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Abstract: Knowledge of the Early Cretaceous ammonoids

of the NW-Himalayas was poor until recent discoveries.

Intense sampling from the Giumal Formation exposed near

the village of Chikkim (Spiti Valley, Himachal Pradesh, India)

led to the recognition of a new Early Cretaceous ammonoid

fauna. The succession consists of arenitic sandstone interbed-

ded with shale that was deposited by turbidity currents on an

unstable shelf in the Early Cretaceous. Ammonoids have been

obtained only from sandstone beds in the lower one-third

and close to the top of the c. 350-m-thick section. Eight new

ammonoid taxa (1 genus and 7 species) are described: Sinzo-

via franki sp. nov. (rare), Giumaliceras giumaliense gen. et sp.

nov. (abundant), Giumaliceras bhargavai gen. et sp. nov.

(rare), Neocomites (Eristavites) platycostatiformis sp. nov.

(rare), Cleoniceras oberhauseri sp. nov. (abundant), Australic-

eras himalayense sp. nov. (rare) and Deshayesites fuchsi sp.

nov. (rare). Sinzovia and Deshayesites are reported for the first

time from the Tethyan Himalaya. According to the biostrati-

graphic relevance of some ammonoid taxa described here, the

age of the Giumal Formation can be constrained from Berri-

asian (Giumaliceras assemblage) to Aptian (Cleoniceras assem-

blage). The discovery of the new fauna substantiates the

significance of the Giumal Formation around Chikkim and

facilitates comparison with faunal assemblages from other

regions in the Tethys Ocean and beyond.

Key words: Ammonoidea, Early Cretaceous, Giumal Forma-

tion, Himalaya, India.

CRETACEOUS sediments are a major element in Asian

geology. They were deposited on the northern passive

continental margin of the Indian subcontinent and crop

out throughout the Himalayas. Cretaceous environments

and events are well documented in rocks exposed in India

(Blanford and Stoliczka 1865; Jafar 1996; Okada 2000).

The Jurassic to Cretaceous strata of the Tethyan Himalaya

in northern India are represented by the Spiti, Giumal,

Chikkim and Fatu La Formations (Srikantia 1981).

Comparable Cretaceous deposits in Ladakh-Zanskar were

studied in detail by Gaetani et al. (1986), Gaetani and

Garzanti (1991) and Garzanti (1992). Garzanti (1992)

subdivided the Giumal Sandstone (or Giumal Group) of

the Zanskar Range into two formations: the lower Takh

Formation and the upper Pingdon La Formation (Garz-

anti 1992). An overview of the Jurassic and Cretaceous

units along with their distribution and stratigraphy in

northern India was presented by Waagen (1875, 1879),

Fuchs (1977, 1979), Baud et al. (1982), Kelemen and Son-

nenfeld (1983) and Raju and Mishra (1996). Bhargava

and Bassi (1998) provided a summary on the Cretaceous

development and formations of the Spiti area.

Nonetheless, detailed biostratigraphic data on Lower

Cretaceous sediments of the Spiti area (Himachal Pra-

desh) are lacking. The present contribution deals with

taxonomy and a biostratigraphic update derived from the

newly recorded ammonoid fauna of the investigated sec-

tion near Chikkim (Spiti Valley; Fig. 1).

The Giumal Formation is named after the village of

Giumal (Stoliczka 1865) and is situated 28 km east of

Chikkim in the Spiti area; it consists of brown sandstone,

siltstone, dark shale and local conglomerates (Griesbach

1891, Srikantia and Bhargava 1998). The Giumal Forma-

tion (= Ghiumal sandstone after Stoliczka 1865, 1866;

= Gieumal in Stoliczka 1865; Waagen 1879; Griesbach

1891; Diener 1895; Spitz 1914) stratigraphically overlies

the black shale of the older Spiti Formation and is over-

lain by pelagic limestone of the Chikkim Formation,

which is composed of foraminiferal mud- or wackestone

(Premoli-Silva et al. 1992).
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Previously the age of the Giumal Formation in Spiti

was assessed based on ammonoids (Uhlig 1903, 1910a,

b, c; Krishna 1983) of the underlying Lochambel Beds of

the Upper Spiti Formation (Krishna et al. 1982) and

foraminifera of the overlying Chikkim Formation (Kohli

and Sastri 1956; Bertle and Suttner 2005). Corfield et al.

(2005) assumed a thickness of 100–450 m for the Giu-

mal Formation in north-west India, a depositional depth

of 10–100 m and an age for the base at 132 Ma; this

would correspond to mid-Hauterivian according to

Gradstein et al. (2004, 2012). However, the new ammo-

noid fauna described here demonstrates that the Giumal

Formation at Chikkim should be assigned to the Lower

Cretaceous.

During the Cretaceous, the section near Chikkim was

located on the deeper shelf to slope near the northern

border of the Indian Shield (Krishna et al. 1982). This

region was named Spiti-Niti (SN) area by Westermann

and Wang (1988). Gibling et al. (1994) and Luger et al.

(1994) showed the relation between deposition in the

Himalayan region and the break-up of Gondwana by the

divergence of South Africa–Madagascar–India–Australia–
Antarctica into two superblocks during the Early Creta-

ceous and later into a five-plate system (during the Late

Cretaceous).

At Chikkim, the ammonoids from the Giumal Forma-

tion are well-preserved planispiral ammonoid shells but,

interestingly, also gyrocone ammonoid shells occur. Simi-

lar types of ammonoids were described from the Creta-

ceous of the Mount Jolmo Lungma Region (Chao King-

Koo 1976).

Our investigations in the Himalayan region at Chi-

kkim have provided new knowledge on an Early Creta-

ceous fauna from a very poorly known area, the Tethyan

Himalaya of northern India. This fauna represents the

first adequate documentation of Early Cretaceous ammo-

noid faunas from this area near the Indus suture zone.

The fauna shows for the first time an exact age calibra-

tion for the Giumal Formation from the Berriasian to

the Aptian. In the present article, we focus on the

taxonomy and biostratigraphy of the recently collected

material.

F IG . 1 . Location and geological map of Chikkim area (Spiti Valley, India) showing the sampled section (map simplified after Bharg-

ava and Bassi, 1998).
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GEOLOGICAL SETTING

The ammonoids described herein are derived from sand-

stone beds of the Giumal Formation exposed near Chikkim

(Fig. 1). This is located within the Zanskar-Spiti Synclino-

rium (Garzanti 1992), which is filled with Mesozoic sedi-

ments and surrounded by Palaeozoic fold belts (Gansser

1964). The region is part of the Tethyan belt in the north-

ernmost Indian Himalaya. The section is located approxi-

mately 100 km south-west of the main north-west–south-
west striking Indus suture zone and approximately 62 km

south of the coesite-bearing (Mukherjee and Sachan 2001)

ultra-high-pressure rocks of Tso Morari (Steck et al. 1998).

The Giumal Formation conformably overlies the Titho-

nian–Berriasian Spiti Formation and is overlain by the

Chikkim Formation (Bhargava and Bassi 1998). The con-

tact to the base of the Chikkim Formation is sharp and

consists of well-bedded micritic limestone to strongly

weathered grey calcareous shale of the uppermost Giumal

Formation. According to planktonic foraminifera biostra-

tigraphy (Bertle and Suttner 2005), the base of the Chi-

kkim Formation is defined by the first occurrence of

Planomalina buxtorfi (Gandolfi) and Rotalipora appennini-

ca (Renz). R. appenninica (Renz) is a zonal index species

with a FAD in uppermost Albian indicating that the sedi-

ments of the Giumal Formation were deposited before

the late Albian.

The thick-bedded arenitic sandstone interbedded with

blackish shale and marl represents turbiditic deposits. Five

upward coarsening cycles can be distinguished within the

Giumal Formation at Chikkim. Their total thickness is

about 350 m (Fig. 2). Each cycle starts with black shale

continuing with fine-grained sandstone beds with the top

of the cycle consisting of coarse-grained sandstone, which

is capped by shell beds (bivalves). Each subsequent cycle

starts on top of the ‘bivalve-layers’. The sandstone has a

high content of quartz with glauconite grains and limo-

nitic clasts as secondary allochems. Ammonoids occur in

the lower part of the sandstone of cycle 2 (Fig. 2, detailed

log 1/AB1 and AB2: 32°21′25″N, 77°57′42″E; detailed log

1/AB3 and AB4: 32°21′08″N, 77°58′16″E) and cycle 5

(Fig. 2, detailed log 2/1–4: 32°21′13″N, 77°58′21″E).
Based on the abundances of two ammonoid genera, the

ammonoid-bearing intervals of cycle 2 and 5 are named

Giumaliceras assemblage (upper Berriasian – lower Valan-

ginian) and Cleoniceras assemblage (upper Aptian – lower

Albian), respectively.

MATERIAL AND METHODS

The ammonoid material was collected by RB and TJS in

2002 from the Giumal Formation about 2 km north-west

of the village of Chikkim (32°20′45″N, 77°59′05″E; Fig. 1)

between 4600 and 4950 m above sea level, attaining a

total thickness of approximately 350 m. This formation

can be found only at few localities within the Zanskar-

Spiti-Synclinorium over a distance of more than 250 km

(Garzanti 1992; Steck 2003). The bulk of the material

studied derives from the lowermost part (upper Berriasian

– lower Valanginian; log 1/AB1–AB4) and uppermost part

(upper Aptian – lower Albian; log 2/1–4) of the Giumal

Formation. As shown by Krishna and Pathak (1991), for

the Jurassic of Kachchh (Cutch), ammonoids are abun-

dant and accumulated in the sandstone layers (subarkose

and quartzarenite), whereas they are almost absent in the

shale and silty shale. According to our numerical speci-

men counts ammonoids represent a small group of the

macrofauna (5 per cent) compared with the bivalves

(92 per cent, bivalve beds). Ammonoids are well pre-

served and appear as steinkerns without the shell or as

mouldic negatives. Specimens are usually uncompressed.

The coarse sediment makes it difficult to extract sharp

and well-defined suture lines. Only a few specimens show

faint suture lines. Negatives were filled with a two-com-

ponent silicone (Rhodorsil RTU 3535A–B) to obtain posi-

tive moulds. During this study, 306 ammonoid

specimens, a single nautiloid, two belemnites and hun-

dreds of bivalves were collected. The very abundant and

generally well-preserved Berriasian–Valanginian to Aptian

–Albian ammonoid assemblage consists of six genera:

among the ammonitids Cleoniceras, Giumaliceras, Neoc-

omites, Sinzovia and among the ancyloceratids Deshaye-

sites and Australiceras.

Thirty-seven thin sections were made to investigate the

microfacies and further fossil content of the sandstone

and marl. Most ammonoid specimens were coated with

ammonium chloride prior to photographing with a

digital camera (Nikon-D700, Nikon, Tokyo, Japan). Three

photographic views (lateral, ventral, frontal) are presented

to provide comprehensive impressions of the specimens.

Numerous multiple images were made with an automatic

steady-digital camera (Zeiss Discovery V20, Carl Zeiss

Microscopy GmbH, Jena, Germany) using a Zeiss Axio-

Vision Software (Carl Zeiss Microscopy GmbH) to

enhance focal depth, with combined illumination by Zeiss

KL 1500-LCD (Carl Zeiss Microscopy GmbH).

Numerous studies on Early Cretaceous Himalayan

cephalopod faunas are merely ammonoid enumeration

lists or single genera or species names without illustrating

the specimens (for example Spath 1924b; Singh and Pa-

thak 1967; Krishna 1983, 2000; Pathak 1997a, b). Some of

the many incorrect or questionable interpretations and

false determinations are highlighted by Yin and Enay

(2004) for Blanfordiceras vs Berriasella and by Riccardi

et al. (1987) for Sanmartinoceras vs Sinzovia. This calls

for caution with such taxonomic lists: false generic and

species determinations have led to misinterpretations of
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the time frames and corresponding worldwide occurrence

and distribution. This is exacerbated by the practice that

– once a genus or species has been reported from

somewhere, mostly without figuring – many authors

re-reported such specimens in lists or as a reference of dis-

tribution without having seen that the specimens. For this

reason, publications without figures of ammonoids are

only considered or mentioned here, but have no influence

on the generic or species discussion or determination;

papers important for taxonomy of ammonoid groups were

only considered when specimens were figured.

Institutional abbreviation. NHMW, Naturhistorisches Museum

Wien (Natural History Museum Vienna).

Repository. The material measured and figured (Inventory

numbers: 2008z0280/0001–2008z0286/0001) is housed in the

systematic type-collection of the Geological-Palaeontological

Department in the Natural History Museum, Vienna (NHMW).

Abbreviations used in the systematic palaeontology and appen-

dix. d, diameter; wh, whorl height; ww whorl width; u, umbili-

cal diameter; ud, umbilical depth, rw, ribs per whorl; rhw, ribs

per half-whorl. Abbreviations in field: AB, Ammonoids Bertle;

BH, Bertle Himalaya. Inventory numbers, sample numbers and

all measurements are given in the Appendix S1.

SYSTEMATIC PALAEONTOLOGY

Remarks. The basic classification of Cretaceous Ammo-

noidea by Wright et al. (1996) and, in detail, the more

recent ammonoid taxonomy provided in the catalogues

for Cretaceous ammonoids (Lower Cretaceous Ammo-

nites 1 and 3) by Klein (2005) and Klein et al. (2007) are

followed here. The distinct genera and species occur in

systematic order in accordance with Wright et al. (1996).

Order AMMONOIDEA Zittel, 1884

Suborder AMMONITINA Hyatt, 1890

Superfamily HAPLOCERATACEAE Zittel, 1884

Family ACONECERATIDAE Spath, 1923

Subfamily ACONECERATINAE Spath, 1923

Genus SINZOVIA Sazonova, 1958

Type species. Ammonites trautscholdi Sinzow, 1870 (= Ammonites

bicurvatus Trautschold, 1865 non Michelin 1838), lower Aptian,

Russia, by original designation (Sazonova 1958).

Diagnosis. Oxycone aconeceratids with slightly convex

flanks and narrow keel. Falcate to falcoid ribbing on body

chamber. Narrow umbilicus with steep walls and sharp

edge. Inner lateral parts tending to be smooth.

Remarks. In accordance with Wright et al. (1996), the

juvenile smooth stage in Sinzovia Sazonova, 1958 is

much shorter than in Sanmartinoceras Bonarelli, 1921.

Riccardi et al. (1987, p. 158) defined Sinzovia Sazonova,

1958 as differing from the related genus Sanmartinoceras

Bonarelli, 1921 in having a subrounded to fastigate

venter with a very low keel. Sanmartinoceras shows a

subrounded to acute venter with a high and serrated

keel. Contrastingly, Leanza (1970, p. 217) suggested that

there are no striking reasons for considering Sinzovia as

a separate genus from Sanmartinoceras. The relations and

morphological differential aspects between the very simi-

lar genera Aconeceras, Samartinoceras and Sinzovia were

extensively discussed by Thomson (1974), Riccardi et al.

(1987) and Wright et al. (1996). The relation and affinity

of these genera remains unclear and appears doubtful in

many cases. Many specimens described so far might

belong to the same genus or group; they are therefore

treated as a single morphological group, with which the

presented species is compared.

Sinzovia was ascribed as a possible Aptian representa-

tive of the Aconeceratidae by Riccardi et al. (1987),

whereas Sanmartinoceras was thought to reach from the

late Barremian up to the Albian by Riccardi et al. (1987).

The upper stratigraphic limit was strengthened by Parent

(1991), who reported Sanmartinoceras patagonicum Bon-

arelli from Albian beds of Argentina. According to Thom-

son (1974), the related genus Sanmartinoceras is an

exclusively Aptian form, which is in contrast to Blasco

et al. (1980), Riccardi et al. (1987), Mourgues (2004) and

Aguirre-Urreta et al. (2007), who suggested a late Barre-

mian age for the genus.

Sinzovia franki sp. nov.

Figures 3A–I, 4A–D

Derivation of name. In honour of Prof. Dr. Wolfgang Frank,

Emeritus Professor for crystalline geology and geochronology

(University Vienna, Austria).

Holotype. NHMW 2008z0280/0001(Figs 3A–I, 4A–D), steinkern
(diameter = 51 mm, whorl height = 30 mm, whorl width =
12 mm).

F IG . 2 . Stratigraphical column of the Giumal Formation near Chikkim with detailed logs 1 (det. log 1, AB1–4, BH) and 2 (det. log

2, BH). Indicated are the positions where ammonoid samples were taken. See Figure 1 for location and Appendix S1 for faunal distri-

bution. Abbreviations: Ap, Aptian; Al, Albian; Ce, Cenomanian; Ca, Campanian; BH, Bertle Himalaya; BCP, Bertle Chikkim Peak;

BCPE, Bertle Chikkim Peak East (latter two: sections described in Bertle & Suttner 2005).
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Material. One specimen (NHMW 2008z0280/0001) preserved as

steinkern and additional negative from the NHMW collection.

Two moulds of external and internal whorls were made to recre-

ate an entire specimen.

Type locality and horizon. Chikkim, Tethyan Himalaya in north-

ern India (32°20′45″N, 77°59′05″N); log 2, sample 2, Giumal

Formation; upper Aptian – lower Albian.

Diagnosis. Oxycone aconeceratids with slightly convex

flanks and narrow keel. Falcate to falcoid ribbing on body

chamber. Narrow umbilicus with steep walls and sharp

edge.

Repository. Palaeozoological collection of the Natural History

Museum, Vienna.

Measurements. For measurements, see Appendix S1.

Description. Extremely oxycone, subtriangular compressed

whorls. Brevidome with slightly convex flanks. Very involute.

Small umbilicus with steep walls and angular umbilical rim.

A B C D

E G

I

F

F+G

E
IH

F IG . 3 . Different views and traces of septal suture of the holotype Sinzovia franki sp. nov. A–H, Sinzovia franki sp. nov., holotype,

2008z0280/0001; A, lateral view of reproduced cast, outer whorl; B, ventral view of reproduced cast, outer whorl; C, lateral view of

reproduced cast, inner whorl; D, ventral view of reproduced cast, inner whorl; E, detail of suture line at inner umbilical edge of steink-

ern (see position in I); F, drawing of suture line, G; G, detail of suture line at inner umbili-lateral position on steinkern (see position

in I); H, whole section of steinkern with indicated position of I. I, detailed view of whorl with indicated position of F, G and H. Scale

bars represent 1 mm in E, F, G; 5 mm in I and 10 mm in H.
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External, sharp but very narrow external keel. Keel not serrate.

Inner part of inner whorls tending to be smooth. No spiral

depression at mid-flank. On outer whorls, prorsiradiate, falci-

form striae. Very fine striae starting from the umbilicus rim and

strengthening at the mid-flank to outer third of flank. At the

mid-flank, falcate striae generating an angle of almost 90 degrees

into strong circumflexed ribs. The latter curve in the form of a

semicircle against the aperture reaching the ventral keel. 3–4
final striae give rise to one of the broad and flat, dune-like ribs

on the outer flank. Broad, dune-like ribs, showing steeper side

to aperture and reaching the ventral keel acute to sub parallel.

External ribs too weak to create a serrate keel. Suture visible but

not well preserved (Fig. 3). Comparing sizes of other Sinzovia

species reveals that the present specimen is a macroconch.

Discussion. Sinzovia franki sp. nov. shows a narrower

umbilicus, a more acute venter and a different ribbing on

the outer flank than Sinzovia trautscholdi (Sinzow). The

main ribbing in S. franki sp. nov. is broader and flatter in

adult stages than the sharper main ribbing in S. trauscholdi

(Sinzow). The original figures of ‘Oppelia Trautscholdi in

Sinzow (1898, p. 3, pl. A, figs 1a–c), who described two

varieties, show much finer ribbings than S. franki sp. nov.

The second variety with extremely fine ribbing (Sinzow

1898, pl. A, fig. 6, 6a) was included in Aconeceras nisoides

Glazunova (1973) by Riccardi et al. (1987).

Sinzovia franki sp. nov. differs from Sinzovia leanzai

(Riccardi et al., 1987) figured by Riccardi et al. (1987,

p. 159, pl. 12, figs 1–12) by a weaker and less pronounced

ribbing on the outer flanks throughout the shell. The ven-

ter is much more acutely keeled in S. franki sp. nov. with

whorls are more compressed than in the more convex

S. leanzai which have rounder venter. In S. leanzai, only

inner flanks are rounded and converge to the broad ven-

ter. In contrast, S. franki sp. nov. shows thin and acute

venter formed by flanks slightly convex throughout in

one bow. Early stages (15 mm) are nearly smooth in

S. leanzai, whereas at same diameter in S. franki sp. nov.

already shows distinct ribbing on the outer flank and an

acute venter at all stages. A spiral groove is missing in

S. franki sp. nov. and present in S. leanzai. In S. franki

sp. nov., the main ribbing starts on the outer third of the

flank, whereas in S. leanzai it starts in the mid-to-upper

third. Sinzovia franki sp. nov. shows 25 strong ribs on

one half-whorl compared with the less dense ribbing in

S. leanzai with 14–21 main ribs on the outer flank. Sinzo-

via franki differs from all other species figured by Riccardi

et al. (1987) by its narrower umbilicus. As shown per-

fectly by Riccardi et al. (1987), S. leanzai differs from all

other species of the similar and often confused genus

Sanmartinoceras by its high and serrated keel, a different

shell compression and different ribbing. Sinzovia piat-

nitzky differs from S. franki sp. nov. by having a wider

and rounder venter in addition to a wider umbilicus, by

showing a lateral groove and by the stronger ribbing of

the outer flank, which has only 18–22 main ribs on one

half-whorl. Sinzovia fontinale (Hudleston, 1890), refigured

in Kennedy and Klinger (1979), differs from S. franki sp.

nov. in the much wider umbilicus, fewer ribs on one

half-whorl (12 vs 25) and higher keel.

Different genera of Aptian aconeceratids show great sim-

ilarities in suture lines, figured and compared by White-

house (1927) in this group of Aconeceratidae. The suture

line is difficult to examinate in the recently collected speci-

mens due to the state of preservation (Fig. 3), but there is

consensus in the form of saddles. The middle upper Aptian

Sinzovia stolleyi (Casey, 1961), figured by Kemper (1976,

1982), Gaida et al. (1978) and Kennedy and Klinger (1979)

from Germany, shows much stronger ribbing, a broader

venter and is much more evolute, which results in a wider

umbilicus, compared with S. franki sp. nov. The former

species was called Oppelia (Adolphia) trautscholdi Sinzow

by Stolley (1912). Sinzovia aptianum (Sarasin) and differs

in fewer ribs on the outer flank. Specimens figured in

Casey (1961) as Sanmartinoceras (Sinzovia) aptianum

(Sarasin) and Sanmartinoceras (Sinzovia) trautscholdi (Sin-

zow) differ markedly from S. franki sp. nov. by their stron-

ger ribbing and wider umbilici. Sanmartinoceras africanum

insignicostatum from the Argentinian upper Barremian

(Charnacillo Basin; Aguirre-Urreta et al. 2007, fig. 8E) and

the same species cited by Kennedy and Klinger (1979) dif-

fer from S. franki sp. nov. in showing finer ribbing, a larger

A B D

C

F IG . 4 . Whorl shape cross sections and ribbing style for Sinzo-

via franki sp. nov. A, total whorl shape cross section (from cast)

of Sinzovia franki sp. nov, holotype, 2008z0280/0001 (Fig.

3A–H). B, whorls section from same specimen at 1 cm distance

(to umbilicus). C, inner whorl cross section of the same speci-

men. D, ribbing style on body chamber of holotype.
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whorl height and a more slightly sigmoidal curvature in

ribbing. Great similarities are evident with the Russian spe-

cies Sinzovia sazonovae (Wright) from the early Aptian

Casey (1961) and Wright et al. (1996) figured. Sinzovia

sazonovae is less involute and has a bigger umbilical diame-

ter than S. franki sp. nov. Sinzovia franki sp. nov. differs at

least in some features from all other species of the related

and very similar genera Sanmartinoceras and Sinzovia fig-

ured by Casey (1960, 1961), Kennedy and Klinger (1979,

with refigured originals) and Riccardi et al. (1987): these

features are either shell shape, ribbing, umbilicus shape or

venter shape. The new species differs in ribbing from all

other very similar ribbed species of the related genus

Sanmartinoceras, summarized and figured by Kennedy and

Klinger (1979) and Lehmann and Murphy (2000). It also

differs from the specimen attributed to Sanmartinoceras

aff. walshense (Etheridge, 1892) by Lehmann and Murphy

(2000) from Aptian beds of California: the curvation of the

main ribs is much stronger and in contrast to other species

in the upper third of the flank in S. franki sp. nov. The Ap-

tian specimens of true Sanmartinoceras figured by Brunn-

schweiler (1959, fig. 1a, b) as Aconeceras austronisoides

from Western Australia (Windalia Radiolarite of Carna-

rvon Basin) differ in whorl sections and high, strong ser-

rated keels. Aptian Sanmartinoceras olene (Tenison-Woods,

1883) from the Blackdown Formation in Queensland (Aus-

tralia) exhibits a wider umbilicus and stronger outer rib-

bing on the external flank, which in addition starts its

curvation in the mid-flank. Variations of the upper Barre-

mian Sanmartinoceras africanum insignicostatum Riccardi

et al., 1987 figured from the Atacama basin of Chile by

Mourgues (2004) show a very fine ribbing without costa-

tion of external main ribs. Specimens figured by Parent

(1991) as Sanmartinoceras patagonicum Bonarelli are

strongly ribbed, but the quality of figures is insufficient to

judge this. He reported them as Albian from Argentina

(see also Aguirre-Urreta and Riccardi 1988). The same spe-

cies with stronger ribbing, higher keel and lateral groove,

was reported from Upper Barremian beds from Argentina

(Santa Cruc Province) by Blasco et al. (1980).

Distribution. The genus Sinzovia was described from Aptian

deposits of Antarctica, Argentina (Patagonia), Australia, England,

France, Germany, Greenland, Madagascar, Mozambique, Nepal,

Romania, Russia, South Africa and Venezuela, and from Albian

sediments of England and Patagonia.

Occurrence. The specimen occurs in the detailed log 2, sample 2

(Fig. 2) of the uppermost part of the Giumal Formation near

Chikkim (Spiti Valley, Himachal Pradesh).

Family NEOCOMITIDAE Salfeld, 1921

Subfamily BERRIASELLINAE Spath, 1922

Genus GIUMALICERAS gen. nov.

Derivation of name. After the village of Giumal in the Spiti Val-

ley (Himachal Pradesh, northern India).

Type species. Giumaliceras giumaliense gen. et sp. nov. from the

Lower Cretaceous Giumal Formation at Chikkim in the Spiti

Valley, Himalaya region in northern India; upper Berriasian –
lower Valanginian.

Diagnosis. Sharp, prorsiradiate and straight, bifurcated

ribbing in juveniles. Later intercalated with single ribs

and producing fasciculate and bidichotomous ribbing on

the same whorl. Irregularly branching throughout the

shell. Ribs cross the venter in earlier stages up to a diame-

ter of approx. 10 mm. In mid-aged shells, venter is

smooth, but occasionally ribs can cross it in adults. Ven-

tral groove bordered by strong tubercles up to small

spines. Ribbing distinct and more distant, starting from

strong umbilical tubercles in adults.

Discussion. Taxonomic confusion is present within the

closely related and morphologically very similar groups

of the subfamily Berriasellinae Spath, 1922, with the gen-

era Berriasella and Blanfordiceras on one hand (Yin and

Enay 2004) and the subfamily Neocomitinae Salfeld,

1921 with the genera Subthurmannia, Odontodiscoceras,

Sarasinella and even Neocomites on the other (Wright

et al. 1996).

Giumaliceras gen. nov. (Figs 5–8) is characterized by

the mixture of berriasellid ribbing in certain growth

stages and subsequent neocomitid ribbing in ontogeny.

Neocomitid ribbing was defined by Salfeld (1921,

F IG . 5 . Giumaliceras giumaliense gen. et sp. nov.; A–B, holotype, 2008z0281/0001, sample log/AB3; A, lateral view; B, ventral view. C

–E, paratype, 2008z0281/0006, sample log1/AB3; C, lateral view; E, ventral view; D, apertural view. F–G, paratype, 2008z0284/0007,
sample log1/AB3; F, lateral view; G, apertural view. H–J, Paratype, 2008z0281/0039, sample log1/AB3; H, lateral view; J, ventral view; I,

apertural view. K–L, paratype, 2008z0281/0030, sample log1/AB3; K, lateral view; L, ventral view. M–N, 2008z0281/00253, sample log1/

AB3; M, lateral view; N, ventral view. O–P, 2008z0281/0051, sample log1/basis; O, lateral view; P, ventral view. Q–R, 2008z0281/0024,
sample log1/AB3; Q, lateral view; R, ventral view. S, 2008z0281/0048, sample log1/AB4, lateral view. T–U, 2008z0281/0054, sample

log1/AB3; T, lateral view; U, ventral view. V–W, 2008z0281/0055, sample log1/AB3; V, lateral view; W, ventral view. X, 2008z0281/

0028, sample log1/AB3, detailed lateral view (left) and ventral view of two specimens. All specimens from Chikkim, Giumal Formation;

late Berriasian – early Valanginian. Scale bar represents 10 mm, except in I, Q and R where scale bar represents 5 mm.
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p. 343) for Neocomitinae as ‘bidichotome Berippung f€ur

die Neokomen Vertreter wie Neocomites und Thurman-

nia’. The irregular occurrence of fasciculate and bidi-

chotomous ribbing is, along with the external spines,

typical for the new genus. Berriasella, Blanfordiceras,

Subthurmannia, Odontodiscoceras, Sarasinella and Neoc-

omites are the morphologically closest genera to Giuma-

liceras gen. nov. within the family Neocomitidae Salfeld,

1921. Neocomites exhibits similarities in ribbing and

smooth venter but is clearly more involute than Giuma-

liceras gen. nov. as seen in Neocomites neocomiensis

(d’Orbigny). The spiny ending of the secondary ribbing

near the venter area resembles Odontodiscoceras, but the

Odontodiscoceras shows different and regular ribbing

(bifurcate) and only clavate endings. Blanfordiceras

shows stronger and more distinct ribbing than Giumalic-

eras gen. nov. Berriasella differs in the ventral morphol-

ogy of the whorls and ribbing. Both Blanfordiceras and

Berriasella lack spines on ventro-lateral whorls. As shown

by Yin and Enay (2004), Berriasella is characterized by a

fairly narrow ventral groove, which can also be absent

in some species. Blanfordiceras shows similarities in the

wider, smooth ventral band and in the ribbing of adult

stages, but ribbing is more regular and more curved

throughout. External ribs can cross the venter in some

species such as Blanfordiceras acuticosta (Uhlig). Ventral

rib-crossing can occur in Giumaliceras gen. nov., but it

is very rarely observable. Both Blanfordiceras and Giuma-

liceras gen. nov. do not have mixed single, bifurcate, fas-

ciculate and bidichotomous ribbing on one whorl over

the whole collection examined. Giumaliceras gen. nov.

(291 specimens) is extremely variable in ribbing. No lap-

pets at the aperture can be observed, which differs from

berriasellids (Yin and Enay 2004). Yin and Enay (2004)

showed the difficulty in distinguishing inner whorls of

Berriasella and Blanfordiceras, which in fact holds true

for both subfamilies Berriasellinae and the Neocomitinae.

Specimens from Chikkim (Giumal Formation) of the

newly erected genus are not Berriasella because umbilical

tubercles are present (P. Hoedemaeker, pers. comm.

2007). The development within ontogeny is discussed in

the remarks for the type species. The steinkern- and

reproduced mould-preservation show notable differences

(Fig. 3H vs 3I); reproduced moulds from negatives show

remarkable spines, whereas those on steinkerns appear

‘merely’ as tubercles.

Giumaliceras giumaliense sp. nov.

Figures 5–7

Derivation of name. After the Giumal Formation in the Spiti

Valley (Himachal Pradesh, N-India).

Holotype. NHMW 2008z0281/0001 (Fig. 5A–B), steinkern

(diameter = 56 mm, whorl height = 20 mm, whorl width =
14 mm).

Paratypes. NHMW 2008z0281/0006 (Fig. 5C–E), NHMW

2008z0281/0007 (Fig. 5F–G), NHMW 2008z0281/0039 (Fig. 5H–
J), NHMW 2008z0281/0002 (Fig. 6F), NHMW 2008z0281/0004

(Fig. 6G).

Material. 192 moulds and negatives (now with reproduced

casts) (NHMW 2008z0281/0001–274). No shell is preserved in

sandstone. Most specimens are preserved as fragments; suture

line is visible in only few specimens (paratype NHMW

2008z0281/0006; Figs 5C–D, 7).

Type locality and horizon. Chikkim, Tethyan Himalaya in north-

ern India (32°20′45″N, 77°59′05″E); Giumal Formation, log 1,

samples AB1–AB4, BH6 and basis of log 1; upper Berriasian –
lower Valanginian.

Diagnosis. As for genus.

Repository. Palaeozoological collection of the Natural History

Museum, Vienna.

Measurements. Only specimens with at least one half-whorl pre-

served are included. For measurements, see Appendix S1.

Description. Medium-sized (8–80 mm in diameter), strongly

ribbed steinkerns and negatives. Rather evolute and subrectangu-

lar, compressed whorls with almost tabulate whorl section. Lat-

eral sides rather straight, passing into flat to subrounded venter.

Venter from angular to subrounded in adults. Prorsiradiate,

straight. Ribbing strong and prominent throughout. Ribs pro-

jected by 20–30 degrees to aperture (Figs 5–6). Venter with

smooth band or groove. Some ribs (very rare) crossing ventral

side. Ribs start in the middle of the steep umbilical wall. 27–34
primary ribs (or counted tubercles) per whorl start from umbili-

cal wall. Umbilical shoulder with tubercles or bullae giving rise

to single or bifurcating ribs. Bifurcating rib-pair starting irregu-

larly at umbilical shoulder or bifurcating higher on the whorl

(all stages possible), intercalated by single ribs or intercalated by

F IG . 6 . Giumaliceras giumaliense gen. et sp. nov. A–C, 2008z0281/0056, sample log1/AB3; A, lateral view; B, ventral view; C, ventral

view of inner whorl. D–E, 2008z0281/0040 (bottom in D, right in E) and 2008z0281/0041, sample log1/AB3; D, lateral view of steink-

ern; E, lateral view of reproduced cast. F, paratype, 2008z0281/0002 (left) and 2008z0281/0003, sample log1/AB3, lateral view of repro-

duced cast. G, paratype, 2008z0281/0004 (left) and 2008z0281/0005 sample log1/AB3, lateral view of reproduced cast. H, 2008z0281/

0026 (right), sample log1/AB3, lateral view of reproduced cast. All specimens from Chikkim, Giumal Formation; late Berriasian – early

Valanginian. Scale bar represents 10 mm.
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bidichotomous and fasciculate ribbing. Fasciculate ribbing starts

in most cases at a whorl height (wh) of c. 15–20 mm. In fascicu-

late ribbing, the position of the secondary bifurcating rib is

irregular. Secondary front rib (next to aperture) or rear rib

branches on the middle of the lateral side, forming fasciculate

ribbing. Ribbing ends in ventro-lateral spine or high tubercles.

Whorls can show rib-parallel constrictions every 30 mm on the

last whorl (at different wh 1.6, 1.8 and 2.0). Spire strongly opens

at end of shell. In few specimens, siphonal tubes are visible. At a

whorl height (wh) of 8 mm and a whorl width (ww) of 7 mm,

the siphonal diameter is 0.7 mm. Siphuncle wall thickness is

0.066 mm. Suture line is badly preserved and visible in only few

specimens (Figs 5C, 7).

Remarks. As in the genus Giumaliceras gen. nov., no com-

parable species is known from the Early Cretaceous world-

wide. Giumaliceras giumaliense sp. nov. differs from all

other related and similar species from the subfamily Neo-

comitinae with its genera Subthurmannia, Sarasinella and

Neocomites in the style of ribbing and in the spine forma-

tion on the ventro-lateral edges. The combination of the

irregular mixture of bidichotomous, fasciculate ribbing,

bifurcation of ribs at every whorl height, intercalations of

single ribs and the occurrence of spines at both sides of a

deep ventral furrow is unique in the morphologically very

variable family of Neocomitidae Salfeld, 1921. Subthur-

mannia, Sarasinella and Neocomites are morphologically

the closest genera to Giumaliceras gen. nov.

Ribbing is more regular and curved, but thinner in the

genus Subthurmannia, with its specimens figured by Fat-

mi (1977) from the Berriasian of Pakistan as Subthurman-

nia fermori Spath (1939, pl. 6, figs 1 and 3; pl. 7, fig. 1;

pl. 9, fig. 1) or Subthurmannia filosa Spath (1939, pl. 6,

fig. 2; pl. 7, fig. 3). Subthurmannia filosa Spath, 1939 dif-

fers also in a rounder venter and in crossing external rib-

bing in many stages. The external furrow is much deeper

and external ribs end in small spines in G. giumaliense sp.

nov., a feature not seen in the similar members of Sub-

thurmannia from Pakistan. Fatmi (1977, pl. 7, fig. 2) fig-

ured an additional specimen, which he assigned to

Subthurmannia transitoria Spath, 1939, which differs by

having a finer ribbing and a rounder venter. Fatmi (1977,

pl. 12, fig. 2) also figured a specimen and named it Sar-

asinella uhligi Spath, 1939, which is comparable to G. giu-

maliense sp. nov. Giumaliceras giumaliense sp. nov. differs

from S. uhligi Spath, 1939 in a more prominent, straigh-

ter ribbing with its external, deeper furrow edged by two

rows of spiny endings the external ribbing. The holotype

of S. uhligi Spath (1939, pl. 14, fig. 1) differs by having a

more involute shell and a more regular ribbing at same

growth stages, as observed in G. giumaliense sp. nov.

Fatmi (1977) considered in his description the main

work of Spath (1939) on the ammonoid fauna of the Salt

Range belemnite beds in Pakistan. Spath (1939) was the

first to erect the herein discussed (see above), morpholog-

ically closely related (to Giumaliceras gen. nov.) genus

Subthurmannia and some new member species. As under-

stood by Spath (1939, p. 48), Subthurmannia is character-

ized as ‘Rather evolute Berriasselinae, with Thurmannites

stage in young, but returning to ancestral rounded

periphery, with or without siphonal band or sulcus, in

adult.’, which is also seen in G. giumaliense sp. nov. from

northern India. The ribbing in G. giumaliense sp. nov. is

more prominent (or thicker), straighter and more irregu-

lar than in all species figured in Spath (1939), when com-

pared at the same growth stages. If the ribbing in

G. giumaliense sp. nov. is similar with the specimen of

Spath (1939, pl. 8, fig. 6) of Subthurmannia sp. ind., then

the venter is different, and the other way around: if the

venter is similar to G. giumaliense sp. nov., then the rib-

bing is different in Subthurmannia fermori Spath, 1939

figured by Spath (1939, pl. 10, figs 7–8). Ventro-lateral
tubercles are much smaller in the Pakistan material

compared with the spiny, new Indian material, although

closely related.

Uhlig (1903, 1910a, b, c) was one of the first who

described Upper Jurassic and Lower Cretaceous ammo-

noids from northern India (e.g. Spiti shales). The region

A

F IG . 7 . A, suture line of Giumaliceras giumaliense gen. et sp.

nov, at 2.5 cm Wh, paratype 2008z0281/0006 (Fig. 5C–D).

F IG . 8 . Giumaliceras bhargavai gen. et sp. nov. A–D, Holotype, 2008z0282/0001, sample log/AB1; A, lateral view; B, apertural view;

C, oblique view; D, ventral view. E, paratype, 2008z0282/0002, sample log/AB4, lateral view. F, 2008z0282/0003, sample log/AB3, lateral

view of reproduced cast. G, 2008z0282/0004, sample log/AB3, lateral view of reproduced cast. H–L, 2008z0282/0005, sample log/AB1;

H, lateral view of steinkern; I, lateral view of reproduced cast; J, ventral view: K, dorsal view; L, whorl section. M–P, 2008z0282/0006,
sample log/AB4; M, lateral view of steinkern; N, ventral view; O, lateral view of ventro-lateral spines on reproduced cast of inner

whorl; P, ventral view of inner whorl. Q, 2008z0282/0007, sample log/AB3, lateral view of reproduced cast. R, 2008z0282/0008, sample

log/AB3, lateral view of reproduced cast. Scale bar represents 10 mm.
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is close to the Chikkim area presented herein and there-

fore suited for detailed comparison. Uhlig (1910a, pl. 81,

fig. 3) figured a specimen of Sarasinella varians, which

was refigured by Wright et al. (1996). It differs from

G. giumaliense sp. nov. by the more prominent and regu-

lar tubercles at the umbilical edge. Figured members of

Odontodiscoceras odontodiscum (Uhlig, 1910a) (= Hoplites

(Neocomites) odontodiscus Uhlig (1910a, pl. 75, figs 1–3)
and Hoplites (Neocomites) sp. ind. aff. odontosdicus Uhlig

(1910a, pl. 75, figs 4–6)) differ in their broader ribbing, a

more regular bifurcate to triplicate ribbing and the more

clavate ventro-lateral tubercles. The related form ‘Hoplites

(Neocomites) Walkeri’ Uhlig (1910a, pl. 86, fig. 1–2; pl.
87, fig. 3a–b) figured by Uhlig, now included in Callipty-

choceras walkeri (Uhlig, 1910a) by Liu (1988) and Klein

(2005), shows rounder whorl sections, more sinous rib-

bing and more regular bifurcated ribs in early stages

along with a different adult ribbing. Uhlig (1910a) figured

some specimens as Hoplites (Neocomites) Indicus Uhlig

(1910a, pl. 89, figs 3–6). These forms were included by

Klein (2005) into Parandiceras? indicum (Uhlig, 1910a).

Parandiceras? indicum (Uhlig, 1910a) is similar to G. giu-

maliense sp. nov. in ribbing, but show a rounder venter

with a less pronounced furrow or even crossing external

ribs. The taxonomy of Parandiceras? indicum (Uhlig,

1910a) is somewhat doubtful, but they are commonly

reported from Valanginian beds. All other species, which

morphologically differ from the Neocomitinae but are

considered as closely related (Uhlig 1910a), differ in rib-

bing style (e.g. mostly more regular with dominant bifur-

cating stages), additional tubercles on lateral positions,

lacking ventro-lateral spines or in a wider or very narrow

ventral furrow.

Collignon (1962) reported an ammonoid fauna from

the Berriasian to Barremian time from Madagascar. The

fauna contains numerous members from the Berriaseli-

nae. All of the so-called Berriasian specimens of Berriasel-

la in Collignon (1962, pls 176–178) differ markedly from

G. giumaliense sp. nov. in regularly bifurcating ribs and

mostly crossing external ribbing in addition to absence of

spiny endings of ventro-lateral ribs. Collignon (1962, pl.

174, figs 800–802) figured Berriasian specimens of the

genus Odontodiscoceras, although possessing prominent

ventro-lateral tubercles, differ in a more distinct ribbing,

a broader interspace between ribs and a more regularly

bifurcated ribbing. The members of Sarasinella figured by

Collignon (1962, pls 183–194, 193–194, 200) differ in a

more regular and more curved ribbing. Within the genus

Sarasinella, Sarasinella belamboensis Collignon, 1962 in

Collignon (1962, pl. 184, figs 837–840) is most similar to

G. giumaliense sp. nov., but differs in having a more

involute shell and in more regularly (bifurcating) and

slightly more curved ribbing. The figure of the only speci-

men of Subthurmannia reported by Collignon (1962,

pl. 195, fig. 895) is too inadequately illustrated for com-

parison, but the ribbing seems to be much finer than in

G. giumaliense sp. nov. The fasciculate type of ribbing is

much more pronounced in G. giumaliense sp. nov. than

in all other groups discussed above.

Rich Tithonian–Berriasian material of the family Ber-

riasellidae was well documented from Bulgaria by Nikolov

(1982). Most of the specimens figured therein differ in

external ribbing crossing the venter (up to adults) or

more regularly bifurcate ribbing throughout. In addition,

the species integrated by Nikolov into Fauriella or Jabrio-

nella differ in finer and more sinuous ribbing. Fauriella

was recently incorporated into the genus Subthurmannia

and noted as a synonym by Wright et al. (1996). Wright

et al. (1996, fig. 40, 3c–d) refigured the type material

from Mazenot (1939, pl. 23, fig. 3a–b) as Subthurmannia

gallica (Mazenot, 1939). This species was originally

included by Mazenot (1939) in Berriasella, but contras-

tingly, Klein (2005) followed the opinion of Nikolov

(1982) that Fauriella and Subthurmannia are not synony-

mous and separated Fauriella from the subthurmannids.

But Nikolov (1982), Wright et al. (1996) and Klein

(2005) integrated Subthurmannia into the subfamily Neo-

comitinae. The most similar features in the ribbing from

the Bulgarian material of Nikolov (1982) and G. giumal-

iense sp. nov. can be found between Fauriella clareti Le

H�egarat, 1973 (Nikolov 1982, pl. 35, figs 1–4) and Fauri-

ella gallica (Mazenot, 1939; Nikolov 1982, pl. 35, figs 5–
8). Although very similar as noted above, the main fea-

tures such as the external ribbing are in contrast to the

smooth ventral furrow in G. giumaliense sp. nov. As

noted above, there is a peculiar difference in steinkern-

and reproduced mould-preservation (Fig. 6G–H). Repro-

duced moulds from negatives show remarkable spines in

contrast to the tubercle preservation on steinkerns. For

correct taxonomy and reference lists in the groups of ber-

riasellids and related ammonoid groups, see the catalogue

of Klein (2005).

Distribution. Giumaliceras giumaliense sp. nov. is known only

from the upper Berriasian – lower Valanginian strata of the Giu-

mal Formation near Chikkim in the Himalaya (India).

Occurrence. The specimens occur in detailed log 1 (Fig. 2), sam-

ples AB1–AB4, BH6 and at the base of log 1 belonging to the

lowermost part of the Giumal Formation near Chikkim (Spiti

Valley, Himachal Pradesh).

Giumaliceras bhargavai sp. nov.

Figure 8

Derivation of name. In honour of Dr. O. N. Bhargava, mapping

geologist from Panchkula, India.
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Holotype. NHMW 2008z0282/0001 (Fig. 8A–D), steinkern

(diameter = 48 mm, whorl height = 21 mm, whorl width =
12 mm).

Paratype. NHMW 2008z0282/0002 (Fig. 8E).

Material. Fifteen internal moulds, negatives and additionally

reproduced silicone moulds; no shell preserved; preservation in

sandstone; 13 specimens are fragmented; suture line is not visi-

ble in most cases.

Type locality and horizon. Chikkim, Tethyan Himalaya in north-

ern India. 32°20′45″N, 77°59′05″E; Giumal Formation, log 1,

samples AB1 (n 5), 3 (n 8), AB4 (n 1), upper Berriasian – lower

Valanginian.

Diagnosis. As for genus.

Repository. Palaeozoological collection of the Natural History

Museum, Vienna.

Measurements. Only two specimens with at least one half-whorl

preserved are included. For measurements, see Appendix S1.

Description. Steinkern undeformed. Whorls subrectangular com-

pressed and not very evolute. Flat to tabular, external side display-

ing 140–160 degrees between ventral rib bars (to spines) on each

side of the ventral groove. Only a small piece of the outer whorl

is present in holotype. Flanks straight on lateral parts up to the

overgrowth line of the next whorl. From overgrowth line on,

slightly convex sides up to ventro-lateral spines or strong tuber-

cles. Maximum whorl width at overgrowth line. Subsequent

whorl covers previous whorl by one-third. Umbilical shoulder

oblique in earlier whorls but steep and almost smooth in adults.

Maximal whorl breadth at the overgrowth line on the outer

flanks. Suture line visible but not sharp and siphuncle present on

some moulds (holotype, Fig. 8A–D). Ribbing distinct and sharp.

Ribs strong and widely spaced, with rare intercalated single ribs

in mid-aged specimens (wh c. 25 mm). Straight ribs become

more widely spaced on body chamber (from wh 30 mm). Ribs

stronger on body chamber, showing intercalated thick main ribs

starting from big tubercles to bullae in adult stages. Ribs only bib-

licate and projected by 20 degrees to aperture. Ribs bifurcate at

the overgrowth line (of next whorl) at two-thirds of whorl height.

Front rib goes straight to the ventral side, rear rib of bifurcating

pair separates at an angle of 11 degrees. Primary ribs starting in

the middle of the umbilical wall, becoming stronger on umbilical

shoulder. Umbilical shoulder showing big tubercles to clavae on

adult stages. Ribbing ends at a deep ventral groove on the inner

whorls edged by spine or tubercle rows. Endings of bifurcate rib-

pairs on each side of the ventral groove in prominent tubercles to

small spines (up to 2 mm long). Small but strong projected bars

starting from these tubercles, ending at the ventral groove. Ven-

tro-lateral spiny tubercles, stronger on outer whorls.

Remarks. This species shows most similarities in the ven-

ter and rib endings with Giumaliceras giumaliense sp. nov.

The species G. giumaliense sp. nov. and G. bhargavai sp.

nov. seem to be closely related, at least morphologically.

The main differences between the two new species of

Giumaliceras gen. nov. are the more straight and wider,

only bifurcated ribbing in early whorls and a more angu-

lar whorl section in G. bhargavai sp. nov. In G. bhargavai

sp. nov., ribbing starts in single ribs at the umbilical

shoulders. In contrast, ribs start by bifurcation at umbili-

cal tubercles in G. giumaliense sp. nov. and bifurcate

irregularly, intercalated by single ribs or bidichotomous

or triplicate ribs in G. giumaliense sp. nov.

As noted in the section above, Berriasella and Blanfor-

diceras are most comparable with G. bhargavai sp. nov.

Giumaliceras bhargavai sp. nov. differs from numerous

similar and related species of Blanfordiceras in straighter

and sharper ribbing and broader ventral groove. The most

relevant separating character is the tuberculation, up to

little spines, on the ventral whorl shoulder at the ending

of bifurcating rib pairs. As noted above (discussion for

Giumaliceras gen. nov.), Yin and Enay (2004) documented

precisely the difficulties and confusion between the related

groups of Berriasella and Blanfordiceras on Berriasian

material from Tibet and described Blanfordiceras as char-

acterized by a smooth, wide ventral band which is dis-

tinctly bordered by tuberculate ribs. This description is

very similar to the above description and observations

herein made on G. bhargavai sp. nov. Despite all the simi-

lar features, ribbing is essentially different in Blanfordiceras

and G. bhargavai sp. nov. Most similar specimens figured

by Yin and Enay (2004, fig. 7, 3–7, 13) as Blanfordiceras

wallichi (Oppel) are recently interpreted as Blanfordiceras

(Blanfordiceras) wallichi (Gray, 1832). Specimens of Yin

and Enay (2004) differ in a more curved ribbing, numer-

ous intercalated single ribs on comparable whorl stages

and a steeper umbilical wall. Blanfordiceras (Blanfordic-

eras) wallichi (Gray, 1832) is much more evolute com-

pared with G. bhargavai sp. nov. In contrast to

G. bhargavai sp. nov., Yin and Enay (2004, fig. 10, 3) also

figured a specimen identified as Blanfordiceras acuticosta

(Uhlig); it is more evolute and displays external ribbing.

The holotype of B. wallichi from the Spiti Valley in

India (= ‘Ammonites wallichi’ Gray (1832, pl. 100, fig. 3),

refigured by Wright et al. (1996, fig. 38, 1a–b), differs in

a more evolute shell, a wider and more curved ribbing

and more single intercalatory ribs.

Spath (1939, pl. 6, figs 10, 13–14) figured Blanfordiceras

aff. acuticosta (Uhlig, 1910a) from the belemnite beds of

the Salt Range in Pakistan. It differs from G. bhargavai

sp. nov. by intercalated single ribs and a deeper ventral

furrow in earliest whorls. B. cf. boehmi (Uhlig, 1910a) fig-

ured in Spath (1939, pl. 4, fig. 5; pl. 6, figs 5, 11, 12, 15)

differs in the same way and was recently integrated into

Blanfordiceras (Boehmiceras) boehmi (Uhlig, 1910a) by

Klein (2005).
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The holotype for Blanfordiceras (Blanfordiceras) acutico-

sta (Uhlig, 1910a) was figured by Uhlig (1910a) as Hop-

lites (Blanfordia) acuticosta (pl. 37, fig. 2a–c). The

material from northern India (Uhlig 1910a) differs from

G. bhargavai sp. nov. in a more widely spaced and in

some parts slightly curved ribbing and a more evolute

shell. Numerous forms of Uhlig (1910a, pl. 39, fig. 1a–c)
depicted show considerable variation within this group,

as can be seen in his Hoplites (Blanfordia) Boehmi, which

is now interpreted as Blanfordiceras (Boehmiceras) boehmi

(Uhlig, 1910a) by Klein (2005). These forms in Blanfor-

diceras are totally different in size (up to 5 times) and

ribbing style (triplicate with lateral tubercles). To a cer-

tain degree similar to G. bhargavai sp. nov. are specimens

from Uhlig (1910a) of Blanfordiceras wallichi (Gray, 1832,

pl. 29, figs 1–3; pl. 30, fig. 1; pl. 31, figs 1–2), now in

Blanfordiceras (B.) wallichi (Gray, 1832). They differ in

size and in more curved and distant ribs from G. bharg-

avai sp. nov. Similar species such as Hoplites (Blanfordia)

subquadratum (Uhlig, 1910a, pl. 83, fig. 4) and Hoplites

(Blanfordia) rotundidoma (Uhlig, 1910a, pl. 83, figs 1–2)
were recently incorporated into Blanfordiceras (B.) sub-

quadratum and Blanfordiceras (B.) rotundidoma (Uhlig,

1910a) by Klein (2005). Both differ in a more curved and

distant ribbing and more evolute shells.

Specimens figured by Helmstaedt (1969, pl. 3, fig. 1)

from the Tithonian–Berriasian of Nepal as Blanfordiceras

muktinasthense differ from G. bhargavai sp. nov. in differ-

ent (lower) bifurcation stages are more evolute and display

a narrower ventral furrow. The same differences are

observed for Blanfordiceras aff. tenuicostatum Collignon,

1960 (Helmstaedt,1969, pl. 3, fig. 3). Major analogies can

be seen in Helmstaedt (1969) with Berriasella cf. callisto

(d’Orbigny, 1850, pl. 3, fig. 4). The specimen differs in

intercalated single ribs and a more evolute shell. Berriasella

cf. callisto was recently brought into synonymy of Berriasel-

la (Berriasella) calisto (d’Orbigny, 1850) by Klein (2005).

Fatmi (1977, pl. 5, fig. 2) figured a Berriasella sp. indet.

from the Berriasian of Pakistan. It differs from G. bharg-

avai sp. nov. in a rounder venter, thicker and more

curved ribbing, intercalated single ribs and the absence of

the ventral spine or tubercle rows.

Collignon (1962, pls 176–178) figured species of the

genus Berriasella, including B. picteti (Kilian, 1906) (Colli-

gnon 1962, pl. 176, fig. 762) and B. privasensis (Pictet,

1867) (Collignon 1962, pl. 176, fig. 764–765), come from

Berriasian beds of Madagascar. Although it is highly simi-

lar to G. giumaliense sp. nov. in some features, they are

more evolute and most of them show single ribs interca-

lated. The typical spiny endings of the ventro-lateral rib-

bing in G. giumaliense sp. nov. are also absent in forms

figured by Collignon (1962).

Ribbing in Giumaliceras bhargavai sp. nov. is always

straight and bifurcated, in contrast to specimens of B. aff.

wallichi (Gray, 1832) figured by Thomson (1979, pl. 7a–c,
g) from the uppermost Tithonian of Alexander Island

(Antarctica). Specimens reported by Thomson (1979)

show single intercalated ribs, venter-crossing ribs and a

much more evolute shell. Klein (2005) noted these speci-

mens as more likely to be from the group of Blanfordic-

eras (Blanfordiceras) weaveri Howlett, 1989. Thomson

presented a specimen as ‘Berriasella subprivasensis Krantz’,

which was incorporated too into B. (B.) weaveri Howlett,

1989 by Klein (2005). This specimen of ‘Berriasella subpri-

vasensis Krantz’ is more evolute and has more curved ribs

than G. bhargavai sp. nov.

Berriasellid faunas from Berriasian beds from northern

Iraq presented by Horwarth (1992) differ in their bigger

size, stronger and ventral-crossing ribbing and absence of

ventro-lateral spines. These are species such as Berriasella

(Berriasella) jacobi Mazenot, 1939 (Horwarth 1992, pl. 4,

fig. 5), Berriasella (Malbosiceras) malbosi (Pictet, 1867)

(Horwarth 1992, pl. 7, figs 1–4, 7–8) or Berriasella (Mal-

bosiceras) chaperi (Pictet, 1868) (Horwarth 1992, pl. 9,

figs 6–7). B. (B.) jacobi (Pictet, 1867) and B. (M.) chaperi

(Pictet, 1868) were allocated to the genus Malbosiceras by

Klein (2005, p. 206).

Berriasellids (B. jacobi, B. callisto, B. subcallisto, B. op-

peli, B. moesica, B. chomeracensis) presented by Arkad’ev

and Bogdanova (2004) of Berriasian sediments from the

Crimean Mountains differ in either more curved ribbing,

ventral ribbing, more evolute whorls or intercalated rib-

bing.

Rich material of berriasellids is also reported from the

Tithonian–Berriasian of Bulgaria (Nikolov 1982). Nikolov

(1982, pls 1–8) figured different species of the genus

Pseudosubplanites. All of these species were recently referred

to the subgenus Berriasella (Pseudosubplanites) H�egarat,

1971, by Klein (2005). These are similar in straight ribbing,

but all of them differ markedly in more evolute shells and

by the crossing of ventral ribbing. The other group compa-

rable to G. bhargavai sp. nov. is Berriasella (Berriasella)

spp. given by Nikolov (1982). Figured specimens by Niko-

lov (1982) differ in more evolute shells, rounder venters,

slightly more curved ribs and in numerous specimens’ ven-

tral ribbing. As an example, see Berriasella (Berriasella) op-

peli (Kilian, 1889, pl. 9, fig. 1; = Zittel, 1868, pl. 20, figs 1a–
c), with its rounder venter and a more evolute shell. In all

of the Bulgarian material, the spiny endings of the ventro-

lateral spine rows or even big tubercles are absent.

Berriasellid specimens presented by Hoedemaeker

(1982) from the Berriasian of Caravaca (SE Spain) differ

in having either more curved ribbing as in Berriasella (B.)

callisto (d’Orbigny, 1850, pl. 3, fig. 3) or in a more evo-

lute and intercalating single ribs in Berriasella (Malbosic-

eras) malbosi (Pictet, 1867, pl. 2, fig. 4) and Berriasella

(B.) picteti (= Hoplites privasensis var. picteti Jacob in

Kilian, 1906, pl. 2, fig. 5). Klein (2005) reclassified ‘Hop-
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lites privasensis var. picteti Jacob in Kilian, 1906’ as B. (B.)

picteti (Kilian, 1906) and added B. (M.) malbosi in

Hoedemaeker (1982) into the synonymy of Malbosiceras

malbosi (Pictet, 1876).

Distribution. Giumaliceras bhargavai sp. nov. is only known

from the upper Berriasian – lower Valanginian strata of the

Giumal Formation near Chikkim in the Himalaya (India).

Occurrence. The specimens occur in detailed log 1 (Fig. 2), sam-

ples AB1–AB3 belonging to the lowermost part of the Giumal For-

mation near Chikkim (Spiti Valley, Himachal Pradesh).

Genus NEOCOMITES Uhlig, 1905

Type species. Ammonites neocomiensis d’Orbigny, 1841, by mo-

notypy.

Diagnosis. Involute shells with flat flanks. Ribbing starts

from umbilical tubercles and branching irregularly und

flanks. Sharp and straight ribbing in juveniles. Later in

ontogeny ribbing generally prorsiradiate and flexuous,

intercalated by bifurcating ribs and sigmoidal intercalato-

ries. Venter smooth throughout.

Remarks. The genus Neocomites Uhlig, 1905 with its type

species Ammonites neocomiensis Orbigny, 1841 is clearly

separated from all other morphological-related genera by

its distinct and sharp ribbing with an additional smooth

ventral area. Within the genus Neocomites, the subgenus

Eristavites Nikolov, 1966 differs from other subspecies as

Neocomites Nikolov, 1966, Varlheidites Rawson and Kem-

per, 1978 and Teschenites Thieuloy, 1971 by its more

spars and thickening ribs, with spatulate ending at ven-

tro-lateral part of flank.

Neocomites appeared during the early Valanginian and

ranged to the end of the early Hauterivian. Occurrences

have been reported from Argentina, Austria, Borneo, Bul-

garia, Czech Republic, France, Germany, Hungary, Israel,

India, Madagascar, Mexico, Pakistan, Peru, Spain, Suma-

tra, Texas and Tunisia.

Subgenus ERISTAVITES Nikolov, 1966

Type species. Neocomites platycostatus Sayn, 1907, by monotypy.

Neocomites (Eristavites) platycostatiformis sp. nov.

Figure 9

Derivation of name. After analogies with the neocomitid Neoc-

omites platycostatus Sayn, 1907.

Holotype. NHMW 2008z0283/0001 (Fig. 9A–E), steinkern (diam-

eter = 72 mm, whorl height = 38 mm, whorl width = 18 mm).

Material. One specimen (NHMW 2008z0283/0001) preserved as

steinkern and additional negative from the NHMW collection.

One mould was made to recreate an entire specimen.

Type locality and horizon. Chikkim, Tethyan Himalaya in north-

ern India. 32°20′45″N, 77°59′05″E; Giumal Formation, log 1,

sample AB1; upper Berriasian – lower Valanginian.

Diagnosis. Sharp and straight ribbing in juveniles, becom-

ing spatulate in adults. Intercalated by bifurcating ribs,

later with sigmoidal spatulate intercalatories. Venter

smooth throughout.

Repository. Palaeozoological collection of the Natural History

Museum, Vienna.

Measurements. For measurements, see Appendix S1.

Description. Playtcone, rather evolute and subrectangular com-

pressed whorls. Whorls encompassing last whorl by one-half to

two-thirds of whorl height. Flanks nearly straight. Ribbing strong

and prominent, sharp, single or bifurcate and straight in early

whorls. Ribbing slightly curved in middle whorls. Ribs prorsiradi-

ate, flattened and extremely thick on adult stages and body

chamber (Fig. 9A–E). Ribs start at the lower edge of the steep

umbilical wall, passing it and prorsiradiately giving rise to main

ribs. Umbilical shoulder giving rise to single and bifurcating ribs.

Bifurcation point is more regular in juvenile stages and mostly at

mid-flank. Bifurcating pairs irregularly starting from flanks with

fine intercalated ribs becoming strong and spatulate at the ven-

tro-lateral area of whorl. Rear rib of the bifurcated pair always

starts from the umbilicus edge. The very fine inner part of the

front rib of such a rib-pair suggests a beginning at the mid-flank.

Actually, the shorter front rib starts at the inner third of the

whorl from the thick rear rib. Ribbing sigmoidally curved and

lobate. Ribs ending in thick, ventro-lateral lobae on body cham-

ber. Typically, costate ribbing starts at a whorl height of 18 mm.

The venter is smooth throughout. The specimen is assigned to be

an adult microconch (m) showing the rest of the aperture lappet.

Remarks. The present species differs from the holotype of

Neocomites platycostatus Sayn, 1907 from the Haut-Alpes

(Veynes, France) (see Sayn 1907, p. 33, pl. 3, fig. 1) and re-

figured by Wright et al. (1996, fig. 43, fig. 5) differs from

N. (E.) playtycostatiformis sp. nov. in more acute ribbing.

The ribbing of N. platycostatus shows bifurcation starting

mostly from the umbilical wall in a regular way. Interca-

lated ribs of N. platycostatus start deeper (at or near the

umbilical wall), whereas they start at the mid-flank in N.

(E.) playtycostatiformis sp. nov. The main ribs end ventrally

in more pronounced spatulae than in N. (E.) platycostati-

formis sp. nov. True Neocomites platycostatus Sayn, 1907,

as seen in the original description of Sayn (1907), develops
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main ribs with tubercles and weaker secondary ribbing

(J. Klein, pers. comm. 2007) after the umbilical bifurcating

stage; this can also be recognized in French specimens of

N. platycostatus Sayn, 1907 shown by Reboulet (1995, pl.

6, fig. 1) from the uppermost lower Valanginian Busnardo-

ites cympylotoxus Zone and by Autran (1993, pl. 11, fig. 2)

for N. (E.) platycostatus. The same can be observed in spec-

imens from the S. verrucosum Zone of Spain (Company

1985, pl. 2, figs 8–10). Specimens figured by Company

(1985, figs 8–10) show characteristic, coarse, well-spaced

ribs with medio-lateral tuberculation. Specimens assigned

to N. (N.) platycostatus from the lower upper Valanginian

Saynoceras verrucosum Zone of Morocco (Wippich 2001,

pl. 39, figs 3–4) are characterized by the typical regular rib-

bing and more external bifurcations. Neocomites (E.) platy-

costatiformis sp. nov. lacks tuberculation at this stage.

Further specimens reported by Reboulet (1995, pl. 6,

figs 2–6) from the lower upper Valanginian S. verrucosum

Zone show straighter ribbing in juvenile stages and thinner

and more regular ribbing in adult stages. Additionally, the

bifurcation in the individuals shown by Reboulet (1995)

starts from more pronounced umbilical tubercles. The

morphologically very similar Busnardoites camylotoxus

(Uhlig, 1902) from the Busnardoites cympylotoxus Zone of

A

B

C D E

F IG . 9 . Necocomites (Eristavites) platycostatiformis sp. nov., holotype, 2008z0283/0001. A, lateral view of a silicone mould of holotype.

B, lateral view of the opposite side of steinkern. C, detail of inner whorls of holotype steinkern. D, ventral view of steinkern. E, detail

of aperture region of holotype steinkern. Specimen from Chikkim, Giumal Formation, Valanginian. Scale bar represents 10 mm, except

in C and E where scale bar represents 5 mm.
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southern France figured by Reboulet (1995, pl. 3, figs 1–7;
2001, text-fig. 3, fig. 5) and from Morocco (Wippich 2001,

pl. 22, figs 5–6, pl. 24, figs 3–7; Ettachfini 2004, pl. 15, fig.
7) has a much more regular ribbing than N. platycostatifor-

mis sp. nov. The ribbing is also thinner and starts from

pronounced umbilical bullae in the former species. Bulot

(1995, pl. 12, figs 1–2) figured N. (E.) platycostatus from

Valanginian beds of southern France, which differs from

this new species Neocomites (E.) platycostatiformis sp. nov.

in being thinner and having a more varied bifurcation on

different whorl heights. The size of E. platycostatus figured

by Va�s�ı�cek et al. (1992, pl. 9, fig. 2) from the early late Va-

langinian Western Carpathian Klippenbelt is much smaller

(e.g. wh 21 mm vs 38 mm) and intercalatories pass

through the whole flank, from umbilicus wall to venter.

The holotype Hoplites teschenensis (Uhlig, 1902, pl. 2,

fig. 4) from the Teschener Schiefern (Valanginian) has

much more acute ribbing and more regular bifurcation

starting from the umbilical wall, than N. (Eristavites)

platycostatiformis sp. nov. Company (1987) suggested that

Eristavites platycostatus and Neocomites (Eristavites) tes-

chenensis (Uhlig, 1902) could be synonymous. He figured

tuberculated forms of N. teschenensis (Company 1987, pl.

10, figs 6–14) from the S. verrucosum Zone of Spain.

Company (1987) incorporated his own (Company 1985)

E. platycostatus in the synonymy list (Company 1987, p.

133) of N. teschenensis (Uhlig, 1902). Both show a typical

neocomitid ribbing as in juvenile N. neocomiensis (d’Or-

bigny 1841). Neocomites platycostatiformis sp. nov. fea-

tures straight and bifurcated ribbing on inner whorls,

which resembles kilianid ornamentation in young stages

(M. Company, pers. comm. 2007). Va�s�ı�cek et al. (1992)

did not follow the suggestions of Company (1987) con-

cerning the synonymity of N. teschenensis and E. platyco-

status. Eristavites teschenensis was also figured from the

S. verrucosum Zone in Spain by Wilke (1988, pl. 1, fig.

4). The determination as Eristavites teschenensis shows a

similar confusion in denomination of genera and species

within this difficult neocomitid group. All specimens

identified by Baraboshkin and Mikhailova (2000, pl. 2,

fig. 7; pl. 3, figs 1–6) as Campylotoxia campylotoxa from

the latest early Valanginian of south-west Crimea are trea-

ted here as a synonym of Busnardoites campylotoxus (Uh-

lig, 1902), following the systematics of Klein (2005). The

original specimens of Hoplites camylotoxus (Uhlig, 1902,

pl. 4, figs 1–3, type fig. 2) are similar with regard to their

body chambers but have, throughout, more regularly

bifurcating ribbing starting from umbilical wall. The Cri-

mean specimens show more defined bifurcation and regu-

lar ribbing than in N. (E.) platycostatiformis sp. nov. from

the Himalaya. Old-fashioned names such as Thurmannic-

eras campylotoxum (Uhlig) are synonymous, and speci-

mens included in this group differ markedly in having

more evolute shells and by regularly bifurcating ribs, as

shown in Thieuloy (1979, pl. 2, figs 4–6). The same regu-

lar features are known from early Valanginian (uppermost

part) Carpathian specimens figured by Michal�ık and

Va�s�ı�cek (1989, pl. 1, fig. 1), Va�s�ı�cek (1997, pl. 1, fig. 3)

and Va�s�ı�cek and Michal�ık (1986, pl. 6, fig. 2).

Fatmi (1977) included a spatulate morphotype from

the early Valanginian in Pakistan into Neocomites (N.)

campylotoxus (Uhlig). Specimens figured by Fatmi (1977)

differ from N. platycostatiformis sp. nov. in their acute

ribbing with external spatulae and were therefore included

by Klein (2005) within the species Busnardoites brasseuri

(Collignon, 1962). Similar forms such as N. (N.) teschen-

ensis (Uhlig) are documented from the S. verrucosum

Zone of the Northern Calcareous Alps of Austria (Luke-

neder 2004a, pl. 2, fig. 7), which differ in more regular

and thinner ribbing compared with N. playtcostatiformis

sp. nov.

Major similarities can be observed with a specimen

from the Giumal Formation (Lingti River) figured by

Spitz (1914, pl. 18, fig. 2) that was identified as Hoplites

(Stoliczkaia) cf. dispar d’Orbigny, 1841. Spitz (1914) com-

pared his Albian fragment with the specimens figured by

Pictet and Campiche (1860, pl. 38, figs 1–5) and noted

‘agrees so perfectly’. Hence, as no major similarities can

be observed between specimens from the study by Spitz

(1914) and Pictet and Campiche’s (1860), the conclusion

by Spitz (1914) conclusion is not followed here. The

holotype of Ammonites dispar Stoliczkaia dispar (d’Orbi-

gny 1841) differs strongly in almost every observable

detail given in the specimen from Spitz (1914). The rib-

bing seems almost identical with that in N. (E.) platyco-

statiformis sp. nov., except for the ribbing, which crosses

the venter without disturbance.

All other members of the Neocomitinae differ from

N. (E.) platycostatiformis sp. nov. in much finer, more

pronounced and more regular ribbing.

Distribution. Necomites platycostatiformis sp. nov. is known only

from the upper Berriasian – lower Valanginian of the Giumal

Formation near Chikkim in the Himalaya (India).

Occurrence. The described specimens of Necomites platycostati-

formis sp. nov. are recorded from sample AB1; detailed log 1

(Fig. 2), the lowermost part of the Giumal Formation near Chi-

kkim (Spiti Valley, Himachal Pradesh).

Family CLEONICERATIDAE Whitehouse, 1926

Subfamily CLEONICERATINAE Whitehouse, 1926

Genus CLEONICERAS Parona and Bonarelli, 1897

Type species. Ammonites cleon d’Orbigny 1850, by original desig-

nation.
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Diagnosis. Involute shell with slightly convex flanks and

nearly acute venter. Venter subrounded in juveniles, fol-

lowed by arched ventral area. Strong prorsiradiate ribs in

juvenile stages, sigmoidal ribbing with almost falcate endings

in mid-aged to adult stages. Single or bifurcating ribs start

from umbilical shoulder at small bullae. Ribbing weakens

during ontogeny, and flanks tend to be smooth on adult

stage. Ribs cross venter in early stages, and ventral area is

smooth in later ontogenetical stages. Narrow umbilicus with

rounded walls.

Remarks. The Cleoniceratinae are represented by Cleonic-

eras Parona and Bonarelli (1897) and Aioloceras White-

house (Riccardi and Medina, 2002). According to Riccardi

and Medina (2002), Cleoniceras Parona and Bonarelli,

1897 is a senior objective synonymy and thus have priority

over Anacleoniceras Mirzoyev, 1969, Cleonella Destombes,

1970 and Eocleoniceras Saveliev, 1992. The herein pre-

sented species of the genus Cleoniceras is typically distin-

guished from the related group of Aioloceras by a ribbed

venter. The venter is smooth in true Aioloceras (F. Medina,

pers. comm., 2007). The genus Cleoniceras is described

from lower and middle Albian deposits in Alaska, Austra-

lia, Austria, Argentina, British Columbia, England, France,

Germany, India and Madagascar.

Cleoniceras oberhauseri sp. nov.

Figure 10

Derivation of name. In honour of Dr. Rudolf Oberhauser, Aus-

trian Geological Survey.

Holotype. NHMW 2008z0284/0001 (Figs 10A–B, M), steinkern

(diameter = 32 mm, whorl height = 16 mm, whorl width =
9 mm).

Paratypes. NHMW 2008z0284/0033 (Fig. 10C), NHMW

2008z0284/0027 (Fig. 10D), NHMW 2008z0284/0030 (Fig. 10E),

NHMW 2008z0284/0028 (Fig. 10F–H), NHMW 2008z0284/0025

(Fig. 10I), NHMW 2008z0284/0040 (Fig. 10R).

Material. Forty-four specimens (NHMW 2008z0284/0001–44)
preserved as steinkerns and negatives from the NHMW collec-

tion. Moulds were made to recreate entire specimens.

Type locality and horizon. Chikkim, Tethyan Himalaya in north-

ern India. 32°20′45″N, 77°59′05″E; Giumal Formation, log 2,

samples 1–2, 4; upper Aptian – lower Albian.

Diagnosis. Involute cleoniceratids with slightly convex

flanks and nearly acute venter. Strong sigmoidal ribbing

with almost falcate endings in early stages. Ribbing tends

to be smooth on adult stage. Narrow umbilicus with

rounded walls.

Repository. Palaeozoological collection of the Natural History

Museum, Vienna.

Measurements. For measurements, see Appendix S1.

Description. Oxycone, subtriangular compressed whorls. Slightly

convex flanks and elliptical, subrounded to rounded external

side. Whorls very involute in juveniles, becoming more evolute

in adults but generally remaining rather involute with arched

venter. Venter round and broad in juvenile stages, becoming oxy-

cone and high-ovate in adult stages. Narrow umbilicus with

rounded umbilical edge. Ribbing slightly falcoid. Numerous blunt

ribs straight and prorsiradiate in early whorls. Single ribs starting

from umbilicus in main bullae or bifurcating at umbilicus. These

main bifurcating bullae intercalated by one or two fine ribs start-

ing from mid-flank passing external flank and the venter in the

same way. Ribs becoming sparser and thicker on outer whorls,

showing curved ribs starting from the umbilicus, forming bun-

dles, bifurcating at the umbilicus and/or once again laterally. On

adult whorls, primaries thicker and falcoid bifurcating at the

middle of flanks. Ribs cross external side, thickened and straight

in early whorls, prorsiradiately curved in adults. Adult whorls

show almost fading ribs with smooth venter or only slight, but

broad ribbing. Suture line visible in few specimens (Fig. 10T).

Remarks. The lectotype of French Albian Cleoniceras (C.)

cleon (d’Orbigny, 1850, p. 124), erected by Casey (1966)

from the original collection of d’Orbigny refigured by Fi-

scher (2006), differs from the herein erected species Cle-

oniceras oberhauseri sp. nov. by its coarser ribbing. Spath

(1923–1930a, pl. 5, fig. 8) figured a specimen assigned to

Cleoniceras aff. cleon (d’Orbigny, 1850) from the Gault of

England (Douvilleiceras mammillatum Zone of the early

Albian) with much coarser ribbing. Spath (1923–1930a,
pl. 4, fig. 6; text-fig. 20) figured a specimen of Cleoniceras

baylei (Jacob, 1908) from England characterized by stron-

ger external ribbing and his figured Cleoniceras? devisense

F IG . 10 . Cleoniceras oberhauseri sp. nov. A–B, holotype, 2008z0284/0031, sample log2/2; A, lateral view; B, opposite side of same

specimen. C, 2008z0284/0033, sample log2/1, lateral view. D, paratype, 2008z0284/0027, sample log2/1, lateral view. E, paratype,

2008z0284/0030, sample log2/1, lateral view. F–H, paratype, 2008z0284/0028, sample log2/1; F, lateral view; G, apertural view; H, ven-

tral view. I, paratype, 2008z0284/0025, sample log2/2, lateral view. J, paratype, 2008z0284/0032, sample log2/2, lateral view. K–P, ven-
tral views at different sizes, samples log2/1; K, 2008z0284/0040; L, 2008z0284/0028; M, 2008z0284/0031; N, 2008z0284/0041; O,

2008z0284/0025; P, 2008z0284/0042. Q, 2008z0284/0039, sample log2/2, lateral view. R, 2008z0284/0040, sample log2/1, lateral view. S,

2008z0284/0045, sample log2/1, ventral view. T, 2008z0284/0029, steinkern with suture lines, sample log2/1, lateral view. All specimens

from Chikkim, Giumal Formation, Aptian. Scale bar represents 10 mm, except in E, and Q–T where scale bar represents 5 mm.
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(Spath, 1921, pl. 4, fig. 7) is questionable. Cleoniceras

daviesi (Spath, 1930b) from the Albian of Samana differs

in its bigger size and coarser ribbing. Cleoniceras subbaylei

Spath (1942, p. 700, text-fig. 246) and Cleoniceras leigh-

tonense (Spath, 1942, p. 701, text-fig. 247) also differ in

bigger size and stronger ribbing. Cleoniceras balmense and

Cleoniceras quercifolium (d’Orbigny, 1841) show coarser

ribbing, as noted by Spath (1930a, b) and F€ollmi (1989).

Cleoniceras morgani (Spath, 1927, pl. 17, fig. 7; pl. 18, fig.

5) is more involute: adult, same-sized specimens are

more strongly ribbed and show coarser ribbing than in

C. oberhauseri sp. nov. throughout. Spath (1942, p. 702,

text-fig. 248) illustrated a figure of ‘a more favourable

preserved example’ than the holotype of Cleoniceras mor-

gani. F€ollmi (1989) described C. aff. morgani from lower

Albian transition beds of the Douvilleiceras mammillatum

Zone and the Leymeriella tardefurcata Zone of Austria

(Vorarlberg) as having coarser ribbing than C. oberhau-

seri. Cleoniceras oberhauseri sp. nov. differs from the early

Albian specimens figured by Krishna (1978) as Cleonic-

eras cleon (d’Orbigny) and Cleoniceras baylei (Jacob,

1908, pl. 59, fig. 25) by its rounder venter in adult stages

and the narrower and finer ribbing in early stages. Spe-

cies described by Collignon (1949, 1963) from Albian

beds on Madagascar are considerably larger and have

stronger ribbing throughout. Examples of Albian species

from Madagascar are Cleoniceras madagascariense (Colli-

gnon, 1949, pl. 17, figs 11–12), the more evolute Cleonic-

eras besairiei (Collignon, 1949, pl. 18, figs 1–3),
Cleoniceras ptychitiforme (Collignon, 1949, pl. 18, fig. 4)

and Cleoniceras quercifolium (d’Orbigny, 1841, p. 248, pl.

83, figs 4–6). Collignon (1963) attributed some specimens

to the subgenus of C. (Paracleoniceras), that is, as the

species cleoniforme, tenuicostulatum, morganiforme, crasse-

falcatum and ambiguum. Species described from Mada-

gascar by Collignon (1949) are restricted to the lower

and middle Albian. Cleoniceras baylei (Jacob) has a more

acute venter than C. cleon (d’Orbigny), which is why

Krishna (1978) included some forms of Cleoniceras into

the C. baylei group in Cleoniceras. Krishna (1978) pre-

sented these forms as indicators of Lower Albian of the

Habur Series in Rajasthan, India. Cleoniceras sublaeva

(Casey, 1966, pl. 91, figs 8–9) differs in a rather smooth

shell and more obtuse ribbing than C. oberhauseri sp.

nov. Features of Cleoniceras dubium Mikhailova and Ter-

echova (1975) figured by Alabushev (1987) differ in rib-

bing and in the more angular whorl section of

C. oberhauseri. A modern review on the Cleoniceratinae

and its members was recently presented by Riccardi and

Medina (2002).

Distribution. Cleoniceras oberhauseri sp. nov. is only known

from the Giumal Formation near Chikkim in the Himalaya

(India); upper Aptian – lower Albian.

Occurrence. Cleoniceras oberhauseri sp. nov. occur in the detailed

log 2 samples 1 and 2 belonging to the uppermost part of the

Giumal Formation near Chikkim (Spiti Valley, Himachal Pra-

desh).

Suborder ANCYLOCERATINA Wiedmann, 1966

Superfamily ANCYLOCERATACEAE Gill, 1871

Family ANCYLOCERATIDAE Gill, 1871

Subfamily ANCYLOCERATINAE Gill, 1871

Genus AUSTRALICERAS Whitehouse, 1926

Type species. Crioceras jackii Etheridge, 1880, from Aptian of

eastern Australia, by original designation Whitehouse (1926).

Diagnosis. Gyrocone shell with no torsions (planispiral

coiling), subrectangular to circular whorl section. Juvenile

spire advolute embryonal and juvenile stage. Closely

coiled stage in mid-aged shells. Sculpture comprising rela-

tively distinct, not very dense, sharp and simple ribs. Tri-

tuberculate ribs intercalated irregularly by varying

number (1–4) of intercalatory ribs. No bifurcation of ribs.

Ribs straight and slightly prorsiradiate. Ribbing strong,

distinct with tuberculated ribs alternating with intercala-

tories. Single ribs cross the venter without ventral depres-

sion or furrow.

Remarks. As seen in many ancyloceratid species and in

most of the other ammonoid groups, the ribbing changes

from juvenile to adult stages, as does the coiling. Trituber-

culate ribbing occurs in early stages and on body chamber

(See also diagnosis in Klinger and Kennedy 1977). Klinger

and Kennedy (1977) mentioned a somewhat inconsistent

appearance of trituberculate ribs in different specimens

and a variability in coiling from criocone to ancylocone.

The specimens described herein are typical criocone vari-

ants. As introduced by Whitehouse (1926) and followed

by Wright (1957), the specimens herein are typical Austra-

liceras forms with crioceratoid coiling. Late early Aptian

ancyloceratid species have been included into the genus

Australiceras after admirable reviews of the genus from the

lower Aptian Greensand (Casey 1960, 1961) and from late

Aptian faunas in Australia (Day 1974). Late Aptian speci-

mens from South Africa have been investigated and com-

pared by Klinger and Kennedy (1977). The proposal of

Spath (1931b) that Australiceras as a genus should be

rejected in favour of Tropaeum was not accepted by the

ammonoid community, and Australiceras and Tropaeum

were accepted as well-defined, valid genera, even though

in some growth stages, they show great similarities in rib-

bing and coiling. According to Casey (1960), Australiceras

Whithouse, 1926, is synonymous to the older Colombiatic-

eras Royo and Gomez. Kakabadze (1977) established two
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subgenera: Australiceras (Proaustraliceras) and Australic-

eras (Australiceras). Accordingly, A. (Australiceras) is char-

acterized by a crioceratoid mode of coiling, whereas

A. (Proaustraliceras) features an ancyloceratoid to aspino-

ceratoid shell. Bengtson and Kakabadze (1999) followed

this based on their phylogenetic considerations and used

in their palaeobiogeopraphic studies.

The genus Australiceras is described from Aptian

deposits of the Antarctic Peninsula, Argentina (Pata-

gonia), Australia, Bulgaria, California (USA), Columbia,

England, France, northern Germany, Hungary, India,

Japan, Madagascar, Mozambique, Pakistan, South Africa,

Turkmenia (province Kwazulu-Natal = ‘Zululand’), and

Russia. The subgenus A. (Australiceras) first appeared

during the early Aptian and became extinct by the end of

Aptian. For stratigraphic distribution and phylogeny, see

Bengtson and Kakabadze (1999).

Australiceras himalayense sp. nov.

Figure 11

Derivation of name. After the Himalaya Mountains.

Holotype. NHMW 2008z0285/0001 (Fig. 11A–D), steinkern

(diameter = 24 mm, whorl height = 8 mm, whorl width =
7 mm).

Type locality and horizon. Chikkim, Tethyan Himalaya in north-

ern India (32°20′45″N, 77°59′05″E); Giumal Formation, log 2,

sample 2; upper Aptian – lower Albian.

Material. Six steinkerns, negatives and additionally reproduced

silicone moulds; no shell preserved; preservation in sandstone;

most specimens preserved as fragments; suture line not visible.

One fragment of a body chamber, adult stage (NHMW

2008z0285/0006; Fig. 11I).

A B C D

E

F

G
H I

F IG . 11 . Australiceras himalayense sp. nov. A–D, holotype, 2008z0285/0001, silicone mould of holotype; A, lateral view of holotype;

B, ventral view of holotype; C, opposite view of holotype; D, detail of outer whorl with spines. E, 2008z0285/0002, lateral view of a sil-

icone mould. F, 2008z0285/0003, lateral view of a silicone mould. G, 2008z0285/0004, lateral view of a silicone mould. H, 2008z0285/

0005, lateral view of a silicone mould. I, paratype, 2008z0285/0006, lateral view of a silicone mould of outer adult whorl. Specimens

from Chikkim, Giumal Formation, Aptian–Albian. Scale bar represents 10 mm.
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Diagnosis. Gyrocone shell with planspiral coiling and sub-

rectangular to circular whorl section. The spire becomes

criocone after an advolute embryonal and juvenile stage.

Dense, sharp and simple ribs. Trituberculate main ribs

are intercalated by alternating either 1 or 2 untuberculat-

ed thinner ribs.

Repository. Palaeozoological collection of the Natural History

Museum, Vienna.

Measurements. Only six specimens with at least one half-whorl

preserved are included. For measurements, see Appendix S1.

Description. Small, gyrocone shell with no torsions (planspiral

coiling), subrectangular to circular whorl section. Body chamber

and adult stage missing in the holotype (NHMW 2008z0285/0001;

Fig. 11A–D). Spire becoming criocone after advolute embryonal

and juvenile stage. Advolute stage starts at a wh of 6 mm. Sculp-

ture comprising relatively distinct, not very dense, sharp and sim-

ple ribs. No bifurcation visible. Ribs are straight to slightly

prorsiradiate. Single ribs cross the venter without ventral depres-

sion or furrow. Smooth band visible on dorsal whorl section. Up

to 40 single ribs are present on one whorl. Trituberculate main

ribs are intercalated by alternating either 1 or 2 untuberculated

thinner ribs (formula 1-2-1-2-1). Tubercles positioned on umbili-

cal edge, upper flank and ventral position. On adult stages, three

intercalating ribs occur between tuberculate main ribs. Six tuber-

cles, more like spines, on one of these 16 single main ribs per

whorl. Spines up to 2 mm long. Open spire of an adult fragment

(NHMW 2008z0285/0006; Fig. 11I) shows a somewhat different

ribbing. The seven main trituberculate ribs irregularly intercalated

by 1–4 straight fine ribs (formula 1-4-1-2-1-3-2-1-2-1-1-2).

Remarks. Australiceras himalayense sp. nov. has a highly

variable coiling, from the juvenile holotype (NHMW

2008z0285/0001) with advolute coiling to the adult frag-

ment (NHMW 2008z0285/0006; Fig. 11I) with criocone-

gyrocone coiling. Spath (1931b, pl. 124, figs 4 and 9–12;
see also Spath, 1931a) figured a Tropaeum sp. ind. aff.

australis (Moore) from Late Aptian beds of Kachh

(Cutch, Artara in west India) is in fact a member of the

genus Australiceras and differs only by a more narrow

coiling of the inner whorls compared with the loosely

coiled early stage in Australiceras himalayense sp. nov.

Twenty-three different species belonging to the genus

Australiceras were listed and partly described by Klinger

and Kennedy (1977). They differentiated the genus in

three separated, morphologically coiling groups in Aus-

traliceras: Australiceras gr. ex. gigas (Sowerby) (= Proaus-

traliceras), Australiceras gr. ex. tuberculatus (Sinzow)

(= Pseudoaustraliceras) and Australiceras jacki (Etheridge,

1880) (= Australiceras s.s). Klinger and Kennedy (1977)

declared the problems of species identification within the

genus as reflecting the strong endemism of the separated

groups, resulting in strong variations and, as noted by

Klinger and Kennedy (1977), a superfluity of species

names. Australiceras himalayense sp. nov. is related to the

group of A. jacki (Etheridge, 1880) from which it differs

in having a different tuberculation and ribbing. Australic-

eras jacki shows intercalated branching ribs and the two

external tubercles show a smaller interspace than in A. hi-

malayense sp. nov. The internal tubercle of A. himalayense

sp. nov. is almost on the umbilical shoulder. This differs

from A. jacki, where the internal tubercle is located more

to the middle of the whorl. Also, the number of intercala-

tories is irregular in A. jacki, whereas in early stages of

A. himalayense sp. nov., the formula is a regular 1-2-1-2

in intercalatories. Early whorls of A. himalayense sp. nov.

are similar to early stages in Australiceras gigas as figured

in Casey (1960, pl. 7, fig. 2). Figured specimens by Casey

(1960, with synonymy) from the Isle of Wight as A. gigas

cannot be compared with the specimens herein due to the

bad preservation of early stages in specimens given by

Casey (1960). Australiceras gigas from the same locality

was also reported by Spath (1930, pl. 17, fig. 3) as Tropae-

um gigas (J. de C. Sowerby). Casey (1960) erected A. pin-

gue (Casey, 1960, pl. 15, fig. 1), which differs in the

ribbing of the adult stage and has a closer coiling. Pseudo-

australiceras ramoseptatum (Anthula, 1900) (= Australic-

eras ramososeptatum Anthula, 1900, = Crioceras

ramososeptatum Waagen, 1875, pl. 14, fig. 4) differs by its

thicker ribbing and different number of intercalatories.

Pseudoaustraliceras ramoseptatum has a single rib between

the tuberculated ribs, which are stronger and show bigger

tubercles at same juvenile stages. Adult whorls do not

show tuberculation in P. ramoseptatum (Anthula, 1900).

Australiceras australe (= Crioceras Australe Moore in

Waagen, 1875) differs by the dorsal impression of the

whorls and the fact that the whorls are only separated by

2 mm gap. Waagen (1875, pl. 60, fig. 1a and b) figured a

specimen without tuberculate ribbing in adult stages

(only in different early stages), which differs from the

herein presented species.

Crioceras australe (Moore) figured by Jack and Etheridge

(1892, pl. 30, fig. 7; pl. 32, fig. 1, 2) differs in more and

irregularly spaced/bifurcating intercalatories than in A. hi-

malayense sp. nov. Jack and Etheridge (1892, pl. 31, fig. 1;

pl. 33, fig. 2) show adult specimens of C. australe (Moore)

with bifurcating ribs missing tubercles or trituberculated

ribs, such as those in the adult stages of A. himalayense

(Fig. 11I). Crioceratites australe figured by Jack and Ethe-

ridge (1892, pl. 31, fig. 1) is in fact a member of Tropaeum

and not an Australiceras. ‘Crioceras jackii’ and ‘Crioceras

australe’ reported by Etheridge (1909) are members of the

genus Australiceras and differ in the features mentioned

above. Australiceras robustum Whitehouse (1926) differs

by much stronger tubercles, which are grouped more from

the mid-flank to the external whorl section in early stages;

ribs are much denser on the adult whorls than in A. hima-
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layense. Australiceras argus Anderson (1938) shows one in-

tercalatory between two following trituberculate main ribs.

Australiceras himalayense sp. nov. differs from Australiceras

lampros (Etheridge, 1909) by much stronger trituberculate

stages in early stages of growth. Australiceras irregulare

(Tension-Woods, 1883) differs from A. himalayense

sp. nov. in showing different ribbing features in juvenile

stages. It has single, nontuberculated ribbing followed by

stages in which every second rib is trituberculated. At the

same diameters in A. himalayense sp. nov., ribbing is

already prominently trituberculated and followed by a

1-2-1-2 ribbing formula. The material is insufficiently

abundant to compare and discuss the coiling differences

in Australiceras irregulare (Tension-Woods, 1883), and

A. himalayense sp. nov. Australiceras irregulare is not

always planispiral coiled, as is the herein discussed material

(Day 1974; Klinger and Kennedy 1977). Australiceras wan-

dalinum Klinger and Kennedy, 1977 shows trituberculation

on every single, densely spaced rib in early whorl stages up

to a diameter of 10–12 cm. Rib density is 49 ribs per whorl

vs the wider spaces of 40 ribs in A. himalayense sp. nov.

Intermediaries are absent in juvenile specimens of Austra-

liceras wandalinum (Klinger and Kennedy, 1977). Pseudo-

australiceras hirtzi (Collignon, 1962) shows same ribbing

but differences in tuberculation as A. wandalinum Klinger

and Kennedy, 1977 does, that is, tuberculation on every

single rib up to a certain diameter, but it loses the ventral

tubercles at an earlier stage. All members from Ancylocer-

atidae Gill, 1871 presented by Kennedy and Klinger (1992)

from the Barremian of Zululand belonging to Crioceraites

or Acrioceras differ in ribbing, coiling and size to the

herein presented A. himalayense sp. nov. Australiceras hi-

malayense sp. nov. differs from Australiceras rabenjanah-

aryi Collignon, 1962 by thicker ribbing on early stages.

Australiceras ramboulai Collignon, 1962 shows excep-

tional bifurcation ribbing from the umbilical tubercles.

Australiceras bulgaricum figured by Dimitrova (1967,

pl. 30, fig. 1) has, at the same diameter as the herein

described A. himalayense sp. nov., strongly tuberculated

main ribs and can therefore not be assigned to the genus

Australiceras with certainty according to Klinger and Ken-

nedy (1977). Doguzhaeva and Mikhailova (2002) pre-

sented the in situ jaw apparatus of Australiceras

whitehouse (Whitehouse, 1926), without figuring the asso-

ciated ammonoid specimens. Proaustraliceras tuberculatum

(Sinzow, 1872) differs in a more open juvenile spire with

different and less intercalating ribbing at this stage, as

well as no tuberculated ribbing on adult whorls. This was

shown by Mikhailova and Baraboshkin (2002, pl. 2, fig. 1,

2) for early Aptian heteromorphs from Russia (Volga

River, Russian Platform). Kakabadze and Hoedemaeker

(1997) and Kakabadze et al. (2004) presented Barremian

to Aptian heteromorphic ammonoids from Colombia.

They showed that closely related genera such as Criocera-

tites and Pseudoaustraliceras from Columbia all differ in

thicker main ribs, bigger costate-like tubercles and fewer

intercalatories than in A. himalayense sp. nov.

The specimen is associated with four fragments of juve-

nile whorl stages of Australiceras. One is thought to be

the corresponding younger part (NHMW 2008z0285/

0005; Fig. 11E) to the adult fragment (NHMW

2008z0285/0006; Fig. 11I).

Distribution. Australiceras himalayense sp. nov. is only known

from the Giumal Formation near Chikkim in the Himalaya (India).

Occurrence. Australiceras himalayense sp. nov. was found in

samples 1 and 2 (in the detailed log 2) belonging to the upper-

most part of the Giumal Formation near Chikkim (Spiti Valley,

Himachal Pradesh); upper Aptian – lower Albian.

Family DESHAYESITIDAE Stoyanow, 1949

Subfamily DESHAYESITINAE Stoyanow, 1949

Genus DESHAYESITES Kazansky, 1914

(= PARAHOPLITOIDES Spath, 1922)

Type species. Deshayesites deshayesi Leymerie in d’Orbigny, 1841,

by original designation.

Diagnosis. Moderately involute and compressed shells.

Coiling opens in ontogeny from mid-flank to upper third

of whorl height. Flanks slightly rounded to flat with sub-

rounded venter. Ribbing strong and distinct. Slightly sig-

moidal and bifurcated ribs, starting from umbilical edge.

Primary ribs are irregularly intercalated by sigmoidal sec-

ondary ribs. Shallow and subrounded umbilical wall. No

tubercles occur.

Remarks. A detailed review and synonymy of the

Deshayesitinae was given by Casey (1964). According to

Bogdanova and Mikhailova (1999) and Ropolo et al.

(2006), the family Deshayesitidae Stoyanow, 1949 includes

the genera Deshayesites Kazansky, 1914, Turkmeniceras

Tovbina, 1962, Paradeshayesites Kemper, 1967, Obsoletic-

eras Bogdanova and Mikhailova 1999, Dufrenoyia Kilian

and Reboul, 1915 and Burckhardites Humphrey, 1949 (see

also Wright et al. 1996). For a detailed comparison

between the different genera, see the studies by Bogdano-

va and Mikhailova (1999, 2004), Bogdanova and Hoede-

maeker (2004), Ropolo et al. (2006) and Raisossadat

(2004). Bogdanova and Hoedemaeker (2004) compared

the different genera with the newly included (by Bogda-

nova and Mikhailova, 1999) Neodeshayesites Casey, 1964.

The sharp and curved ribs in combination with the

rounded venter in D. fuchsi are typical for members of

the genus Deshayesites and differ from the closely related
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Dufrenoyia. Dufrenoyia also shows a tabulate and not

rounded venter as is present in Deshayesites. Overall, there

is still confusion in the recent literature regarding the

affiliation of many specimens to different genera such as

Deshayesites or Paradeshayesites. The genera names are

not used consistently by many authors, making it difficult

to judge based on ammonoid lists or even figures. The

genus Deshayesites occurred in the early Aptian of Bul-

garia, England, France, Georgia, Germany, Greenland;

first reported occurrence in India (Himalaya), Iran,

Kazakhstan, Romania, Russia, Spain and Turkmenistan.

Deshayesites fuchsi sp. nov.

Figure 12

Derivation of name. In honour of Prof. Dr. Gerhard Fuchs,

mapping geologist of the Geological Survey of Austria.

Holotype. NHMW 2008z0286/0001 (Fig. 12A–F), steinkern

(diameter = 35 mm, whorl height = 17 mm, whorl width =
11 mm).

Type locality and horizon. Chikkim, Tethyan Himalaya in north-

ern India. 32°20′45″N, 77°59′05″E; Giumal Formation, log 2,

sample 1; upper Aptian – lower Albian.

Material. One specimen (NHMW 2008z0286/0001) preserved as

a steinkern and additional negative from the NHMW collection.

Three silicone moulds were made to recreate an entire specimen.

Diagnosis. Involute deshayesitids with flat flanks and

rounded venter. Ribbing bifurcate, fine and prominent.

Simple spatulate ribs on body chamber. Relatively narrow

umbilicus compared with Turkmeniceras (Tovbina, 1962)

with oblique walls compared with Paradeshayesites (Kem-

per, 1967).

A

B

C

D E

F

F IG . 12 . Deshayesites fuchsi sp. nov., holotype, 2008z0286/0001. A, lateral view of a silicone mould of holotype. B, whorl section of

steinkern of holotype. C, negative of holotype. D, ventral view of outer whorl of holotype steinkern. E, silicone mould of inner whorls

of holotype. F, ventral view of a silicone mould of inner whorl of holotype. Specimen from Chikkim, Giumal Formation, Aptian–
Albian. Scale bar represents 10 mm.
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Repository. Palaeozoological collection of the Natural History

Museum, Vienna.

Measurements. For measurements see Appendix S1.

Description. Extremely compressed whorls (Fig. 12B) Flanks flat

throughout. Shell rather involute. Umbilicus is about one-third

of diameter. Narrow umbilicus with oblique walls and rounded

umbilical rim. External side rounded to subrounded. Venter on

body chamber tending to be smooth. First and second whorl

smooth. Protoconch not visible. Fine but prominent primaries

start from the lower third of the umbilicus wall or pass it totally.

They bifurcate at the umbilical edge and crossing flanks in sig-

moidal curves. Bifurcating ribs on phragmocone are intercalated

by single ribs starting at the inner third or mid-flank. No inter-

calatories on the body chamber. Ribs on body chambers start in

fine primary ribs at the lower part of the umbilical wall, but

form small tubercles on the umbilical edge, giving rise to strong

flat primaries bifurcating on mid-flank. Ribs are prorsiradiate on

the inner half of flank and slightly retroverse on the outer half.

Ribs cross venter in a proverse bow (Fig. 12F) except on body

chamber, which is almost smooth on venter (Fig. 12D). Twenty-

five main ribs per half-whorl on umbilicus edge vs maximally 56

ribs on ventral shoulder. Maximum whorl breadth at umbilical

edge. Suture not visible.

Remarks. Deshayesites fuchsi sp. nov. differs from all spe-

cies figured and described by Casey (1964) in either posi-

tion of bifurcation (in certain ontogenetical stages at

umbilical edge), style of ribbing (no intercalatories),

umbilicus width (narrower), venter form (finer and clo-

sely spaced) or size (much smaller microconch). More-

over, the most characteristic and different feature in

D. fuchsi sp. nov. is, as mentioned above, its flatter flanks

compared with all species known from the Lower Green-

sand. Casey (1980) figured additional material from the

Lower Greensand Aptian beds of England; this material

also differs from D. fuchsi in bigger size and wider

ribbing in same-sized D. punfieldensis Casey (1980,

pl. 112, fig. 2a–b) and D. mirabilis Casey (1980, pl. 112,

fig. 3a–b).
The type Ammonites deshayesi d’Orbigny, 1840 (p. 288,

drawing on pl. 85; holotype figured in Wright et al. 1996,

p. 272, fig. 211, 1a–b and Fischer 2006, pl. 30, fig. 5a–b)
differs from the new species in a more prominent and

thicker ribbing at same sizes, with coexistent bifurcation

more to the outer third of older whorls than in Deshaye-

sites fuchsi sp. nov. Waagen (1875) figured a very large

(17 cm) fragment as Ammonites Deshayesi Leymerie

(p. 246, pl. 60, fig. 2a–b) collected by F. Stoliczka with

‘similar’ ribbing from the area of Kutch (= Kachchh in

India). Waagen (1875) had doubts himself, and we herein

suggest that this Indian specimen is not a Deshayesites.

Deshayesites fuchsi sp. nov. is similar to Deshayesites lav-

aschensis Kazansky, 1914 from Daghestan (type specimen:

Kazansky 1914, pl. 6, fig. 86) but differs in its thicker rib-

bing in adults and flatter flanks at same-sized individuals.

Deshayesites lavaschensis species has been mostly collected

in the Lower Aptian of Daghestan, Kopet-Dag (= Koppeh-

Dagh) and Mangyshlak (P. Ropolo, pers. comm. 2007).

Bogdanova and Mikhailova (2004) reviewed the origin

and evolution of the Deshayesitaceaae Stoyanow, 1949 and

figured the most important members of the involved

groups. Their specimens derived from lower Aptian beds

from the middle Volgan region, the Northern Caucasus

and Turkmenistan. As mentioned above, most morpho-

logical similarities (size and ribbing) are observed between

D. fuchsi sp. nov. and their (Bogdanova and Mikhailova

2004) figured D. lavaschensis Kazansky (1914, pl. 8, figs 3–
5). Bogdanova and Mikhailova (2004) noted that D. lava-

schensis Kazansky differs from closely related Deshayesites

dechyi (Papp, 1907, pl. 9, fig. 3) by its denser ribbing and

‘almost always intercalating ribs’ (Bogdanova and Mikhail-

ova 2004, pl. 3, figs 6–8, text-fig. 9).
Deshayesitids from the early Aptian of NE-Iran (Kopet-

Dagh Basin) were carefully reviewed and figured by Raiso-

ssadat (2004). Thirteen species of the genus Deshayesites

were reported by Raisossadat (2004), with additions to

Turkmeniceras and Dufrenoyia. As noted above, most simi-

larities exist with the closely related D. dechyi (Papp,

1907) figured by Raisossadat (2004, fig. 4M, N). The

material from Iran differs from D. fuchsi sp. nov. by a

more evolute coiling and different ribbing on the last

whorl at comparable size. Deshayesites fuchsi sp. nov. dif-

fers from D. consobrinoides (Sinzow, 1909) (Raisossadat

(2004, figs 4O, 5F–G) by a more convex venter and from

D. consobrinus (d’Orbigny, 1841) by more irregularly

branching ribs (comparable to D. dechyi) and by its smal-

ler size. D. cf. planus Casey, 1961 (Casey 1961, fig. 6J–K)
figured by Raisossadat (2004) resembles D. fuchsi by rib-

bing of early whorls but differs in thinner ribs at compara-

ble sizes and the absence of thick (spatulate) ribs in the

same stages (fifth whorl). Deshayesites planus shows a

wider umbilicus, a steeper umbilical wall and more pro-

nounced umbilical tubercles than D. fuchsi. Glazunova

(1953) presented, from Daghestan, Kopet-Dag and Mang-

yshlak, specimens of Deshayesites bodei (von Koenen,

1902) (Glazunova 1953, pl. 1, fig. 1a–c) and D. weissi (Ne-

umayr and Uhlig 1881; Glazunova 1953, pl. 1, figs 3–5).
Both species from the early Aptian differ in more promi-

nent ribbing and absence of thickened ribs in adult stages.

These differences also apply to the type material described

by Neumayr and Uhlig (1881, pl. 46, fig. 1) as ‘Hoplites’

weissi and Koenen (1902, pl. 9, figs 1a–b) as ‘Hoplitoides’

bodei for the Aptian in North Germany. The lectotype of

D. bodei (von Koenen, 1902) from northern Germany was

figured by Kemper (1967, pl. 12, fig. 6) and refigured by

Bogdanova and Mikhailova (2004, pl. 2, fig. 1) with addi-
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tional material of D. bodei (von Koenen 1902) from the

Middle Volgan region (Bogdanova and Mikhailova 2004,

pl. 2, figs 1–2). Deshayesites bodei and Deshayesites weissi

differ from D. fuchsi sp. nov. in wider ribbing and/or big-

ger size. Immel et al. (1997) reported additional deshayesi-

tid material from early Aptian sediments of Koppeh-Dagh

(= Kopet-Dag, NE-Iran). They figured (Immel et al. 1997,

pl. 6, fig. 3) Deshayesites latilobatus (Sinzow 1909) from

the early Aptian. Deshayesites latilobatus is much bigger,

more evolute and has straighter, more pronounced and

more regular ribs than D. fuchsi sp. nov.

‘Hoplites bodei’ (Koenen, 1902, pl. 9, figs 1a–c) was

included in the genus Prodeshayesites Casey, 1961 as

Prodeshayesites cf. bodei (von Koenen, 1902) by Kelly and

Witham (1999). Specimens figured by Kelly and Witham

(1999, figs 5a–c) as Deshayesites boegvadi (Rosenkrantz

1934, in Bøgvad and Rosenkrantz 1934, pl. 3, figs 1–3; pl.
4, figs 1–2) differ from D. fuchsi in bigger size, steeper

umbilical shoulders, thicker ribbing and more pro-

nounced latero-ventral shoulders.

All related species (16 distinct species) from the

Deshayesites in Ropolo et al. (2006) differ from the herein

presented D. fuchsi sp. nov. in ribbing (e.g. numbers or

shape of ribs) and coiling. The specimens shown and

figured by Ropolo et al. (2006) were all collected from Ap-

tian beds at the Cassis-La B�edoule area of SE-France. The

greatest similarities within this material and the herein pre-

sented D. fuchsi sp. nov. can be observed with Deshayesites

luppovi (Bogdanova, 1991) from the Le Brigadan section

(Ropolo et al. 2006). Deshayesites luppovi (Bogdanova,

1991) shows more distinct primary ribs throughout and

differences in bifurcation (more externally). The flanks in

D. fuchsi sp. nov. seem to be flatter than in all the other

species presented by Ropolo et al. (2006). Ropolo et al.

(2006) figured a form of D. planus Casey (1961, pl. 5, fig.

3; cf. pl. 9, fig. 3), characterized by ribbing of early whorls

(as discussed above), quite similar to D. fuchsi sp. nov. but

missing the adult stage (e.g. body chamber).

The closely related Deshayesites dechyi (Papp 1907) fig-

ured by Ropolo et al. (2006, pl. 8, fig. 1) differs from

D. fuchsi sp. nov. by a more evolute coiling and distinctly

more regular ribbing. Ropolo et al. (1999) figured earlier

species as D. antiquus (Bogdanova, 1979) (Ropolo et al.

1999, pl. 16, figs 1–3), D. luppovi (Bogdanova 1979) (Ro-

polo et al. 1999, pl. 16, figs 4–5) and D. oglanlensis (Bog-

danova 1979). The distinct species in Ropolo et al. (1999)

were all included into the synonymy of the species Pa-

radeshayesites oglanlensis by Ropolo et al. 2006) (Ropolo

et al. 1999, pl. 17, figs 1–2) from the earliest Aptian from

the La B�edoule area. Paradeshayesites oglanlensis differs

from D. fuchsi sp. nov. in its bigger size, more prominent

but finer ribbing in adult whorl stages and a wider umbi-

licus. Deshayesites luppovi figured by Bogdanova (1979)

shows a degree of resemblance in the flattening of the rib-

bing on the outer flanks but differs from D. fuchsi sp.

nov. in the size and ribbing of earlier stages.

Austrian species (Va�s�ı�cek and Summesberger 2004) from

Aptian beds of the Northern Calcareous Alps (Upper Aus-

tria) such as Deshayesites bedouliensis Cecca et al., 1999 dif-

fer in their much bigger size (up to 175 mm) as well as

stronger and more numerous ribs on adult stages. The early

Aptian Deshayesites sp. from beds of the Helvetic Zone,

Vorarlberg in Austria and reported by F€ollmi (1989, pl. 1,

fig. 1a–b) differs from D. fuchsi sp. nov. in ribbing of inter-

calatories but is difficult to judge due to fragmentation.

Avram (1994) reported members of Deshayesitidae

from Aptian beds of south-western Rumania. He figured

Deshayesites cf. weissi (Neumayr and Uhlig) (Avram 1994,

pl. 20, fig. 5–6), D. cf. forbesi Casey (Avram 1994, pl. 20,

fig. 7), D. cf. gacilis Casey (Avram 1994, pl. 20, fig. 8)

and D. cf. planus Casey (Avram 1994, pl. 20, fig. 9). All

species figured by Avram (1994) are more evolute and

differ from D. fuchsi sp. nov. in size, different bifurcation

mode and rib thickness.

Distribution. Deshayesites fuchsi sp. nov. is known only from the

of the Giumal Formation near Chikkim in the Himalaya (India);

upper Aptian – lower Albian.

Occurrence. Deshayesites fuchsi sp. nov. was found in the

detailed log 2 sample 1 (Fig. 2) belonging to the uppermost part

of the Giumal Formation near Chikkim (Spiti Valley, Himachal

Pradesh).

THE FAUNAL ASSEMBLAGES OF THE
EARLY CRETACEOUS INDIAN
BIOPROVINCE

The ammonoid assemblages in India change from more a

regional composition in the Tithonian–Berriasian to a

cosmopolitan fauna in the late Early Cretaceous (Aptian–
Albian; Krishna 1978). This also reflects the splitting of

East Africa and the Indo-Australian continent. The result

was the migration through new migrational pathways and

mixing of different faunas from the Austral Realm and

Tethyan Realm (Fig. 13). Krishna (1983) interpreted the

Giumal Formation to be barren of ammonoids. The sup-

posed ammonoid absence in Giumal Formation was cor-

rected to ‘largely ammonoid devoid in Hauterivian to

Barremian’ by Pathak and Krishna (1993) and Krishna

and Pathak (1995). As shown here, however, this is not

the case. Rather, some beds of the observed section show

an abundance of single ammonoid species (e.g. Giumalic-

eras gen. nov. or Cleoniceras). Accordingly, these two

ammonoid-bearing intervals within the Giumal Forma-

tion are named Giumaliceras assemblage and Cleoniceras

assemblage.
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Giumaliceras assemblage. These beds are characterized by

the genus Giumaliceras gen. nov. with its newly erected

members Giumaliceras giumaliense sp. nov. and Giumalic-

eras bhargavai sp. nov. Together with Giumaliceras gen.

nov., specimens of the genus Neocomites are found

(Fig. 2). The Giumaliceras bearing beds are hitherto

known only from the Giumal Formation near Chikkim.

Coeval assemblages to the Giumaliceras assemblage

were reported from Asia by Krishna (1983) and later by

Krishna and Pathak (1995). Krishna presented a Neocos-

moceras–Distoloceras assemblage (Berriasian–Valanginian;
see also Krishna et al. 1982) for the Spiti-Malla-Johar area

in the Kumaon Himalaya. For localities in Nepal, he also

presented a Berriasella-Boehmiceras assemblage (Berriasian

–Valanginian) based on ammonoid observations in the

Cretaceous of the Nepalese Tethys belt (Krishna 1983).

For the Salt Range-Attock-Hazara area, Krishna (1983)

established the Subthurmannia–Neocosmoceras assemblage

(Berriasian). Krishna stated that the Tethyan Himalayan

ammonoid assemblages (Spiti-Malla Jorhar, Nepal and

southern Tibet) show great similarities and can therefore

be easily correlated with the Kachchh, Baluchistan-

Samana Range, Jaisalmar and the Salt Range-Attock-Haz-

ara. The Lower Cretaceous Chichali Formation in Paki-

stan (Trans Indus Range) shows an ammonoid fauna

similar to the herein reported. Fatmi (1972) described

Subthurmannia as common (but not figured) and figured

Neocomites and other ammonoid species from Cretaceous

rocks of western Pakistan. The Chichali Formation

(Tithonian to Berriasian) of Pakistan passes into the

overlying Lumshiwal Formation. After Fatmi (1972),

the Lumshiwal Formation is an equivalent to the Lower

Cretaceous Giumal Formation of the Indian Himalaya.

For correlation of Pakistan faunas with faunas from the

Baluchistan area (Pakistan), Cutch area (= Kachchh in

India), Spiti area (India), Saudi Arabia, Iraq, Madagascar,

Tanganyika, Somaliland, Jubaland and southern France,

see Fatmi (1972). An ammonoid fauna from Bhutan

showing similarities to faunas mentioned above was also

reported by Bhargava and Tangri (1996) from the north-

ern edge of the Early Cretaceous Tethys Ocean. For exam-

ple, genera such as Perisphinctes, Neocomites, Kilianella

and Hoplites were mentioned for the Upper Jurassic–
Lower Cretaceous Lingshi Formation in Bhutan. Bhargava

and Tangri (1996, p. 115, fig. 2) figured a single ammo-

noid, which Bhargava and Tangri (1996) called ‘cephalo-

pod’. We consider that ammonoid to be a Kilianella sp.

The Late Jurassic to Early Cretaceous (Neocomian) faunas

from Madagascar described by Collignon (1948) and Col-

lignon and Razafimbelo (1964) differ markedly from

those mentioned above and reported herein. No genera

such as Giumaliceras gen. nov. and Neocomites reported

herein have been recognized by Collignon (1948) or Col-

lignon and Razafimbelo (1964) from Madagascar.

We suggest that the Berriasian–Valanginian specimens

of G. giumaliense sp. nov. and G. bhargavai sp. nov. from

the Giumal Formation near Chikkim evolved from the very

similar and related but older (Tithonian) genus Blanfordic-

eras and are closely related to Subthurmannia, another very

similar genus. As shown by Helmstaedt (1969), Thomson

(1979), Howlett (1989), Gradstein et al. (1992), Gibling

et al. (1994), Pimpirev et al. (2002) and Enay (2009), Blan-

fordiceras is a genus with a highly variable ventral mor-

phology, a condition also valid in Giumaliceras gen. nov.

F IG . 13 . Idealized palaeogeographical

position of the Chikkim area (CH) dur-

ing the Early Cretaceous (Aptian–
Albian) indicated by ammonoid symbol.

Map adapted from Kotetichvili (1988),

Bengtson and Kakabadze (1999), Hay

et al. (1999), Scotese (2001), Kakabadze

et al. (2004), Lukeneder (2004b) and

Oosting et al. (2006). AN, Antarctica;

AU, Australia; BC, British Columbia;

CA, Caucasus; CH, Chikkim; MA, Mad-

agascar; PA, Patagonia; SO, Somalia; TI,

Tibet; ZU, Zululand.
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In conclusion, the Giumaliceras assemblage adduce so

far no evidence for an identical equivalent, but similar

ammonoid assemblages can be found in Asia (Bhutan,

India, Nepal, Pakistan, Tibet), Australia, Madagascar,

South America (Argentina) and Antarctica.

Cleoniceras assemblage. The Cleoniceras assemblage is

characterized by the genus Cleoniceras in abundance and

represented by Cleoniceras oberhauseri sp. nov. Other gen-

era documented from this interval are Australiceras, De-

shayesites and Sinzovia (see Fig. 2).

Krishna (1983) reported a comparable but different De-

shayesites–Cheloniceras–Tropaeum assemblage (Aptian)

and a Diploceras–Mortoniceras assemblage (Middle–Late
Albian) from Tibet based on ammonoid observations in

the Cretaceous of the Tethys Himalaya. It differs in the

absence of Sinzovia and Cleoniceras from the Cleoniceras

assemblage. For western India, Krishna (1983) mentioned,

but not depicted, the Cheloniceras–Australiceras assem-

blage (Aptian) and the Deshayesites assemblage (Early Ap-

tian). The latter assemblages resemble the Cleoniceras

assemblage of Chikkim, with their Cleoniceras–Deshaye-
sites–Australiceras assemblage, the Epicheloniceras assem-

blage and the Douvilleiceras assemblage (lower and

middle Albian) for the Kachchh (= Cutch) area. Accord-

ing to Krishna (1983), the Baluchistan-Samana Range is

marked by the Douvilleiceras assemblage (lower to middle

Albian), which is not observed in the Giumal Formation

near Chikkim. Tropaeum aff. austral was reported but not

figured by Sabyasachi et al. (2004) from the Aptian of the

Bhuj Formation (Ukra Member) from Kutch (= Cutch).

A single specimen of Crioceras australe Moore was

reported from an Aptian bed in the Indian district of

Cutch (= Kachh, Ukra Hill) by Waagen (1875). Six speci-

mens of ‘Crioceras’ australe were reported (not figured)

by Spath (1924b) from the Blake collection of the Artara

region in Cutch (= Kachh, India; Spath 1927, 1928a, b).

There are no evident major similarities to the fossil

record reported and figured by Blanford and Stoliczka

(1865) from the Cretaceous of southern India (South Ar-

cot and Trichinopoly). No genus reported herein was

observed by Blanford and Stoliczka (1865), but similar

faunas were mentioned by Bordet et al. (1971) from the

Himalaya of Nepal. They described and figured an early

Aptian fauna comprising Sanmartinoceras, Tropaeum

(?Crioceratites), Deshayesites and ?Aconeceras (?Cleoniceras).

This assemblage shows numerous analogies to the herein

described fauna from the upper part of the Giumal For-

mation near Chikkim by the appearance of the same or

closely related faunal elements as Cleoniceras, Australic-

eras, Deshayesites, Sinzovia and Deshayesites. Note that

during the Cretaceous, Tibet was located at the northern

border of the Tethys Ocean (Westermann and Wang

1988), whereas, contrastingly, the Himalayan Province

comprising the section at Chikkim was situated at the

southern border of the Tethys Ocean. Concerning the

correlation with other faunal assemblages, Patagonia

appears to be a main region with great similarities to the

Himalayan fauna, especially during the Aptian–Albian
stages. Genera such as Cleoniceras, Australiceras and

Sanmartinoceras (or Sinzovia) occur in both the Patago-

nian (Medina and Riccardi 2005) and the Himalayan

regions, whereas they are very rare or even missing in

outcrops around Europe. The ammonoid assemblages

presented by Medina and Riccardi (2005) as Australiceras

hallei Assemblage Zone (upper Aptian), Aioloceras (or

Cleoniceras) argentinum Assemblage Zone (lower Albian)

and Sanmartinoceras (or Sinzovia) patagonicum Assem-

blage Zone (upper Albian) apparently have a somewhat

different, for example younger, age than those of the

Himalayan range presented by Krishna (1983), Pathak

and Krishna (1993) and Krishna and Pathak (1995). The

Aptian Antarctic Sanmartinoceras Biozone (Howlett 1989)

from the Fossil Bluff group is characterized by the pres-

ence of Sanmartinoceras and Aconeceras, which is very

similar to the Aptian assemblage from the section at Chi-

kkim. Thomson (1983) also noted this and reported spec-

imens of Australiceras and Sanmartinoceras from the

Aptian of the Antarctic Peninsula and Alexander Island

(Thomson 1971, 1974, 1979). Thomson (1982) correlated

Jurassic–Cretaceous sediments from Antarctica with

equivalent strata from Patagonia (Magallanes Basin). The

main identical faunal element is the Aptian genus Sanm-

artinoceras; it is present in both regions and also in the

Chikkim area of the Tethyan Himalaya. The older Lower

Cretaceous Bochianites Assemblage Biozone (upper Berri-

asian – lower Valanginian) and Phyllopachyceras Assem-

blage Biozone (Valanginian–Barremian) of Antarctica

(Howlett 1989) show no equivalence to the section at

Chikkim. Howlett (1989) presented a possible correlation

for the ammonoid faunas of the Southern Hemisphere.

Baraboshkin (2002) demonstrated that Sinzovia was able

to handle relatively cool water temperatures of the Boreal

Realm and that the genus was adapted to environments

of the Russian Basin during the Aptian. Sanmartinoceras

is reported in sediments from Greenland to Antarctica

(Thomson 1982). Spath (1924a) reported Sanmartinoceras

trautscholdi from the Aptian of the Speeton Clay in Eng-

land. The lower Aptian Sinzovia aptiana (Sarasin) was

reported by Casey et al. (1998) from beds of the Lower

Greensand (Atherfield Clay, Upper Lobster Beds) from

the Isle of Wight. Australiceras (i.e. A. gigas) was also

reported to be a main component of Aptian sediments on

the Isle of Wight (Spath 1930a, b; Casey 1960).

Sanmartinoceras africanum insignicostatum from the

Late Barremian of Argentina (Aguirre-Urreta et al. 2007)

is one of few forms reported from this age. The Patago-

nian variety is most comparable to South African ones

1020 PALAEONTOLOGY , VOLUME 56



(Kennedy and Klinger 1979). Sinzovia piatnitzkyi, Sinzovia

leanzai Riccardi et al. and Sanmartinoceras walshense

(Etheridge) were reported from Aptian beds of the R�ıo

Mayer Formation from Patagonia (Austral Basin, Argen-

tina) by Aguirre-Urreta and Riccardi (1988). Riccardi

et al. (1987) reported Sanmartinoceras occurring from the

upper Barremian Hatchericeras patagonenese Assemblage

Zone up to the Sanmartinoceras patagonicum Assemblage

Zone in Patagonia. Contrastingly, the same authors

described Sinzovia as having a shorter time span from the

Aptian Peltocrioceras deeckei Assemblage Zone up to the

lower Albian Aioloceras argentinum Assemblage Zone

from Patagonia. Both genera occur in the same beds in

the mid-stage of the Sanmartinoceras occurrence. Assem-

blages resembling the assemblages at Chikkim comprising

Cleoniceras are described by Riccardi and Medina (2002)

from lower Albian beds of Patagonia. They presented

mixed occurrences of Cleoniceras, Aioloceras, Sinzovia and

Sanmartinoceras. Riccardi and Medina (2002) gave a

detailed distribution map for the known findings of

Cleoniceras and the related Aioloceras, Anadesmoceras,

Brewericeras, Grycia and Neosaynella on the Albian globe.

Kennedy and Klinger (1975, 1986) reported occurrences

of Australiceras and Tropaeum from the Barremian

Mlambongwenya Creek section of Zululand (South

Africa). These uppermost beds of the latter section seem

to be Aptian based on the faunal association with Ancy-

loceras, Tropaeum, Australiceras and Cheloniceras spp.

Australian (Walsh River, Palmer River) specimens of Aus-

traliceras and Sanmartinoceras were reported by Jack and

Etheridge (1892, pl. 30, fig. 7; pl. 31, fig. 1; pl. 32, fig. 1,

2). Specimens from the genus Australiceras, including

‘Crioceras jackii’ and ‘Crioceras australe’, were discussed

and figured by Etheridge (1909). Kakabadze and Hoede-

maeker (1997) reported Aptian members of the genus

Pseudoaustraliceras (Kakabadze 1981) from Colombia;

they all differ from the herein presented heteromorphs.

No early Albian specimens of Australiceras, Sinzovia or

Cleoniceras have been observed from Columbia. The

Aptian fauna of Colombia shows minor similarities to the

Indian ammonoid assemblages. Pseudoaustraliceras is

restricted to the middle to late Aptian in Columbia.

Cleoniceras is a cosmopolitan genus indicative for the

Albian, inhabiting the Boreal, Tethyan and Austral Realm

at this time. The Himalayan members of the Cleonicerati-

dae Whitehouse, 1926 differ slightly from those of the

adjacent areas (during the Early Cretaceous) such as Ant-

arctica, Australia, South Africa, Patagonia and Madagas-

car. Representatives of the family Deshayesitidae have in

palaeogeographically terms a heterogenous distribution

(Bogdanova and Hoedemaeker 2004). Turkmeniceras

occurs in Turkmenistan and France, Paradeshayesites only

in Germany and Deshayesites in France, England, Ger-

many, Georgia, Greenland and Turkmenistan. The three

latter genera are therefore characteristic for Europe and

central Asia (Bogdanova and Hoedemaeker 2004). Duf-

renoyia is known from both the eastern and western

hemisphere. Burckhardtites is known from Mexico and

Turkmenistan. Deshayesites fuchsi sp. nov. represents the

first evidence for the genus Deshayesites in the Himalayan

region.

CONCLUDING REMARKS

The southern position of India during the Late Jurassic

to Early Cretaceous (Fig. 13) was accompanied by the

opening of the South African Seaway, the separation and

break-up from the former conjugated Australian conti-

nent and Antarctica (Gradstein et al. 1992; Gibling et al.

1994; Heinze 1996), as well as a new marine current sys-

tem at this time. The result was the formation of new or

closing of former migration routes of ammonoids. The

ammonoid fauna of the Giumal Formation near Chikkim

has unequivocally Austral and Tethyan character. It

shows that the northern margin of India formed a signif-

icant junction between the ammonoid faunas of south-

eastern Africa, Antarctica and Australia. Correlating simi-

lar faunas and regions clearly reveals that members of

the western Austral Realm (Australia-India-Madagascar-

South Africa) followed the newly opened seaways during

the Early Cretaceous and colonized new environments

and regions around the South American continent and

especially the Upper Cretaceous basins in Patagonia

(Fig. 13).

Eight new ammonoid taxa (1 genus and 7 species) are

described: Sinzovia franki sp. nov., Giumaliceras giumal-

iense gen. et sp. nov., Giumaliceras bhargavai gen. et

sp. nov., Neocomites (Eristavites) platycostatiformis sp.

nov., Cleoniceras oberhauseri sp. nov., Australiceras hima-

layense sp. nov., and Deshayesites fuchsi sp. nov. Sinzovia

and Deshayesites are reported for the first time from the

Tethyan Himalaya.

According to the biostratigraphic relevance of some

ammonoid taxa described here, the age of the Giumal

Formation can be constrained to range from the Berri-

asian (Giumaliceras assemblage) to Aptian (Cleoniceras

assemblage).

Acknowledgements. The work was supported by the Austrian

Science Fund (FWF; project P20018-N10). Financial support

by IGCP-Project No. 463 – Upper Cretaceous Oceanic Red

Beds (Leader: Dr. Michael Wagreich, Vienna) enabled the field

work. Many thanks go to the members of the Kilian Group

(Lower Cretaceous Ammonite Working Group; president Ste-

phane Reboulet, Lyon) for fruitful discussions on the ammo-

noid fauna. Special thanks go to Didier Bert (Dijon), Jiarun

Yin (Beijing) and the responsible editors Julia Sigwart (Dub-

lin) and Svend Stouge (Copenhagen) for the constructive and

LUKENEDER ET AL . : EARLY CRETACEOUS HIMALAYAN AMMONOIDS 1021



positive comments on the manuscript. Technical support for

photography was provided by Alice Schumacher (Vienna).

Franz Topka (Vienna) assisted with the preparation of the

ammonoid specimens, and Anton Englert (Vienna) produced

the thin sections.

Editor. Julia Sigwart

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online

version of this article:

Appendix S1. Measurements of the classical geometrical

parameters of ammonoid shells.

REFERENCES

AGUIRRE-URRETA, M. B. and RICCARDI , A. C. 1988.

Albian heteromorphy ammonoids from southern Patagonia,

Argentina. Journal of Paleontology, 62 (4), 598–614.
-MOURGES, F. A., RAWSON, P. F., BULOT, L. G.

and JAILLARD, E. 2007. The Lower Cretaceous Chanarcillo

and Neuqu�en Andean basins: ammonoid biostratigraphy and

correlations. Geological Journal, 42, 143–173.
ALABUSHEV, A. I. 1987. Distinctive features of the

morphology of the North Pacific Cleoniceras representatives

and their place in the system of the Albian ammonites

(Hoplitidae). Palaeontological Journal, 21 (2), 128–130. [In

Russian, translated in 1988].

ANDERSON, F. M. 1938. Lower Cretaceous in California and

Oregon. Geological Society of America Special Paper, 16, 340

pp.

ARKAD’EV, V. V. and BOGDANOVA, T. N. 2004. Genus

Berriasella (Ammonoidea) and Ammonoid Zonation in the

Berriasian of the Crimean Mountains. Stratigraphy and

Geological Correlation, 12 (4), 367–379.
AUTRAN, G. 1993. L’evolution de la marge nord-est

provencale (Arc de Castellane) du Valanginien moyen �a

l’Hauterivien �a travers l’analyse biostratigraphique des s�eries

de la r�egion de Peyroules: s�eries condens�ees, discontinuit�es et

indices d’une tectogenese distensive. Annales du Museum

d’Histoire Naturelle de Nice, 10, 239 pp.

AVRAM, E. 1994. Lower cretaceous (Valanginian–Early
Aptian) ammonite succession in the Svinita region (SW

Rumania). G�eologie Alpine, M�emoire. H.S., 20, 113–167.
BARABOSHKIN, E. J. 2002. Early Cretaceous seaways of

the Russian platform and the problem of Boreal/Tethyan

correlation. 39–78. In MICHAL�IK, J . (ed.). Tethyan/Boreal

Cretaceous correlation. Mediterranean and Boreal Cretaceous

paleobiogeographic areas in Central and Eastern Europe.

Publishing House of the Slovak Academy of Sciences,

Bratislava, 291 pp.
-and MIKHAILOVA I. A. 2000. New and poorly known

Valanginian ammonites from south-west Crimea. Bulletin de

l’Institut Royal des Sciences Naturelles de Belgique. Science de la

Terre, 70, 89–120.

BAUD, A., ARN, R., BUGNON, P., CRISINEL, A.,

DOLIVO, E., ESCHER, A., HAMMERSCHLAG, J. G.,

MARTHALER, M., MASSON, H., STECK, A. and

TI �ECHE, J. C. 1982. Le contact Gondwana-Peri-Gondwana

dans le Zanskar oriental (Ladakh, Himalaya). Bulletin de la

Soci�et�e G�eologique de la France, 24, 341–361.
BENGTSON, P. and KAKABADZE, M. V. 1999.

Biogeography of Cretaceous ammonites – a review of

procedures and problems. Neues Jahrbuch f€ur Geologie und

Pal€aontologie, Abhandlungen, 212, 221–239.
BERTLE, R. J. and SUTTNER, T. J. 2005. New

biostratigraphic data from the Chikkim Formation (Cretaceous,

Tethys Himalaya, India). Cretaceous Research, 26, 882–894.
BHARGAVA, O. N. and BASSI , U. K. 1998. Geology of

Spiti-Kinnaur Himachal Himalaya. Memoirs of the Geological

Survey of India, 124, 212 pp.

-and TANGRI S. K. 1996. Late Jurassic-early Cretaceous

Lingshi Formation, Bhutan Himalaya. 113–119. In SAHNI ,

A. (ed.). Cretaceous stratigraphy and palaeoenvironments.

Memoir Geological Society of India, 37, Geological Society of

India, Bangalore, 447 pp.

BLANFORD, H. F. and STOLICZKA, F. 1865. The fossil

cephalopoda of the Cretaceous Rocks of souther India.

Memoirs of the Geological Survey of India, Himalayan Fossils.

Paleontologia Indica, 1865, 216 pp.

BLASCO, G., NULLO, F. E. and PLOSZIEWICZ, J. 1980.

El genero Colchidites DJANELIDZE, 1926, y la posicion

estratigrafica del genero Hatchericeras Stanton, 1901 en la

estancia Tucu-Tucu, provincial de Santa Cruz. Asociaci�on

Geol�ogica Argentina, Revista, 35, 41–58.
BOGDANOVA, T. N., and HOEDEMAEKER, P. J. 2004.

Barremian-early Albian Deshayesitidae, Oppeliidae, Desmo-

ceratidae and Silesitidae of Colombia. Scripta Geologica, 128,

183–312.
-and MIKHAILOVA I. A. 1999. Origin and evolution of

the family Deshayesitidae (Ammonoidea). Paleontological

Journal, 33/5, 522–529. Translated from Paleontologicheskii

Zhurnal, 55, 48–56. [In Russian].

--2004. Origin evolution and stratigraphic significance

of the superfamily Deshayesitaceae STOYANOW, 1949.

Bulletin de l’Institut Royal des Sciences Naturrelles de Belgique.

Sciences de la Terre, 74, 189–243.
BØGVAD, R. and ROSENKRANTZ, A. 1934. Beitr€age zur

Kenntnis der unteren Kreide €Ostrg€onlands. Meddelelser om

Grønland, 93, 1–28.
BORDET, P., COLCHEN, M., KRUMMENACHER, D.,

LE FORT, P., MOUTERDE, . R. and REMY, M. 1971.

Recherches g�eologiques dans l’Himalaya du N�epal, r�egion de

la Thakkhola. Editions du Centre National de laRrecherch�e

Scientifique, 15, Paris, 279 pp.

BRUNNSCHWEILER, R. O. 1959. New Aconeceratinae

(Ammonoidea) from the Albian and Aptian of Australia. Bureau

of Mineral Resources, Geology and Geophysics, Bulletin, 54, 1–19.
BULOT, L. G. 1995. Les formations �a ammonites du Cr�etac�e

inf�erieur dans le SE de la France (Berriasien-Hauterivien):

Biostratigraphie, pal�eontologie et cycles s�edimentaires.

Unpublished PhD Thesis, Museum National d’Histoire

Naturelle, 398 pp.

1022 PALAEONTOLOGY , VOLUME 56



CASEY, R. 1960. A monograph of the Ammonoidea of the

Lower Greensand. Palaeontographical Society (Monographs),

part, 2, 41–118.
-1961. A monograph of the Ammonoidea of the Lower

Greensand. Palaeontographical Society London (Monographs),

part, 3, 119–216.
-1964. A monograph of the Ammonoidea of the Lower

Greensand. Palaeontographical Society London (Monographs),

part, 5, 289–398.
-1966. A monograph of the Ammonoidea of the Lower

Greensand. Palaeontographical Society London (Monographs),

part, 7, 547–582.
-1980. A monograph of the Ammonoidea of the Lower

Greensand. Palaeontographical Society London (Monographs),

part, 9, 633–660.
- BAYLISS , H. M. and SIMPSON, M. I. 1998.

Observations on the lithostratigraphy and ammonite succession

of the Aptian (Lower Cretaceous) Lower Greensand of Chale

Bay, Isle of Wight. Cretaceous Research, 19, 511–535.
CHAO KING-KOO 1976. Jurassic and Cretaceous

Ammonites from Mount Jolmo Lungma Region. In: a Report

of scientific expedition in the Mount Jolmo Lungma Region

(1966–1968). Palaeontology, 3, 503–545. [In Chinese].

COLLIGNON, M. 1948. Faune N�eocomienne des Couches �a

Crioc�eres de Belohasifaka, Cercle de Sitampiky, Madagascar.

Annales G�eologiques du Service des Mines, 15, 55–83.
-1949. Recherches sur les faunes Albiennes de Madagascar.

I. L’Albien d’Ambarimaninga. Annales G�eologiques du Service

des Mines, 16, 1–128.
-1962. Atlas des fossiles caract�eristiques de Madagascar

(Ammonites) (Berriasien, Valanginien, Hauterivien, Barremien).

Service G�eologique Tananarive, 8, 176–214.
- 1963. Atlas des fossils caract�eristiques des Madagascar

(Ammonites). 10, Albien. Service G�eologique Tananarive, 184 pp.

-and RAZAFIMBELO E. 1964. La limite Jurassique-

Cr�etac�e �a l’Est de tsaramandroso (feuille Tsramandrosos –
Madagascar). Comptes Rendues de la Semaine G�elogique, 1964,

49–51.
COMPANY, M. 1985. La subzona de Verrucosum

(Valanginiense Superior) en el Barranco de La Querola (SE de

Espana). Mediterr�anea, Serie Geologica, 4, 113–127.
-1987. Los Ammonites del Valanginiense del sector oriental

de las Cordilleras B�eticas (SE de Espana). Tesis Doctoral,

Universidad de Granada, 294 pp.

CORFIELD, R. I., WATTS, A. B. and SEARLE, M. P.

2005. Subsidence history of the north Indian continental

margin, Zanskar, Ladakh Himalaya, NW India. Journal of the

Geological Society, London, 162, 135–146.
DAY, R. W. 1974. Aptian ammonites from the Eromanga and

Surat Basins. Geological Survey of Queensland (360),

Palaeontological Papers, 34, 1–19.
DIENER, C. 1895. Ergebnisse einer geologischen Espedition in

den central-Himalaya von Johar, Hund�es und Painkhanda.

Denkschriften der Kaiserlichen Akademie der Wissenschaften,

Mathematisch-Naturwissenschaftliche Classe, 62, 533–608.
DIMITROVA, N. 1967. Les fossiles de Bulgarie IV. Cr�etac�e

inf�erieur. Cephalopoda (Nautiloidea et Ammonitina). Acad�emie

Bulgare des Sciences, Sofia, 424 pp.

DOGUZHAEVA, L. A. and MIKHAILOVA, I. A. 2002.

The jaw apparatus of the eheteromorphic ammonite

Australiceras whitehouse, 1926 (Mollusca: Cephalopoda) from

the Aptian of the Volga Region. Doklady Biological Sciences,

382, 38–40 (translated from Doklydy Akademii Nauk). [In

Russian].

ENAY, R. 2009. Les faunes d′ammonites de l′Oxfordien au

Tithonien et la biostratigraphie des Spiti-Shales (Callovien

sup�erieur-Tithonien) de Thakkhola, N�epal Central. Documents

des Laboratoires de G�eologie Lyon, 166, 246 pp.

ETHERIDGE, R. 1909. Lower Cretaceous fossils from the

sources of the Barcoo, Ward and Nive Rivers South Central

Queensland. Part 2, Cephalopoda. Records of the Australian

Museum, 7, 135–165.
ETTACHFINI , M. 2004. Les Ammonites N�eocomiennes dans

l’Atlas Atlantique (Maroc). Biostratigraphie, Pal�eontologie,

Pal�eobiog�eographie et Pal�eo�ecologie. Actes du Laboratoire de

G�eologie S�edimentaire et Pal�eontologie de l’Universit�e Paul-

Sabatier. Tesis Doctorale, University of Marrakech. Strata,

S�erie 2, 43, 1–225.
FATMI, N. A. 1972. Stratigraphy of the Jurassic and Lower

Cretaceous rocks and Jurassic ammonites from northern areas

of West Pakistan. Bulletin of the British Museum (Natural

History), Geology, 20 (7), 299–380.
-1977. Neocomian ammonites from northern areas of

Pakistan. Bulletin of the British Museum (Natural History),

Geology, 28 (4), 257–296.
FISCHER, J.-C. 2006. R�evision Critique de la Pal�eontologie

Francais d’Alcide d’Orbigny. C�ephalopdes Cr�etac�es, Vol. IV

(including Edition Originale: 1840–1842). Backhuys Publishers,
Leiden, Pays-bas, 291 pp.

F €OLLMI, K. B. 1989. Beschreibung neugefundener Ammonoidea

aus der Vorarlberger Garschella-Formation (Aptian–Albian).
Jahrbuch der Geologischen Bundesanstalt, 132, 105–189.

FUCHS, G. 1977. Traverse of Zanskar from Indus to the

Valley of Kashmir a preliminary note. Jahrbuch der

Geologischen Bundesanstalt, 120 (2), 219–229.
-1979. On the geology of Western Ladakh. Jahrbuch der

Geologischen Bundesanstalt, 122 (2), 513–540.
GAETANI , M. and GARZANTI , E. 1991. Multicyclic history

of the northern India continental margin (nort-western)

Himalaya. American Association of Petrolium Geologists,

Bulletin, 75, 1427–1446.
-CASNEDI , R., FOIS , E., GARZANTI , E., JADOUL,

F., NICORA, A. and TINTORI, A. 1986. Stratigraphy of

the Tethys Himalaya in Zanskar, Ladakh. Rivista Italiana di

Paleontologia e Stratigrafia, 91, 443–478.
GAIDA, K. H., KEMPER, E. and ZIMMERLE, W. 1978.

Das Oberapt von Sarstedt und seine Tuffe. Geologisches

Jahrbuch, A 45, 43–123.
GANSSER, A. 1964. Geology of the Himalayas. Interscience

Publishers, Wiley and Sons, Chichester, 289 pp.

GARZANTI, E. 1992. Stratigraphy of the Early Cretaceous

Giumal Group (Zanskar Range, Northern India). Rivista

Italiana di Paleontologia e Stratigrafia, 97 (3–4), 485–510.
GIBLING, M. R., GRADSTEIN, F. M., KRISTIANSEN,

I.-L., NAGY, J., SARTI , M. and WIEDMANN, J. 1994.

Early Cretaceous strata of Nepal Himalayas: conjugate margins

LUKENEDER ET AL . : EARLY CRETACEOUS HIMALAYAN AMMONOIDS 1023



and rift vulcanism during Gondwanan breakup. Journal of the

Geological Society, London, 151, 269–290.
GILL , T. 1871. Arrangement of the families of mollusks.

Smithsonian Miscellaneous Collections, 227, xvi + 49 p.

GLAZUNOVA, A. E. 1953. Aptian and Albian Ammonites

from Kopet-dag, Little and Great Balkhan, and Mangyshlak.

Institut zemnoi kory Leningradskogo Gosudarstvennogo

Universiteta, 156 pp.

GRADSTEIN, F. M., RAD, U., GIBLING, M. R.,

JANSA, L. F., KAMINSKI , M. A., KRISTIANSEN, I.-L.,

OGG, J. G., R €OHL, U., SARTI , M., THUROW, J. W.,

WESTERMANN, G. E. G. and WIEDMANN, J. 1992.

Stratigraphy and depositional history of the Mesozoic

continental margin of Central Nepal. Geologisches Jahrbuch, B

77, 3–141.
-OGG, J. G. and SMITH, A. G. eds. 2004. A Geological

Time Scale 2004. Cambridge University Press, Cambridge, 589

pp.

--SCHMITZ, M. D. and OGG, G. M. eds. 2012.

A Geological Time Scale 2012, Vol. 1 + 2. Elsevier BV,

Amsterdam, 1144 pp.

GRAY, J. E. 1832. Illustrations of Indian Zoology, Vol. 2.,

Adolphus Richter and Co, London, 202 pp.

GRIESBACH, C. L. 1891. Geology of the Central Him�alayas.

Memoirs of the Geological Survey of India, 23, 232 pp.

HAY, W. W., DECONTO, R. M., WOLD, C. N., WILSON,

K. M., VOIGT, S., SCHULZ, M., WOLD-ROSSBY, A.,

DULLO, W.-C., RONOV, A. B., BALUKHOVSKY, A. N.

and S €ODING, E. 1999. Alternative global Cretaceous

paleogeopgraphy. In BARRERA, E. and JOHNSON, C. C.

(eds). Evolution of the Cretaceous Ocean Climate System.

Geological Society of America, Special Paper, 332, 1–47.
HEINZE, M. 1996. Pal€aobiogeographie jurassischer Muschel-

faunen: Beziehung zwischen S€ud- und Nordrand der Tethys.

Pal€aontologische Zeitschrift, 70, 97–128.
HELMSTAEDT, H. 1969. Eine Ammoniten-Fauna aus den

Spiti-Schiefern von Muktinath in Nepal. Zitteliana, 1, 63–88.
HOEDEMAEKER, P. 1982. Ammonite biostratigraphy of the

uppermost Tithonian, Berriasian, and lower Valanginian along

the Rio Argos (Caravaca, SE Spain). Scripta Geologica, 65, 1–
81.

HORWARTH, M. K. 1992. Tithonian and Berriasian

ammonites from the Chia Gara Formation in Northern Iraq.

Palaeontology, 35 (3), 597–655.
HOWLETT, P. J. 1989. Late Jurassic-Early Cretaceous

cephalopods of eastern Alexander Island, Antarctica. Special

Papers in Palaeontology, 41, 72 pp.

IMMEL, H., SEYED-EMAMI, K. and AFSHAR-HARB,

A. 1997. Kreide-Ammoniten aus dem iranischen Teil des

Koppeh-Dagh (NE-Iran). Zitteliana, 21, 159–190.
JACK, R. L. and ETHERIDGE, R. 1892. The Geology and

Paleontology of Queensland and New Guinea. Geological Survey

of Queensland Publications, Brisbane and London, 768 pp.

JACOB, C. 1908. Etude sur quelques Ammonites du Cr�etace

Moyen. Memoires de la Societe de Geologique de France,

Paleontologie, 38, 1–64.
JAFAR, S. A. 1996. The evolution of marine Cretaceous basins of

India: calibration with nannofossil Zones. 121–134. In SAHNI ,

A. (ed.). Cretaceous stratigraphy and palaeoenvironments.

Memoir Geological Society of India, 37, Geological Society of

India, Bangalore, 447 pp.

KAKABADZE, M. V. 1977. New and little known

ancloceratids from Caucasus. Trudy Geologicheskoe Instituta an

GSSR, Novaya Seriya, 58, 128–147. [In Russian].

-1981. Ancyloceratids of the south of the USSR and their

stratigraphical significance). Trudy Gelogicheskogo Instituta

Akademii Nauk GSSR, 71, 195 pp. [In Russian].

-and HOEDEMAEKER P. H. J. 1997. New and less

known Barremian-Albian ammonites from Colombia. Scripta

Geologica, 114, 57–117.
--BOGDANOVA, T. N. and SHIRIKADZE, M. Z.

2004. On the Barremian-Early Albian biogeography (by

ammonites) of Colombia. Scripta Geologica, 128, 515–558.
KAZANSKY, P. A. 1914. Description of collections of

cephalopods from Cretaceous of Dagestan. Istv. Tomsk

Tekhnologia Institute, 32, 1–128. [In Russian].

KELEMEN, P. B. and SONNENFELD, M. D. 1983.

Stratigraphy, structure, petrology and local tectonics, Central

Ladakh, NW Himalaya. Schweizerische mineralogische und

petrographische Mitteilungen, 63, 267–287.
KELLY, R. A. S. and WITHAM, A. G. 1999. Deshayesitid

ammonites from the Lower Aptian (Lower Cretaceous) of

North-East Greenland. Scripta Geologica, 3, 83–95.
KEMPER, E. 1967. Die €alteste Ammoniten-Fauna im Aptium

Nordwestdeutschlands. Pal€aontologische Zeitschrift, 41/3–4, 119
–131.
-1976. Geologischer F€uhrer durch die Grafschaft Bentheim

und die angrenzenden Gebiete mit einem Abriss der

emsl€andischen Unterkreide. Das Bentheimer Land, 64, 5–206.
-1982. Die Ammoniten des sp€aten Apt und fr€uhen Alb

Nordwestdeutschlands. 553–577. In KEMPER, E. (ed.). Das

sp€ate Apt und fr€uhe Alb Nordwestdeutschlands. Geologisches

Jahrbuch, A 65, Hannover, 703 pp.

KENNEDY, W. J. and KLINGER, H. C. 1975. Cretaceous

faunas from Zululand and Natal, South Africa. Introduction,

stratigraphy. Bullerin of the British Museum of Natural History

(Geology), 25, 265–315.
--1979. Cretaceous faunas from Zululand and Natal

South Africa. The ammonite Superfamily Haplocerataceae

Zittel, 1884. Annals of the South African Museum, 77 (6), 85–121.
--1986. Upper Barremian Heteroceratinae (Cephalopoda

Ammonoidea) from Patagonia and Zululand, with comments

on the systematics and subfamily. Annals of the South African

Museum, 96 (8), 315–358.
--1992. Cretaceous faunas from Zululand and Natal

South Africa. Barremian representatives of the ammonite

family Ancyloceratidae Gill, 1871. Annals of the South African

Museum, 101 (5), 71–138.
KILIAN, W. 1889. �Etudes pal�eontologiques sur les terrains

secondaires et tertiaires de l’Andalousie. Le gisementtithonique

de Fuente de los Frailes pr�es de Cabra (province de Cordove).

Mission d’Andalousie. M�emoires Presentes Pour Divers Savants

�a l’Academie des Sciences de l’Institut National de France, 30,

581–739.
-and REBOUL P. 1915. Contribution �a l’�etude des faunes

pal�eocr�etac�ees du Sud-Est de la France. I – La fauna de

1024 PALAEONTOLOGY , VOLUME 56



l’Aptien inf�erieur des environs de Mont�elimar (Drôme).
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Pal�eoontologiques, Bâle-Gen�eve, 1, 44–130.
-and CAMPICHE G. 1858–1860. Description des fossils

du terrain Cr�etac�e des environs de Saint-Croix. 1�ere partie. In

PICTET, F. J. (ed.). Mat�eriaux pour la Pal�eontologie Suisse,

2nd series 1, 1–380, Kessmann, J. & Georg, H., Geneve, 1860,

209–380.
PIMPIREV, C., IVANOV, M., DIMOV, D. and

NIKOLOV, T. 2002. First find of the Upper Titjhonian

ammonite genus Blanfordiceras from the Miers Bluff Formation,

Livingston Island, South Shetland, Islands. Neues Jahrbuch f€ur

Geologie und Pala€aontologie, Monatshefte, 2002 (6), 377–384.

PREMOLI-SILVA, I., GARZANTI , E. and GAETANI ,

M. 1992. Stratigraphy of the Chikkim and Fatu la formations

in the Zangla and Zumlung Units (Zanskar Range, India).

With comparisons to the Thakkhola Region (Central India):

Mid-Cretaceous evolution of the Indian passive margin.

Rivista Italiana di Paleontologia e Stratigrafia, 97, 511–564.
RAISOSSADAT, S. N. 2004. The ammonite family

Deshayesitidae in the Kopet Dagh Basin, north-east Iran.

Cretaceous Research, 25, 115–136.
RAJU, D. S. N. and MISHRA, P. K. 1996. Cretaceous

stratigraphy of India: a review. 2–33. In SAHNI, A. (ed.).

Cretaceous stratigraphy and palaeoenvironments. Memoir

Geological Society of India, 37, Geological Society of India,

Bangalore, 447 pp.

REBOULET, S. 1995. L’evolution des ammonites du

Valanginien-Hauterinien inf�erieur du bassin Vocontien et de

la plate-forme provencale (sud-est de la France): relations avec

la stratigraphie s�equentielle et implications biostratigraphiques.

Documents des Laboratoires de G�eologie Lyon, 137, 1–371.
-2001. Limiting factors on shell growth, mode of life and

segregation of Valanginian ammonoid populations: evidence

from adult-size variations. Geobios, 34, 423–435.
RICCARDI , A. C. and MEDINA, F. A. 2002. The

Beudanticeratinae and Cleoniceratinae (Ammonitida) from

the Lower Albian of Patagonia. Revue Pal�eobiologie, Gen�eve,

21, 291–351.
-AGUIRRE-URRETA, M. B. and MEDINA, F. A.

1987. Aconeceratidae (ammonitina) from the Hauterivian-

Albian of southern Patagonia. Palaeontographica, Abteilung A,

196, 105–185.
ROPOLO, P., GONNET, R. and CONTE, G. 1999. The

‘Pseudocrioceras interval’ and adjacent beds at La B�edoule (SE

France): implications to highest Barremian/lowest aptian

biostratigraphy. Scripta Geologica, 3, 159–213.
-MOULLADE, M., GONNET, R., CONTE, G. and

TRONCHETTI , G. 2006. The Deshayesitididae stoyanov,

1949 (Ammonoidea) of the Aptian historical stratotype region

at Cassis-La B�edoule (SE France). Carnets de G�eologie/

Notebooks on Geology, 2006/1, 1–46. (CG2006_M01).

SABYASACHI, S., DE , S., ROY, P. and DAS, S. S. 2004.

Ammonites as biological stopwatch and biogeographical black

box – a case study from the Jurassic-Cretaceous boundary

(150 Ma) of Kutch, Gujarat. Current Science, 86, 197–202.
SALFELD, H. 1921. Kiel- und Furchenbildung auf der

Schalenaussenseite der Ammonoideen in ihrer Bedeutung f€ur

die Systematik und Festlegung von Biozonen. Zentralblatt fuer

Mineralogie, Geologie und Palaeontologie, 1921, 343–347.
SAYN, G. 1907. Les ammonites pyriteuses des marnes

valanginiennes du Sud-Est de la France. lM�emoires de la Soci�et�e

G�eologique de France, Pal�eontologie, 15, Memoir 23, 29–66.
SAZONOVA, I. G. 1958. Lower Cretaceous deposits of the

Russian platform. 31–136. In FLEROVA, O. V. (ed.).

Mesozoic and Tertiary deposits of the Central regions of the

Russian Platform. Vsesoyuzhyi Neftaynoi Nauchno-

Issledovatelskii Geologorazvedochnyi Neftyanoi Institut,

Gostoptekhizdat, Moscow, 291 pp. [In Russian].

SCOTESE, C. R. 2001. Atlas of Earth History. Paleomap

project, Arlington, Texas, 52 pp.

1026 PALAEONTOLOGY , VOLUME 56



SINGH, S. N. and PATHAK, D. B. 1967. A preliminary note

on the Mesozoics of Jaisalmer area, Rajasthan. Journal of the

Palaeontological Society of India, 12, 41–43.
S INZOW, I. 1898. Bemerkungen €uber einige Ammoniten des

Aptien. Ucenye Zapiski Odessa, 76, 3–15.
SPATH, L. F. 1921. On ammonites from Spitsbergen. The

Geological Magazine, 58, 297–305.
-1923–1930. A monograph of the Ammonoidea of the Gault,

Vol. 1. Palaeontographical Society, London, 311 pp.

-1924a. On the ammonites of the Speeton Clay and the

subdivision of the Neocomian. The Geological Magazine, 61,

73–89.
-1924b. On the Blake collection of ammonites from Kachh,

India. Memoirs of the Geological Survey of India, New Series, 9,

Memoir No. 1, 29 pp.

-1927. Revision of the Jurassic cephalopod fauna of Kachh

(Cutch) Part I. Memoirs of the Geological Survey of India, New

Series, 9, Memoir No. 2, 71 pp.

-1928a. Revision of the Jurassic cephalopod fauna of Kachh

(Cutch) Part II. Memoirs of the Geological Survey of India,

New Series, 9, Memoir No. 2, 72–161.
-1928b. Revision of the Jurassic cephalopod fauna of Kachh

(Cutch) Part III. Memoirs of the Geological Survey of India,

New Series, 9, Memoir No. 2, 164–278.
-1930a. On some Ammonoidea from the Lower Greensand.

Annals and Magazine of Natural History, 10, 417–464.
-1930b. The fossil fauna of the Samara Range and some

neighbouring areas. Memoirs of the Geological Survey of India,

New Series, 15, Part V. 51–66.
-1931a. Revision of the Jurassic cephalopod fauna of Kachh

(Cutch) Part IV. Memoirs of the Geological Survey of India,

New Series, 9, Memoir No. 2, 279–658.
-1931b. On the Aptian Ammonoidea of Kachh. Appendix to

revision of the Jurassic Cephalopod fauna of Kachh (Cutch)

Part 5. Memoirs of the Geological Survey of India,

Palaeontologia Indica, New Series, 9, 652–658.
-1939. The cephalopoda of the Neocomian Belemnite Beds

of the Salt Range. Memoirs of the Geological Survey of India,

Palaeontologia Indica. New Series, 25, Memoir No. 1, 154 pp.

-1942. A monograph of the Ammonoidea of the Gault.

Monograph of the Palaeontographical Society, London, 669–720.
SPITZ, A. 1914. A Lower Cretaceous fauna from Himalayan

Gieumal sandstone together with a description of a few fossils

from the Chikkim Series. Records of the Geological Survey of

India, 44, part 3, 197–224.
SRIKANTIA, S. V. 1981. The lithostratigraphy, sedimentation

and structure of Proterozoic-Phanerozoic formations of Spiti

Basin in the Higher Himalaya of Himalaya Pradesh, India. 31

–48. In SINHA, A. K. (ed.). Contemporary Geoscientific

Researches in the Himalaya. Mahendra Pal Singh Publication,

Dehradun, India, 252 pp.

-and BHARGAVA O. N. 1998. Geology of Himachal

Pradesh. Geological Society of India, Bangalore, 406 pp.

STECK, A. 2003. Geology of the NW Indian Himalaya. Eclogae

Geolocicae Helvetiae, 96, 147–196.
-EPARD, J. L., VANNAY, J. C., HUNZIKER, J.,

GIRARD, M., MORARD, A. and ROBYR, M. 1998.

Geological transect across the Tso Morari and Spiti areas: the

nappe structure of the Tethys Himalaya. Eclogae Geolocicae

Helvetiae, 91/1, 103–121.
STOLICZKA, F. 1865. Geological section across the

Himalayan mountains of Wangtu Bridge on the river Sutlej

to Sungdo on the Indus: with an account of formation of

Spiti, accompanied by a revision of all known fossils from

the district. Memoirs of the Geological Survey of India, 5,

337–354.
-1866. Summary of geological Observations during a visit to

the provinces – Rupshu, Karnag, South Ladak, Zanskar, Suroo

and Dras – of Western Tibet, 1865. Memoirs of the Geological

Survey of India, 5, 1–173.
STOLLEY, E. 1912. Ueber einige Cephalopoden aus der

unteren Kreide Patagoniens. Arkiv Zoologica, 7, 13–18.
THIEULOY, J. P. 1979. Les ammonites. Desription des

especes indices et de quelques autres formes fondamentales. In

BUSNARDO, R., THIEULOYJ , J.-P. and MOULLADE,

M. (eds). Hypostratotype mesog�een de l’�etage Valanginien (sud-

est de la France). Comite francais de stratigraphie. Les

StratotypesFrancais, 6, 37–58.
THOMSON, M. R. A. 1971. Ammonite faunas of south-

eastern Alexander Island and their stratigraphical significance.

155–160. In ADIE, R. J. (ed.). Antarctic geology and

geophysics. Univeritetsvorlaget, Oslo, 876 pp.

-1974. Ammonite faunas of the Lower Cretaceous of south-

eastern Alexander Island. British Antarctic Survey, Scientific

Reports, 80, 44 pp.

-1979. Upper Jurassic and Lower Cretaceous ammonite

faunas of the Ablation point Area, Alexander Island. British

Antarctic Survey, Scientific Reports, 97, 37 pp.

-1982. A comparison of the ammonite faunas of the

Antarcic Peninsula and Magallanes Basin. Journal of the

Geological Society, London, 139, 763–770.
-1983. “European” ammonites in the Lower Cretaceous

Antarctica. Zitteliana, 10, 407–412.
UHLIG, V. 1902. €Uber die Cephalopodenfauna der Teschener

und Grodischter Schichten. Denkschriften der Kaiserlichen

Akademie der Wissenschaften, Mathematisch-Naturwissens-

chaftliche Klasse, 72, 1–87.
- 1903. The Fauna of the Spiti Shales (1903–1910).

Paleontologia Indica, Memoirs of the Geological Survey of India,

Series 15 (Himalayan Fossils), 4 (1), 1–132.
-1905. Einige Bemerkungen €uber die Ammonitengattung

Hoplites NEUMAYR. Sitzungsberichte der Kaiserlichen

Akademie der Wissenschaften in Wien, Mathematisch-

Naturwissenschaftliche Klasse, 114, 591–636.
- 1910a. The Fauna of the Spiti Shales (1903–1910).

Paleontologia Indica, Memoirs of the Geological Survey of India,

Series 15 (Himalayan Fossils), 4 (2), 133–306.
- 1910b. The Fauna of the Spiti Shales (1903–1910).

Paleontologia Indica, Memoirs of the Geological Survey of India,

Series 15 (Himalayan Fossils), 4 (3), 307–395.
-1910c. Die Fauna der Spiti-Schiefer des Himalaya, ihr

geologisches Alter und ihre Weltstellung. Denkschriften der

Kaiserlichen Akademie der Wissenschaften, Mathematisch-

Naturwissenschaftliche Classe, 85, 531–609.
VA �S�I �CEK, Z. 1997. Ammonite stratigraphy of the pre-Albian

Lower Cretaceous formations of the Western Carpathians

LUKENEDER ET AL . : EARLY CRETACEOUS HIMALAYAN AMMONOIDS 1027



(Czech and Slovak Republics). Geologica Carpathica, 48 (4),

231–242.
- and MICHAL�IK J . 1986. The Lower Cretaceous

ammonites of the Man�ın Unit (Mt. Buthkov, West

Carpathians). Geologica Carpathica, 37 (4), 449–481.
-and SUMMESBERGER H. 2004. Ammonoids from the

Aptian (Lower Cretaceous; Upper Austria) of the Northern

Calcareous Alps. Annalen des Naturhistorischen Museum Wien,

106A, 53–65.
-REH �AKOV �A, D., MICHAL�IK , J . , PETER �C �AKOV �A′ ,

M. and HAL �ASOV �A, E . 1992. Ammonites, aptychi, nanno-

and microplankton from the Lower Cretaceous Pieniny

Formation in the “Kysuca Gate” near �Zilina (Western

Carpathian Klippen Belt, Kysuca Unit). Z�apadn�e Karpaty, s�eria

paleontol�ogia, 16, 43–57.
WAAGEN, W. 1875. Jurassic fauna from Kutch. The

Cephalopoda. Memoirs of the Geological Survey of India,

Paleontologia Indica, 1, 447 pp.

- 1879. Die geopraphische Vertheilung der fossilen

Organismen in Indien. Denkschriften der Kaiserlichen Akademie

der Wissenschaften, Mathematisch-Naturwissenschaftliche Classe,

39, 1–28.
WESTERMANN, G. E. G. and WANG, Y.-G. 1988. Middle

Jurassic ammonites of Tibet and the age of the Lower Spiti

Shales. Palaeontology, 31 (2), 295–339.
WHITEHOUSE, F. W. 1926. The Cretaceous Ammonoidea of

eastern Australia.Memoirs of the QueenslandMuseum, 8, 195–214.

-1927. Additions to the Cretaceous ammonite fauna of

Estern Australia. Part 1 (Simberskitidae, Aconeceratidae, and

Parahoplitidae). Memoirs of the Queensland Museum, 9 (1),

109–120.
WILKE, H. G. 1988. Stratigraphie und Sedimentologie

der Kreide im Nordwesten der Provinz Alicante

(SE-Spanien). Berliner Geowissenschaftliche Abhandlungen, A/

95, 72 pp.

WIPPICH, M. G. E. 2001. Die tiefe Unter-Kreide (Berrias bis

Unter-Hauterive) im S€udwestmarokkanischen Becken:

Ammonitenfauna, Bio- und Sequenzstratigraphie. PhD Thesis,

Ruhr-University of Bochum, Bochum, 142 pp.

WRIGHT, C. W. 1957. Mesozoic Ammonoidea. In MOORE,

R. C. (ed.). Treatise on invertebrate Palaeontology Part L,

Mollusca 4: L 80–L 465. Geological Society of America,

Boulder, Colorado and University of Kansas Press, Lawrence,

Kansas, 490 pp.

-CALLOMAN, J. H. and HOWARTH, M. K. 1996.

Treatise on invertebrate paleontology, Part L, Mollusca 4 revised

(Cretaceous Ammonoidea). Geological Society of America,

Boulder and University of Kansas Press, Lawrence, 362 pp.

YIN, J. and ENAY, R. 2004. Tithonian ammonoid

biostratigraphy in eastern Himalayan Tibet. Geobios, 37, 667–
686.

ZITTEL, K. A. VON. 1868. Die Cephalopoden der

Stramberger Schichten. Palaeontologische Mittheilungen aus

dem Museum des Koeniglich-Bayerischen Staates, 2, 33–118.

1028 PALAEONTOLOGY , VOLUME 56


