyt;ascoceras compressum (Barber ) ;  Powell 
p. 32 1 ,  pl. 32 ,  figs. 2-4, 7; pl. 34, figs. 8 ,  1 0 ;  rext
figs. 3 b-d, f. 

MATERIAL: C5 77,  a juvenäe, plus PMMA30., a 
larger specimen with some body chamber pre
served. Both from loma el Macho. 

DIMENSIONS :  
D 

PMMA3 0  7 1 ( 10 0) 

Wb Wh 

3 7 ( 5 2 )  3 6( 5 1 )  

Wb:Wh U 

1 ,0  5 ( 7 )  

DISCUSSION: As noted in the Appendix, the 
specimen C577 described by Böse ( 1 920) as 
Neoptychites aff. cephalotus now lacks the body 
cha:mber which was shown in position in Böse's 
pl. 18 ,  figs. 3 ,  1 3  and is now indisringuishable 
from the 'Pachyvascoceras compressum (Barber ) '  
figured by  Powcll ( 1 9'63a) from Chihuahua, 
especiaHy Powe!J's pl. 32 ,  fig. 4. The larger loma 
el Macho specimen, PMMA30, though poorly 
pr·eserved, is very olose in shape to abundant 
specimens from Chihuahua and west Texas I have 
seen and is dearly conspecific with Powelf's 
materiaL I am rather less certain rhat these 
forms are idenrical with Barber's Nigerian sub
species, elevated ro species rank by PoweH. Barber 
( 1 957 ,  p. 2 5 )  s:pecificaHy reiers to "ornament 
on early whoris of umbilicaJ. tuberdes" and if 
this is the case his mwterial cannot be Paravasco
ceras (d. Reymenr 1 978, p. 5 8) .  In none of the 
Texan or M.exican mruterial, however, do •there 
seem w be wy such umbilica-1 tubercles . 

Genus FAGESIA Pervinquiere 1 907 

( = Plesiovascoceras Spa:th 1 92 5 )  

TYPE SPECIES: Olcostephanus superstes Kossmat 
1 897 by original designation. 

REMARKS: See Wright & Kennedy ( 1 98 1 ,  p. 87) 
for a diagnosis of and remarks on Fagesia, under 
which they synonymise Plesiovascoceras Sparh. A 
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comprehens�ive account of the occurrence of this 
genus is given by Cobban & Smtt ( 1 972 ,  p. 87) .  

Pagesia haarmanni Böse 
Figs. 43-48 

1920 Pagesia haarmanni Bese, p. 2 1 1 , pl. 14 ,  figs. 
l, 2; pi. 1 5 ,  fig. 2 .  
1 9'2 3 Vasco ceras thomi Reeside, p. 29,  p l .  1 1 , figs. 
l, 2; pl. 1 2 ,  figs . l , 2; pl. 1 3 ,  figs. l, 2; pi.  14, figs . 
l, 2 ;  pi. 1 5 ,  figs . 1-7; pl. 1 6, figs . 1-6. 

1 92 3  Vascoceras moultoni Reeside, p .  3 0, pi. 1 7 ,  
figs. l ,  2 ;  pi. 1 8 ,  figs. l ,  2 .  
1 9'2 3 VaJCoceras stantoni Reeside, p. 3 0, pi. 1 9 ,  
figs . l ,  2 ;  pl. 2 0, figs. 1 - 3 ;  pi. 2 1 ,  figs . 1-3.  

? 192 3 Vascoceras sp. ; Reeside, p. 30', pi. 20, fig. 4 .  

? 1 92 8  Pagesia haarmanni Böse; Bese & C1.vins, p .  29 . 

? 1 92 8  Pagesia aff. haarmanni Böse; Bese & Cavins, 
p. 29'. 

? 1 93 1  Pagesia cf. haarmanni Bese; Adkins, p. 29 .  
1 9 5 4  Pagesia haarmanni Böse; Kummel & Decker, 
p. 3 1 3 , rexr-fig. 3 .  
1 9 63a Pagesia haarmanni Bese; Powell, p. 320, pi. 
3 3 ,  fig. 2; pl. 34, figs . 1-5 ; rext-fig. 2h-k. 
1 9 7 1  Pagesia haarmanni Böse; Brito, fig. 1 3  (copy 
Kummel & Decker 1 954) . 

? 1972 Pagesia s p. ;  Cobban & Scott, p. 88 ,  pi. 34, 
figs. l ,  2 ;  pi. 38 ,  fig. 4 .  
1 97 8  Pagesia haarmanni Böse; Young & Powell, 
pi. 2 ,  fig. l (copy Powell 1 963a, pi. 34, fig. 1 ) .  

non 1 977  Pagesia haarmanni Bese; Chancellor e r  al., 
p.  9' 1 .  

MATERIAL: Böse's holotype C566 is the only 
surviving specimen of rhis species definitely known 
from Loma el Macho and is re111us:rrated here 
(Figs. 43,  44) .  The specimen PMMA 1 3  referred 
here by ChanceHor et al. ( 1 977)  is more probabJy 
part of a large pseudotissotiine. To C566 may be 
added from P.iedra de Lumbre: WSA 1 3 18/1 3 1 9, 
WSA 2080 and BEG 20828,  which is probably 
the material reported by Böse & Cavins ( 1 9'2 8) . 
These specimens are disrussed below. 

DISCUSSION: Reeside ( 1 92 3 )  knew of Bös.e's 
fossils from Lcma d Macho, bur bdieved that 
"none of the species seem m be ident:cal with 
those from Monrana" which he was describing 
as Vascoceras. 'fhis remark may be pardy the 
reason why Böse & Cavins ( 1 928,  p. 94) rhought 
Reeside's fauna contained "different species of 
Vascoceras",  even though Böse must surely have 
seen Reeside's i.J.lustrations. Reeside's material 
consisted of abundant large ammonites which he 
divided among -three new species, V. thomi, V. 
moultoni and V. stantoni. His taxonornie discus
sion was limited w comparison wi.rh some of 
Choffat's ( 1 898) Portuguese Vascoceras, none of 
which are reilly simi,lar to the Montanan forms. 

By his hsting of 'Plesiovascoceras' from Mexico 
and Montana, Wright ( 1 957 ,  p. 141 9) seeros w 
have been the first to note in print the s imilarity 
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between Böse's and Reeside's specimens (airhough 
see Appendix herein concerning the label of a east 
of haarmanni) . I have examirred a large body of 
m�teriail from Montana in the United States Natio
na1 Museum ( including Rees;de's specimens) and 
from the University of Wisconsin (the hner coil'lec
ted by Young ( 1 95 1 )  and kindly loarred vo me 
by Dr. K. Westpha1) .  In my opinion rhis material 
displays a continuous range of varoiaxion, rhat 
is , I do not believe more than one species should 
be recognised. 

Kummel & Decker ( 1 954) described a poody 
preserved specimen (WSA 2080) and a fragment 
(BEG 2 0828) from Piedra de Lumbre, both of 
which ·they referred ro F. haarmanni. Kummel & 
Decker ( 1 954) figured the suture of BEG 2082 8 
( 1 954, text-fig. 3 ) .  WSA 2 080 is figured here 
(Figs. 46-48) . A third specimen (WSA 1 3 1 8/ 
1 3 1 9) from Piedra de Lumbre seems to have 
escaped Kummel's and Decker's attencion; it is 
ha:lf of a welrl. preserved body whorl, constructed 
from two fragments (Wb = 95 mm; Wh = 5 1  
mm, intercosra:l) and is obvious.Iy identical to the 
outermost whorl of C5 66. lt is illustrared here 
(Pig. 45) :to show ·t!he vencer. 

Adkins ( 1 93 1 )  described a poody preserved 
fragment, perha:ps referable to F. haarmanni, from 
Texas. Powel!l ( 1 963a) described a subs:tantiai 
collection under the same name from Chihuahua, 
and observed that the venrral ornament of the 
species is graduaily lost dur in g ontogen y, generafly 
aJt diameters of a1bout 1 5 0-200 mm. Some speci
mens are snongly ornamenred while ocher are 
completely smooth at equivalent diameters, and 
there seems to be a continuous sequence of speci
mens represenving alJ varia,rions between these 
extremes. WSA 1 3 18/1 3 1 9  is the most strongly 
ornamented individua1 I have seen however, 
among any of the specimens which I refer here. 
It shows no sign of laosing its very strong ribs at 
a maximum diameter of a:bout 165  mm. 

Powel1's materiail. ruso shows a more or Jess 
continuous variaJtion of whor'l sections, in fact 
identica!l, in my view, with that seen in rhe coHec
tions from Montana. Bearing in mind that rhere 
are differences in preserva<tion between the two 
areas, I do not regard as more t'han, at most, a 
subspecific difference .the fact thrut "the juvenile 
ribbing is imerrupted over the venter in P. stantoni 
and continuous on the venter of F. haarmanni" 
(Powell 1 9'63a, p. 32 1 ) .  In this regatd it is inter
esting rhat t!he rwo juvenile fragments described 
by Cobban & Scont ( 1 972 ,  pi. 34, figs. l ,  2 ;  
pi. 3 ,  fig. 4 )  as Pagesia sp. from Colorado have 
11ibbing more Eke that seen in F. haarmanni from 
Mexico, than from Montana. 
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Fig. 45. Pagesia haarmanni Böse. WSA 1 3 1 8 / 1 3 19 .  
From Piedra de Lumbre. X l .  

Böse ( 1 92 0) described F.  haarmanni as be'longing 
tO .rhe group of F. superstes (Kossmi!Jt) , but dif
fering from tlhrut species, known principal•ly from 
India and Tunisia, in being mo·re evoJute, with 
sparser bur stronger ornament. 

Unfortunately, B::'se seems to have relied for 
knowledge of the English Turonian ammonites on 
Solger ( 1 904, p. 207) who omitted to list 'Arnmo 
nites catinus Mamell' ( 1 822 ,  p. 1 98, pi. 22 , fig. 
10) . 'A. catinus' of Mantell is based on the holotype 
BMNH C3 379, and is now referred to Fagesia. 
'A. catinus' ;:s figured by Sharpe ( 1 8 5 5 ,  p. 29, 
pi. 1 3 ,  fig. la, b) is ba:sed on BMNH 88583 and 
is now referred .ro Pagesia pachydiscoides (Spath) . 
BMNH C3 379 is refigured by Wright & Kennedy 
( 1 981 ,  texdig. 3 1 ) .  BMNH 88583 is refig�red 
by Wright & Kennedy ( 1 98 1 ,  text-fig. 37 ) .  Wright 
& Kennedy (op. cit.) include F. haarmanni in their 
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Figs. 46-48. Pagesia haarmanni Böse. WSA 2 08 0. 
From Piedra de Lumbre. X l .  
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Figs. 49�50. Paravascoceras compressum (Pöwell not 
Barber? ) .  C5 7 7  (see Bese 1 9 2 0, pi. 1 8, figs. 3, 1 0, 1 3 ;  
text-figs. 5 ,  6) . From Loma e l  Macho. X l .  
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Figs. 5 1 -53.  Fagesia? pervinquieri Böse. PMMA5.  
From Loma el Macho. X l .  See also Fig. 2F .  
Figs. 54-55.  Fagesia? pervinquieri Böse. PMMA6. 
From Loma el Macho. X l .  
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synonymy for F. catinus, but I prefer to regard 
rthe two species as distinot. In my experience, the 
largest specimens of F. haarmanni from the New 
World are admoot always more involute than 
BMNH C3 379 and become more depressed, with 
flatter, broader venters, at equivalent diameters. 
Reeside's pl. 1 3  specimen (USNM 3 2 5 36) is a 
possible exception, however, and post-mortem 
effects must aJways be remembered when deatling 
w�rh these 1arge vasmceratids. BMNH C3 379 is 
also considera.bly larger (approaching 400 mm) 
vhan any F. haarmanni I have seen, so other Eng
lish specimens must be used for making the 
comparison. 

The soecimen BMNH C83 1 6  mentioned by 
Spath ( 192 5,  p. 198, see p. 102 herein) as "another 
new species of Fagesia" has a diameter of about 
3 5 0  mm and is figured by Wright & Kennedy 
( 1981 ,  text-fig. 32)  as F. catinus. BMNH C83 lr6 
has already been mentioned a·bove in connecrion 
wivh Paravascoceras aff .. hartti ll!nd differs from 
borh BMNH C3 379 and BMNH 88583 ohiefily 
in j,ts more depressed seotion and flatter venrer. 
Omament consisrs of about 1 2  circular tuberdes 
cresdng the angu!lar umbiilicad shouider on the 
last whorl, which become increasingly 1low, ciavare 
and irregular rowa:rds the aperture. The expansion 
mte of the last whorl is very low and as such, 
BMNH C83 1 6  s.rrongly resembles some of the 
iargest F. haarmanni (cf. Reeside's pl. 2 1 , USNM 
3 2 5 3 3 ;  adso WSA 1 2 98) . 

Other specimens figured as F. catinus by W-right 
& Kennedy ( 1 98 1 )  ar'e BMNH C793 52  (rext-fig. 
3 3 ) ,  OUM Kl763 (text-fig. 34) and the inner
most whofils of OUM Kl0480 (pl. 2 6, fig. 2 ) .  
Of the two complete figured specimens BMNH 
C793 52  is on1y disvinguisha:bie from the holocype 
and only figured specimen of F. pachydiscoides 
(BMNH 88583) by being a lirrle more globose, 
while OUM Kl 763 is very similar in all respects 
to BMNH C3 379. 

Gonfining attemion ro specimens more direcdy 
mmparabJ.e in size with F. haarmanni, one may 
nate rhat BMNH 88583 is slighdy more invalute 
tha:n C566, with a more rounded, arehed venter, 
less angu'lM umbilica1 shoulder, rather wea.ker 
tuberdes and no venend ribs on the outer whod. 
Some specimens of F. haarmanni (e.g. Reeside's 
p. 1 1 ,  USNM 3 2 5 3 5 )  approach more closely the 
round infila:ted shape of BMNH 88583 ,  but these 
seem tJo represent an extreme of variation in the 
American species. BMNH C793 52  is doser in this 
regard to such spedmens of F. haarmanni. 

According to these observations, therefore, the 
holotype of F. pachydiscoides is apparendy very 
simibr to one end of ,rhe varia.oion seen in F. 
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haarmanni, and as such recalls the latter species 
more than does F. catinus, with the exception of 
specimens BMNH C83 1 6  and BMNH C793 52 .  
Until more material i s  figured from Europe I 
prefer to maintain 'rhe distincrion between F. 
haarmanni and F. catinus. It seems w me perhaps 
harder to maJinta:in the distincrion between F. 
catinus and F. pachydiscoides. 

French specimens comparable with F. haarmanni 
indude rhose figured by Destombes & Sornay 
( 1 959, pi. 1 4) ,  by Faraud ( 1 940, pi . 7, fig. l ;  pi. 
9, fig. 3 ;  phowgra.phs on p. 5 9) ,  and by Thomel 
( 1 969, pl. E, figs. l ,  2 ;  pi. D, figs. l ,  2 ) ,  all of 
which are inoluded by Wright & Kennedy ( 1 98 1 ,  
p. 88) in vheir synonymy for F. catinus. Destombes 
& Sornay's specimen is distor:ted, but Faraud's 
photographed spec1men seems very similar to 
som e of the larger F. haarmanni. Thomel's (o p. cit.) 
pi. E specimen is closely compara'ble w Reeside's 
( 1 92 3 )  pi. 17 ,  USNM 3 2 5 3 7  and Powelfs ( 1 963a) 
pi. 33, fig. 2 ,  text-fig. 2k, UT 30895 . 

Anderson ( 193 1 ) descri:bed three American 
species of 'Fagesia' : californica (p. 1 2 3 ,  pi. 1 5 ,  
fig. l ;  pL 1 6, figs. l ,  2 ;  pL 17 ,  �ig. l ;  texr-fig. 
la, b) , shastensis (p. 1 24, pi. 1 6, fig. 3; text-fig. 
2) and siskiyouensis (p. 1 2 5 ,  pi. 17 ,  figs. 2, 3 ) .  
He later (Anderson 1 958) redescribed califomica 
(p. 248, pi. 39, figs. l, 2) and siskiyouensis (p. 
248, pi. 2 8, figs. l ,  2 ) ,  adding a fourrh species 
klamathensis (p. 248, pi. 2 8, figs. 3, 3a) . Without 
stating his reason, he redescribed shastemis as 
a Vaseoveras (p. 248) .  Matsurnota ( 1 958 ,  p. 65 3 )  
referred californica to Plesiovascoceras [= Fage
sia] and included shastensis in synonymy with ir. 
He referred klarnathensis to Eupachydiscus peripli
catus (Whiteaves) and siskiyouensis to Anapachy
discus. 

Matsumoto ( 1 959, p. 102, pi. 36, fig. la-c; 
texdig. 54a, b) , having seen Anderson's material , 
described some addirional specimens of F. cali
fornica, including a figured specimen of which 
I have seen a east (BEG 3 52 3 1 ) .  He also (Matsu
moto 1 959, p. 3 5 )  showed klamanthensis to be a 
Eupachydiscus haradai haradai (Jimbo) . We are 
therefore Ieft wirh F. californica, of which Brito 
( 1 97 1 ,  fig. 1 2 )  refigured the suture, and there 
can be 'htde doubt rhat this species is closely 
related to F. haarmanni. 

The halocype of F. californica is larger and 
more evolute tha:n C5 66, with more rounded um
biEcal shouMers and weaker ribs, bur smaller 
specimens s·eem to resembJe -the Mexican specimen 
more strongly. Matsurnota ( 1 959, p. 104) indicated 
the cssentia'l d ifferences between F. califomica 
and Reeside's ( 1 92 3 )  material, and I might note 
vhat I have never seen a specimen of F. haarnzanni 
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identica:l with any of the figured F. californica. 
In my view, the two species are best regarded 
as disoinot rut present. 

Fagesia? pervinquieri Böse 
Figs. 2 F, G, 5 1-5 5 

1 920 Pagesia pervinquieri Bese, p. 2 1 2 , pl. 1 2 ,  fig. 
5; pl. 1 4, fig. 3 .  

? 1 97 5  Pagesia pervinquieri Bese; Brundrette in Frush 
& Eicher, p. 2 8 5 .  
1977  Pagesia? pervinquierei Böse; Chancellor e t  al. ,  
p.  92, figs. 1 1- 1 4. 

MATERIAL: In addition to the holotype C5 65 ,  
there are four other specimens of this species 
from Loma el Macho. PMMA5 is weil preserved 
but lacks the body chamber; i:t shows several 
partiaJl sutures (Figs. 2F, 5 1-5 3 ) .  The outer 
whorl of PMMA6 is badly corroded bUJt the inner 
whoris are weH preserved, as is shown here (Figs. 
54, 5 5 )  and in ChanceHor et al.'s ( 1 977)  figs. 1 3 ,  
1 4, where rhe specimen is developed back to a 
diameter of 5 8  mm (not 70 mm as stared by 
Chancellor et al.) . PMMA29 is a fragment of about 
one-sixth of a relatively large whml which shows 
some intemal sutures (Fig. 2G) . 

DIMENSIONS: 
D Wb Wh 

PMMA5 7 2 ( 1 Qi0) 46(63 ) 3 0(42) 
PMMA6 70( 100) 4 7 (67) 3 3 (47) 
PMMA29 ? 1 00( 1 0-0) 61 (61 ) 3 7 (3 7 )  

Wb:Wh U 
1 , 5 3  2 1 (29)  
1 ,42 20(28)  
1 ,64 ?40(40) 

DESCRIPTION: Subglobose, very involute, wirch 
semilunar whorl section. Umbilicus deep, rl!ither 
narrow, wi,rh Slteep waHs. Inner whoris with about 
8 umbiliml nodes per whorl at approximately D = 
45 mm, which disappear at an undetermined dia
meter on later whof'ls and from each of which 
about three reociradiate ribs extend aoross the 
venter, ga:ining their maximum devedopment at 
m:d-vemer. These ribs weaken somewhat on la"l'er 
whoris and become slighcdy prors'iradiate, while 
increas1ng in frequency w about 3 5 per whorl 
at D =  70 mm. They may disappear completely 
on larger specimens, bm rhe present mwterial is 
too poorly preserved to show this. The surure is 
of the simple Vascoceras pattera with weakly 
indented elements. 

DISCUSSION: The most mmplete specimen de
scribed here, PMMA5, is <immediately recognisable 
as idenricaJ. with C5 65 , inasmuch as ·the la,rter is 
a lircle larger (D = 94 mm) . The only other 
record of this species is vhat of Brundrette in 
Frus:h & Eicher ( 1 975 ,  p. 285 )  from west Texas. 
Unfortunately, I have not seen the fossil in 
question rund it is wt least possible that Brundrette 
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had in fact found F. texana Adkins ( 1 93 1 ,  p. 5 5 ,  
pl. 2 ,  figs. 4 ,  10, 1 5 ;  see also Kummel & Decker, 
1 954, p. 3 1 3 , pt 32 ,  figs . l, 2 ;  text-fig. 2 ) ,  because 
Frush & Hicher (op. cit., p. 287) refer to Kummel 
& Decker's ( 1 954) specimen of 'F. pervinquieri', 
whioh must be the holotype of F. texana (see 
below) . 

Böse ( 1 9'20, p. 2 1 2 )  gave a full description 
of C565 and recognised it as a near relative of 
F. tevesthensis (Peron 1 897, p. 23 ,  pJ. 7, figs . 2,  
3 )  and "especiaHy the iarge specimen figured by 
Pervinquiere" ( 1 907, pl. 20, fig. 6) .  (The name 
waJS misspek by Pervinquiere 1 907, p. 3 2 5 ,  who 
described Tunisian materiaJ. as F. thevestensis .)  
Böse simply Sltated that his species "belongs to 
Pagesia . . .  on acoount of its generaJ. form and 
ornrumentation . . . although the suture coru!ld not 
be made vis:ible". Chancdlor et al. ( 1 977,  p. 92) 
repo,r:ted misleadingly fmm the evidence of the 
new material that the suture of F. ? pervinquieri 
is "more suggestive of V ascoceras or Plesiovasco
ceras tha:n of Fagesia''. It has now been established 
that Plesiovascoceras is a synonym of Fagesia, and 
where forms previous:ly referred to Plesiovasco
ceras show weil pres·erved surures, they are quite 
simi:lar wt equivaJ.ent diamerers w thalt of F. ? 
pervinquieri. Furthermore, as Reeside ( 1 923 ,  p. 
29) hims,eH poimed out, twö Montanan speci
mens of F. haarmanni of comparable size to 
PMMA5 (cf. Reeside's pl. 1 5 ,  fig. 6; pl. 1 6, fig. 
6) may display rather different sutures, even 
though their overa:lrl shapes are simirlar (the speci
men on pl. 1 6 is USNM 32536; pl. 1 5  is apparendy 
mis'labelJed) .  

Considering rhat ontogenetic stage and s:tyle 
of preservation can have such a profound effeot 
on the sumre, I prefer here to foHow Barber 
( 1 957)  who, according ro Freund & Raab ( 1 9'69, 
p. 33 )  "emphasised the importance of the shape 
of ,rhe shell and of the ornament". Barber ( 1 957 ,  
p. 15 ,  27 ,  29) s:tressed rhat the umbilioJ. tuberdes 
of pervinquieri, being Jost aJt an early ontogenetic 
srage, indicarted a V ascoceras-affinity for rhe spe
cies. Freund & Raab ( 1 969, p. 3 1 )  considered 
C565 "aJ.most identica:l" with V. durandi. I am 
therefore forced to leave the generic placement 
of pervinquieri open to question. 

I know of no figured ammonite in the literature 
which is exacrly oomparable with F. ? pervinquieri. 
A<H ,the foHowing are obviously simibr but differ 
for one reason or another : V. douvillei Choffat 
( 1 898, pl. 10, figs . 3, 6 ; pl. 1 1 , figs. 2-5 ) ; F. 
tevesthensis (Peron) in Pervinquiere ( 1 907, pl. 
20, figs. 5a, b, 6a, b) ; T homasites rollandi globosa 
Pervinquiere ( 1 907, pl . 22 ,  figs. 3, 4) alrhough 
this has a much smaHer umbrlicus anyway; F. ? 
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fleuryi Perv inquiere ( 1 907, pl . 20, �ig. 9a, b) 
which, hke rhe Mexkan species at wmparable 
diameters , has an apparenrly simp�e suture ;  F. 
rudra ( Swliczka) in Kennedy & Wright ( 1 979a, 
p. 666, pl. 82 , figs . l, 2 ) .  

It is of especial interest ro campare F. ? pervin
quieri wi:rh F. texana (see a:bove) . The only figured 
specimen of the Texas species is the holotype, 
which differs from F. ? pervinquieri in its un
doubted true Fagesia-suture, more globose sheH 
and early loss of ribbing. I think it quite possible, 
however, ·rhat F. texana is some s<Jrt of variant 
of F. ? pervinquieri, bur I leave this subj ecr for 
future research. 

Genrus PARAMAMMITES Fumn 1 935  

TYPE SPECIES: Vascoceras polymorphum Per
vinquiere 1 907 by subsequent designrution of 
Reyment ( 1954a) . 

REMARKS: Wright ( 1 957 ,  p. 141 9) gave rhe 
foHowing diagnosis of Paramammites : "Variable ,  
more or 1less evolute; prominent coarse ribs bear 
strong and blurl!t umba,ical, ventrolatera!l and one 
or more lateral tuberdes." Wright (op. cit.) gave 
the geographical di stribution of the genus as Tuni
sia, Portugal and Mexico. The Mexican reference 
is presurnably to the species discus:sed here, which 
was assigned to Paramammites by Barber ( 1 957,  
p. 3 3 ) .  Paramammites is also known from Nigeria 
(Barber 1 95 7 ) ,  CoJombia and Venezuela (leanza 
1 967 ; Etayo-Sema 1 979) , the Sahara (CoU.ignon 
1 965a) , Spain (Wiedmann 1 9'64) ,  France (Tho
mel 1 969) , Turkestarr (Stankevich & Poyarkova 
1 969) and Israel (Freuid & Raab 1 969) ,  alrhough 
as I shaU outline below, some of these may not 
be Paramammites s.Sitr. The map given by Matsru
moro & Mura:mow ( 1 978, text-fig. 4) showing 
the distri'bution of this genus must cherefore 
be used with caution . 

Paramammites ? mohovanensis (Böse) 
Figs . 40'------42 

1 920  Vascoceras mabovanense Böse, p. 2 1 9, pl. 1 8, 
figs . l ,  2 ;  text-fig. 4 upper. 

? 1 92 8  Vascoceras cf. mabovanense Böse; Bese & Ca
vins, p.  29.  

? 1954  Pagesia s p . ;  Kummel & Decker, p.  3 1 4, pl. 
3 3 ,  figs . 4, 5; text-fig. 4. 

1 95 7 Paramammites mobovanensis (Böse) ; Bar ber, 
p. 3 3 .  

MATERIAL: The holotype C5 7 4 ,  from loma el 
Macho. Perhaps also BEG 20826, from Piedra 
de Lumbre. 

DISCUSSION: Böse ( 1 920) gave a description 
of this species based on C5 7 4, s�tiH the oniy 
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defin:�tely known specimen and therefore not an 
adequate choice as a zonad index fossil (d.  Young 
& Powell 1 978 ;  see p. 8 1 ) .  There is, however, 
reason w beilieve :that specimen BEG 2082 6 figured 
as Pagesia sp. from Piedra de Lumbre by Kummel 
& Decker ( 1 954) may have been �he mMeriai 
listed from that locality as ' V . d. mohovanense' by 
Böse & Cavins ( 1 92 8 ) ,  since there are same strong 
poinrs of s imdarity between C574 and BEG 
20826. The absence of a mid-ventraJ sukus on 
BEG 20826, such as is formed by t1:1e gap 
between the arrgulare ventrolateral rib swellings 
on C5 7 4, could be an ontogenetic difference. 
On C5 7 4 irseH it is noticeabde that the sulcus 
bemmes steadidy less obvious with growrh; C574 
and BEG 20826 cou1d therefore be coo:specific . 

As for the generic placement of 'V. mohova
nense', there is here a considetable problem . As 
nored above, Barber ( 1 95 7 )  referred rhe species 
w rhe mul:tirubercuihLte genus Paramammites, 
which resulted in unforrunate nomendatoriad con
fusion wvrh Mammites mohovanensis. This confu
sion can only be avoided with difficul'y in view 
of �vhe obvious resemb1ance berween 'V. mohova
nense' and 'V. polymorphum Pervinqu iere' ( 1907, 
p. 337 ,  pl. 2 1 ,  figs . 2-6) , as stressed by Böse. 
As Böse ( 1 920) pointed out, however, C574 lacks 
lruteral tuberdes (mentioned in Wrigh:t's diagnosis 
of Paramammites) and for this reason mabova
nense can orny wi:rh doubt be referred to Parct
mammites. 

C574 shows a hmired similarity to some Pagesia 
haarmanni. A specimen in Dr. C. W. Wright's 
ccd1lecrion from Rees:ide's Montanan locality is 
figured by Wright & Kennedy ( 1 98 1 ,  texdig. 
36A, B) ; it shows at a diameter of about 40 mm 
an exceprionaUy strong development of nhe ventro
lateral rib -sweHings ( disenssed under F. haarmanni 
above) and at tha:t stage is very :s,imiiar w the 
earliesr visible portions of C574. The ribs of Dr. 
Wright's specimen rapidly become s:ubdued , how
ever, and are re1atively insignificant at a d 'ameter 
equ ivalent w :the maX'imum size of C5 74. 

There is no pub[ished desniption, a s  far as 
I am aware, of any other ammonite which bea:rs 
more than a passing resemblance m ' V . mohova
nense'. A few forms are wmparable to BEG 
20826, however, wh'.ch all share wirh that speci 
men the a:b;;,ence of a disrinct larerall mberdle, at 
least at :the aduk s<rage. They have also aH been 
figured as Paramammites, although some wirh a ? .  

Pervinquiere's own !arge specimen (D = 1 0 3  
mm) of P .  polymorphus ( 1 907, p. 336, pl. 2 1 ,  fig. 
3a-c) is s imilar to BEG 20826 (D = 86 mm) , 
bur has a depress�ed subtra:pezoidal rather rhan 
a semicircular whod section. The Spanis:h P. ? 
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saenzi Wiedmann ( 1 964, p. 1 37, figs. 24a, b,  2 5 ;  
1 975a, fig. 3a, b) , a east o f  the holotype o f  which 
I have before me, dearly possesses four rows 
of ventrolatera� tuberdes at its ea.l'hest visible 
stage, and is rherefore unlikely to be conspecific 
wivh C5 74. The outermost whotil of the ho�ocype 
(D = 100 mm) is septilite throughout, however, 
and seems to be Ios:ing its latera•l tuberdes. ks 
body chamber might then resemble BEG 20826, 
but would be considerably larger with a narrower 
umbilicus. P. ? postsaenzi Weidmann ( 1 964, p. 1 38, 
fig. 26a, b; 1 97 5a, fig. 7a, b) shows parttly this 
later smge of growth (D = 1 1 4  mm) art which 
it starts to unmit In i-ts wider umbi1icus, srron�y 
prorsiradiatte ribs and apparent a.bsence of lateral 
tuberdes this SpaniSih species is doser w BEG 
20826; i.t differs from the latter, however, apart 
from being larger, in possessing a deep mid-ventra'l 
sukus. 

P. saenzi cassissianum Thomel ( 1 969, p. 1 1 5 ,  
pi. C )  from France, which I have examined at the 
United States National Museum, is larger (D = 
145 mm) than BEG 20826 and is more involute 
and inflated, with weaker, sparser ribs (20  per 
whorl as against 30) .  The French specimen als-o 
lacks the regularly al-ternating, very strong um
bil 'cal tuberdes and ;nrerca1a<ted ribs of BEG 
2 0826 and has a distinct mid-ventra·l sulcus. 

Genus NEOPTYCHITES Kossmat 1 895 

TYPE SPECIES: Ammonites telinga Stoliczka 1 865 
[= Ammonites cephalotus CourtiUer 1 8 60} by 
original designation. 

REMARKS: Kennedy & Wright ( 1 979a) have 
provided a thorough revision of this genus (al
though see p. 95 herein) . 

Neoptychites sp. 
Figs. 5 6-59 

1 92 0  Neoptychites aff. xetriformis Pervinquiere; Böse, 
p.  2 2 3 ,  pi. 1 8 ,  figs . 9 ,  1 1 ;  text-fig. 7 lower left. 
1 93 1  N eoptychites aff. gourguechoni Pervinquiere; 
Adkins, p.  5 7 ,  pi. 2, figs . 1 8-20. 
1954 Neoptychites cf. xetriformis Pervinquiere; Kum
mel & Decker, p. 3 1 5 , pi. 3 2 ,  fig. 3; text-figs. 5, 6 .  

? 1963b Neoptychites xetriformis Pervinquiere; Powell, 
p.  1229 ,  pi. 1 7 1 ,  figs . 2-4; text-fig. 5 b. 
1977  Neoptychites aff. xetriformis Pervinquiere; 
Chancellor et al ., p .  9 6, figs . 2 1 ,  22 .  

MATERIAL: Two poody preserved specimens 
from Loma el Macho, PMMAl O  and BSse's ( 1 920) 
specimen, C576. In both specimens the last visible 
suture is <llt approocimately Wh = 3 5  mm. 
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DIMENSIONS: 
D 

PMMA 1 0  8 5 ( 100) 

Wb Wh 
39(  46) 45 ( 5 3 )  

Wb:Wh U 
0,86 5 (6) 

NOTE: The diameter for PMMA l O quored by 
ChancelJor et aL ( 1 977,  p. 97) as 1 1 3  mm is for 
the specimen complete with its outer whori. 

DESCRIPTION: Sheltl discoidal, very invoJute. 
Whofil searion higher rhan wide, �though this 
is varia:ble. Planks slightly conv-ex and venter 
pa:rabolica:lly rounded, giving a fusiform whorl 
secrion with widest po·int near umbilicus. The 
penu1tim3Jte whorl shows about 30 broad, low 
ri:bs which originate near mid-Hank and pass over 
the venter where rhey become strongest or (as 
described by Böse 1 92 0, p. 22 3-4) become "very 
low and scal'cely discer:nible" but nev·er�heless "do 
not complerely d · sappear". The surure of C576 
w as  adequa:rely figured and described by Böse 
( 1 920) . 

DISCUSSION: The material described here is 
idenricai with rhe specimen (now in •the Bureau 
of Eaonomic Geology, Austin) deKribed by Ad
kins ( 1 93 1 )  and redescribed and refigured from 
the opposite Hank by Kummel & Decker ( 1 954) . 
This spec'men is from Culbertson County, Texas. 
The mater ·a1 from Chihuahua described by Po
we1l ( 1 963b) may also belong here, but neither 
of ·tJhe Loma e1l Macho specimens preserves any 
apertural modificat�on and it is therefore im
possibJe to judge to what stage of growrh they 
attain. PoweH ( 1 963b, p. 1 2 3 1 )  noted tha:t Ad
kins's ( 1 93 1 )  specimen differed sarnewhalt from 
his maJterial in apparenrly lacking strong ribs and 
having a simpler sruture. 

Kennedy & Wr:gh.r ( 1979a, p. 679) induded 
PoweH's material. in their synonymy for N. xetri
formis, but only with doubt l isred the maJterial 
trea,ted here. Differences from N. xetriform.is are, 
firscly, tthe fact that the ribs extend over the 
venter on Böse's and Adkins ' srpecimens, whereas 
they are iimited to the flanks in Pervinquiere's 
sp...ocies ( 1 907, p. 3 98, pi. 27 ,  figs. 5-7 ; text-figs.  
1 5 3 ,  1 54) . Secondly, Böse ( 1 920, p. 224) noted 
rhat ·the ribs of C576 are "much more numerous" 
than in the Tunisian form, whiah obs·ervation links 
C576 with N. cephalotus (Courti<Her) (see Kenne
dy & Wright 1 979a, p. 670, for a revision of this 
species) and the specimen of N. xetriformis from 
CoJorado described by Cobban & Scott ( 1 972 ,  
p. 89, pi. 30, figs. 2-6; text-fig. 48; USNM 
1 64046) . 

Kennedy & Wrigh<t ( 1979a) have shown how, 
at compM"able diameters, N. cephalotus may deve
lop ribs and whorl secrions nO<t un1ike those of 
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Figs. 56-57.  Neoptychites sp .  C576 (see Böse 1 9'20,Figs. 60-61 . Wrightoceras cf. munieri (Pervinquiere) .  
p!. 1 8 ,  figs. 9 ,  1 1 ; text-fig. 7 lower left) . From Loma el PMMA3 6. From Loma e l  Macho. X l .  
Macho. X l .  Figs. 62-63. Wrightoceras cf. munieri (Pervinquiere) . 
Figs. 58-59. Neoptychites sp. PMMA 1 0. From LomaPMMA3 7 .  From Loma el Macho. X l .  See also Fig. 2H. 
el Macho. X l .  



Bull. Geol. Inse. Univ. Uppsala, IN.S .  9 ( 1 982)  

Figs. 64-65. Pseudotissatia cf .  nigeriensis (Woods) . 
PMMA l l .  From Loma el Macho. X l .  
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Figs. 66--67. Pseudotissatia adkinsi (Kummel & Dec
ker) .  FMMA 1 2 .  From Loma el Macho. X l .  See also 
Fig. 2I .  
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the maJterial trea�ted here (cf. rheir pi. 8 5 ,  figs. 4, 
5 ) .  Unfortunately, the poor preservation of this 
maJterial does not ahlow detai!led comparison to 
e�tend to developmeru: of the suture, bur one 
might note rhat Bäse ( 1 920, p. 224) saw a simi
lar�ty between C576 and Stoliczka's juvenile N. 
xetra ( 1 865 , p. 124, pi. 61 ,  fig. 2) from India, 
which is now considered a synonym of N. cepha
lotus (Kennedy & Wright 1 979a) . 

The pre6se identi,ty of the specimens described 
here cannot be det:ermined alt present. It is never
rheless inrriguing to s-pecubte on wha.r Böse & 
Cavins ( 1 928 ,  p. 29) may have had in mind 
when they repo·rted 'N eoptychites n. sp.' from 
Piedra de Lumbre. 

Subfamiiy PSEUDOTISSOTIINAE Hyau 1 903 

REMARKS : Wright & Kennedy ( 1 98 1 ,  p. 98) 
discuss this subfamily and ass·ign is to t:he Vasco
cerMidae, as Wiedmann ( 1 960, p. 7 5 8 )  recom
mended (see a•lso Reyment ( 1 978, p. 5 7 )  and 
( 1 979 p. 1 1 1 ) ) .  The Ps ::udotissot'inae indudes 
Pseudotissatia Peron 1 897 ; Remitissatia Peron 
1 897 ; Wrightoceras Reyment 1954a (of which 
Imlayiceras Leanza 1 967 appears to be a syno
nym; see below) ; Thomasites Pervinquiere 1 907 ; 
Choffaticeras Hyatt 1 903 ; Donenriquoceras Wied
mann 1960, and perhaps Eotissotia Barber 1957 .  
Plesiotissotia Peron 1 897 i s  probably a synonym 
of Hemitissotia. 

Genus PSEUDOTISSOTIA Peron 1 897 

TYPE SPECIES: Ammonites galliennei d'Orbigny 
1 8 5 0  by originall designation. 

REMARKS: For a diagnos:s and revision of this 
genus see Kennedy et all. ( 1 979) .  

DISCUSSION: Kennedy et al .  ( 1 979, p. 6 )  have 
shown to my satisfaction that "separation of 
Bauchioceras and Pseudotissatia at generic or sub
genetic level :s inappropriate in terms of the scope 
of genera and subgenera of Pseudotissotinae [sic} 
as currendy conce'ved". The revision of Kennedy 
et all. does not, however, take accouru: of �he 
reversed onrogeny of Nigerian as agai·nst European 
species of Pseudotissatia (Reyment 1 979') . Ken
nedy et al. ( 1 979) accord gener i c status to 
W rightoceras, originally a subgenus of Bachio
ceras and later (Reyment 1 95 5 )  of Pseudotissotia. 
Wrightoceras and Discovascoceras Collignon 1 95 7  
are discussed below. 

Pseudotissatia cf. nigeriensis (Woods) 
Figs. 64, 65  
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1977  Bauchioceras cf. nigeriense (Woods) ;  Chancellor 
et al . ,  p. 96, figs. 2 3 ,  24. 

COMPARE: 
Pseudotissatia nigeriensis (Woods) ; Kennedy et al ., 
1 979, p. 12, figs. 2 1 ,  22, 2 5-27. 
Bauchioceras nigeriense (Woods) ;  Reyment, 1979, 
figs. 1 7-37.  

MATERIAL: One specimen, PMMA 1 1 ,  f:rom Loma 
el Macho. It is not certain whether or not this 
specimen is ent:irely septate, bur traces of sut:ure 
can be made out on the flanks of one side, at 
approximately Wh = 20 mm and 30 mm. 

DIMENSIONS: 
D Wb Wh Wb:Wh U 

PMMA l l  7 7 ( 1 00) 2 9 ( 3 7 )  3 6 (46) 0,8 1 ? 10 ( 1 2 )  

DESCRIPTION: Very involute, compressed. Ven
ter truncate, apparen1!ly tricarinate, a.t: least on 
·the earliest section of the venter seen, where the 
outer keels bear weak traces of minute clavi .  
Umbilicus smaill, steep-wallied.  Hanks saucer
sha:ped. Smure apparenrly as in P. nigeriensis (e.g. 
Barber 1957 ,  pi. 34, figs. 8,  1 2 ,  14 ) ,  but deeply 
0orroded. 

DISCUSSION: Akhough PMMA l l  is very poorly 
preserved, it seems to agree closely with Woods's 
s.pecies, of which I have exaroined many s•pecimcns. 
PMMA l l  is probably, therefore, ·the first examp!e 
of the Nigerian spec:es from Nort'h America . Brito 
( 197 1 ,  p. 427,  text-figs. 4, 9)  has figured PHuio
tissotia from Braziil, and Gonza!les-Arreola ( 1 977,  
p. 1 68, fig. 2a) has figured a fragment referred 
to P. galliennei from Guerrero in southern Mexico;  
Kennedy et  al .  ( 1 979) and Reyment ( 1 9'79') have 
analysed the differences between this latter species 
and P. nigeriensis. 

Pseudotissatia adkinsi (Kummei & Decker) 
Figs. 21, 66-69 

? 1 92 8  Hoplitaides n.  s p . ;  Bese & Cavins, p .  2 9 .  

1 9 3 1  Hoplitoides? mirabilis Böse not Pervinquiere ; 
Adkins, p. 5 9, pi. 4, fig. 2 .  

1 95 4  'Hoplitoides' adkinsi Kummel & Decker, p .  
3 1 6, pi. 32 , fig 6 ;  p i .  3 3 ,  fig. 3 ;  text-figs . 7 ,  8 .  

1 95 5 Pseudotissatia (Bauchioceras) adkinsi (Kummel 
& Decker) ;  Reyment, footnote p. 7 0. 

1 9 7 7  Bauchioceras (Discovascoceras) adkinsi (Kum
mel & Decker) ; Chancellor et al., p.  96, figs. 2 5 ,  26 .  

MATERIAL: Three complete specimens have been 
found at Loma el Macho: PMMA12 ,  PMMA3 1 
and PMMA34, aJthough none were in Bäse's col
lection. It is a!lso possible that a fragmenlt (PMMA 
1 3 )  recorded as Pagesia haarmanni by Chancel!lor 
et aJ.. ( 1 977,  p. 91 ) may belong here. PMMA 1 2  is 
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Figs. 68-69. Pseudotissatia adkinsi (Kummel & Decker) .  PMMA34. From Loma el Macho . X l .  

the sma:lilest specimen and seeros to be entirely 
septate but for perhaps 20°-30° of body cham
ber . Part of the outer whorl is eroshed where it 
is enerusred by an oyster, but the early phrag
mocone is weH preserved (see Fig. 66, 67) and 
shows the detai�s of several sutures (Fig. 21) . 
PMMA3 1 is a htnl:e larger than PMMA1 2  and 
also shows severaJ pal'tial sutures ; the body aham
ber has been broken back to reveal a mxlera:teily 
weH preserved venter. PMMA34 shows no suture ,  
but a� almost completely intact body whorl, pllt 
of which has been removed to reveal a well 
preserved venter (see Figs. 68-69 and note to 
d mensions) .  Gwwth striae are visible on the body 
whorl of PMMA34. 

DIMENSIONS: 
D Wb Wh 

FMMA 1 2  92 ( 100) 3 � (3 8 )  3 7 (40) 
FMMA3 1 1 1 2 ( 1 00) 4 1 ( 3 7 )  46(4 1 )  
FMMA34 1 1 3 ( 1 00) 47 (42) 48 (42) 

\}?b:Wh U 
1 ,05  22 (24)  
0 89 24(2 1 )  
0,98 2 2 ( 1 9) 

NOTE: The diameter of PMMA 12  was erroneously 
stared by Chancellor et al . ( 1978,  explanation to 
figs . 2 5 ,  26) to be 62 mm. The dimensions quored 
here for PMMA34 are taken at Ieast one quaner 
whorl behind vhe aperture, although the aperture 
i.rself is not preserved . 

DIC:CUSSION: 11he present material confol.'ms 
with the type series of 'Hoplitoides' adkinsi fwm 
Pioora de Lumbre, exceot in a few points of 
de..,'irture noted here. Firscly, t!he propottional 
widths of the umbilici of PMMA3 1 and PMMA34 
? re slightly smaJ1er than in the type series and 
in PMMA 1 2 ,  whi1e PMMA34 is more inflated 
than any of the Piedra de Lumbre ( type) speci
mens. Second1y, according to Kummel & Decker 
( 1 954, p. 3 1 6) , the umbrlical waH of 'H.' adk ;nsi 
is "almost vel.'ciml and high". Whi1e this is a 
reasonable description applied ro the type series, 
the umbiiical waill of PMMA12 is distinavly under-
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cut and overhangs tthe ve11ticaL Thirdly, the 
ventra� carinae of PMMA34 exposed by removal 
of part of the body chamber bear clavMe swel!J:ings 
not observed on any of che other specimens. Un
fortuna:tely it has not proved possible to develop 
the specimen any funtiber back, bur on the smaH 
part of the venter where the swemings are exposed 
they occur att appwx:imattely 10° intervaJs and are 
much stronger on the outer carinae man on vhe 
siphonaJl one. From aJtema:te sweHings arise weak, 
falther na11row rectiradiate ribs which efface at 
about mid-�lank. Although the detans of these ribs 
are not wel,l known, rhey seem to conform to 
chose described by Kummel & Decker ( 1 9'54) . 

The ma:teriatl from Loma el Macho a:dds signi
ficandy to our understanding of P. adkinsi, a 
species oniy known from here and Piedra de 
Lumbre, akhough Adkins ( 1 9'3 1 ,  p. 5 9) and Kum
mel & Decker ( 1 954, p. 3 1 7)  refevred ro materiatl 
I have not seen from westt Texas. Adkins made 
the confusing comparison of P. adkinsi with B::ise's 
specimens of 'Hoplitoides aff. mirabilis' from Loma 
el Macho, which are in face at!.mosr certainly 
very pool'ly preserved Wrightoceras (see below) .  
Adkins's comparison gave the impression that he 
considered the rwo forms congeneric, and this 
has mis 1led subsequent workers (e.g. Young 1 958 ,  
p.  1 7 1 ;  CoHignon 1 965a, p.  1 8 1 ) .  The present 
material., combined with the type series, totals 
n ·ne specimens, aill. of which I have srudied. Rey
ment ( 1 978) included three specimens of P. ad
kinsi in his biometrica:l ana:lysis of "keeled vasco
cemtids", presurnably those tabulated by Kummel 
& Decker ( 1 954, p. 3 1 6) . 

Kummel & Decker ( 1 954) noted the resemblan
ce berween P. adkinsi and P. nigeriensis (see 
above) . The new specimen PMMA1 2  shows a 
suture rue about 90 mm better preserved than any 
shown by Kummel & Decker's ( 1 954) material 
at an equiv�lent diameter (see Fig. 2I) . This 
suture is apparenttly identical with char of P. ni
ggriensis (cf. Barber 1 957 ,  pi. 34, all suture figu
res )  and supports the view that the rwo species 
are con generic. Th's is a critica� po.int, because 
the tuberdes on the outer keels of PMMA34 are 
highly suggest 've of some Nigerian forms referred 
to 'Gombeoceras' [= Thomasites] (cf. Reyment 
1 979) . 

A futther problem that wi>IJ be treared is that 
the umbiJici of the Loma el Macho specimens 
are narrower than rhose from Piedra de Lumbre, 
as mted above. PMMA34 has the narrowest um
bil icus of aN, is al.so the most inflated, and the 
only specimen showing the 'Gombeoceras' orna
ment. Funher coHeotions might show tha:t PMMA 
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34 shouid be referred ro another species. Regrett
ably, the spec:men does not show a surure. 

P. adkinsi is said (Kennedy et a1. 1 979, p. 1 2 )  
to differ from P .  galliennei "in lacking Hank orna
ment when adurlt and being more evotlute, as in 
other forms referred to 'Discovascoceras' " . CoHig
non ( 1 965a, p. 1 8 1 )  noC:ced the �trong similarity 
between P. adkinsi and the type species fesselitense 
of his genus Discovascoceras, and suggesred that 
they mi ght 'be conspecific. He mule particular 
reference to the identity of the last sutures of 
BEG 20832 (at about D =  100 mm) with the last 
sutures of D. tes s elitense ( e.g. 1965a, pi. G, fig. 
la, b) , bot'h of which are 'vascocemtine' in general 
oucline. Approximately one whorl behind che last 
surure of D. lesselitense the sutures were sa:!d to 
be closely compa:rable wiuh that of Nigerian 
'Bauchioceras' [= Pseudotissotia] , just as we have 
seen is the case with P. adkinsi. Chancellor et al. 
( 1 977)  therefore foHowed Colhgnon's suggestion 
that adkinsi be referred to Discovascoceras. 

.A!lthough che Mexican ma:teria1 a:t my disposal 
is too meagre to petmit any deeper analysis of 
the problema:rical S1tatus of Discovascoceras, I here 
foHow the suggestion of Kennedy et at ( 1979, p. 
6) thll!t this genus �hould poss<ibly "be trealted 
as a synonym of Pseudotissotia". 

As atlready noted by Kummel & Decker ( 195 4, 
p. 3 1 7)  P. adkinsi bears s.ome resemblance to 
Vascoceras barcoicense Choffrut ( 1 898, p. 67,  pi. 
1 7 ,  fig. la-c; pi. 22 ,  fig. 3 5 ;  non pl. 16, fig. 1 1 ;  
pi. 22 ,  fig. 36 which Berchou et al. ( 1 97 5 ,  p. 
8 1 )  referred to V. gamai) . 

Genus WRIGHTOCERAS Reyment 1954 

( ? =  lmlayiceras Leanza 1 967) 

TYPE SPECIES: Bauchioceras ( W  rightoceras) 
wallsi Reymem 1954, by original designation . 

REMARKS: For a diagnosis of Wrightoceras see 
Wright ( 1 957 ,  p. 142 3 ) .  There are a number of 
problems associa.ted w1th Wrightoceras, a form to 
w hi ch (as mted a bov e) Kennedy er al . ( 1979) 
accord generic status. These authors consicler 
W rightoceras (p. 6) "clearly separable from Ps8u
dotissotia a.r a:ll growth stages" . 

DISCU3SION: Bes·ides the type species from Nige
ria and Gabon, Reyment ( 1 954a, 1 95 5 )  referred 
the fo>Howing species to Wrightoceras : Hoplitoid ?s 
munieri Pervinqu 'ere and H. mirabilis Pervin
qu iere, repooced from Spain, Nor1th Africa, the 
Middle East and Mexico (see below) ;  Pseudo
tissatia llarenai Karrenberg from Spain, and P. 
gagnierei Faraud from France. Leanza ( 1 967) 
dcscribed a species from Colombia, which as 
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I discuss below is aJimost cerminly a Wrightoceras, 
under the na:me lmlayiceras washbournei. Etayo
Sema ( 1 979) described a new species ralphimlayi 
which he doubtfuhly assigned to lmlayiceras and 
which also appears to be a W rightoceras. Freund 
& Raab ( 1 969, p. 65 ) suggesred oha.t it might 
"be reasonable to indude" in Wrightoceras the 
Peruvian Hoplitaides inca Benavides-Caceres 
( 1 956 ) ,  since irts suture lacks vhe charaoter;st;cs 
of a crue coi,lopoceratid. Amard et al. ( 1 974) 
cited wtthout descript.ion a new species from 
Algeria, and Wiedmann ( 1 97 5 )  has described a 
new speci,es from Spa.in, W. submunieri ( found 
above W. munieri! ) .  Reyment & Ta:Lt ( 1 972)  have 
recorded �vhe genus from Sergipe, Brazit 

Freund & Raab ( 1969, p. 65 ) were indioed to 
reverse Reyment's original as�ignation of H. mira
bi/is to Wrightoceras, because specimens they 
described from Israel as simibr to Pervinquiere's 
( 1 907) type material of thi!lt species seemed to 
passess a true coirlopoceratid suture. Freund & 
Raab preferred to reta:in Pervinquiere's origina1 
generic assrigament of H. mirabilis, airohough they 
pointed out thart by comrast, Pervinquiere's H. 
munieri, like Benavides-Caceres's H. inca men
tioned above, lacked the suture of a .rrue coilopo
cerarid. I suggest, on this evidence, clla.t H. mira
bi/is might be berter referred ro the coi�opoceratid 
genus Herrickiceras Cobban & Hook ( 1 980) . 
Reyment ( 1 978,  p. 57 ,  60) now believes that the 
Spanish and north African "Hoplitoides" have a 
different phyrlogenetic origin from true W righto
ceras. 

Leanza ( 1 967, p. 1 96) erected the genus lm· 
layiceras to include the type species I. washbour
nei, and what he considered a natural group com
prising Pervinquiere's rwo species, rogerher w:th 
the Mexican materia-l described by Böse ( 1 920)  
and Kummel & Decker ( 1 954) as  H. aff. mira
bi/is and 'H.' cf. munieri respeatively. ArLthough 
Leanza thoughr his genus showed aonsrtrictions 
in the juvenile stages ( 1967, pl. 4, figs. 3, 4) , this 
was hardly justifi.cation for a new genus s:ince 
al11 other observable characters of washbournei 
agree with W rightoceras ( cf., how ev er, Reyment 
1 978) . The suture of Leanza's pl. 6, fig. l speci
men (USNM 1 32 5 58 )  is unrecogn!isable, so 
Imlayiceras is treared here as a probable synonym 
of Wrightoceras, a:lrthough as Cobban & Hook 
( 1 980) point out, it may be a precursor of 
Herrickiceras. 

Wrightoceras cf. munieri (Pervinquiere) 
Figs. 2H, 60�63 

1 92 0  Hoplitaides aff. mirabilis Pervinquiere; Bese, 
p. 2 2 5 ,  p!. 1 9 ,  figs. 1-3 . 
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1 92 0  Hoplitaides sp. ; Böse, text-fig. 7 (pars) . 
? 1 92 8  Hoplitaides aff. mirabilis Pervinquiere; Bese 

& Cavins, p. 29. 
non 1 9 3 1 Hoplitoides? mirabilis Bese not Pervinquiere ; 

Adkins, p. 59, p!. 4, fig. 2 .  

1 9'54 'Hoplitoides' cf. munieri Pervinquiere; Kum· 
mel & Decker, p. 3 1 7 , p!. 3 3 ,  figs . l, 2; text-figs. 7 ,  
1 0. 

COMPARE: 
H o plitaides munieri Pervinquiere, p. 2 1 7 ,  pil. 10, 
figs. la ,  b, 2a, b; teX't-fig. 83 .  

MATERIAL: Three specimens from Loma el 
Macho in 'the Berlin cdhlections are referable here: 
vhe rwo specimens figured by Böse ( 1 920, pl. 
1 9, fig. l, C5 58 ;  figs. 2, 3, C 5 5 9') plus part of 
an outer whorl similar ·to C5 5 9, comprising ·two 
fragments. The �our fragments referred to by B '.ise 
( 1 920) appear to be lost. New Material from 
Loma el Macho inoludes "rwo very poody preser
ved specimens of Wrightoceras" (PMMA32,  
PMMA3 3)  referred to by ChanceHor er al. ( 1 977,  
p. 96) , as weH as PMMA35 ,  PMMA36 and PMMA 
3 7, described here. 

DIMENSIONS: 
D W b W h Wb:Wh U 

PMMA35  9 5 ( 1 00) 30(3 1 )  3 7 ( 39) 0 ,8 1 8 ( 8 )  
PMMA3 6  67( 1 00) 20(30 )  32 (48) 0,62 5 ( 7 )  
PMMA37 60( 100) 1 6{27)  3 0 ( 5 0) 0, 5 3  5 (8 )  

DESCRIPTION: Dismida.il, very involute. Whorl 
seation srtrongly compressed, lanceoiarte, generaHy 
thick·est near the nillfrow umbilicus whidh has 
steep waUs and smoothly curved sho'l.l'lders. frlanks 
broadrly convex at the ·thid<.est part of ·the section, 
tapering smoothly to become convergent, flat, or 
( in rhe case of PMMA37 slighcly concave just 
bdow a narrow, trunmted venter which, where 
sufficiently wel� preserved, shows a pa•ir of sharp 
ventrolruterai carinae. The surure is badly corroded, 
bur shows a genera:! oucline like tha,t of W. munieri 
(Perv 'nquiere) . The surure of PMMA37 at Wh 
= 20 mm is figured here ( Fig. 2H) . 

DISCUSSION: I have examirred rhe rwo speci
mens described by Kummd & Decker ( 1 954)  
from near CuchiMo Parado, Ghihuahua, and believe 
them conspecific with the Loma el Macho speci
mens. The Cuchi�:Lo Parado specimens show ribs 
which cross �the vroter, but in all ovher resnects 
agree with the marteriai described here. I cannot 
see rha,r the suture figured by Kummel & Decker 
( 1954, text-fig. 10) is close enough to that of 
Herrickiceras costatum (Herrick & Johnson) figu
red by Cobban & Hook ( 1 980, teX't-fig. 1 6A-C) 
to warrant lisring the former in synonymy with 
the latter, as Cobban & Hook do ( 1 980, p. 2 2 ) .  
H .  costatum is a Middle Turonian species fmm 
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New Mexico, bur t'he exa:ct stratigraphincl horizon 
of Kummel's & Decker's ( 1 954) specimens is 
unknown. 

Böse recognised his maJteriatl ro be closely simi
hr to the 'bicarinate Hoplitoides' of Pervinquiere 
( 1 907) which he reaiiised might not be true 
Hoplitoides. Böse felt h's materia� was dosest to 
Pervinquiere's 'H.' mirabilis, pmbably on account 
of t:'he laxger size of tha;t species as compa:red 
with 'H.' munieri, allchough he pointed om, perhaps 
significantly, uhat 'H.' mirabilis seems to have the 
relattively �maUer umb ;•licus of th.e two species . 
I am inalined ro agree with Freund & Raab 
( 1 969) , as discussed above, that 'H.' mirabilis may 
be a codopocerarid homeomorph of 'H.' munieri. 
The view of several authors (e.g. Reyment 1954a, 
footnote on p. 1 57 )  that 'H.' mirabilis and 'H.' 
munieri might be conspecific, although Pervin
quiere had separated them on sutural details, is 
untenable. 

Adbns ( 1 93 1 ,  p. 59) was aware that Böse's 
'H. aff. mirabilis' were not true Hoplitoides, and 
(as I have discussed already) he made the rois
leading comparison of B:')se's specimens with the 
evenmal holorype of P. adkinsi which he was 
describing, seeming to imply tha-t he rhought rhe 
two forms congener ic. In a br ief norice on the 
faunas of Chispa Summit and CuchiHo Parado, 
Adkins ( 1 93 3 )  nored , however, the presence of 
"a new genus aJso known, by L. F. Sparh from 
Nigeria but stiU unpublished" ( i .e. Bauchioceras 
Reyment) ,  which he apparenrly rhought generic
a·tly distinor from Böse's materia1, because he 
a:dded there was ailso "another new genus caMed 
'Hoplitoides mirabilis' by Böse". The s·econd 
genus was Wrightoceras, and the CuchiUo Parado 
ma:reriaJ inaluded the rwo specimens of 'H.' cf. 
muniJri laJter described by Kummel & Decker 
( 1 954) .  These la,uter aurhors, as Reyment ( 1 95 5 ,  
footnote on  p .  70)  indicated, were fultly aware 
of the necessity for a new genus for their mareria·l, 
as Böse had tacit'ly suggesred for his. 

Barber ( 1 957 ,  p. 5 3 )  stared rha;r Kummel's & 
Decker's ( 1 95 4) specimens were or 'gimlly in 
the material described as 'H. ? mirabilis B Sse' [= P. 
adkinsi} by Adkins ( 1 93 1 ) ,  bur I can find no 
independent suppoDt for this claim. Kummel & 
Decker ( 1 95 4, p. 3 10 )  specified thaot their 'H.' 
cf. munieri formed paDt of the Kin� & Adkins 
( 1 946) Mexican wHection, whereas Adkin's ( 1 93 1 ,  
p .  40) ma;terial was apparendy col,leated i n  west 
Texas by Cha:flles Baker in 1 922 .  

The specimens of  both Böse ( 1 920)  and 
Kummel & Decker ( 1 954) were referred to lm
layiceras by Leanza ( 1 967) .  As discussed above, 
however, Imlayiceras is probably a synonym of 
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Wrightoceras and in faat 'J. washbournei Leanza' 
is quite simiiar to rhe Mexican materia� ( e.g. cf. 
LeaJnza 1 967, pil . 4, fig. l ;  Kummel & Decker 
1 954, text-fig. 7A) . However, Reymenr ( 1 978,  
1 979) now believes thaor Nigerian W rightoceras 
are distinct from rhe group of "Hoplitoides" 
muntert. 

As noted by Kummel & Decker ( 1 954, p. 3 1 2 )  
one o f  the pamtypes described as 'Pseudotissotia ? 
[= Spathites} kellyi? Jones' ( 1 938,  pl. 8, fig. 3 )  
from Tanque Toribio, Coahui1a "has a compressed 
conoh wi11h a narrow tabula-te and bicarin3Jte ven
ter". This pooJily preserved spec.'men is said to 
show "very close S•imilarities wvrh the group of 
'Hoplitoides' munieri Pervinquiere and is not a 
Spathites". Jones's specimen seems likely to be 
a W rightoceras. 

There are severa1 weH pres erved specimens and 
fragments from Cadvert Canyon in the Oxford 
Univers ·cy Museum identified as W rightoceras 
munieri (e.g. OUM KT396; KT399) , as well as 
new material from Tunisia which I am currenrly 
comparing with Pervinquiere's original specimens. 

Biostratigraphy 

As was pointed out in the introduction to 11his 
paper, rhere is little reliable evidence rhat the 
Loma el Macho ammonites can today be rreated 
as any·rhing bu.t a mixed assembla:ge. When I 
visited the locality myself I found no seation, just 
a rocky hi111ock, with fo:sds lying loose in the 
surface scree. No clear segregllltion of rhe coJdec
tions by bthology seems possible, and the s.rrari
graphica<l da;ra given by B Jse are in some poims 
uncer.rain and comradiatory. 

Throughout the systematic s'ecrion of rhis paper, 
in view of the above difficuLties, I have omimted 
discucsion of the age of the Loma cl Macho 
ammoni,tes . 'fhe subjecr is now summarised here, 
and the approach I have foHowed is to compare 
the MeX'ican fauna with well-da:ted seetians from 
other regions of the wodd. 

In terms of geographical proximity the fauna 
from Bed B at Cieneguilla, Chihuahua, documented 
by Powel� ( 1 963a, 1965 ) ,  is rhe mos.t impol'tant 
for comparison with Loma el Macho. Unfottuna
tely , however, Bed B is an isolated ammon:.uiferous 
horizon sandwiehed between thick sequences of 
undated S!hales and is cherefor·e of limited use 
for providing stratigraphica;l control. The meticu
lous records of Cobban & Scoott ( 1 972)  for rhe 
Rock Canyon reference seation in Colorado pro
vide th.e best standard in Nor·ch America fm 
daor ng the Loma el Macho fauna, whide for rhe 
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Old World sequences I have relied heaviJy on 
the work in Israel of Preund & Raab ( 1 969) , in 
England of Wright & Kennedy ( 1 98 1 )  and in 
Spain of Wiedmann ( 1 964) . I should add, how
ever, vhalt a'l1'hough I use vhe origina!l numbers 
given by Wiedmann ( 1 964) for his Turanian zones, 
I fomow W·iedmann & KauffmJJn ( 1 978) in trans
ferring Turonian Zone I to Cenomanian VII, and 
I fol1low Haneock & Kennedy ( 1 98 1 )  in trans
ferring Turanian Zone II to Cenomanian VIII. 

The ammonites from Loma d Macho apparenrly 
represene severaJ zones by compari,sDn with ·the 
sequences menttioned above. On1y further research 
wi11l show whether this is a case of coadensation 
or is in fact a genuine faunule spanning a very 
short r11ime inrerval, say, a few tens of chousands 
of years. If the laocer, we have a demon�tration 
th3Jt ·the rtime ranges of different species do not 
everywhere GO'incide. 

In terms of the northwest European standard, 
Loma el Macho shows elements from the upper
most Cenomanian to at least the highest lower 
Tumnian. Metoicoceras cf. geslinianum l inks 
loma el Ma·c'ho wi,th the Metoicoceras geslinia
num Zone in England and France, whi[e Mammites 
d. nodosoi(hs alilows earrelation with aH bur rhe 
lowest part of the lower Turonian. There is some 
suggestion, however, that M. nodosaides ranges into 
the lowest middle Turonian (Cobban & Scott 
(1 972 )  record it from the same harizon as Collig
noniceras woollgari (Mantell) ) . Pagesia haarmanni 
from Loma el Macho and Piedra de Lumbre are 
comparable if not conspecific with Pagesia from 
the M. nodosaides Zone of England and France 
(Wright & Kennedy 198 1 ;  Amedro et al. 1978 ) .  

Wright & Kennedy ( 1 98 1 )  have erected a new 
am.monite zonation to apply to the English suc
cess.ion, w�rh a Zone of Neocardioceras juddii 
above ·the Metoicoceras geslinianum Zone and 
below the W atinoceras coloradoense Zon e of ·the 
lowesr Turonian. Wright & Kennedy regard the 
Neocardioceras juddii Zone as Cenomanian, but 
as mentioned below 11he same zone -is rrea.red as 
Turonian •in 1!'he Unired States . 

Metoicoceras and Vascoceras gamai occur in 
Wiedmann's ( 1 964) rtopmost Cenomanian Zone 
VIII .in the sense used here (see above) , whi•le 
M. nodosaides s·eems w characterise Spanish Tu
ronian Zones V-VI and possibly VII, i.e. high 
early Turonian and middle Turonian. The cloube
ful V. gamai from Loma el Macho may thus 
snengthen correlation with •vhe European upper
most Cenoman:ian and provide a :link wi•th the 
Porruguese V. gamai Zone (see Amard et aL 
1977) .  Gilobose vasmceratines seem m occur 
most often in the high lower Turanian and 
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middle Turonian of the Iberian Peninsula and hel p 
<to date the Loma el Macho Paravascoceras, as do 
the Iberian Pagesia from roughly t!he sllffie Jevels. 
Spanish rewrds of 'Plesiovascoceras' from the V. 
gamai Zone (Wi·edmann 1964) cleady need con
firming in �his ·respect. A furuher Enk wi,oh Span·ish 
Turanian VI is provided by· the Wrightoceras cf. 
munieri from Loma el Ma:cho. W·i·edma.nn ( 1 964, 
p. 1 1 1 ) records Pseudaspidoceras (as Mammites 
pseudonodosoi(/J::s) from ZDne IV, a'ithough Zone 
V is given in h!s s.�mtigraph:ical sumrnary. 

StiM outside North America, we may note 
Paravascoceras hartti occurring w' ,rh Pseudaspido
ceras footeanum alt rt'he Bom Jesus locaJ�ry in Bra
zil (White 1 887 ) ,  an association which, as Böse 
( 1 920) noted, a1so occurs a:t loma el Ma:cho. Most 
Middle Eastern records are not usefui for druting, 
but Preund & Raab ( 1 9'69) have introduced order 
into •rhe Israeli s.equences ; Pseudaspidoceras footea
num is found very low in the Israeli lower Tura
n ian, whereas globose vas-cocerarines seem w occur 
most prolificaUy nuther high. The specimen of 
Pseudotissatia cf. nigeriensis aUows one to corre
'lal�e loma el Ma:cho with Barber's ( 1 957)  highest 
early Turanian zone at Pindiga, Nigeria, which 
is , however, not above suspicion (Offodi'le & Rey
ment 1 977) . 

In -tel'.ros of vhe Rock Canyou seatian in Calo
rado we may �trure wi,th �orne confidence rhat <t'he 
presence a,r loma el Macho of Metoicoceras proves 
rhe existence of the Sciponoceras gracile Zone. 
Les:S ce!'ta-inJy, some of rtJhe Paravascoceras, Pagesia 
and Neoptychites at Loma el Macho may be con
specific wi.rh Rock Canyou forms which wou1d 
pardy indicate •the presence of vhe W atinoceras 
coloradoense Zone (see Cobban & Scotrt 1 9'72 ,  
TaMe 3) .  Most of  the range of  the vascocemtids 
a.t Rock Canyou ( i .e .. Beds 90�105 )  overlaps the 
<lower part of the mnge of Mammites, however, 
and s ince Mammites is a conspicuous genus at 
Loma d Macho ·ir seerns sater w rely on a correla
tion wi•th ·vhe Rock Canyou M. nodosaides Zone. 
As Kennedy & W•right ( 1 979a) point out, some 
at least of the vascoceratids in the western inte
rior seem to make 1their firSit appearance anoma1ous-
1y low in rerms of the European standard. In this 
conneotion it is wor·rh nating rhat Cobban & Hook 
( 1979, p. 6, texr-fig. l )  report a Zone of Pseuda
spidoceras ( apparendy much like P. pseudonodo
soides a;ccording to Dr. Cobban, persona!l communi
mtion, 1 98 1 )  from <the U nit ed States which occurs 
below a Zone of Nigericeras scotti Cobban which 
is ·itself just below the W. colorad!Oense Zone! 
In rrheir most recent paper Hook & Coboon 
( 198 1 ,  p. 9, teXTt-fig. l )  redesignate ·vhis Pseuda
spidoceras Zone as the Neocardioceras juddii Zone. 
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Mthough Neocardioceras has not been found at 
Loma el Ml!!cho I suppose the N. juddii Zone may 
prove to be of very simJar age ta <the Loma el 
Macho faJUna. 

Ma.tsU!Illoto ( 1960, p. 1 39) has recorded Pagesia 
californica from California in as'sociation with 
Mammites ? sp. and Euomphaloceras septemseria
tum (Cragin) .  I mention this not because i,t helps 
w date t!he Mexican Pagesia, but because Matsu
moco ( 1 973)  has described a Japanese Pagesia 
( from a unit which has yielded Inoceramus labia
tus) wihich he has stared elsewhere (Matsumoto 
et al. 1 969, p. 289) as being associated wit'h 
E. cf. septemseriatum. If confirmed, borh records 
would represent a strMlge mix;ture .jn terms of the 
European standard, in which W right & Kennedy 
( 1 981 )  mtegorically place E. septemseriatum in 
the upper Cenomanian. 

Poweld's ( 1963a) Bed B fauna at CieneguiHa 
include.:; ·in common wirh Loma el Madho (a!l[owing 
for open docerminarions) Paravascoceras com
pressum sensu Powdl, Pagesia haarmanni, "Mam
mites nodosoides" and Pseudaspidoceras flexuo
sum, as we.li as severa!l oooer forms probably 
mnspecific (see also Powell 1 967 ) .  PoweH assigned 
Bed B to his early Turonian P. flexuosum Zone. 
As we have seen, the genera Paravascoceras, Pagesia 
and Mammites are prooobly a!lso common w Loma 
el Macho and Beds 90 to 1 0 5  at Rock Canyon. 
One is tempred tn specu1ate thrut ,tfhese t'hree 
faunas, plus perhaps �he Pagesia haarmanni from 
Montana which we know are from orre horizon 
(Young 1 95 1 ) ,  a·re al1 exactly comemporaneous. 
Dr. Cobban (persona'l communicrution, 1 98 1 )  has, 
however, 1informed me rhat on rhe evidence 
availab[e at present the P. flexuosum fauna is 
peJ:Thaps a litrue older than the Vascoceras birchbyi 
-W atinoceras coloradoense bed at Pueblo. 

Palaeobiogeography 

In this seerian I consicler whrur, if a:nyooing, we can 
learn f.rom .rhe Loma el Macho ammonites tegarding 
their biogeogmphical rela:tions. For the purposes 
o f  discussion I have used a woJ:Tld mltp with 
cominent's repos,itioned as they wou�d probably 
have been 90 milEon years ago (Ma) . The map 
(Fig. 70) is a composite based on ,nhe recon
srruotions of Smith & Briclen ( 1 977)  for 80 Ma 
and 100 Ma; a'ccoroing to Koch ( 1 980) Genoma
nian-Turonian bentonites from the western inte
rior have yielded radiometri c da!tes of a:bout 90 Ma. 

11here are many uncer,tainties and difficulties 
invalved in producing these pa!laeoconrinental re
construotions hUtt it is beyond the scope of the 

present contribution to elaborate further on the 
subject. Instead, the reader is referred to the 
exceHent recent review by LiHegraven et at 
( 1 979) of Mesozoic world pa!laeogeography, and 
paPtimlarly to �rheir trearment (p. 289 et seq.) 
of the "Midd!le" and Lrute Cretaceous . .  The foHowing 
referenoes deal more especially wi,rh rhe marine 
environment: Berggren & Ho[1ister ( 1 977)  on 
paheocircula<tion; Atthur & SchJanger ( 1 9'79) on 
oceanic ltnoxic evenrs ; Hl!!ncock & Kauffman 
( 1 979) and Plitman ( 1 978) on transgressions ; 
Kauffman ( 1 977)  on the No11vh American Creta
ceous western i.nver·ior seaway; papers in Piiger 
( 1 980) on �t'he ear1y history of the GuH of Mexico 
-Garibbeltn and Adanric basins.  Relevant papers 
on biogeograplhy not reviewed by LiHegraven et al. 
( 1 979) a:re: Brett-Sumrum ( 1 979) , Buffetaut & 
Taquet ( 1 979) , Ferrusquia-Viilafranca ( 1 978 ) ,  
Förster ( 1 978) , Gordon ( 1 976) wd Sues ( 1 980) . 
k is also worrh briefJy �reviewing here the evidence 
from marine 'i:nverrebrates on the question of 
marine communication berween the Gulf of Mexi
co-Caribbean and the Pacific during the mid
Cretaceous. 

11here ·is dear evidence for the resniction of 
certa:in groups of mrurine invertebrates to a d isrinct 
Terhyan reaJm during the mid-Cretaceous ( for 
references see Kennedy & Cobba:n 1 976, p. 54) . 
This implies that certain dispersa1 routes, such 
as berween <the Caribbean and Northeas-t Asia 
via the NoJ:Tth Pacific (rhrough the north temperate 
rea1m of Kauffrnan 1 973)  were rarher unlikely. 
The presense of "corais, rudists and gastropJds of 
Apcian to Cenomania:n age wioo Tethyan rela
tionships on guyors in an area 95 0'--1 7 5 0  km 
west of Hawai1i (HamiJwn 1 956) "  is, however, 
good evidence for "a westward set of ocean cur
renrs �rom .tfhe Caribbean area" (Go·rdon 1973 ,  
p.  275 ) .  

A close simi!Ja.rity exists berween the non-rudist 
biva1ves of Peru and the Greater AntiUes during 
the Upper Cretaceous (Kauffman 1 97 3 ) ,  but 
nhere orherwise seems to have been truther fimited 
exchange of Creraceous bivrulves berween the 
eastern and western sides of Centra'l America. 
Indeed, KauHman ( 1 973)  �rhought thM in the 
Cenomanian-Turonian a d:istin:ct sub-province 
was recognisable in the west, and referring to 
the Pacific Coast of North America, Popenoe ( in 
Sahl 1 97 1 ,  p. 1 62 1 )  recognised marked endemism 
in the mdlluscan faunas "by Turanian rimes" .  

The ammoni,re fauna of i(ihe Pacific coast of 
North America has long been known to have 
more in common with thrut of Japan vhan with 
regions Hanking tlhe Terhys (Freund & Raab 1 969, 
p. 79) . To whrut extent this is due ro differences 
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Fig. 70. Palaeocontinental reconstruction for 9 0  Ma (Mercator proj ection) interpolated from 1 00 
Ma and 8 0  Ma reconstructions of Smith & Briclen ( 1 97 7 ) .  Horizontal Iines are the equator 
and latitudes 3 0 °  N. and S. Numbers are regions, as given below, from which ammonite faunas 
comparable with the fauna described in this paper are known. 
l England-France-Germany; 2 Spain-Portugal; 3 Czechoslovakia-Rumania-Yugoslavia; 
4 Turkestan; 5 Syria-Lebanon-Israel; 6 Egypt-Libya; 7 Tunisia-northern Algeria; 8 southern 
Algeria (the Sahara) ; 9 Morocco; 1 0  Niger; 1 1  Nigeria-Cameroon; 12 Gabon; 1 3  Angola; 1 4  
Madagascar; 1 5  southern India; 16 Japan-Saghalien; 1 7  California; 1 8  Texas-Mexico; 1 9  western 
interior U.S.A.; 2 0  Trinidad-Venezuela-Colombia; 2 1  Peru; 22 Sergipe (Brazil) . 

in facies and preservation rMher rt::h.a;n 11:0 true 
fauna'i similarity is uncertain, however . According 
to Marsurnom ( 1 960, p. 1 7 1 )  "the species common 
to Ca!lifomia and the Gulf Coasta-l pwvince are 
few and rhose common to California and the 
Western Interior province are very few". On the 
other hand, we have 'the testimony of Benavides
Caceres ( 1 95 6) to whom vhe Cretaceous ammoni,res 
of Peru seemed ro belong to a faunarl prorvince 
which �ncludes Columbia, Venezuela, and Brazil . 

The faunas of ·t!his province "are closely compar
able and pa:rallel with rhose of Mexico, the GuJf 
Coast, southern Europe, nordtern Africa, Mada
ga:scar, the MiddJe East, India and Borneo" (Be
navides-Caceres 1 95 6, p. 434) . We shall now tum 
to a consideration of ·the loma el Macho fauna, 
to see how irt fits into this piorure. 

Reymem & Ta�t ( 1 972)  reaEsed the sign:ificance 
of the lower Turonian ammonites from Mexi co 
which appeared to show 'South Atlantic' affinities, 
bur "thought that the few species involved couJd 

have been introduced via the western coast of 
Sourh America" (Chancellor et al. 1 977,  p. 98) .  
There was, however, a seaway connecring the 
Central and South Atlantic basins by late Albian 
times, so there is no need to invoke a western 
Sourh America migration route to explain the 
Mexican fauna (see Förster 1978) .  

In 1 920 Böse recogn:sed that •the Loma el Macho 
fauna, at vhat time unique in Nof'l'h America , 
belonged to a distinctive 'Mediterranean faci-es', 
rypified by va:scoceratid ammonirtes and the genus 
Pseudaspidoceras. Böse ( 1 920) thought thar vh:s 
facies occurred throughout norvhern a,nd central 
Africa and in Portugal, bur had not ·rhen been 
proved in the Middie or Near East; it was, how
ever, present, if somewhar irmpoverished, in south
era France. Bös'e ( 1 920) saw Mammites as !Jinking 
loma el Macho w�m Germany, Czechosiovakia, 
France, Peru, Japan and India, and he was aware 
of the link with Brazi1. 

Whrut has the present analys:s reveaJed that 
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was not known to Böse? Firsdy, we now know 
!!hat Metoicoceras is very widely distributed in 
aiJ but the Pacific area, a1though ·�t can omly be 
said to be weU known from the Atlantic rea1m. 
Notab�e is the hnk which this genus esrablishes 
between Mexico and Turkes,tan, a 1link srrengthened 
by the ocrurrence in both regions of Mammites 
of the nodosaides group. 

Bäse was of course unaware of the diverse 
mamm'tines and tubel'cula,te vas·coceratids which 
have s•ince been described hom Turkesun, which 
Bobkova and Luopov ( 1 964) wok as evidence 
of a connection �i,th the Mediterraneau via Iran 
and Syria, aJt peak transgression. (Bobkova & 
Luppov (op. cit.) sotressed tha,t the Late Cretacrous 
invertebra,te fauna of Genua1 Asia as a who,le 
constimred a separate province, samewhat anafogous 
to ·the N or.rh Amerkan western interior) .  

Second1y, we now have good data for Spa in 
and Morocco, maimy rhrough 1'he bbours of Wied
mann ( 1964) and Go'lEgnon ( 1 9'66) respectively, 
which have au_gmented t1he links berween Mexico 
and the wes;ern Tethys. These hnks apply 
especiaHy to Mammites, Pseudaspidoceras, Neop
tychites and Spathites. It must be s:rid, however, 
tha:t the abundance of the smooth vascoceratine 
Paravascoceras at loma el Macho samewhat redu
ces the fauna! simila,rity berween Mexico and 
Pormga1l, where the genus, as now interpreted, 
may be very mre. 

We also now have much more complete data 
from sourhem France, amplifying .the wnnections 
between ohat region and Mexico. Recently described 
vascoceratids from Japan (M:lltswnoto & Mura
moro 1 978) have pmved the hrrk suggesred by 
Böse ( 1 920) , and it might be added that the 
Japanese fauna seems to share wirh Mexico the 
elements ·in cOliTirnon with India and France 
(Neoptychites and Fagesia) .  The Mammites of 
noflt'hwest Europe were weH known to Böse, but 
the recent reappraisal of vascoceraJtid faunas from 
Bng�and and northern France may point to sitronger 
links with Mexico. 

Mammites is onJy known from the areas in
dicruted om Fig. 70, and rhus shows a fairly strong 
lrurirudinail restricrion; �t is ru·rious, rhen, rhat 
several aJurthors have expressed the view rha.r Mam
mites is more widespread than the 'typicaily 
Tethyan' vascocemtids (e.g. Ma'tsumoto 1973) .  
With the exception of  a record from Burma (Spath 
1 935 )  the genus Pseudaspidoceras is also restricred 
to ��he areas ·indimted on the map. 

Pvoba:bly •vhe largest single faoror in the re
interpretation of rhe Mexican fauna has been the 
desaription since Böse's time of vhe ammonites 
from Madagascar, which include many genera 
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common rto Mexico. Broad1y speaking, the similari
ties berween Mexico an:d Madagasear seem w be 
of the same order of closen:ess as rhose between 
Mexico and India, and essentiaHy the same forms 
are inV'olved (Mammites, Pseudaspidoceras, Pagesia 
and Neoptychites) .  We may speak, therefore, of 
faunai links berween Mexico and a urri,ted Indo
Ma1gache province, but M present there is no way 
to decide if rhe faunal communication was via 
the Terhys or amund the sourhern tip of Africa. 
The lack of lower Turanian ammonires from 
:::ourh Africa can be explained by the absence 
there of lower Turanian strata (Kennedy & 
Cooper 1 97 5 ) .  A warm current deflecred south 
from rhe wes,rwa:rd-lowing circum-global currenr 
(Gordon 1973 ) ,  perhaps by 'proto-Indonesia', couid 
acwunt for the otherwise anoma1ous,ly high 
soutlhern htimde of the Indian fauna. A similar 
current deflected norrh could explain the Terhyan 
ammonites in Japan. 

In nor.thwes,r Europe and North America the 
mest 'nor.vherly' vascocera.tids encou.ntered are the 
forms dose'ly comparable with the Mexican Fa
gesia. The European forms probably reflect a 
general sh:ift nor-thwards in that region of the 
l:oundaries of ·the Tethys due bocll to deflection 
of •the c'rcum-global currem and to the palaeo
Guif Stream (Gordon 1 973 ) .  When Böse was 
writing rhere were no crCher vascocerarids known 
from Nor.th America, bu.r we now know that 
Pagesia spread northwards ,chf'ough the western 
inrerior and up rhe Pacific coast <to what is now 
almost the Gamadian bol'der. Gordon ( 1 973 ,  p. 
279) provides a possible explanation for the 
western interior occurmnce in the "powerful flow 
of Tenhyan wa.rer" northwards via the Gulf co:tst 
whiah is thought to have flowed �in the Iatest 
Cenomanian. The CaJifornian occurrence might 
support rhe "nortrhward How of wan�r a:long the 
Pacific coast" postula,ted by Gordon ( 1 973 ,  p. 279) 
ro explain the recoros there of rudis'ts and warm
wa.rer foraminifers. It should be ·remembered, how
ever, thaJt a mla•cively cold CaJl·ifornian paheo
current was probably a1ready flowing southwards 
down thai! coast. 

'Dhe strong faunal connections berween Mexico 
and the Sou:vh Anlantic in some respects are 
ev�dence against ·the cold rurrenr pastubred by 
Gordon ( 1 973)  w have filowed no1:1thwaros up 
the A!Vlantic coa:sit of Africa, mainlly to explain 
�he absence ,rhere of rudists. 'Vhe genera Mammi
tes, PseudJaspidoceras, Paravascoceras, Neoptychi
tes, Pseudotissatia a:Jnd Wrightoceras add p::>in.t to 
connecnions berween Mexico and Nigeria, Brazil, 
Angola and the Congo. Many faunas not known 
to Böse have a�lso been des:cribed from the Sahara 
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and from Nortth Africa and the Midd1e East; these 
have strengthened the fauna:l un�ty of his 'Medi
terranean facies' ,  wh�le supporting the hypothesis 
of Furan ( 1 935 )  and orhers of a trans-Saharan 
seaway in the ea·dy Turonian. 

AM tthe above genera, with the exception 
of Neoptychites, are a!lso known from t!he Pacif>ic 
coast of South America (Benavides-Caceres 1 956 ;  
Etayo-Serna 1 979) . This supports a direar connec
tion between Mexico and the Pacific via the 
Caribbean during the mid-Cretaceous, but does 
not require anything more vhan a nanow gap 
th·rough rhe Straits of Panama. 

Appendix : A short account of the Böse 
( 1 9  2 O) collection of ammonites 

The Böse ( 1 920) coHeorion of ammonites from 
Loma el Macho is now preserved rut the Museum 
fiir Nruturkunde, East Be11lin. Through the helpful 
agency of i,rs curruror, Dr. Jochen Helms, I was 
able in May 1 978 to examine ·Vhe caHection rund 
subsequencly to borrow some of rhe smaller 
specimens. 

Mil ,the specimens are in a poor state of preser
vrution as was shown in Böse's iHustrations of 
most of them. The total" caNeorion comprises 22  
specimens and same fragments ( the cwta:logue 
numbers of the complete specimens are CS S 6-
C577 inclusive, some of which are figured in 
this paper) . Böse ( 1 920)  figured a1J the m'iLteria11 
except (accoroing to the numbers of specimens 
he cites) : 

l .  one specimen of 'Metoicoceras aff. whitei Hyatt' ,  
now lost; 

2 .  three specimens of Mammites, 'two of which 
(CS63, CS64) rure today labelled "Mammites 
sp. ex. gr. nodosaides Schk nach Haarmann", 
whilst the rhird (C5 7 5 )  bears the bbel "Vergl. 
Mammites subconciliatus var. lata nov. var." 
wfi.vten by Herbert Karrenberg in 1933 .  ( I  
eonsidet this specimen a juvenile M. mabo
vanensis Bös e) ; 

3 .  the specimen (C5 57)  of 'Pseudaspidoceras aff. 
footeanum Petrascheck not Swliczka' [= P. cf. 
flexuosum PoweH] ; 

4. probably Böse's unfigured specimen of 'Vasco
ceras sp.' (C573 ) ,  a'lvhough its label simp�y reads 
"Macho" (this specimen has been broken open 
to reveal the inner whorls; I have referred ir 
to Paravascoceras angermanni (B::ise) ) ;  

5 .  ·the seeond specimen of Pagesia haarmanni 
Böse; now lost; 

6. various fragments. 
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CS63, CS 64 and C S 7 5  are figured for the first 
time in the present work. As far as I know, the 
oruly published ·restudy of any of the Böse ammo
n:iltes is thrut of KM'renberg ( 1 93 5 )  who menrioned 
C575  in his discussion of 'Mammites subconcilia
tum Choffa:t' (see Karrenberg 1 93 5 ,  p. 1 3 5 ;  Col
lignon 1 957 ,  p. 1 2 1 )  and also disrussed and f.igur,ed 
(p. 140) the suture of Böse's sma:l1 specimen of 
'Vascoceras angermanni Böse' (CS 69) . Karrenberg's 
ci-tation of tthe Böse co11ection in ·the Museum 
fi.ir Namrkunde, BerEn, led me to ,tJhe fossils, 
which have generalJy been assumed Ios1t. 

Judging from the 1labels, the coHeccion went to 
Berlin in 1 926, presumably because Dr. Haarmann 
was bas·ed there at the time as a consukant, but 
ailso perhaps because of Böse's connection with 
Bef1hn University, of which the Mus·eum fiir Na
turkunde forms a pant ( for a brief biography of 
Bös,e, see Burckhardt & Waitz 1 928) .  During the 
Second World W ar some of ,vhe specimens went 
w Leningrad, others to ,the locatl sa!Lt mines for 
safe keeping, where many of the labels rotted. 
The coHection was reassemb1ed in the 1950's , bur 
now 1lrucks, in addition to the irerns noted above: 

l .  the body chamber of C577, which is thus 
now indis,cinguishahle from 'Pachyvascoceras com
pressum (Ba,rber ) '  in PoweH ( 1 963a) ; 

2. the body chamber of CS 7 1 ,  which I have re
fer·red to Paravascoceras aff. hartti (Hyau) ; 

3 .  the fragments of 'V. angermanni' mentioned 
by Böse, a�'thoru�h a 11a,rge, fla1t S'eot:ion of unlabelled 
vascocerarine body aharober is present; 

4. the four fragments of 'Hoplitoides aff. mira
bifis P.ervinquiere' mentioned by Bö·se, a1rhough I 
believe 'two connecred fragments comprising about 
one-half of an outer wholil simiiar to that of 
Böse's pl. 1 9, figs. 2, 3, (C5 5 9) are present. 

I know of only one, incomplete, s-et of casts, 
mmely those at 't'he Texas Memoria� Museum 
(B-ureau of Economic Geology, Austin) .  This s.et 
may have been brought back to Texas by W. S.  
Adkins after a trip ro Europe (for example see 
Adkins 1 93 1 ,  p. 72) but there are today no 
documents in Berlin ro prove this. Adkins helped 
Böse prepare his monograph and it seems likeiy 
nhat he saw the or·igina:l fossi,ls . The casts bear 
German >labels, rhrut for Pagesia haarmanni reading 
Plesiovascoceras, which must, therefore, post-date 
Spath's ( 1 92 5 )  ereorion of tha:t genus. That the 
casts were made in Berl'n is also deducib1e from 
the fact that ,rhey sihow the specimens a!lready bare 
the markers used in Berlin to identify figured 
ma.teriaL Dr. Helms has pointed OUt to me roat 
these markers couM have been applied at any 
time after 1 926. The cas.ts are of specimens CS60 
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-1, C566, C570-2 and C576-7, of which -rhe 
casts of C560-1 are figured here (Figs. 3 ,  4) . 
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