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Abstract. A new genus of Triassic Nautilida, Gyronautilus, is proposed for material from the Lower 
Triassic of South Primorye, Russia. The new genus differs from previous known genera of the 
family Grypoceratidae by its gyroconic shell with subrectangular whorl sections and a near-marginal 
siphuncle. A new subfamily, Gyronautilinae, within the Grypoceratidae is also proposed. 
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Introduction 

The Triassic deposits in South Primorye, Far East of 
Russia, yield well-preserved nautilids, some of which spe­
cies have been described by previous authors (Diener, 
1895; Kiparisova, 1954, 1961; Zakharov, 1978). Syringo­
ceras praevolutum was proposed by Kiparisova (1961) on 
the basis of a single small specimen collected by N.K. 
Trifonov in 1948 from the' Lower Triassic of the Abrek Bay 
area, about 45 km southeast of Vladivostok. The exact lo­
cality and horizon of the specimen were not described, but 
recently we found a large and complete specimen identified 
as S. praevolutum from the type locality (Figure 1). In this 
paper we describe the early to adult features of the species, 
and propose a new subfamily and genus based on the 
specimen. 

The specimen utilized herein is deposited in the National 
Science Museum, Tokyo (NSM). 

Note on Stratigraphy 

The Lower Triassic strata exposed along the eastern 
coast of Abrek Bay are lithostratigraphically divided into two 
formations, the Lazurnaya Bay and Zhitkov Formations in 
upward sequence, as defined by Zakharov (1996, 1997) 
along the shore of Lazurnaya (= Shamara) Bay and the east 
coast of Russian Island near Vladivostok. 

The Lazurnaya Bay Formation unconformably overlies the 
Permian Abrek Formation and consists of basal conglomer­
ate and gray, fine-grained, bedded sandstone with lenses of 
coquinoid calcareous sandstone. Its thickness is 57.9 m in 
the section surveyed. It contains the ammonoids Gyronites 

subdharmus Kiparisova and Koninckites? sp., the brachio­
pod Lingula sp., the bivalves Promyalina vetusta Bencke 
and Eumorphotis multiformis (Bittner) in the middle part, and 
the cephalopods Hedenstroemia sp., Meekoceras boreale 
Diener, M. subcristatum Kiparisova, Ambites sp. indet., and 
Gyronautilus praevolutum (Kiparisova), as well as the 
brachiopods Abrekia sulcata Dagys and Lingula borealis 
Bitner in the upper part (Zakharov and Popov, 1999). 
These fossils suggest the Upper Induan in the middle part 
and the Lower Olenekian (lower part of the Hedenstroemia 
bosphorensis Zone) in the upper part of the formation. The 
Induan/Olenekian boundary is located at 55 m above the 
base of the formation. 

The overlying Zhitkov Formation consists mainly of dark 
grey siltstone with calcareous nodules and intercalations of 
fine-grained sandstone. The formation is more than 87.3 m 
thick in the section studied. The ammonoids Inyoites spicini 
Zakharov, Parahedenstroemia conspicienda Zakharov, 
Prosphingitoides magnumbilicatus (Kiparisova), Dienero­
ceras sp., Meekoceras boreale Diener, M. sUbcristatum 
Kiparisova, Koninckites aft. timorense Wanner, K. varaha 
(Diener), Arctoceras septentrionale (Diener), and Flemingi­
tes sp., as well as the bivalves Phaedrysmocheilus sp. and 
Promyalina putiatinensis (Kiparisova) were found in the 
lower part of the formation, suggesting an early Olenekian 
age (upper part of the Hedenstroemia bosphorensis Zone). 

Paleontological description 

Order Nautilida Agassiz, 1847 
Superfamily Trigonocerataceae Hyatt, 1884 
Family Grypoceratidae Hyatt in Zittel, 1900 
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Sea of Japan 

Figure 1. Map showing the fossil locality in South 
Primorye, Far East Russia. 

Subfamily Gyronautilinae, subf. nov. 

Diagnosis. - Gyroconic shell with flattened venter. 
Suture with distinct ventral and lateral lobes. 

Composition. - One genus: Gyronautilus Zakharov and 
Shigeta. 

Remarks.-Kiparisova (1961) described "Syringoceras" 
praevolutum in 1961 from the Lower Triassic of South 
Primorye and included it in the family Syringonautilidae. 
Shimansky (1962) recognized four subfamilies in the family 
Grypoceratidae: Domatoceratinae, Grypoceratinae, Syringo­
nautilinae and Clymenonautilinae. During our investigation 
of Kiparisova's species we experienced problems with deter­
mination of its subfamily assignment, and concluded that it 
seems to be a representative of a new, previously unknown 
subfamily of the family Grypoceratidae. However, the 
nomenclatural and taxonomic history around the type genus 
of Grypoceratidae, Grypoceras Hyatt, 1883 is very compli­
cated (T. Engeser, 2000, personal communication) and was 
not completely correctly investigated by Engeser and 
Reitner (1992). 

Distribution.-Lower Triassic in South Primorye, Russia. 

Genus Gyronautilus, gen. nov. 

Type species.-Gyronautilus praevolutum (Kiparisova). 
Diagnosis.-Gyroconic shell with subrectangular whorl­

sections and a near-marginal siphuncle. Suture with shal­
low ventral lobe, broad lateral lobe, and deep dorsal lobe. 

Discussion.-The new genus is discussed with Gyronauti­
Ius praevolutum. 

Geological distribution.-Lower Olenekian. 

Gyronautilus praevolutum (Kiparisova, 1961) 

Figures 2-4 

Syringoceras praevolutum Kiparisova, 1961, p.25, p1.4, fig. 2. 

1 em 2 

Figure 2. Whorl cross sections of Gyronautilus 
praevolutum (Kiparisova), NSM PM16132, at whorl 
height of 18.0 mm (1) and 39.3 mm (2). S: siphuncle. 

Venter 

Figure 3. Suture line of Gyronautilus praevolutum 
(Kiparisova), NSM PM16132, at whorl height of 25 mm. 

Holotype.-CGM 1215504 figured by Kiparisova (1961, 
pl.4, fig.2) from the Lower Triassic (Olenekian?) of Abrek 
Bay in South Primorye, Russia. 

Material.-One specimen, NSM PM16132. 
Description.-Shell moderately large, reaching 92.6 mm 

in diameter, rapidly expanding gyroconic conch, consisting 
of 1.7 whorls. Embryonic shell 18.2 mm long, exogastrically 
curved, consisting of 0.4 whorl, attaining 7.4 mm height and 
7.0 mm width at nepionic constriction. First whorl sub­
quadrate in cross section, with near-marginal siphuncle, at­
taining 18.1 mm height and 14.7 mm width: umbilical 
opening 8.2-13.4 mm across. Adult whorl subrectangular 
in cross-section with rounded-inflated venter, well-rounded 
shoulder and concave dorsal side, with near-marginal 
siphuncle, attaining 39.7 mm height and 36.1 mm width at 
last septum. Body chamber partly preserved, attaining 45.2 
mm height and 36.6 mm width at adoral end. Shell surface 
not preserved. Suture consisting of shallow ventral lobe, 
broad lateral lobe, and deep dorsal lobe. 

Discussion. - Kiparisova described the only previously 
known middle stage of Gyronautilus praevolutum on the 
basis of a fragment of the phragmocone reaching 17.0 mm 
height and 15.0 mm width at the last septum. The speci­
men described herein is a large and nearly complete one 
from the embryonic shell to a part of the adult body chamber. 
Characteristic features described by Kiparisova (1961) are 
also observed in the middle stage of specimen NSM 
PM16132. 

Gyronautilus praevolutum is placed within the family 
Grypoceratidae because of its flattened venter and suture 
with ventral and lateral lobes. Among the previously de-
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Fugure 4. Gyronautilus praevolutum (Kiparisova), NSM PM16132. Right lateral (1), back (2). left lateral (3) and frontal (4) 
views, x 1.0. Arrow marks indicate the position of the preserved last septum. 

233 
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scribed genera of the family, the shape of the conch and the 
suture of Gyronautilus show closest affinities with the 
Permian Domatoceras. The sutures of both are similar, 
with rounded ventral and lateral lobes (Kummel, 1964). 
Gyronautilus shows some affinities to Triassic Grypoceras 
and Menuthionautilus, but the latter two differ in the propor­
tions of sutural elements, in general forms of the conch, and 
in the siphuncle position (Kummel, 1953, 1964). It seems 
best to consider that Gyronautilinae is an offshoot of 
Domatoceratinae. 

Occurrence.-NSM PM16132 was collected from the up­
permost part of the Lazurnaya Bay Formation in the Abrek 
Bay area, Hedenstroemia bosphorenses Zone of the Lower 
Olenekian. 
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Abstract. Hop/oparia sp. (Astacidea, Nephropidae) and Callianassa (s. I.) sakakuraorum sp. nov. 
(Thalassinidea, Callianassidae) are described from the Lower Cretaceous Arida Formation in 
Wakayama Prefecture, Japan. Both genera are recognized for the first time from Lower 
Cretaceous (Barremian) deposits of Japan. These occurrences indicate that Hop/oparia and 
Callianassa reached Japan-the west side of the North Pacific region-by the Barremian. 

Key words: Arida Formation, Cretaceous, Crustacea, Oecapoda, Japan 

Introduction 

Early Cretaceous decapod Crustacea from Japan previ­
ously were only known from the Aptian Miyako Group, north­
western Japan (Takeda and Fujiyama, 1983). The purpose 
of this paper is to describe two species of decapods, 
Hoploparia sp. (Astacidea, Nephropidae) and Callianassa 
(s. I.) sakakuraorum sp. nov. (Thalassinidea, Callianassidae) 
from the Lower Cretaceous Arida Formation of Wakayama 
Prefecture, southwestern Japan. Hitherto, Hoploparia from 
the Lower Cretaceous of the North Pacific region has been 
known from the Hauterivian of Oregon (Feldmann, 1974), 
while Callianassa (s. I.) has not been found in Lower 
Cretaceous deposits of that region. 

The specimens were collected from sandy mudstone ex­
posed at Suhara [Loc. 02 of Komatsu (1999)], Yuasa-cho, 
Wakayama Prefecture. Obata and Ogawa (1976) and 
Matsukawa and Obata (1993) indicated that the geologic 
age of the formation is Barremian. Komatsu (1999) studied 
the depositional environments and molluscan assemblages 
of the Arida Formation in the area and divided the formation 
into four depositional facies. The decapod fossils occurred 
in his facies 3, which is characterized by the predominant 
occurrence of Nanonavis yokoyamai and seems to indicate 
an inner-shelf paleoenvironment (Komatsu, 1999). 

The described specimens are deposited in the Mizunami 
Fossil Museum (MFM). 

Systematic paleontology 

Infraorder Astacidea Latreille, 1802 
Superfamily Nephropoidea Dana, 1852 

Family Nephropidae Dana, 1852 
Subfamily Homarinae Huxley, 1879 
Genus Hop/oparia McCoy, 1849 

Hop/oparia sp. 

Figure 1.1, 1.2 

Description. - Hoploparia with small-sized body. 
Carapace laterally compressed. Anterior half of carapace 
poorly preserved. Rostrum lacking. Surface finely granu­
lated. Postcervical groove deep dorsally, obliquely extend­
ing ventrally. Hepatic groove obscurely defined, curving to 
join antennal and cervical grooves. Cervical groove deep, 
slightly arcuate, extending ventrally to join antennal groove. 
Antennal groove nearly straight. Gastro-orbital groove shal­
low, extending to near upper part of cervical groove. 
Antennal region with antennal ridge. Dorsal and 
supraorbital ridges well developed. Intermediate carina 
weakly developed. Branchial region finely punctuate. 

Abdominal somites 1-6 smootli. Pleuron of somite 1 
somewhat reduced; posteroventral corner with posterovent­
rally directed spine. Pleuron of somite 2 subrectangular; 
anteroventral corner rounded; ventral margin gently convex; 
posteroventral corner with posteroventrally directed spine; 
posterior margin gently concave; surface with marginal fur­
rows joining transverse furrow on anterior part of tergum. 
Pleura of somites 3 and 4 with sharp, posteroventral cor­
ners; surfaces with shallow, broad marginal furrow along 
posterior margin. Pleuron of somite 6 reduced. Telson, 
uropod and pereiopods unknown. 

Discussion.-The carapace with dorsal, supraorbital and 
antennal ridges readily distinguishes the species from two 
known Japanese species, Hoploparia miyamotoi Karasawa, 
1998 from the Maastrichtian Izumi Group and Hoploparia 
kamuy Karasawa and Hayakawa, 2000 from the Turonian­
Santonian part of the Upper Yezo Group. Hoploparia sp. 
possesses characters most like those of Hoploparia 
collignoni (Van Straelen, 1949) from the Albian of 
Madagascar and Hoploparia riddlensis Feldmann, 1974 
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Figure 1. 1, 2. Hoploparia sp. , MFM247111 , carapace and abdomen. x2.0. 1: Latex cast of external mould of the speci­
men; 2: lateral view. 3-5. Callianassa (s. I.) sakakuraorum sp. nov. 3: MFM247016 (paratype) , external mould of both 
chelipeds and abdomen, x2.0, lateral view. 4: MFM247015 (holotype) , abdomen, x2.0, dorsal view. 5: MFM247015 (holotype) , 
carapace, cheliped, pereiopods and abdomen, x2.0, lateral view. 

from the Hauterivian of Oregon. However, the present 
species has well developed supraorbital and antennal ridges 
on the carapace. Hoploparia sp. is similar to Hoploparia 
longimana (Sowerby, 1826) from the Barremian of Argentina 
and the Aptian-Cenomanian of England, and Hoploparia 
mesembria Etheridge, 1917 from the Albian of Australia, but 
differs in the presence of an obscurely defined hepatic 
groove and a well developed antennal ridge. Hoploparia 
longimana and H. mesembria possess a dentate supraorbi­
tal ridge and an antennal region with three large projections. 

Hoploparia, earliest known from the Neocomian of 
Europe, U. S. A and Argentina (Aguirre-Urreta, 1989), has 
been recorded from Cretaceous-Palaeogene deposits in 
Europe, U. S. A, Japan, Argentina, Australia, New Zealand, 
and Antarctica (Aguirre-Urreta, 1989; Karasawa and 
Hayakawa, 2000). 

Material examined.-MFM247111 collected by Y. Mizuno. 

Infraorder Thalassinidea Latreille, 1831 
Superfamily Callianassoidea Dana, 1852 

Family Callianassidae Dana, 1852 
Genus Callianassa Leach, 1814 

Callianassa (s. I.) sakakuraorum sp. nov. 

Figure 1.3- 1.5 

Diagnosis.-Moderate-sized callianassid. Pereiopods 1 
chelate, equal-sized, dissimilar. Palm of right cheliped, 
equal to fixed finger length, slightly longer than high; carpus 
short, about 1/4 propodus length, height 3/4 length; merus 
slightly longer than carpus, rhomboidal in lateral view, dorsal 
and ventral margins strongly convex without meral hook and 
spines. Propodus of left cheliped about equal to right 
propodus length, rather slender; palm slightly longer than 
fixed finger, height about 4/5 length. 

Description. - Moderate sized callianassid. Only right 
branchial region of carapace preserved. Abdominal somite 
1 poorly preserved. Somite 2 slightly longer than 3. Pleura 
of somites 2-5 well developed with rounded posteroventral 
corner. Pleuron of somite 6 reduced with convergent lateral 
margins. Telson about equal to length of somite 6 with lon­
gitudinal ridge on dorsal surface. Uropod unknown. 

Pereiopods 1 chelate, equal-sized, dissimilar. Dactylus 
of right cheliped strongly curved ventrally with acutely 
pointed tip; dorsal and occlusal margins smooth. Fixed fin­
ger slightly longer than dactylus with acutely pointed tip; 
occlusal and ventral margins smooth. Palm rectangular in 
lateral view, equal to fixed finger length, slightly longer than 
high, with longitudinally convex lateral surface; dorsal and 
ventral margins smooth. Carpus short, about 1/4 propodus 
length, height 3/4 length, with nearly straight dorsal margin 
and strongly curved ventral margin. Merus slightly longer 
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than carpus, rhomboidal in lateral view, dorsal and ventral 
margins strongly convex without meral hook; lateral surface 
strongly vaulted. Ischium poorly preserved, slender without 
marginal teeth or spines. Propodus of left cheliped about 
equal to major propodus length, rather slender in outline, 
occupying about 3/4 major propodus height. Dactylus gen­
tly curved ventrally with acutely pointed tip; dorsal and 
occlusal margins smooth. Fixed finger slightly shorter than 
dactylus with acutely pointed tip; occlusal and ventral margin 
smooth. Palm rectangular in lateral view, slightly longer 
than fixed finger, height about 4/5 length, with smooth dorsal 
and ventral margins. 

Pereiopod 2 not preserved. Carpus and merus of 
pereiopod 3 preserved; carpus flattened, slender, tapering 
proximally; merus flattened, about twice length of carpus 
with straight dorsal and gently convex ventral margins. 
Propodus, carpus, merus and ischium of pereiopod 4 pre­
served; propodus small, broken; carpus slender; merus 
about twice length of carpus; ischium about half carpus 
length. Pereiopod 5 unknown. 

Discussion.-Manning and Felder (1991) recognized two 
families, seven subfamilies and 21 genera for taxa previ­
ously assigned to the extant Callianassidae, whilst Sakai 
(1999) reexamined all known extant members in the family 
and recognized four subfamilies and 10 genera. The ge­
neric placement of the present species awaits the discovery 
of better material bearing the maxilliped 3 and the telson, 
and it is considered best to place the specimen in 
Callianassa (s. I.) for the time being. 

The genus Callianassa from the Cretaceous of Japan is 
represented by two species, "Callianassa" ezoensis Nagao, 
1932 from the Maastrichtian Hakobuchi Sandstone and 
Callianassa (s. I.) masanorii Karasawa, 1998 from the 
Maastrichtian Izumi Group. Callianassa (s. I.) sakakura­
orum differs from "C." ezoensis in that pereiopods 1 have 
dissimilar chelipeds, smooth ventral margins of propodi, and 
a rhomboidal merus. Equal-sized pereiopods 1 with short 
fingers and carpi readily distinguish C. (s. I.) sakakuraorum 
from C. (s. I.) masanorii. The new species most resembles 
"Callianassa" valida Rathbun, 1935 from the Lower 
Cretaceous of Texas, but differs in having a shorter 
propodus of pereiopod 1 with a smooth dorsal margin and a 
rhomboidal merus of pereiopod 1. In C. (s. I.) sakakura­
orum the dactylus of pereiopod 1 has a smooth dorsal mar­
gin whilst in "C." valida it has a serrated dorsal margin. 

The earliest known members of Callianassa (s. I.) have 
been recorded from the Neocomian of Europe (Glaessner, 
1929) and the Valanginian of Argentina (Aguirre-Urreta, 
1989). The Jurassic members of the genus were removed 
to the axiid genus Etallonia Oppel, 1861, by Forster (1977). 
The known distribution of Callianassa (s. I.) is from Upper 
Cretaceous-Recent worldwide (Glaessner, 1969). 

Etymology.-The name is dedicated to Fujio and Norihiko 
Sakakura. 

Material examined.-MFM247015 (holotype) collected by 
M. Chiba; MFM247016 (paratype) collected by N. Sakakura. 
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Abstract. Twelve species in 11 genera of decapod crustaceans are recorded from Palaeogene 
rocks of Nagasaki and Saga Prefectures, Kyushu, Japan. Carinocarcinoides gen. nov. 
(Goneplacidae) is proposed to accommodate Carinocarcinoides carinatus sp. nov. and Varuna 
angustifrons Karasawa from the lower Oligocene Kishima Group. A new monotypic genus, 
Cicarnus (Portunidae), is erected with Cicarnus fumiae sp. nov. from the middle Eocene 
Okinoshima Group. Neocallichirus sakiae sp. nov. (Callianassidae) is described from the lower 
Oligocene Kishima Group. Axius (s. I.) sp. and Euphy/ax? sp. from the Kishima Group represent 
the first records for both genera from the Oligocene of Japan. The occurrence of Minohe/lenus 
macrocheilus Kato and Karasawa extends the known geologic range of this species back to the 
lower Oligocene. A new description is given for Collinsius simp/ex Karasawa. 

Key words: Crustacea, Decapoda, Japan, Kyushu, Palaeogene 

Introduction 

Previous contributions describing and illustrating decapod 
species from Palaeogene rocks of Kyushu are rather limited. 
Yokoyama (1911) was the first to describe two new species, 
Xanthilites pentagona/is and Hom%psis japonicus, from the 
Palaeogene of the Miike Coalfield. Nagao (1941) recorded 
and illustrated an unnamed Callianassa sp. indet. from the 
Palaeogene of the Asakura Coalfield. Five species in five 
genera were described from the lower Oligocene Kishima 
Group in Saga and Nagasaki Prefectures by Imaizumi 
(1958) and Karasawa (1993, 1997). Inoue (1972) intro­
duced an abundant occurrence of unnamed crabs from the 
lower Oligocene Kishima Group distributed in the Karatsu 
Coalfield. Karasawa (1992) described five species from the 
middle Eocene Manda Group, moved Xanthilites pentagona­
lis to Branchiop/ax Rathbun, 1916 and erected a new 
monotypic genus Prohomo/a for Hom%psis japonicus. 
Kato and Karasawa (1994) described a new portunid, 
Minohellenus macrocheilus from the upper Oligocene 
Ashiya Group and additional material of the species was re­
corded (Kato and Karasawa, 1996). 

The purpose of this paper is to describe 12 species in 11 
genera, including two new genera and three new species, of 
decapods from the middle Eocene-lower Oligocene rocks in 
Saga and Nagasaki Prefectures, Kyushu. New descriptions 
are given for Carinocarcinoides angustifrons (Karasawa, 
1993) comb. nov. and Collinsius simp/ex Karasawa, 1993. 

The specimens described in the paper are housed in the 
Mizunami Fossil Museum (MFM). 

Localities 

Kosasa area (Figure 1 A) 
/maizumila sexdentata Karasawa, 1993 occurred in sand­

stone of the Nagashima Sandstone Member, Haiki 
Formation, Kishima Group exposed at Takasakiyama (Loc. 
KSM-1), Usunoura, Kosasa-cho, Kitamatsura-gun, Nagasaki 
Prefecture. The Haiki Formation was correlated with the 
Hatatsu Sandstone Member and Yukiaino Sandstone 
Member of the Kishima Group distributed in the Karatsu­
Taku areas (Matsui et a/., 1989). According to Okada 
(1992), the Hatatsu Sandstone Member and Yukiaino 
Sandstone Member are assigned to Zone CP17 (early 
Oligocene) of Okada and Bukry's (1980) scale of 
nannofossils. 

Karatsu-Taku areas (Figure 1 B) 
Eight species in seven genera of decapods (Figure 2) 

were collected from the Kishima Formation and Yukiaino 
Sandstone Member of the Kishima Group from 15 localities 
distributed in the eastern part of Saga Prefecture. Okada 
(1992) assigned the Kishima Formation to Zone CP16a of 
Okada and Bukry's nannozones and the Yukiaino 
Sandstone to Zone CP17. Details of localities are shown in 
Table 1. 
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Figure 1. Map showing decapod localities of the studied areas. 

Age Middle Eocene 

Nanna Zone by Okada & Bukry (1980) CP13·14 

Formation Ok in oshima G. 

Okinoshima F. 

Locality 

Species OKN-1 

Axius 15.1.1 sP. 

Ctenocheles suiakui Imaizumi 1958 

Callianassa 15.1.\ so. X 

Neocallichirus sakiae so. nov. 

Raninoides nodai Karasawa 1992 X 

Imaizumila sexdentata Karasawa 1993 

Cicarnus fumiae oen. et so. nov. X 

Minohellenus macrocheilus Kato and Karasawa 1994 

EuphyJax ? so. 

Carinocarcinoides anaustifrons (Karasawa 1993\ comb. nov. 

Carinocarcinoides carinatus aen. et so. nov. 

Coilinsius simplex Karasawa 1993 

Okinoshima area (Figure 1 C) 
Three species in three genera of decapods (Figure 2) 

were collected from sandstone of the Okinoshima Formation 
of the Okinoshima Group exposed at Aze, lojima-cho, 
Nagasaki City. The Okinoshima Formation is correlated 
with the lower part of the Sakasegawa Group in the 
Amakusa Coalfield and the Nougata Group in the Chikuho 
Coalfield (Ozaki and Hamasaki, 1991). According to Ozaki 
and Hamasaki, the formation seems to be assigned to 
Zones CP13-14 (middle Eocene) by Okada and Bukry's 
(1980) nannozone. 

Summary of the Palaeogene decapod fauna of Kyushu 

The decapod fauna from the Okinoshima Group com­
prises three species, Callianassa (s. I.) sp., Raninoides 
nodai Karasawa, 1992 and Cicarnus fumiae gen. et sp. nov. 
(Figure 2). Previously known decapods from the middle 
Eocene rocks are recorded from the Dosi and Kawamagari 
Formations (Nagao, 1941) and the Manda Group 
(Yokoyama, 1911; Karasawa, 1992). Callianassa (s. I.) sp. 
is known from the Dosi and Kawamagari Formations and R. 
nodai from the Manda Group. Cicarnus is only known from 
the Okinoshima Group. The middle Eocene decapod fauna 
has close affinities with those of the western-central Tethys 
region, based on the occurrences of Prohomola, Portunites 
and Branchioplax from the Manda Group (Karasawa, 1992, 
1999). 

The early Oligocene decapod fauna from the Kishima 
Group is represented by nine species in eight genera (Figure 
2). The fauna from the Kishima Formation is characterized 
by the abundant occurrence of Collinsius simplex Karasawa, 
1993, whilst from the Yukiaino Sandstone Member it is char-

Earlv Olioocene 

CP16a CP17 

Kishima Grouo 

Kishima Formation Yukiaino Sandstone M. Haiki F. 

KSM-

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 

X 

X X X X 

X X X X X 

X 

X X 

X 

X 

X 

X X X X X X X X X X 

Figure 2. List of fossil decapods from the studied areas. Locality numbers are shown in Figure 1. 
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Table 1. List of decapod-bearing localities of the Karatsu-Taku areas. 

Loc. no. Locality 

KSM-2 Hatada, Ohmachi, Ohmachi-cho, Saga Prefecture 

KSM-3 Magami, Osaki, Kitagata-cho, Saga Prefecture 

KSM-4 SE of Magami, Osaki, Kitagata-cho, Saga Prefecture 

KSM-5 Tatsugawa, Okawa-cho, Imari City, Saga Prefecture 

KSM-6 Shimohirano, Kitahata-mura, Saga Prefecture 

KSM-7 Shimohiranotoge, Kitahata-mura, Saga Prefecture 

KSM-8 Sarajuku, Takeo City, Saga Prefecture 

KSM-9 Wakagi, Takeo City, Saga Prefecture 

KSM-10 Takatori, Kitagata-cho, Saga Prefecture 

KSM-11 Oubounotoge, Arita-cho, Saga Prefecture 

KSM-12 Komanaki, Okawa-cho, Imari City, Saga Prefecture 

KSM-13 Shige, Kitahata-mura, Saga Prefecture 

KSM-14 Tuzumi, Minamihata-cho, Imari City, Saga Prefecture 

KSM-15 Kirigo, Hizen-cho, Saga Prefecture 

KSM-16 Sosorogawachi, Genkai-cho, Saga Prefecture 

acterized by the frequent occurrence of Neocallichirus 
sakiae sp. nov. Among the known genera from the Kishima 
Group, Carinocarcinoides and Collinsius are Japanese early 
Oligocene endemic genera; Imaizumila is only known from 
the Oligocene of Japan and the Eocene-Miocene of Chile 
(Schweitzer and Feldmann, 2000); Minohellenus occurs out­
side of Japan in Oligocene-Miocene rocks of Washington 
and Oregon (Schweitzer and Feldmann, 2000). Axius 
(s. I.), Ctenocheles, Callianassa (s. I.) and Neocallichirus are 
cosmopolitan. Euphylax occurs in the Caribbean and East 
Pacific Ocean at the present day, but the fossil record 
seems to extend to the lower Oligocene of Japan. 
Karasawa (1999) suggested that the Tethyan genera 
Prohomola, Portunites and Branchioplax disappeared by the 
Oligocene and that the decapod fauna of southwest Japan 
appears to become endemic in the early Oligocene. 

Systematic paleontology 

Infraorder Thalassinidea Latreille, 1831 
Superfamily Axioidea Huxley, 1879 

Family Axiidae Huxley, 1879 
Genus Axius Leach, 1814 

Type species.-Axius stirhynchus Leach, 1814 by mono­
typy. 

Geologic range.-Oligocene to Recent. 

Axius (s. I.) sp. 

Figure 3.1 a-c 

Description. - Anterior half of carapace preserved but 
lacks rostrum. Anterolateral margin unarmed. Gastric re­
gion convex; median carina smooth, well marked, extending 
from anterior margin to posterior fourth of gastric region; lat-

Formation 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mUdstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandy mudstone of the Kishima Formation, Kishima Group 

Sandstone of the Yukiaino Sandstone Member, Kishima Group 

Sandstone of the Yukiaino Sandstone Member, Kishima Group 

Sandstone of the Yukiaino Sandstone Member, Kishima Group 

Sandstone of the Yukiaino Sandstone Member, Kishima Group 

Sandstone of the Yukiaino Sandstone Member, Kishima Group 

eral carinae weak, extending from anterior margin to anterior 
third of gastric region. Cervical groove well developed, 
reaching anteroventrally to hepatic region. Postcervical re­
gion of carapace glabrous. Pereiopods 1-3 preserved. 
Meri of both pereiopods 1 flattened laterally, lateral surface 
smooth, dorsal and ventral margins pitted, without spines. 
Palm and carpus of pereiopod 2 compressed laterally; lat­
eral surface, dorsal and ventral margins smooth. Carpus 
and merus of pereiopod 3 cylindrical in cross section, with­
out marginal spines. 

Discussion.-Poore (1994) recognized four families and 
32 genera for taxa previously assigned to the extant Axiidae. 
The definition of the extant axiids includes detailed charac­
ters of eyes, antennae, pleopods, and uropods, which are 
not available for study in fossil specimens. The present 
species is assigned to Axius (s. I.) by having a carapace with 
a well defined cervical groove and without linea 
thalassinicae. The single incomplete specimen renders ge­
neric placement obscure and it is considered best to place 
the specimen in Axius (s. I.). 

Previously known fossil members of Axius (s. I.) are re­
corded from the Oligocene of Panama and the Pliocene of 
France (Glaessner, 1969). 

Material examined.-MFM218633 from KSM-6. 

Superfamily Callianassoidea Dana, 1852 
Family Ctenochelidae Manning and Felder, 1991 

Subfamily Ctenochelinae Manning and Felder, 1991 
Genus Ctenocheles Kishinoue, 1926 

Type species. - Ctenocheles balssi Kishinoue, 1926 by 
monotypy. 

Geologic range.-Late Cretaceous to Recent. 
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1c 

Figure 3. 1a-c. Axius (s. I.) sp., MFM218633, x1.8; 1a: carapace, dorsal view; 1 b: carapace and pereiopod 1, lateral view; 
1c: carapace and pereiopods 1-3, lateral view. 2,4. Callianassa (s. I.) sp., x1.2; 2, carpus of major cheliped, lateral view; 4: 
propodus of major cheliped , mesial view. 3. Ctenocheles sujakui Imaizumi, 1958, MFM218631, fixed finger of major cheliped, 
x1 .8, lateral view. 5-8, 10, 11 . Neocallichirus sakiae sp. nov.; 5: MFM218516 (paratype), major cheliped, x1.5, lateral view; 
6: MFM218515 (holotype), minor cheliped , x2.5, lateral view; 7: MFM218519 (paratype) , major cheliped, x1 .5, lateral view; 8, 
MFM218515 (holotype), major cheliped , x1.5, lateral view; 10: MFM218518 (paratype), major cheliped, x1.5, lateral view; 11, 
MFM218517 (paratype). major cheliped , x1.5, lateral view. 9: Raninoides nodai Karasawa, 1992, MFM218636, carapace, x1.5, 
dorsal view. 

Ctenocheles sujakui Imaizumi, 1958 

Figure 3.3 

Remarks.-Imaizumi (1958) originally described the spe­
cies from the lower Oligocene Kishima Formation of Nagao, 
Taku City, Saga Prefecture. 

Ctenocheles sujakui Imaizumi, 1958, p. 301 , pI. 44, figs. 2-5; 
Karasawa, 1997, p. 31, pI. 3, figs. 5, 7. 

Material examined. - MFM218631 and 218632 from 
KSM-3; referred specimens from KSM-2, 4, 7. 
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Family Callianassidae Dana, 1852 
Subfamily Callianassinae Dana, 1852 

Remarks.-Manning and Felder (1991) recognized two 
families, seven subfamilies and 21 genera for taxa previ­
ously assigned to the extant Callianassidae. According to 
Manning and Felder's (1991) classification, Poore (1994) 
gave keys to 20 genera in the extant Callianassidae. Since 
then, four genera, Grynaminna Poore, 2000, Necallianassa 
Heard and Manning, 1998, Nihonotrypaea Manning and 
Tamaki, 1998, and Pseudobiffarius Heard and Manning, 
2000, have been described. Fossil taxa have traditionally 
been assigned to Callianassa (s. I.); however, recent studies 
have employed the classification of Manning and Felder 
(Karasawa, 1992, 1993, 1997; Karasawa and Goda,1996; 
Kato, 1996; Schweitzer Hopkins and Feldmann,1997; 
Stilwell et al., 1997; Vega et al., 1995). Sakai (1999) reex­
amined all known extant members in the family 
Callianassidae and recognized four subfamilies and 10 gen­
era in the family. The classification of Callianassidae by 
Sakai is quite different from Manning and Felder's (1991) 
system. After that, Sakai and TOrkay (1999) erected a new 
subfamily Bathycalliacinae with a new genus 8athycalliax. 
Therefore, the fossil species referred to the Callianassidae 
are in need of reexamination. 

Genus Callianassa Leach, 1814 

Type species.-Cancer (Astacus) subterraneus Montagu, 
1808 by monotypy. 

Geologic range.-Cretaceous to Recent. 

Callianassa (s. I.) sp. 

Figure 3.2, 3.4 

Callianassa sp. indet.; Nagao, 1941, p. 85, pI. 26, figs. 8, 9. 

Description.-Propodus and carpus of major cheliped pre­
served. Fixed finger short, about 0.3 propodus length, with 
acutely pointed tip. Palm subrectangular in lateral view, 
longer than high, with distally convergent dorsal and ventral 
margins. Carpus subrectangular in lateral view, equal to 
palm length; dorsal and ventral margins divergent distally. 

Discussion.-The generic placement of the present spe­
cies awaits the discovery of better material and it is consid­
ered best to place the species in Callianassa (s. I.). The 
known Japanese Palaeogene species formerly placed in the 
genus Callianassa comprise five species, Callianassa 
elongatodigitata Nagao, 1941, Callianassa isikariensis 
Nagao and Otatume, 1938, Callianassa kushiroensis 
Nagao, 1941 and Callianassa muratai Nagao, 1932 of 
Hokkaido, and Callianassa sp. indet. (Nagao, 1941) of 
Kyushu. Among these, C. muratai and C. elongatodigitata 
were moved to the genus Callianopsis De Saint Laurent, 
1973 in the family Ctenochelidae by Kato and Karasawa 
(1994). The present species differs from C. ishikariensis 
and C. kushiroensis in that the major cheliped has a short 
fixed finger and a palm with distally convergent dorsal and 
ventral margins. The species is identical with Callianassa 
sp. indet. described from the middle Eocene Dosi and 

Kawamagari Formations of Fukuoka Prefecture by Nagao 
(1941). 

Material examined. - MFM218634 and 218635 from 
OKN-1. 

Subfamily Callichirinae Manning and Felder, 1991 
Genus Neocallichirus Sakai, 1988 

Type species. - Neocallichirus horneri Sakai, 1988 by 
original designation. 

Geologic range.-Oligocene to Recent. 

Neocallichirus sakiae sp. nov. 

Figure 3.5-3.8, 3.10, 3.11 

Etymology.-The specific name is in honor of Miss Saki 
Fudouji. 

Diagnosis.-Chelipeds large, unequal, dissimilar. Dorsal 
margin of dactylus of major cheliped smooth; occlusal mar­
gin with broad tooth on midlength. Fixed finger shorter than 
dactylus; occlusal margin with broad tooth on proximal half. 
Palm rectangular, about 1.3 times longer than high, 1.3 
propodus length, with serrated distal margin. Carpus 
subrectangular, about 0.6 palm length, slightly higher than 
long. Merus equal to palm length, about 0.6 times higher 
than long; ventral margin strongly convex without ventral 
hook. Ischium with dentate ventral margin. 

Description.-Chelipeds large in size, unequal, dissimilar. 
Dactylus of major cheliped curved ventrally with acutely 
pointed tip; dorsal margin smooth with 4 setal pits; occlusal 
margin bearing broad tooth at mid length; lateral surface in­
flated with 4 setal pits parallel to occlusal margin. Fixed fin­
ger about 0.75 dactylus length with acutely pointed tip; 
occlusal margin bearing broad tooth on proximal half; ventral 
margin smooth; lateral surface slightly convex with row of 
setal pits parallel occlusal and ventral margins. Palm rec­
tangular in lateral view, about 1.3 times longer than high, 1.3 
propodus length; dorsal margin slightly convex; ventral mar­
gin nearly straight; distal margin gently convex, serrate; lat­
eral surface longitudinally inflated with row of setal pits 
parallel to ventral margin. Carpus subrectangular in lateral 
view, about 0.6 palm length, slightly higher than long, taper­
ing proximally, with convex lateral surface. Merus equal to 
palm length, about 0.6 times higher than long; dorsal margin 
gently convex; ventral margin strongly convex without ven­
tral hook; lateral surface with longitudinal ridge. Ischium 
poorly preserved, about as long as merus, ventral margin 
dentate. 

Fingers of minor cheliped poorly preserved. Palm rectan­
gular in lateral view, occupying about half palm length of 
major cheliped, slightly longer than high, with convex lateral 
surface; dorsal. margin smooth, ventral margin pitted. 
Carpus rectangular, about 0.75 palm length, with convex lat­
eral surface, its length equal to height. 

Discussion. - The Japanese fossil Neocallichirus is. repre­
sented by three species, Neocallichirus bona (Imaizumi, 
1959) from the Miocene Moniwa Formation and Mizunami 
Group (Karasawa, 1993, 1997), Neocallichirus grandis 
Karasawa and Goda, 1996, from the middle Pleistocene 
Atsumi Group (Karasawa and Goda, 1996) and the middle-
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upper Pleistocene Shimosa Group (Kato and Karasawa, 
1998), and Neocallichirus okamotoi (Karasawa, 1993) from 
the upper Oligocene Hioki Group (Karasawa, 1993, 1997). 
Among these, the new species most resembles N. okamotoi 
but differs in that the major cheliped has broad teeth on the 
occlusal margin of both fingers, a longer palm with a ser­
rated, convex distal margin and a shorter carpus. The 
merus on the major cheliped without marginal denticules 
and a short merus readily distinguish N. sakiae from N. bona 
and N. grand is. 

Material examined.-MFM218515 (holotype) and 218516 
(paratype) from KSM-12; MFM218517 (paratype) and 
218518 (paratype) from KSM-16; MFM218519 (paratype) 
from KSM-14; referred specimens from KSM-13, 14, 15. 

Infraorder Srachyura Latreille, 1802 
Section Podotremata Guinot, 1977 

Superfamily Raninoidea De Haan, 1841 
Family Raninidae De Haan, 1841 

Subfamily Raninoidinae Lorenthey in Lorenthey 
and Seurlen, 1929 

Genus Raninoides H. Milne Edwards, 1837 

Type species. - Ranina loevis Latreille, 1825 by mono­
typy. 

Geologic range.-Palaeocene to Eocene. 

Raninoides nodai Karasawa, 1992 

Figure 3.9 

Raninoides nodai Karasawa, 1992, p. 1252, figs. 4.2 - 4.8; 
Karasawa, 1997, p. 39, pI. 7, figs. 7, 9,11. 

Laeviranina nodai (Karasawa); Tucker, 1998, p. 351. 

Remarks. - Tucker (1998) provisionally placed 
Raninoides nodai in Laeviranina Lorenthey in Lorenthey and 
Seurlen, 1929. However, this species should be assigned 
to Raninoides based upon the absence of the postfrontal 
ridge on the carapace. 

Material examined.-MFM218636 from OKN-1. 

Section Heterotremata Guinot, 1977 
Superfamily Portunoidea Rafinesque, 1815 

Family Portunidae Rafinesque, 1815 
Subfamily Carcininae MacLeay, 1838 

Genus Cicarnus gen. nov. 

Type species.-Cicarnus fumiae sp. nov. by monotypy. 
EtymologY.-Cicarnus is an anagram of Carcinus Leach, 

1814; masculine gender. 
Diagnosis.-Carapace transversely hexagonal in outline, 

length about 0.8 its width. Orbitofrontal margin wide. Front 
with 3 rounded lobes, separated from small, bluntly triangu­
lar supraorbital angle by shallow V-shaped notch. Upper 
orbital margin with 2 open fissures. Anterolateral margin 
convex, bearing 4 well developed teeth. Dorsal surface 
smooth, moderately convex. Regions well defined. 
Epigastric region transversely raised anteriorly. Proto­
gastric region inflated with transverse ridge on each side. 
Mesogastric region bearing anterior transverse ridge. 

Cervical groove well defined. Epibranchial region more in­
flated. Sranchiocardiac grooves poorly defined. 

Discussion.-The subfamily Carcininae is defined by the 
following characters: The carapace is not broad with four or 
five anterolateral teeth; chelae are short; pereiopods 2-5 are 
similar and rather stout, and the pereiopod 5 has a 
lanceolate dactylus [modified from Glaessner (1969)]. 
Although carapace characters of Carcininae overlap those of 
the subfamily Polybiinae Ortmann, 1893, Polybiinae are dis­
tinguished from Carcininae by having a paddle-like 
pereiopod 5 (Glaessner, 1969; Schweitzer and Feldmann, 
2000). 

The Recent Carcininae comprises six genera, 
Benthochascon Alcock and Anderson, 1899, Brusinia 
Stevcic, 1991, Carcinus Leach, 1814, Nectocarcinus A. 
Milne Edwards, 1860, Portumnus Leach, 1814 and Xaiva 
MacLeay, 1838 (Moosa, 1996). Three extinct genera, 
Portunites Sell, 1858, Pleolobites Remy, 1960 and Mioxaiva 
MOiler, 1979, were previously assigned to the subfamily 
(Glaessner, 1969; MOiler, 1979). Schweitzer and Feldmann 
(2000) and Schweitzer et al. (2000) removed Portunites to 
Polybiinae based upon the presence of a paddle-like 
pereiopod 5. The position of P/e%bites and Mioxaiva 
within Carcininae is doubtful (Glaessner, 1969; MOiler, 1984). 

The present new genus and species are represented by a 
single carapace specimen, and chelipeds and pereiopods 
are not preserved. However, Cicarnus possesses carapace 
characters most like those of Benthochascon, Carcinus and 
Nectocarcinus, and may be assigned to Carcininae. 
Cicarnus is most similar to Nectocarcinus, but differs in hav­
ing well developed anterolateral teeth, the frontal margin 
composed of three rounded lobes, and a smooth dorsal 
carapace. The mesogastric region in Cicarnus has a trans­
verse ridge interrupted by a shallow median groove. With 
respect to the front which is composed of three rounded 
lobes, the new genus resembles Benthochascon and 
Carcinus. Cicarnus differs from Carcinus in having four 
anterolateral teeth and well defined dorsal regions. 
Although Cicarnus together with Benthochascon bears four 
anterolateral teeth, in Cicarnus the dorsal regions are well 
defined and a wide anterolateral margin bears well sepa­
rated teeth. 

Cicarnus fumiae sp. nov. 

Figure 4.2a-c 

Etymology.-The specific name is in honor of Mrs. Fumie 
Karasawa. 

Diagnosis.-As for the genus. 
Description.-Carapace hexagonal in outline, length 

about 0.8 its width. Orbitofrontal margin wide, occupying 
0.6 carapace width. Front composed of 3 rounded lobes, 
occupying about 0.3 carapace width, separated from small, 
bluntly triangular supraorbital angle by shallow V-shaped 
notch; median frontal lobe small and laterals broad. Upper 
orbital margin concave, bearing shallow fissure at about 
midwidth of orbit and shallower fissure anterior to outer or­
bital tooth. Anterolateral margin convex, occupying about 
0.45 carapace width, bearing 4 well separated teeth includ­
ing outer orbital tooth; outer orbital tooth acutely triangular, 
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Figure 4. 1. Imaizumila sexdentata Karasawa, 1993, MFM218507 (holotype), carapace, x1 .2, dorsal view. 2a-c. Cicarnus 
fumiae gen. et sp. nov., MFM218512 (holotype) , x 1.5, 2a: frontal view; 2b: dorsal view; 2c: lateral view. 3a-c. Euphylax? sp., 
MFM218639, x1.0; 3a: both chelipeds , lateral view; 3b: carapace, cheliped and pereiopods, dorsal view; 3c: thoracic sternum, 
chelipeds and pereiopods, ventral view. 4a, b, 5. Minohel/enus macrocheilus Kato and Karasawa, 1994, x1.2; 4a: MFM218637, 
carapace, dorsal view; 4b: MFM218637, right cheliped, lateral view; 5: MFM218638, carapace, dorsal view. 
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directed anteriorly; second broadly triangular, slightly di­
rected anterolaterally and dorsally; third acutely triangular, 
directed anterolaterally and dorsally; last lacking tip, but di­
rected laterally and dorsally. Posterolateral margin sinuous, 
slightly longer than anterolateral margin. Posterior margin 
nearly straight, slightly longer than posterolateral margin. 

Dorsal surface smooth, moderately convex, with well de­
fined regions. Epigastric region transversely raised 
anteriorly. Protogastric region inflated, well separated from 
narrow anterior mesogastric process, with transverse ridge 
on each side. Mesogastric region convex, pentagonal in 
outline, bearing anterior transverse ridge divided into two by 
shallow median depression. Urogastric region narrow, de­
pressed. Cervical groove well defined. Cardiac region 
slightly convex, hexagonal in outline, bearing two nodes 
transversely arranged. Intestinal region depressed. 
Hepatic region slightly convex. Epibranchial region more 
inflated, shallowly separated from mesobranchial region. 
Meso- and metabranchial regions also inflated. Branchio­
cardiac grooves poorly defined. 

Discussion.-As for the genus. 
Material examined.-MFM218512 (holotype) from OKN-

1. 

Subfamily Polybiinae Ortmann, 1893 
Genus Imaizumila Karasawa, 1993 

Type species. -Imaizumila sexdentata Karasawa, 1993 
by monotypy. 

Geologic range.-Eocene to Middle Miocene. 

Imaizumila sexdentata Karasawa, 1993 

Figure 4.1 

Imaizumila sexdentata Karasawa, 1993, p. 52, pI. 11, figs. 1 -3; 
Karasawa, 1997, p. 48, pI. 11, figs. 8, 12. 

Remarks. - Previously specimens were recorded only 
from the lower Oligocene Haiki Formation of the Kishima 
Group (Karasawa, 1993). Schweitzer and Feldmann (2000) 
described an additional species, Imaizumila araucana 
(Philippi, 1887) from the Eocene-Miocene of Chile. 

Material examined.-MFM218507 (holotype) and 218508 
(paratype) from KSM-1. 

Genus Minohellenus Karasawa, 1990 

Type species.-Charybdis (Minohel/enus) quinquedentata 
Karasawa, 1990 by monotypy. 

Geologic range.-Early Oligocene to Middle Miocene. 

Minohellenus macrocheilus Kato and Karasawa, 1994 

Figure 4.4a, b, 4.5 

Minohellenus macrocheilus Kate and Karasawa, 1994, p. 55, fig. 2; 
pI. 4, figs. 1-4; Kate and Karasawa, 1996, p. 31, pI. 1 D, figs. 
a-c; Karasawa, 1997, p. 49, pI. 14, figs. 2-7. 

Remarks.-Previously known specimens were recorded 
from the upper Oligocene Ashiya Group (Kato and 

Karasawa, 1994, 1996). The discovery of M. macrocheilus 
from the Kishima Group extends the geologic range for the 
species back to the early Oligocene. 

Material examined.-MFM218637 from KSM-16; MFM 
218638 from KSM-6. 

Subfamily Podophthalminae Miers, 1886 
Genus Euphylax Stimpson, 1860 

Type species.-Euphylax dovii Stimpson, 1860 by mono­
typy. 

Geologic range.-Oligocene to Recent. 

Euphylax? sp. 

Figure 4.3a-c 

Description. - Right half of carapace poorly preserved; 
upper orbital margin wide, gently convex; anterolateral mar­
gin narrow with laterally directed stout spine; posterolateral 
margin sinuous. Thoracic sternum wide, sternites 4-7 pre­
served. 

Chelipeds similar. Dactylus slender, elongate, with 
smooth dorsal margin and irregularly dentate opposing mar­
gin. Fixed finger elongate, about 0.3 times higher than long 
proximally, with acutely pointed tip; occlusal margin straight, 
irregularly dentate; ventral margin convex, smooth. Palm 
short, about 0.75 fixed finger length, about 0.6 times longer 
than high, converging proximally; dorsal surface 
tuberculated; ventral margin smooth. 

Meri of pereiopods 2 and 3 ovate in cross section. 
Discussion.-There is, in the general outline of chelipeds, 

similarity between the species and Euphylax domingensis 
(Rathbun, 1919) from the lower Miocene? of Haiti, but this 
species has a slender dactylus and a short palm without 
carinae on the lateral margin. However, a well preserved 
carapace of this species is needed to qualify the systematic 
position. 

Material examined.-MFM218639 from KSM-3. 

Superfamily Xanthoidea MacLeay, 1838 
Family Goneplacidae MacLeay, 1838 

Subfamily Carcinoplacinae H. Milne Edwards, 1852 
Carinocarcinoides gen. nov. 

Type species.-Carinocarcinoides carinatus sp. nov. by 
present designation. 

Etymology.-The genus is named in allusion to its close 
resemblance to Carinocarcinus L6renthey, 1898; masculine 
gender. 

Diagnosis.-Carapace transversely hexagonal to roundly 
quadrate in outline, widest at anterolateral angle. 
Orbitofrontal margin wide. Front nearly straight with sharply 
squared corners. Upper orbital margin concave with trian­
gular, forwardly directed outer orbital spine and without fis­
sures. Inner suborbital tooth sharp, projecting anteriorly. 
Anterolateral margin strongly convex with 2 small, 
anterolaterally directed spines exclusive of outer orbital 
spine. Dorsal surface smooth, moderately vaulted trans­
versely and weakly vaulted longitudinally. Regions distinct. 
Protogastric, cardiac and epigastric ridges present. 
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Anterior mesogastric process poorly defined. Cervical and 
branchiocardiac grooves well defined. Thoracic sternum 
narrow, longer than wide, tapering anteriorly and posteriorly. 
Chelipeds large; dactylus, palm and carpus finely granulate 
on dorsal and lateral surfaces. 

Discussion. - Carinocarcinoides possesses characters 
most like those of the extant genera Carcinoplax H. Milne 
Edwards, 1852 and Homoioplax Rathbun, 1914. However, 
Carinocarcinoides has a dorsal carapace with well defined 
regions and several ridges. The thoracic sternum of the 
new genus is much narrower than that of Carcinoplax. Of 
the extinct genera within Carcinoplacinae, Carinocarcinoides 
is most similar to Carinocarcinus L6renthey, 1898, a 
monotypic genus from the middle Eocene of Hungary, but 
differs in having a straight front with sharp lateral corners, 
three anterolateral teeth including the outer orbital spine, 
and a protogastric ridge. 

The new genus is represented by two species, 
Carinocarcinoides angustifrons (Karasawa, 1993) comb. 
nov. and Carinocarcinoides carinatus sp. nov., from the 
lower Oligocene Kishima Group. 

Carinocarcinoides angustifrons 
(Karasawa, 1993) comb. nov. 

Figure 5.3 

Varuna angusfifrons Karasawa, 1993, p. 81, pI. 23, fig. 13; 
Karasawa, 1997, p. 69, pI. 27, fig. 8. 

Revised diagnosis. - Carinocarcinoides with rounded­
quadrate carapace and with epigastric, protogastric, cardiac 
and epibranchial ridges. 

Revised description.- Carapace roundly quadrate in out­
line, about as long as wide, widest at midlength. 
Orbitofrontal margin 0.75 carapace width. Front straight, 
occupying about 0.3 carapace width, with sharp lateral cor­
ners. Upper orbital margin wide, concave, rimmed, with 
small, forwardly directed outer orbital spine. Anterolateral 
margin ~gently convex, about 0.4 carapace width, with two 
small spines excluding outer orbital spine. Posterolateral 
margin also strongly convex, about 1.4 times as long as 
anterolateral margin. Posterior margin straight, about 0.4 
carapace width. 

Dorsal surface smooth, moderately vaulted transversely 
and weakly vaulted longitudinally. Regions somewhat dis­
tinct. Epigastric region with weak, transverse ridge on each 
side. Protogastric regions inflated with broad, transverse 
ridge interrupted by narrow anterior mesogastric process. 
Anterior mesogastric process poorly defined. Mesogastic 
region slightly convex. Cervical groove distinct, sinuous. 
Cardiac region gently inflated transversely, hexagonal in out­
line, bearing two nodes transversely arranged, with anterior 
transverse ridge. Intestinal region poorly defined. Hepatic 
region depressed. Branchiocardiac grooves shallow. 
Branchial regions convex; each epibranchial region inflated 
with broad ridge extending in convex-forward arc from 
mesogastric region to last anterolateral spine. 

Discussion.-The present species was originally placed in 
Varuna H. Milne Edwards, 1852 in the family Grapsidae. 
However, the species is moved here from Varuna to 

Carinocarcinoides on the basis of its inflated dorsal cara­
pace with several ridges and three anterolateral spines. 
Members of Varuna have a flattened dorsal surface with a 
wider frontal margin and three broadly triangular 
anterolateral teeth. 

Material examined.-MFM218501 (holotype) from KSM-
2. 

Carinocarcinoides carinatus sp. nov. 

Figure 5.1 a-d, 5.2, 5.4 

Diagnosis. - Carinocarcinoides with transversely hexago­
nal carapace and with anterior frontal, protogastric, 
urogastric, cardiac and epigastric ridges dorsally. 

Etymology.-From Latin carina (= keel), in reference to 
dorsal ridges on the carapace. 

Description.-Carapace transversely hexagonal in outline, 
length 0.8 its width, widest at anterolateral angle. Orbito­
frontal margin occupying about 0.75 carapace width. Front 
nearly straight, about 0.4 carapace width, weakly protruded 
medially, with well developed ridge parallel to anterior mar­
gin and with sharply squared corners. Upper orbital margin 
concave, rimmed, with weak, central projection and broadly 
triangular, forwardly directed outer orbital spine. Inner 
suborbital spine sharp, projecting anteriorly, visible in dorsal 
view. Anterolateral margin strongly convex, about 0.35 
carapace width, with two small, anterolaterally directed 
spines exclusive of outer orbital spine. Posterolateral mar­
gin also strongly convex, about 1.8 times as long as 
anterolateral margin. Posterior margin short, about 0.3 
carapace width. 

Dorsal surface smooth, moderately vaulted transversely 
and weakly vaulted longitudinally. Regions distinct. 
Protogastric region inflated with broap, arcuate ridge on 
each side. Anterior mesogastric process P90rly defined. 
Mesogastic region slightly convex. Urogasiric region with 
transverse ridge. Cervical groove well defined, sinuous. 
Cardiac region gently vaulted transversely, hexagonal in out­
line, bearing two nodes transversely arranged, with trans­
verse ridge anteriorly. Intestinal region small, poorly 
defined. Hepatic region flattened. Branchiocardiac 
grooves fairly deep. Branchial regions convex; each 
epibranchial region most strongly inflated with broad ridge 
extending in convex-forward arc from mesogastric region to 
last anterolateral spine. Infraorbital region with weak, 
granulated ridge parallel to lower orbital margin. 
Pterygostomian region bearing finely granulated ridge below 
and parallel to pleural suture. Maxilliped 3 poorly pre­
served. 

Thoracic sternum longer than wide, tapering anteriorly and 
posteriorly, occupying about 0.4 carapace width, widest at 
sternite 6. Sternites 1 and 2 fused, triangular. Sternite 3 
twice as wide as long with shallow median depression; ante­
rior margin weakly concave, posterior margin broadly V­
shaped, lateral margin straight, converging anteriorly. 
Sternites 4-7 with blunt episternal projections. Sternite 4 
about 1.5 times wider than long, narrower anteriorly, wider 
posteriorly; anterior and posterior margins broadly V­
shaped, lateral margins convex. Sternite 5 wider than long, 
becoming narrower anteriorly; anterior margin broadly V-
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1d 

Figure 5. 1 a-d. Carinocarcinoides carinatus gen. et sp. nov. , MFM218513 (holotype) , x2.0; 1a: carapace and left cheliped, 
frontal view; 1b: carapace and left cheliped, dorsal view; 1c: carapace, thoracic sternum, abdomen of male, and left cheliped, 
ventral view; 1d: carapace, lateral view. 3. Carinocarcinoides angustifrons (Karasawa, 1993) comb. nov., MFM218501 
(holotype), carapace, x2.5, dorsal view. 2, 4. Carinocarcinoides carinatus gen. et sp. nov., MFM218514 (paratype) , 2: pleopodS, 
x3.0, ventral view; 4: carapace and thoracic sternum, x1.5, ventral view. 

shaped, posterior margin sinuous, lateral margin convex. 
Sternites 6 and 7 wider than long, narrowing posteriorly; an­
terior and posterior margins sinuous, lateral margin convex. 
Sternite 8 directed strongly posterolaterally with weak lateral 
projections. Pleopods poorly preserved. 

Abdomen of male narrow. Telson triangular, as long as 
wide at base. Somites 4-6 preserved, widest at posterior 
part of somite 4, with straight, anteriorly convergent lateral 
margins; somite 6 about as long as wide; somites 4 and 5 
wider than long. 

Left cheliped large, poorly preserved. Dorsal surface of 
dactylus and lateral surface of palm finely granulate. 
Lateral surface of carpus also finely granulate with finely 
granulated ridge parallel to proximal margin; dorsal margin 
with forwardly directed spine. 

Discussion. - A transversely hexagonal carapace with 
.transverse frontal and urogastric ridges readily distinguishes 
C. carinatus from C. angustifrons. In C. carinatus the cara­
pace length occupies about 80 % of the width, while in C. 
angustifrons a roundly quadrate carapace is about as long 

as wide. 
Material examined.- MFM218513 (holotype) and 218514 

(paratype) from KSM-9. 

Subfamily Chasmocarcininae Serene, 1964 
Genus Collinsius Karasawa, 1993 

Type species. - Col/insius simplex Karasawa, 1993 by 
monotypy. 

Geologic range.-Early Oligocene. 
Revised diagnosis.-Carapace slightly wider than long, 

widest at posterolateral angle. Orbitofrontal margin occupy­
ing about half carapace width. Front narrow, bilobed, pro­
jecting anteriorly, with squared lateral corner. Upper orbital 
margin narrow, concave, rimmed, with broadly triangular 
outer orbital angle. Lateral margin rounded, divergent 
posteriorly. Posterior margin short, straight. Dorsal sur­
face smooth, gently convex longitudinally and transversely. 
Epigastric region poorly defined. Cervical groove becoming 
obsolete in advance of hepatic region. Urogastric region 
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narrow, depressed. Cardiac region transversely convex. 
Intestinal region narrow. Branchiocardiac grooves well de­
fined. Branchial regions inflated. Thoracic sternum wide, 
wider than long, widest at sternite 6. Sternite 8 of male with 
supplementary sternal plate. Abdomen of male narrow; 
somites 3-5 fused. Chelipeds unequal. 

Discussion. - Karasawa (1993) originally placed the 
genus in the family Goneplacidae, but did not assign it to any 
known subfamily. Later, Karasawa (1997) assigned 
Collinsius to the subfamily Chasmocarcininae by 
recognising the presence of supplementary sternal plates of 
the thoracic sternite 8 in the male. The subfamily 
Chasmocarcininae comprises five extant genera, 
Chasmocarcinus Rathbun, 1898, Camatopsis Alcock and 
Anderson, 1899, Chasmocarcinops Alcock, 1900, 
Hephthopelta Alcock, 1899 and Scalopidia Stimpson, 1858, 
and the Eocene FalconoplaxVan Straelen, 1933 (Davie and 
Guinot, 1996). Among these genera, Collinsius resembles 
Chasmocarcinus, Hephthope/ta and Falconoplax in that ab­
dominal somite 3 of the male fuses to somites 4 and 5. 
However, the genus differs from Chasmocarcinus by having 
a narrow front and lacking the posterolateral expansion of 
the carapace; Hephthopelta has a wider front and a strongly 
inflated dorsal carapace; the carapace of Falconoplax has 
well defined epibranchial regions, protogastric tubercles, 
deep branchiocardiac grooves and epibranchial ridges. 

Collinsius is only known from the lower Oligocene Kishima 
Formation of Kyushu, Japan. 

Coltinsius simp/ex Karasawa, 1993 

Figure 6.1-6.9 

Collinsius simplex Karasawa, 1993, p. 73, pI. 21, figs. 3 - 8; 
Karasawa, 1997, p. 61, pI. 23, figs. 4-6, 8-10. 

Revised description.-Carapace slightly wider than long, 
widest at posterolateral angle. Orbitofrontal margin occupy­
ing about half of carapace width. Front narrow, projecting 
anteriorly with shallow median depression dorsally; anterior 
margin nearly straight, interrupted by weak median notch 
with sharply squared lateral corner; lateral margin rimmed. 
Upper orbital margin concave, rimmed, occupying about 0.2 
carapace width, with weak, central projection and broadly tri­
angular outer orbital angle. Lateral margin rounded, diver­
gent posteriorly. Posterior margin short, straight. Dorsal 
surface smooth, gently convex longitudinally and trans­
versely. Epigastric region poorly defined, but visible. 
Protogastric region separated from anterior mesogastric 
process by shallow groove. Cervical groove becoming ob­
solete in advance of hepatic region. Urogastric region nar­
row, depressed. Cardiac region transversely hexagonal in 
outline, transversely convex. Intestinal region narrow. 
Branchiocardiac grooves well defined. Branchial regions in­
flated. 

Thoracic sternum wide, wider than long, widest at sternite 
6. Sternites 1 and 2 fused, narrow, broadly triangular in out­
line, with deep median depression. Sternite 3 about 0.3 as 
long as wide with median depression; anterior margin nearly 
straight, posterior margin broadly V-shaped, lateral margin 
straight, strongly converging anteriorly. Sternites 4-7 with 

blunt episternal projections. Sternite 4 about 0.4 times 
longer than wide, narrower anteriorly, wider posteriorly; an­
terior and posterior margins broadly V-shaped; lateral mar­
gins convex. Sternite 5 wider than long, narrower 
anteriorly, wider posteriorly; anterior margin broadly V­
shaped, posterior margin sinuous, lateral margin convex. 
Sternite 6 wider than long; anterior and posterior margins 
sinuous, lateral margin convex. Sternite 7 wider than long, 
wider anteriorly, narrower posteriorly; anterior and posterior 
margins sinuous, lateral margin convex. Sternite 8 wider 
than long, wider anteriorly, narrower posteriorly, directed 
posterolaterally; supplementary sternal plate developed in 
male; shallow, transverse groove in female surface. 

Abdomen of male narrow. Telson triangular, slightly 
longer than wide at base. Somite 6 wider than long with 
straight, anteriorly convergent lateral margins. Somites 3-5 
fused, wider than long, widest at base, with slightly concave, 
anteriorly convergent lateral margins; posterior lateral ex­
pansions covering mesial ends of supplementary plates. 
Somite 2 narrow. Somite 1 unknown. Telson of female ab­
domen rounded, wider than long at base. Somites 1-6 nar­
row, much wider than long, widest at somite 3, longest at 
somite 6. 

C~elipeds unequal. Fixed finger short on major cheliped; 
palm with smooth, inflated lateral surface. Dactylus elon­
gate on minor cheliped, curving ventrally, with acutely 
pointed tip; fixed finger also elongate, about as long as 
dactylus, occupying about half of propodus length, slightly 
deflexed ventrally, with acutely pointed tip; palm longer than 
high, distal margin much wider than proximal margin, with 
smooth, inflated lateral surface. 

Pereiopods 1-4 of female poorly preserved. Propodi of 
pereiopods 2-4 elongate, cylindrical in cross section. Coxa 
and ischium fused to basis short. 

Discussion.-As for the genus. 
Material examined. - MFM218502 (holotype), 218503 

(paratype), and 218601-218610 from KSM-2; MFM218505 
(paratype), 218506 (paratype), and 218613-218620 from 
KSM-4; MFM218504 (paratype), 218621-218630, 218640, 
218641 from KSM-5; MFM218612 from KSM-3; MFM 
218642, 218643 and 218644 from KSM-6; referred speci­
mens from KSM-7, 8, 9, 10, 11. 
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Figure S. 1-9. Collinsius simplex Karasawa, 1993; 1: MFM218502 (holotype), carapace and left cheliped , x3.0, dorsal view; 
2: MFM218642, thoracic sternum and abdomen of female, x3.0, ventral view; 3: MFM218640, right cheliped, x3.0, lateral view; 
4: MFM218504 (paratype), carapace, x4.0, dorsal view; 5: MFM218505 (paratype), thoracic sternum and abdomen of male, x3.0, 
ventral view; Sa, b: MFM218643, thoracic sternum and abdomen of female, x3.0, ventral view; 7: MFM218503 (paratype) , both 
chelipeds, x2.5, lateral view; 8: MFM218641 , thoracic sternum and pereiopods of female, x3.0, ventral view; 9: MFM218644, tho­
racic sternum and abdomen of male, x3.0, ventral view. 
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Abstract. Three Bashkirian (Middle Carboniferous) species of orthocerid cephalopods, the 
orthoceratid Hidamichelinoceras bandoi gen. et sp. nov. and the pseudorthoceratids Mooreoceras 
sp. and Adnatoceras ichinotaniense Niko and Hamada, 1987, are described (or redescribed) from 
the Ichinotani Formation, Central Japan based on new material. The siphuncular structure of 
Hidamichelinoceras is shared with Michelinoceras, but this new genus is characterized by its 
broadly cone-shaped initial camera and rapid shell expansion. The discovery of Mooreoceras, 
which previously had been known only from the Hikoroichi Formation in Japan, supports a 
paleobiogeographic link between the Fukuji and southern Kitakami areas in the Carboniferous. 
The apical shell diagnosis of Adnatoceras ichinotaniense is added. 

Key words: Bashkirian (Middle Carboniferous), Hidamichelinoceras gen. nov., Ichinotani Forma­
tion, Orthocerida. 

Introduction 

Recent research on Far Eastern Carboniferous 
orthocerids and bactritids has shown that at least two iso­
lated faunal provinces were present through the period in the 
area, i. e., the Taishaku-Akiyoshi-South China Province with 
the Bogoslovskya and Bactrites lineage (Niko et al., 1987, 
1991, 1995, 1997; Niko and Ozawa, 1997) and the southern 
Kitakami-Fukuji Province with the Adnatoceras lineage (Niko 
and Hamada, 1987; Niko, 1990). Nevertheless, our knowl­
edge of Carboniferous orthoconic cephalopods is too limited 
to permit detailed paleobiogeographic reconstruction. 
Descriptive works are still critical also for providing 
phylogenetic information about these groups. As an addi­
tional account of orthocerid cephalopods in the Fukuji area, 
Central Japan, this work documents a new collection from 
the Bashkirian (Middle Carboniferous) limestone of the 
Ichinotani Formation. Details of the geologic setting and 
stratigraphic position of the collection have already been 
given by Niko and Hamada (1987). 

The abbreviation UMUT for the repository stands for the 
University Museum of the University of Tokyo. 

Systematic paleontology 

Order Orthocerida Kuhn, 1940 
Superfamily Orthocerataceae M'Coy, 1844 

Family Orthoceratidae M'Coy, 1844 
Subfamily Michelinoceratinae Flower, 1945 

Genus Hidamichelinoceras gen. nov. 

Type species.-Hidamichelinoceras bandoi sp. nov., by 
monotypy. 

Diagnosis.-Orthoconic michelinoceratinid with rapid shell 
expansion, 9°-13° in angle, for subfamily, circular cross sec­
tion, and probably endogastric early juvenile portion; shell 
surface ornamented by transverse lirae; initial camera 
broadly cone-shaped with rounded apex, shallow; early 
siphuncle central then becoming subcentral in position; 
septal necks very long and orthochoanitic, forming very wide 
septal foramen; cameral deposits weakly developed, 
episeptal-mural and hyposeptal; auxiliary deposits absent. 

Etymology. - The generic name is derived from Hida, 
which is a historic provincial name of the type locality, and 
Michelinoceras. 

Hidamichelinoceras bandoi sp. nov. 

Figures 1.1-1.6, 2.1 
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Diagnosis.-Same as for the genus. 
Description.-Based on single incomplete phragmocone 

of orthoconic shell with circular cross section; early juvenile 
shell indicates probable endogastric curvature; shell expan­
sion rapid as for subfamily, its angle approximately 13° 
apically, then decreases to approximately 9° adorally; di­
ameter of adoral shell attains 6.2 mm. Surface ornamenta­
tion consists of transverse and somewhat distant lirae 
forming weak sinuations. Sutures not observed, but obvi­
ous obliquity not recognized in dorsoventral section. Initial 
camera broadly cone-shaped with rounded apex, shallow 
and relatively small with 0.9 mm+ (slightly deformed) in 
maximum diameter and 0.3 mm in length between both 
apexes of initial and second camerae; cameral length 
abruptly increases in following camerae, then re-shortened 
adorally; maximum diameter/length ratios of adoral camerae 
range from 1.7 to 2.2; septal curvature moderate to relatively 
deep in seven apical septa, then becomes shallower in 
adoral septa. Siphuncular position nearly central in early ju­
venile shell, then slightly shifts in ventral direction, 
subcentral; minimum distance of central axis of siphuncle 
from shell surface versus shell diameter decreases to 0.4; 
caecum weakly inflated; siphuncle consists of orthochoanitic 
septal necks and nearly cylindrical connecting rings in sec­
ond to seventh camerae; connecting rings missing in adoral 
camerae where septal necks are orthochoanitic, very long, 
0.65-0.79 mm in length, attaining 0.3 in ratio of septal neck 
length/cameral length; diameters of septal necks are 0.61-
0.71 mm; septal foramen cylindrical, very wide for subfamily, 
0.52-0.63 mm in diameter; ratio of septal neck diameter to 
corresponding dorsoventral shell diameter attains 0.13. 
Cameral deposits weakly developed, restricted to apical 10 
camerae, episeptal-mural and hyposeptal, slightly thicker in 
venter than dorsum; circumsiphuncular ridges of episeptal 
and hyposeptal deposits partly extend onto ventral side of 
connecting rings and septal necks, respectively. Endo­
siphuncular deposits, including auxiliary ones, are absent. 

Discussion.-The siphuncular structure of Hidamichelino­
ceras bandoi gen. et sp. nov. suggests a close relationship 
to the widespread genus Michelinoceras (Foerste, 1932; 
type species Orthoceras michelini Barrande, 1866). The 
most important distinctive feature is the morphology of the 
initial camera. In contrast to the broadly cone-shaped initial 
camera of this new genus, the longitudinally elongated bul­
bous form of the type species of Michelinoceras was con­
firmed by Ristedt (1968, pI. 1, fig. 1). The rapid shell 
expansion (9°_13° in angle) of Hidamichelinoceras in com­
parison with the much slenderer shell shape of Michelino­
ceras W-2° in angle of shell expansion of M. michelini) is 
also regarded as enough to be of generic significance. 
Hidamichelinoceras differs from the Devonian to 
Carboniferous genus Bogoslovskya (Zhuravleva, 1978; type 
species, B. perspicua Zhuravleva, 1978) in having a less ec­
centric siphuncular position with a wider septal foramen and 
in lacking auxiliary deposits. The Triassic genus Tremato­
ceras (Eichwald, 1851, not seen by the author; its generic di­
agnosis, including apical shell morphology, comes from 
citation by Schindewolf, 1933; type species, Orthoceratites 
elegans MOnster, 1841) has a cone-shaped initial camera 
but the shape of the septal necks of Hidamichelinoceras is 

quite unlike that of Trematoceras, whose septal necks are 
very short and suborthochoanitic. In addition, the cameral 
deposits of Trematoceras are characterized by the promi­
nent lamellae. The circular shell cross section of 
Hidamichelinoceras clearly separates it from the Devonian 
genus Arkonoceras (Flower, 1945; type species, Orthoceras 
arkonense Whiteaves, 1898), which has a much slenderer 
shell characterized by its subquadrangular cross section. 

The Ordovician genus Sinoceras (Shimizu and Obata, 
1935; type species, Orthoceras chinense Foord, 1888) was 
erroneously assigned to the Michelinoceratinae (e. g., 
Sweet, 1964) owing to its orthoconic shell shape and its 
Michelinoceras-like very long septal necks indicating 
orthochoanitic forms. However, the enveloping cameral­
endosiphuncular deposits on the septal neck and on both 
the adoral and apical surfaces of the septum, recognized in 
the type species of Sinoceras in Woodward's (1856, pI. 6, 
fig. 1) illustration, undoubtedly place Sinoceras in the family 
Lituitidae within the order Tarphycerida. 

Material examined and occurrence.-Holotype, UMUT PM 
27849, 28.0 mm in length from the uppermost part of the 
Lower Member, Ichinotani Formation. 

Etymology.-The specific name refers to the late Dr. Yuji 
Bando, in recognition of his contributions to the study of fos­
sil cephalopods. 

Superfamily Pseudorthocerataceae Flower 
and Caster, 1935 

Family Pseudorthoceratidae Flower and Caster, 1935 
Subfamily Pseudorthoceratinae Flower and Caster, 1935 
Genus Mooreoceras Miller, Dunbar and Condra, 1933 

Type species.-Mooreoceras normale Miller, Dunbar and 
Condra, 1933. 

Mooreoceras sp. 

Figures 1.7-1.9, 2.7 

Description.-Orthoconic phragmocone with gradual shell 
expansion and dorsoventrally depressed, oval cross section; 
diameter of apical end is 5.2 mm in dorsoventral direction 
and 5.8 mm in lateral direction, giving a form ratio of ap­
proximately 1.1. Surface ornamentation absent. Sutures 
transverse, nearly straight, or strongly oblique in rare cases; 
septal curvature shallow. Cameral length moderate for 
genus, cameral ratios of maximum dorsoventral diameter/ 
maximum length are 0.2-0.4. Siphuncle subcentral, con­
sists of cyrtochoanitic septal necks and subcylindrical con­
necting rings whose inflation is weak for genus. Cameral 
deposits not detected. Endosiphuncular deposits form 
annulosiphonate rings. 

Discussion.-Although this species is known from a single 
specimen of a probable juvenile shell judging from the rela­
tively weak inflation of the connecting rings, the oval cross 
section of the shell, subcentral siphuncular position with the 
cyrtochoanitic septal necks, annulosiphonate rings formed of 
endosiphuncular deposits and the lack of cameral deposits 
warrant generic assignment to Mooreoceras. Unsuccessful 
attempts to make a well-oriented thin section preclude a 
specific determination. 
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Figure 1. 1-6. Hidamichelinoceras bandoi gen. et sp. nov., holotype, UMUT PM 27849. 1: Lateral view of silicone rubber 
cast, venter on right, x4; 2: Details of shell surface, showing ornamentation of transverse lirae, x8; 3: Polished cross section, 
venter down, x4; 4: Longitudinal thin section of apical shell, venter on left, slightly deformed, x14; 5: Longitudinal thin section 
of adoral shell , venter on left, x14; 6: Details of the three most apical camerae, note cone-shaped initial camera, ventral shell 
slightly deformed, x30. 7-9. Mooreoceras sp., UMUT PM 27850. 7: Dorsal view, x4; 8: Septal view of apical end, venter 
down, x4; 9: Longitudinal thin section, venter on right, x5. 
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Figure 2. 1. Hidamichelinoceras bandoi gen. et sp. nov., holotype, UMUT PM 27849, longitudinal thin section, venter on 
left, x5. 2-6. Adnatoceras ichinotaniense Niko and Hamada, 1987. 2-4: UMUT PM 27852; 2: Longitudinal thin section of apical 
shell , venter on right, x14; 3: Longitudinal thin section of adoral shell , venter on right, x14; 4: Longitudinal thin section, venter 
on right, x5; 5, 6: UMUT PM 27851 ; 5: Ventral view, x2; 6: Longitudinal thin section, details of adoral siphuncular structure, 
venter on left, x14. 7. Mooreoceras sp ., UMUT PM 27850, longitudinal thin section, venter on right, showing siphuncular struc­
ture , x14. 
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Previously, this genus had been represented in Japan 
solely by Mooreoceras kinnoi Niko, 1990, from the Visean 
(Early Carboniferous) of the Hikoroichi Formation in the 
southern Kitakami area, Northeast Japan. The present dis­
covery of Mooreoceras sp. from the Fukuji area supports a 
paleobiogeographic link in the Carboniferous between the 
Fukuji and southern Kitakami areas, of which the similarity 
has also been suggested by the common occurrence of 
Adnatoceras in both areas. 

Material examined and occurrence.-Single incomplete 
phragmocone, UMUT PM 27850, 15.0 mm in length. 
Stratigraphic horizon is identical with Hidamichelinoceras 
bandoi. 

Subfamily Spyroceratinae Shimizu and Obata, 1935 
Genus Adnatoceras Flower, 1939 

Type species.-Orthoceras spissum Hall, 1879. 

Adnatoceras ichinotaniense Niko and Hamada, 1987 

Figure 2.2-2.6 

Adnatoceras ichinotaniensis Niko and Hamada, 1987, p. 225, 227, 
figs. 3-1-6. 

Adnatoceras ichinotaniense Niko and Hamada. Niko, 1990, p. 
557; Kamiya and Niko, 1992, fig. 1-E. 

Additional diagnosis.-Early siphuncle central in position 
with suborthochoanitic septal necks and cylindrical connect­
ing rings. See Niko and Hamada (1987, p. 225) for diagno­
sis of adult shell. 

Description. - Orthoconic shells with dorsoventrally de­
pressed subcircular cross section up to nearly 4 mm in di­
ameter and with a mean form ratio of approximately 1.1, 
then circular cross section attaining 9.1 mm in diameter; 
shell expansion moderate for genus, its angle approximately 
4° in apical shell, then decreases to 2°_3° in adoral shell. 
Surface ornamentation absent; ventral wall slightly thicker 
than dorsal wall. Sutures straight, slightly oblique with ap­
proximately 5° to rectangular direction of shell axis, toward 
aperture on venter; septa relatively shallow; cameral length 
moderate to relatively short for genus; maximum width/ 
length ratio of apical camerae ranges from 1.3 to 2.0, and 
ratio increases to 2.9-5.8 with 3.9 mean in adoral camerae. 
Early siphuncle central in position, composed of very short 
suborthochoanitic septal necks, 0.13 mm in length for a well­
preserved one, and cylindrical connecting rings having weak 
constrictions at septal foramen; siphuncular position shifts 
towards a ventral one as shell grows, subcentral; ratio of 
minimum distance of central axis of the most adoral 
siphuncle from shell surface per shell diameter decreases to 
0.3, where septal necks are asymmetrical, suborthochoanitic 
to cyrtochoanitic on dorsal side, with a length of 0.31 mm, 
and strongly recurved cyrtochoanitic on ventral side, with a 
length of 0.22 mm; adoral connecting rings subcylindrical, 
nearly parallel-sided and abruptly constricted at septal fora­
men; maximum diameter/length ratio of adoral siphuncle 0.5 
-0.7; ad nation area very wide for family. Cameral deposits 
usually episeptal-mural and hyposeptal, but the latter are ab­
sent in some camerae, thicker in venter than dorsum. 

Endosiphuncular parietal deposits restricted on ventral 
siphuncular wall, thin, not fused. Adoral camerae lack both 
cameral and endosiphuncular deposits. 

Discussion. - The description above is the same as in 
Niko and Hamada (1987) except that the apical shell mor­
phology and most adoral siphuncular structures are added 
based on new specimens. The weaker cameral and 
endosiphuncular deposits of one specimen (UMUT PM 
27852), compared to the holotype, probably result from its 
immaturity. 

Material examined and occurrence.-Holotype, UMUT PM 
18068; paratype, UMUT PM 18069. In addition, two newly 
collected incomplete phragmocones were examined: UMUT 
PM 27851, which includes more of the adoral shell than the 
type specimens, 38.3 mm in length, and UMUT PM 27852, 
which represents more of the apical shell than the type 
specimens, 23.0 mm in length. Stratigraphic horizon is 
identical with Hidamichelinoceras bandoi. 
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Abstract. This paper contains the descriptions of Ostlingoceras (Ostlingoceras) bechei (Sharpe, 
1857), O. (0.) aff. bechei, and Neostlingoceras carcitanense (Matheron, 1842), all from the lower 
Cenomanian of the Mikasa and Kotanbetsu areas; also those of two new species Neostlingoceras 
asiaticum and N. cobbani from the middle Cenomanian of the Mikasa area. A new genus 
Hypostlingoceras is established, with descriptions of two new species, H. japonicum (type species) 
and H. mikasaense, from the lower Cenomanian of the same area. 

Key words: Carthaginites, Cenomanian, Hypostlingoceras, Neostlingoceras, Ostlingoceras, 
Turrilitidae 

Introduction 

Recently ten species of Mariella and a few species of 
Mesoturrilites, Hypoturrilites and Pseudhelicoceras from the 
Cretaceous of Hokkaido have been described (Matsumoto 
et al., 1999; Matsumoto and Kawashita, 1999; Matsumoto 
and Kijima, 2000; Matsumoto and Inoma, 1999; Matsumoto 
et al., 2000). Sources of the material for these investiga­
tions are collections from the upper Albian and lower 
Cenomanian of the Soeushinai area of northwestern 
Hokkaido and the Shuparo and Hobetsu areas of central 
Hokkaido. 

In this and succeeding papers additional species of the 
Turrilitidae are to be described. The material for this paper 
depends mainly on the collections from the celebrated 
Ikushunbetsu Valley of the Mikasa area. For a general ac­
count of the stratigraphy and the locality data readers may 
refer to Matsumoto (1991, p. 3-5; 21-24). Supplementary 
notes may be added to the particular cases concerned. 

The purpose of our series of papers is to present precisely 
the systematic descriptions of the turrilitid ammonoids from 
the Cretaceous Yezo Group of Hokkaido, with confirmation 
or revision of previously known species and also establish­
ment of new taxa. The described species could be useful 
for biostratigraphic subdivision and interregional correlation. 
As the faunal characteristics of the subdivided units of the 
Albian and the Cenomanian in the North Pacific region be­
come clearer, the results could improve the knowledge of its 
palaeogeography and palaeoenvironments. 

Repository.-The specimens described in this paper are 
to be stored in the Kyushu University Museum, Fukuoka, 
812-8581, Japan, which is indicated by the letters GK at the 
head of a register number. To each specimen collected by 
T. T. a personal number was provisionally given. This num­
bering was set in accordance with the date of his field work. 
Although not official register numbers, they should not be ig­
nored, because they are written clearly in red ink on each 
specimen and because they are tied to his field notes and 
will enable readers to get useful information. In this paper 
such numbers are indicated in brackets, as for instance, GK. 
H8531 [= previous S. 37' 7 '171 (Figure 1 D-F). Herein S. 
means Showa, a reign style in Japan and S. 37 = 1962. 

A few specimens which were housed in the Geological 
Collections, Faculty of Culture and Education, Saga 
University, Saga, 840-8502, Japan (abbreviated as GS), are 
transferred to GK. 

Systematic descriptions 

Order Ammonoidea Zittel, 1884 
Suborder Ancyloceratina Wiedmann, 1966 

Superfamily Turrilitaceae Gill, 1871 
Family Turrilitidae Gill, 1871 

Genus Ostlingoceras Hyatt, 1900 
Subgenus Ostlingoceras (Ostlingoceras) Hyatt, 1900 

Type species.- Turrilites puzosianus d'Orbigny, 1842 (p. 
587, pI. 143, figs. 1, 2) by original designation (Hyatt, 1900, 
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p. 587). 
Oiagnosis.-See Wright and Kennedy, 1996, p. 320. 
Remarks.-Wright and Kennedy (1996, p. 320) treated 

Parostlingoceras Breistroffer (1953, p. 1350) as a subgenus 
of Ostlingoceras. No example of 0. (Parostlingoceras) has 
been found in Hokkaido. In addition to 0. (0.) puzosianum 
ten species were assigned to 0. (Ostlingoceras) by Wright 
and Kennedy (1996, p. 321). Moreover, Turri/ites ct. 
co/canapi of Pervinquiere (1910, p. 50, pI. 14, fig. 4) from 
Algeria was revised to 0. (0.) col/ignoniWright and Kennedy 
(1996, p. 340, text-fig. 138E), although it deviates from the 
normal species of 0. (Ostlingoceras) in its larger apical 
angle. 

The available material of 0. (Ostlingoceras) from 
Hokkaido is not numerous but fairly good in showing the 
characters that enable us to define more clearly previously 
named species. There are a few other indefinite taxa which 
are temporarily placed in this subgenus. One of them is de­
scribed in this paper. 

Ostlingoceras (Ostlingoceras) bechei (Sharpe, 1857) 

Figures 1A-C, D-F; 2A, B 

Turrilites bechei Sharpe, 1857, p. 66, pI. 26, fig. 13 [as bechii on p. 

66] 
Ostlingoceras bechei (Sharpe, 1857). Wright and Wright, 1951 , p. 

18; Marcinowski, 1970, p. 435, pI. 3, fig. 5; Kennedy, 1971 , p. 
25 (pars), pI. 8, figs. 9, 13. 

Ostlingoceras (Ostlingoceras) bechii (Sharpe, 1857). Atabekian, 
1985, p. 50, pI. 14, fig. 6. 

Ostlingoceras (Ostlingoceras) bechei (Sharpe, 1857). Wright and 
Kennedy, 1996, p. 321 , pI. 96, figs. 6, 14-16, 18, 23. 

Name of the species. - Two names have been used for 
this single species since Sharpe's (1857) original paper: 
Turri/ites Bechii in the heading of the description (p. 66) and 
Turrilites Bechei in the explanation to plate 26, fig. 13a, b. 
Sharpe noted that the specimen was found by Sir H. T. de la 
Beche, and that it was named in his memory. We agree 
with Wright and Wright (1951, p. 18) in regarding T. Bechii 
as an obvious misprint for T. Bechei. 

H%type. - By monotypy, BMNH 88, the original of 
Sharpe, 1857, pI. 26, fig . 13, from the 'Cenomanian lime­
stone' near Lyme Regis, Devon (southern England). 

Materia/.-GK.H8529 (Figure 1A, B, C), found by Tamotsu 
Omori near Loc. Ik1065b of the Shimo-ichino-sawa, a tribu­
tary of the River Ikushunbetsu; GK. H 1381 (not figured), ob­
tained in 1955 by T. M. at Loc. Ik1065b; GK.H8531 [previous 

H 

E 

F 

Figure 1. A-C, O-F. Ostlingoceras (Ostlingoceras) bechei (Sharpe, 1857). Two lateral (A and B, 1800 apart) and basal 
(C) views of GK.H8529; similar views (D, E, F) of GK. H8531 . G-H, I-K. Ostlingoceras aft. bechei (Sharpe, 1857). Extracted 
(G) and undeveloped (H) states of GK. H8530; two lateral (I, J) and basal (K) views of GK. H8555. All figures are x2, except 
for H (x2.5) . Photos courtesy of M. Noda (D-F, H) and T. Nishida (others). 
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Table 1. Measurements of Ostlingoceras (0.) bechei (Sharpe). 

Specimen NW Hp Ht D ap h d hid R rlh 

GK. H8529 5 38.0 58.0 17.5 20° 7.4 13.8 0.54 32 6-7 
GK. H8531 5 27.0 40.0 12.5 23° 6.1 11.5 0.53 30 6 

BMNH88 4 50.0 75.0 29.8 20° 11.5 21.5 0.53 7 

NW - number of the preserved whorls, Hp = total height of the preserved whorls, Ht = total shell height from the preserved last whorl to the 
estimated apex, D = diameter of the preserved last whorl, ap = estimated apical angle, h = height of an exposed outer face [= flank) of a late 

whorl, d = diameter of the same whorl, R = number of ribs on the same whorl, r/h = number of ribs in the interval equal to h. Linear dimension 
is in mm. 

S. 37' 7 '17] (Figure 10, E, F), collected by T. T. in 1962 at 
a locality on the Onkonosawa, a branch of the River 
Ponbetsu, which is a major tributary of the River 
Ikushunbetsu. 

Description.-The two illustrated specimens preserve five 
whorls but are dissimilar in size. Their dimensions are 
shown in Table 1. As the youngest part is lacking, the api­
cal angle is estimated from the preserved part. It is fairly 
low but seems to vary to some extent between individuals 
(20°-23°). 

The shell is turreted, sinistral, and the whorls are tightly in 
contact. The outer exposed whorl face is rounded, and its 
main part (= flank) is gently inflated and has a weak shoulder 
on its upper margin. Transverse ribs are numerous, some­
what prorsiradiate, and moderately distinct. They are much 
weakened at (or interrupted by) a shallowly concave, narrow 
spiral zone in the lower part of the flank. They may be 
faintly swollen above this zone, showing sinuous curvature. 
Still lower, parallel to the lower whorl seam, there are two 
rows of spirally elongated tubercles, that correspond in num­
ber to the transverse ribs. The two rows tend to form nar­
row ridges, with an intervening, narrow groove between 
them. The lower ridge runs along the lower whorl seam. 
In other words it forms the outer outline of the basal surface, 
where the ribs extend to run with an anteriorly convex curva­
ture to the narrow umbilicus. On the marginal part of the 
basal surfac£: close to the second row of clavate tubercles 
there is another (i. e., fourth) row of small tubercles resting 
on the basal ribs. 

The number of ribs seems to vary to some extent with 
growth and also between individuals. Where the shelly 

A 

layer is preserved the ribs are more distinct than on the inter­
nal mould. 

In the preserved last part of GK. H85~9, the largest speci­
men of the three, a few ribs tend to strengthen and curve 
more markedly than the other ones (Figure 1 B, C). This 
could be inferred as flaring near the peristome, although the 
interpretation is uncertain. 

Septal sutures are exposed on some parts of the flank, 
showing a fairly broad E-L saddle, L, and a'narrower L-U 
saddle. These elements show minor incisions (Figure 2). 

Comparison.-The specimens from Hokkaido are essen­
tially similar to the holotype and other specimens from the 
'Lower Chalk'. GK.H8529 surprisingly resembles the partly 
restored illustration of the holotype (Sharpe, 1857, pI. 26, fig. 
13). Actually the holotype was in part enclosed by rock ma­
trix, when one of us (T. M.) examined it at the Natural History 
Museum, London. Its characters are, however, well ex­
pressed by Sharpe's figure. The differences from the two il­
lustrated specimens from Hokkaido are in the somewhat 
larger size and more delicate ribbing of the holotype. As the 
shelly layer is not preserved in the British specimen and as 
the number of ribs tend to increase with growth, the above 
differences are quite natural and would not invalidate the 
identification. 

Discussion.-As described above, GK. H8529 may be al­
most adult, whereas the holotype, despite its larger shell, 
does not show the feature that should occur near the adult 
apertural end. This may suggest a difference in size. 
Wright and Kennedy (1996) pointed out the presence of size 
dimorphs in many species of the Turrilitidae, although they 
did not discuss this problem with respect to O. (0.) bechei. 

B 

Figure 2. A, B. Ostlingoceras bechei (Sharpe, 1857). A: External suture on the·whorl flank of GK. H8531 at h = 4.5 mm. 
Figure is about x7.5. B: Ditto on the flank of successive whorls of GK. H8529 at h = 4.5 mm and 6.0 mm. Figure is about x 
7. Straight line: whorl seam, dotted line: tubercles; E: external lobe; L: lateral lobe; U: umbilical lobe. Drawing by T. M. 
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Table 2. Measurements of Ostlingoceras (0.) aft. bechei (Sharpe). 

Specimen 

GK. H8530 
GK. H8537 

NW 

6 

5 

Legend as for Table 1. 

Hp 

12.0 
13.3 

Ht 

13.3 
16.5 

D 

5.5 
6.2 

In fact, the available specimens are not numerous enough to 
determine whether the size difference mentioned above is 
an indication of individual variation or implies dimorphism. 
The question is left for further investigation. 

Dccurrence.-As for material. On the basis of the loca­
tion, lithology and associated species, the described three 
specimens came from the lower part of the Member lib of 
the Mikasa Formation and are of early Cenomanian age. 

Distribution. - Dstlingoceras (D.) bechei has been re­
ported to occur in the lower Cenomanian of England, Poland 
and Azerbaidjan (see Wright and Kennedy, 1996, p. 322). 
Its occurrence in Hokkaido of the North Pacific region sug­
gests a more extensive distribution of this species. 

Ostlingoceras (Ostlingoceras) aff. bechei (Sharpe, 1857) 

Figure 1 G, H; I-K 

Materia/.-Two small specimens: GK.H8530 (Figure 1G, 
H) collected by T. M. at Loc. Ik1065b of the Shimo-ichino­
sawa, a tributary of the River Ikkushunbetsu; GK. H8555 
[= previous GS.G058] (Figure 11, J, K) collected by Tamio 
Nishida and T. M. at Loc. R735 pi in the upper reaches of the 
River Oku-futamata, a branch of the River Kotanbetsu (see 
Nishida et al., 1993, fig. 1 for the location). The second 
specimen is probably derived from the upper part of the 
lower Cenomanian on the basis of its location and associ­
ated Inoceramus ct. virgatus SchlUter. 

Description.-These two specimens are generally similar 
to the typical specimens of Dstlingoceras (D.) bechei 
(Sharpe, 1857) described above, but the young part, at the 
same size as the former, is lacking or poorly preserved in the 
latter. As is shown in Table 2, the estimated apical angle is 
somewhat larger and the ribs are less numerous and seem 
to be relatively coarser and shorter in the former in compari­
son with the latter. Moreover, the preserved earliest whorl 
(diameter = 1.3 mm in GK. H8530) shows an inflated flank. 
Tentatively, we call this taxon Dstlingoceras (D.) aff. bechei 
(Sharpe), although the above difference might imply a 
change with growth in D. (0.) bechei. It seems to resemble 
the taxon from Germany which was described under '0. (0.) 
aff. bechil by Lehmann (1998, p. 37, without figure), but as 
we have not examined the actual specimen, we hesitate to 
confirm the identity. 

Genus Neostlingoceras Klinger and Kennedy, 1978 

Type species.- Turrilites carcitanensis Matheron, 1842 
.(p. 267, pI. 41, fig. 4) by original designation (Klinger and 
Kennedy, 1978, p. 14). 

Diagnosis.-Sinistrally coiled turrilicone, with low apical 
angle (less than 20°) and roughly flat flank of the whorl; or-

ap 

30° 
30° 

h 

2.2 

3.0 

d 

5.0 
6.2 

hId 

0.44 
0.48 

R 

25 
27 

rlh 

4-5 
5 

namented by coarse tubercles in an upper row and more nu­
merous finer tubercles in lower 2 or 3 approximated or 
coalesced rows, with a shallowly concave zone below the 
upper row; faint transverse riblets may extend upward and/­
or downward and scarcely cross the concave belt. 
Siphuncle runs along the upper shoulder or still higher im­
mediately below or along the upper whorl seam, depending 
on the species. 

Discussion.-The type species and its allied species N. 
oberlini (Dubourdieu, 1953) have been regarded as being 
well defined. The available specimens are, however, 
mostly fragmentary, without showing the details of the early 
growth stage or those of the last stage. The origin of this 
genus has been sought in DstJingoceras (Klinger and 
Kenned~ 1978, p. 15). 

In addition to the above two species from the lower 
Cenomanian, Cobban and Hook (1981) and Cobban et al. 
(1989) described five species from the middle and upper 
Cenomanian of New Mexico, of which one species, N. 
virdenense Cobban, Hook and Kennedy, occurs also in the 
upper Cenomanian of England (Wright and Kennedy, 1996). 
Furthermore, there are two new species (described below) 
in the middle Cenomanian of Hokkaido. Some of these 
species are represented by very small specimens, as shown 
by N. procerum Cobban, Hook and Kennedy, 1989 (p. 60, 
figs. 62, 95, 0, P) and N. asiaticum sp. nov. (to be estab­
lished below). They are, in their early growth stage, very 
similar to Carthaginites kerimensis (Pervinquiere, 1907) (p. 
101, pI. 4, figs. 18, 19) or C. krorzaensis Dubourdieu, 1953 
(p. 66, pI. 4, figs. 49-52). Hence, the questionmight arise 
that NeostJingoceras is a junior synonym of Carthaginites. 
Until the characters of the later growth· stages in 
Carthaginites can be made clear, Neostlingoceras should be 
used in accordance with the current difinition. 

Dccurrence.-The genus has been recorded to occur in 
the Cenomanian of France, England, Germany, Poland, 
Romania, Turkmenistan, Kazakstan, Iran, Israel, Tunisia, 
Algeria, Madagascar, South Africa, New Mexico, Colorado, 
Wyoming, Texas and Japan. Although the type species 
and its allied species occur characteristically in the lower 
Cenomanian, other species are recorded from the middle 
and upper parts of the Cenomanian. 

Neostlingoceras carcitanense (Matheron, 1842) 

Figure 3A-C, D-F 

Turrilites carcitanensis Matheron, 1842, p. 261, pI. 41, fig. 4; Fabre, 
1940, p. 242, pI. 5, fig. 7. 

Turrilites morrisii Sharpe, 1857, p. 65 (pars), pI. 26, figs. 4, 6-7. 
Hypoturrilites carcitanensis (Matheron). Kennedy, 1971, p. 59 (pars), 

pI. 6, figs. 1, 2, 4-6, 9, 10. 
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Figure 3. A-C, D-F. Neostlingoceras carcitanense (Matheron, 1842). Two lateral (A and B, 180° apart) and basal (C) 
views of GK. H8534, without whitening ; similar views (0 , E, F) of the same specimen with whitening . x1. Photos courtesy of M. 
Noda (A-C) and T. Nishida (D-F) . 

Turrilites (Hypoturrilites) carcitanensis (Matheron) . Immel, 1979, p. 
635, pI. 4, fig. 1. 

Neostlingoceras carcitanense (Matheron). Klinger and Kennedy, 
1978, p. 15 (pars), pI. 3, fig . G; Wright and Kennedy, 1996, p. 
326, pI. 99, figs. 1-7,9-15,18, 19,22; pI. 100, fig. 8; text-fig . 
140B (with full synonymy) . 

Holotype.-By monotypy, the original of Matheron, 1842, 
pI. 41 , fig . 4. We have not seen the specimen, which seems 
to be fragmentary as shown by Fabre's (1940, pI. 5, fig. 7) 
reillustration. The type locality is in southern France. Its 
present repository is uncertain (see Wright and Kennedy, 
1996, p. 327). 

Material.-GK. H8534 [= previous S. 40' 8' 15] (Figure 
3A-C, D-F), collected by T. T. in 1965 at Loc. Ik1054 below 
the bridge called 'Katsura-Ohashi'. It was found in the dark 
green silty fine-grained sandstone of the Zone of 
Mantelliceras japonicum. Another crushed specimen, GK. 
H8556, was found by T. M. at Loc. R82 of the Soeushinai­
Kontanbetsu area (for the location see Matsumoto and 
Okada, 1973, fig . 7). It was from the mudstone in the lower 
part of the Member My5. One of us (T. M.) examined the 
specimens from England (see above synonymy) at the 
Natural History Museum, London to compare them with 
ours. 

Description.-Six continuous whorls are preserved in GK. 
H8534, which is 47 mm high altogether and 15.6 mm in di­
ameter of the last whorl. The ratio of height to diameter in 
the exposed part of each whorl is roughly 5:9. The apical 
angle estimated from the preserved part of the shell is as low 
as 13°. The early part of the shell is lacking. 

Each whorl is ornamented by an upper row of larger tuber­
cles, 13 to a whorl, and a lower row of smaller, double tuber­
cles 18 or 19 per whorl, above the lower whorl seam. The 
upper tubercle is pointed at the top and its base is bullate 
upward, whereas a concave spiral zone runs at about the 

Figure 4. Neostlingoceras carcitanense (Matheron, 
1842). External suture of GK. H8534 on the flank at h = 7.8 
mm. Figure is about x5.5. Symbols as for Figure 2. Drawing 
by T. M. 
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midflank immediately below the row of major tubercles. The 
double tubercle of the lower row consists of a small 
subrounded upper one and rather clavate lower one which 
are closely set. Some of the upper ones are bullate up­
ward, whereas the lower ones form the outer edge of the 
basal surface. 

The suture is exposed on a part of the flank, showing L in 
the middle part of the flank, with saddles on either side of L. 
They are moderately incised at the middle growth stage 
(Figure 4). 

Remarks.-When the genus Neostlingoceras was intro­
duced, Klinger and Kennedy (1978, p. 15) considered that N. 
carcitanense (Matheron, 1842) is so variable that N. oberlini 
(Dubordieu, 1953) and some others were within its variation 
or might be subspecies in a successive sequence. Such an 
interpretation has been recently denied by Wright and 
Kennedy (1996, p. 327-328), with whom we agree. 

D 

J 

Comparison.-The described specimen shows clearly the 
morphological characters of this species. It quite well re­
sembles a specimen called SAS SM (Klinger and Kennedy, 
1978, pI. 3, fig . G) from the Mzinene Formation, Ceno­
manian II, of the Skoenburg, Zululand. 

Occurrence.-As for material. This species marks the 
basal zone of the Cenomanian in England, but it occurs in 
the beds of the next and still higher levels in Hokkaido. 

Neostlingoceras asiaticum sp. nov. 

Figures 5 A-C, D-F, G-I; 6 

Material.-Holotype is GK. H8536 [= previous S. 36'8'26] 
(Figure 5A, B, C) collected by T. T. in 1961 at Loc. Ik11 03 
from the middle part of the Cenomanian in the Mikasa area 
on the western wing of the Ikushunbetsu anticline. Two 
other specimens (paratypes) are GK. H8537 [= previous S. 

E 

F 

K 

Figure 5. A-C, D-F, G-I. Neostlingoceras asiaticum, sp. nov. Two lateral (A and S, 1800 apart) and basal (C) views of 
GK. H8536 (holotype). Similar views (D, E, F) of GK. H853? and ditto (G, H, I) of GK.H8538. J-L. Neostlingoceras cobbani 
sp. nov. Two lateral (J and K, 1800 apart) and basal (L) views of GK. H8535 (holotype). Figures are all x3. Photos courtesy 
of M. Noda. 
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Table 3. Measurements of Neostlingoceras asiaticum sp. nov. 

Specimen NW Hp Ht D ap h d hid T 

GK. H8536 7.5 28.0 45.3 10.0 13° 3.8 8.7 0.44 15 30 
GK. H8537 6+a 14.2 21.0 4.7 14° 2.2 4.7 0.47 
GK. H8538 7 16.2 26.0 5.3 15° 2.5 5.5 0.48 16 32 

T = number of upper tubercles, t = number of lower tubercles, 6 + a = somewhat over 6. See Table 1 for other abbreviations. 

Figure 6. Neostlingoceras asiaticum sp. nov. External 
suture on the flank of two successive young whorls of GK. 
H8537 at h = 1.4 mm and 1.9 mm. Figure is about x16. 
Symbols as for Figure 2. Drawing by T. M. 

55' 3' 10A] (Figure 5D, E, F) and GK. H3538 [= S. 55' 3' 
10B] (Figure 5G, H, I) collected by T. T. in 1980 at the type 
locality (lk1103). This locality belongs to the Abunance 
Zone of Calycoceras (Newboldiceras) asiaticum. 

Diagnosis.-Shell slender with a low apical angle; whorl at 
early growth stage rather flat-sided, with rounded upper 
shoulder and shallow groove at midflank. Later, blunt 
nodes are developed on the upper shoulder and numerous 
minute tubercles are aligned along the lower edge of the 
flank. Suture fundamentally similar to that of Ostlingoceras 
(0.) bechei, but apparently simple on account of the small 
size of the shell (Figure 6). 

Description.-The three specimens are all small as shown 
in Table 3. They preserve the shell layer for the most part. 
In GK.H3537, the smallest specimen, the suture is well 
shown at its preserved middle stage (2.3 mm in whorl 
height). It is rather simple, but the elements (L and the sad­
dles on either side) exposed on the next whorl show more 
clearly minor indentations. L is situated on the concave 
zone of the midflank. 

The holotype is the largest of the three specimens. Its 
earlier part is lacking. If its preserved last part be assumed 
to reach a part of the last whorl, the restored outline of the 
shell would be roughly 45 mm in height. 

In every specimen the whorl junction is clearly impressed. 
The ratio of height to diameter in each whorl is low (less than 
0.5). A gradual change of ornament with growth is evidently 
shown by the holotype. Two paratypes generally follow the 
holotype in this regard. 

In young whorls a shallow and narrow, spiral groove runs 
at about the midflank and a low, spiral elevation above the 
groove forms a rounded shoulder in the upper part of the 
flank. 

In the next step of growth, the upper elevation is faintly un­
dulated and the lower edge of the whorl has numerous, tiny 
tubercles. Soon this is followed by broadening of the upper 

elevation on which bluntly raised and upward bullate nodes 
are developed. The spiral groove below the upper elevation 
is somewhat shifted downward from the midflank and nu­
merous small tubercles become distinct on the lower edge. 
The upper tubercles are 15 or 16 per whorl and the lower 
ones are twice as numerous as the upper ones. Both tuber­
cles become gradually distinct with growth and a short riblet 
extends upward from each of the lower tubercles. Finally 
on the preserved last whorl narrow transverse ribs run 
obliquely downward (i. e., adorally) from some of the upper 
tubercles. Underneath the row of lower tubercles there is a 
train of narrowly clavate tubercles, which defines the margin 
of the basal surface of the whorl. 

Comparison. - This species is unique among the nine 
species of Neostlingoceras in that its younger part is similar 
to Carthaginites krorzaensis Dubourdieu, 1953 (p. 66, pI. 4, 
figs. 49-52, text-fig. 20), from the upper Cenomanian of 
eastern Algeria, also to C. cf. krorzaensis, from the upper 
Cenomanian of England (Wright and Kennedy, 1996, p. 361, 
pI. 98, fig. 11), whereas its later whorls show the general 
characters of Neostlingoceras. 

The present species somewhat resembles N. bayardense 
Cobban, Hook and Kennedy, 1989 (p. 60, figs. 95R, 96R), 
from the Zone of Calycoceras canitaurinum in New Mexico, 
but the latter has a still lower apical angle (11°), distinctly 
flatter flank and finer and more numerous tubercles in the 
upper row. 

N. procerum Cobban, Hook and Kennedy, 1989 (p. 60, 
figs. 62, 95 0 - Q, S), from the upper Cenomanian 
Metoicoceras mosbyense Zone in New Mexico, is also simi­
lar to the younger part of the present species. Its shell is, 
however, more slender with a lower apical angle (10°). In 
later growth stages the nodes in the upper row are more dis­
tinct and coarser in N. asiaticum. It should be noted that 
transverse ribs occur at the late growth stage in both spe­
cies. 

Occurrence.-As for material. It should be noted that the 
present species is fairly close in geological age to N. 
bayardense mentioned above. 

Neostlingoceras cobban; sp. nov. 

Figure 5J-L 

Material. - Holotype, designated herein, is GK. H8535 
[= previous S.36·3·28] (Figure 5J, K, L), collected by T. T. in 
1961 at loc. Ik1103 of Nishikatsurazawa, from the middle 
Cenomanian part of the Mikasa Formation on the western 
wing of the Ikushunbetsu anticline. At present it is the sole 
available material for this rare but noteworthy species. 

Specific name.-In honor of William A. Cobban, who has 
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Table 4. Measurements of Neostlingoceras cobbani sp. nov. 

Specimen NW Hp Ht D 

GK. H8535 6+a 20.0 25.5 8.8 

Abbreviations as for Table 3. 

made a remarkable contribution to palaeontology and 
biostratigraphy. 

Diagnosis.-A species of Neostlingoceras that shows a 
comparatively less acute apical angle for the genus, dis­
tantly disposed and rather bluntly elevated tubercles of the 
upper row, shallower concave zone at midflank and numer­
ous, small tubercles of the lower row. Small size of the 
shell appears to be diagnostic, but is not necessarily definite. 

Description.-This specimen preserves six whorls, but its 
very apex and late whorls are unpreserved. It is small , as 
shown in Table 4, although the true size of the completely 
preserved original shell is not known. The proportion of 
height to diameter of each whorl is less than 0.5. The apical 
angle as estimated from the preserved part of the shell is 
20°. 

The upper part of the outer exposed whorl face slopes 
down to the upper row of tubercles where a shoulder is 
formed. The tubercles of this row are distant and not nu­
merous; 10 per whorl on average. Each of them is a bluntly 
pointed node which is broadened but lowered upward. A 
shallowly concave spiral zone runs below the upper row of 
major tubercles. Minor tubercles of the lower row are nu­
merous, 25 per whorl. They are arranged in a single row 
immediately above the lower whorl seam, but each of them 
seems to be double, as it is granular in lateral view but is 
rather clavate in lower view, forming the outer edge of the 
lower face of the whorl. In other words the lower tubercles 
may be those of united 2nd and 3rd rows. Sometimes faint 
riblets may extend upward from the lower tubercles across 
the concave zone below the row of major tubercles. On the 
lower face of the whorl ribs are scarcely discernible. 

The suture is not well traced. The preserved last whorl is 
still septate, showing minor indentation on the lobes of L, U 
and adjacent saddles. 

Comparison.-Although the specimen is small, it shows 
the generic charcters of Neostlingoceras. It is distinguished 
from N. carcitanense by the diagnosis (see above). 
Although the ratio of height to diameter of each whorl may 
vary to some extent within a species, it is generally smaller 
in the present species than in the cases of N. carcitanense, 
N. oberlini and also· N. kottlowskii Cobban and Hook, 1981 
(p. 26, pI. 4, figs. 1-28; Cobban, 1984, p. 17, pI. 4, fig . 9; 
Cobban et a/., 1989, p. 60, fig. 95 A-F). N. kottlowskii is 
closer in geological age to the present species than the 
other two. 

Occurrence and distribution.-As for material; unique at 
present. 

Genus Hypostlingoceras nov. 

Type species.-Hypostlingoceras japonicum sp. nov. (de­
scribed below). 

ap h d hid T 

3.5 7.5 0.47 10 25 

Figure 7. A, B. Hypostlingoceras japonicum gen. et. sp. nov. 
Lateral (A) and basal (8) views of GK.H8542 (holotype) . Figures 
are x2. Photos courtesy of M. Noda. 
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Diagnosis. - Turrilitid ammonoids which show peculiar 
change of characters with growth. Whorls in early growth 
stages have coarse or strong tubercles at about the midflank 
and numerous, minute tubercles in at least two lower rows. 
Sooner or later the tubercles at midflank gradually weaken 
and become sparse, whereas transverse ribs intervene be­
tween the tubercles. Finally the midflank tubercles disap­
pear, while numerous transverse ribs predominate, and thus 
the ornamentation as well as the whorl shape becomes quite 
similar to that of Ostiingoceras. 

Discussion.-On account of its more or less slender shell 
shape and small size, this genus resembles Neostlingoceras 
rather than Hypoturrilites in its youth. In more or less later 
growth stages it is quite similar to Ostlingoceras. The stage 
at which the characters of the Neostiingoceras type change 
to those of the Ostiingoceras type varies to some extent, and 
the change occurs more or less gradually. Based on the 
above facts, we presume that Hypostlingoceras may have 
been derived from Ostiingoceras in parallel with 
Neostiingoceras. The type specimens are never artificial 
chimeras. 

Occurrence.-At present this genus is represented by two 
species from the lower Cenomanian in the Mikasa area of 
Hokkaido. More material should be searched for to deter­
mine clearly the geological and geographical distribution as 
well as the phylogenetic relationships of this genus. 

A 

Hypostlingoceras japonicum sp. nov. 

Figures 7A, B; 8A-E; 9A-E; 10 

Material.-Holotype , designated herein, is GK. H8542 [= 
previous S. 36' 7 ' 25] (Figures 7 A, B; 8A, B, C, D, E), col­
lected by T. T. in 1961 from the lower part of the Mikasa 
Formation exposed on the Ganseki-zawa, i. e., the eighth 
branch of the Kami-ichino-sawa, a tributary of the River 
Ikushunbetsu. Paratype is GK. H8541 [= previous S. 39' 
9 ' 11] (Figure 9A, B, C, D, E) collected by T. T. in 1964 at 
Loc. 7045 of T. T. in the Suido-no-sawa, a short branch of 
the River Ikushunbetsu. The beds at the above two locali­
ties are referred to the Mantelficeras japonicum Zone, and 
are early Cenomanian in age. 

Diagnosis.-Shell shape is slender, with low apical angle, 
and rather small. Whorls in youth subtrapezoid in lateral 
view, with square shoulder at midflank where coarse and 
strong tubercles are disposed at intervals. Then comes a 
transitional stage, where whorl is subrounded, midflank tu­
bercles weaken and extend upward to ribs and additional in­
tervening ribs occur. Whorls in later growth stages gently 
inflated on side and ornamented densely by numerous 
transverse ribs. Minute tubercles are aligned on the lower 
two narrow ridges throughout growth. 

Description.-The two specimens, GK. H8542 and GK. 
H8541 , are much different in size but similar in their slender 

Figure 8. A-E. Hypostlingoceras japonicum gen et sp. nov. Four lateral 
(A, B, C, D, successively 90° apart clockwise) and basal (E) views of GK.H8542 
(holotype) . Figures are x1.2. Photos courtesy of T. Nishida. 
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Table 5. Measurements of Hypostlingoceras japonicum sp. nov. 

Specimen NW Hp Ht D ap h d hId R T 

GK. H8542 8+a 69.0 80.0 20 18° 11.0 19.0 0.58 40 16 30 

GK. H8541 7+a 26.5 34.0 8.5 18° 4.2 7.4 0.57 32 15 

Abbreviations as for Tables 1 and 4. T and t are measured on the whorl at 2 volutions earlier than that where h, d, and R are measured. 

A B c E 

Figure 9. A-E. Hypostlingoceras japonicum gen. et sp. nov. Four lateral (A, B, C, D, successively 90° apart clockwise) and 
basal (E) views of GK.H8541 (paratype) . Figures are x2. Photos courtesy of M. Noda. 

shell shape with a low apical angle (about 18°) and the pro­
portion of the flank height and diameter of each whorl is 
slightly above 0.5 (see Figures 7-9 and Table 5). The stage 
characterized by strong midlateral tubercles is manifested by 
several young whorls in the two specimens, although the 
youngest part is destroyed or unpreserved. The change in 
the whorl shape and ornamentation is evident in both speci­
mens, but it occurs in the whorl at a diameter of about 15 
mm in GK. H8542, whereas it occurs at a diameter of about 
5 mm in GK. H8541 . An Ostlingoceras-like late stage con­
tinues for fully 3 whorls in the smaller specimen (GK. H8541) 
and for 2.5 whorls in the larger one (GK. H8542). 

In the larger specimen the longitudinal ribs become 
denser and more numerous on the whorl of the later growth 
stage (Figure 8). However, near the preserved last part a 
few ribs strengthen and markedly curve on the convex basal 
surface (Figure 78). However, as the last whorl is partly de­
stroyed, we cannot confirm the real peristome. In the 
smaller specimen the ribs do not become particularly dense 
and numerous in the preserved last whorl. They curve 
rather moderately on the convex lower surface (Figure 9). 

Almost throughout growth, in both specimens, small tuber­
cles are aligned in two rows on the narrowly raised ridges 

. which are separated by a narrow groove. At first these 
minor tubercles correspond in number and disposition to the 
major ones, but soon they become more numerous and 
clavate. These two rows of minor tubercles correspond to 

Figure 10. Hypostlingoceras japonicum gen. et sp. nov. 
External suture of GK. H8541 (paratype) on the preserved last 
whorl at h = 5 mm and d = 8.2 mm. Figure is about x9. 
Symbols as for Figure 2. Drawing by T. M. 

the second and third rows in certain species of 
Ostlingoceras (Ostlingoceras). The second row forms the 
lower edge of the flank and the third row runs along the 
lower whorl seam. 

In the early stages there is a concave spiral zone below 
the subangular zone of strong tubercles. In the transitional 
and later stages, the concave zone shifts downward and the 
ribs have more or less weakened smaller tubercles above 
this zone. These minor tubercles may be so reduced that 
they may be sometimes expressed as faint swellings. The 
ribs extend further to run across the concave zone with gen­
tle sinuosity and weakening and are connected with minor 
tubercles of the second row. In addition to the tubercles of 
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A B o E 

Figure 11. A- E. Hypostlingoceras mikasaense gen. et sp. nov. Four lateral (A, B, C, D, successively 90° apart clockwise) 
and basal (E) views of GK.H8540 (holotype) . All figures are x 2.1. Photos courtesy of T. Nishida (A-C) and M. Noda (D, E). 

Table 6. Measurements of Hypostlingoceras mikasaense sp. nov. 

Specimen NW Hp Ht D ap 

GK. H8540 6 26.0 32.0 13.0 30° 

Abbreviations as for Table 5. 

the third row, those of the fourth row may be discernible on 
some ribs of the basal surface. 

A septal suture is observed on the preserved last whorl of 
the smaller specimen (see Figure 10). 

Discussion.-The specimen, OM.II-497, illustrated as ' 
Turrilites cf. costatus Lamarck' by Ikegami and Omori (1957, 
pI. 14, fig . 3), from their Unit MK1 (= Member lib of 
Matsumoto, 1965, fig. 4; 1991, p. 22-24), was listed under 
Ostlingoceras (0.) aft. co/canapi (Boule, Lemoine and The­
venin, 1907) by Wright and Kennedy (1996, p. 323). Its fig­
ure shows, however, a more slender shell shape with a 
lower apical angle and its younger whorls have a row of 
coarse tubercles at about midflank. It is probably another 
example of this species. Regrettably, the original specimen 
is missing at present. 

Occurrence.-As for material. 

Hypostlingoceras mikasaense sp. nov. 

Figure 11 A-E 

Materia/.-Holotype is GK. H8540 [= previous S. 51·7·4) 
(Figure 11 A, B, C, D, E), collected by T. T. in 1976 at a local­
ity on the northeastern rivulet ['Migimata'] of the Ganseki­
zawa, i. e., the eighth branch of the Kami-ichi-no-sawa, a 
tributary of the River Ikushunbetsu. The exposed rock of 
the type locality is referred to the Mantelliceras japonicum 
Zone of the Mikasa Formation. 

Diagnosis. -Shell small, with a moderate apical angle, 
about 30° as estimated from the preserved part. Whorls in 

h d hid R T 
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Figure 12. Hypostlingoceras mikasaense gen et sp. nov. 
External suture of a young stage at h = 4.2 mm. Figure si 
about x9.5. Symbols as for Figure 2. Drawing by T. M. 

youth subtrapezoid in lateral view with shoulder at about the 
midflank, where coarse and strong tubercles are aligned. 
Change of ornament at transitional growth stage generally 
follows that of the type species. Later whorls show moder­
ately to gently convex flanks and ornamentation like that of 
Ostlingoceras (0.) bechei (Sharpe, 1857). 

Description.-The holotype consists of about 6 whorls , but 
its apical part is lacking. The preserved part of the shell is 
26 mm high and its diameter at the last whorl is 13 mm. 
The apical angle estimated from the preserved part of the 
shell is about 30°. Whorls are tightly in contact, with a fairly 
deeply impressed junction. The ratio between flank height 
and diameter in each whorl is about 0.45 (see Table 6). 
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The shape of a young whorl in lateral view is trapezoid, 
with an angular shoulder at about the midflank, where strong 
tubercles are aligned at moderate intervals, numbering 12 
per whorl. Another row of smaller tubercles runs on a nar­
row ridge slightly above the lower whorl seam. On the pre­
served first whorl these lower tubercles are fairly coarse and 
correspond in number and disposition to the upper tuber­
cles. Soon the upper strong tubercles are bullate and the 
lower tubercles become finer and tend to be clavate. 

In the transitional stages the upper tubercles are weak­
ened, transversally elongated and distantly arranged, 
whereas a few node less ribs occur in the intervening space. 
The minor tubercles on the lower spiral ridge are disposed 
approximately on the extension of the elongated tubercles 
and intervening ribs. Throughout the above-described 
stages there is another row of clavate tubercles along the 
lower whorl seam. There is a narrow but distinct spiral 
groove between the two lower rows of minor tubercles. 

In the late stages, including the late transitional substage, 
the whorl develops a more rounded shape, showing a gently 
convex flank. It is ornamented by numerous transverse 
ribs, numbering 32 in the preserved last whorl. Above the 
second row of minor tubercles there is a shallowly concave 
spiral zone. The ribs run across this concave zone with 
slight weakening and sinuousity. In the preserved last 
whorl the third row of minor tubercles is not clavate but ele­
vated at the markedly curved point of the ribs on the mar­
ginal part of the basal surface. Some of the tubercles seem 
to be doubled, suggesting incorporation of the remnants of 
the tubercles of the fourth row (Figure 11 E). The ribs ex­
tend further toward the narrow umbilicus with a gentle curva­
ture. 

The septal suture is partly exposed on the flank of a rather 
young whorl, showing half of E, the E-L saddle, entire Land 
a part of the L-U saddle. L is situated on the concave zone 
below the upper row of the tubercles. These elements are 
indented (Figure 12). 

Comparison.-With respect to the general change of char­
acters with growth, this species is assigned to the genus 
Hypostlingoceras. It is distinguished from H. japonicum in 
having a larger apical angle, smaller ratio of hid in each 
whorl, stronger midflank tubercles in youth and somewhat 
coarser and less numerous ribs on the later whorls. 

The whorls of this species in late growth stages are fairly 
similar to Ostlingoceras (Ostlingoceras) bechei (Sharpe) in 
shell shape and ornamentation, although this does not nec­
essarily imply a direct phylogenetic relationship. 

Occurrence and distribution.-As for material. At present 
this species is known solitarily in the lower part of the 
Cenomanian of Hokkaido. 
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Abstract. The Paleogene marine sequences of the Dungan, Shaheed Ghat, Baska and Kirthar 
Formations are exposed at several places in the Sulaiman fold and thrust belt in central Pakistan. 
The lowermost Dungan Formation unconformably overlies the open marine Maastrichtian Pab 
Sandstone, being distributed widely along both limbs of the Zinda Pir Anticline area and in the 
Rakhi Nala area. The Dungan Formation is composed mainly of black-colored siltstone with some 
intercalations of sandstone in the base and many interbeds of limestone in the upper part. The 
strata from all three sections have yielded abundant and well-preserved Paleocene-Eocene planktic 
foraminifers and about 50 species belonging to nine genera are identified from this sequence. 
Zones P3 to P7 of the tropical zonal schemes were recognized, furthermore, Zones P3 and P4 are 
subdivided into two subzones (Subzones A and B), respectively. These assemblages contain a 
new species Globanomalina rakhiensis in the Rakhi Nala section. A late Paleocene through early 
Eocene age is assigned to the Dungan Formation. The quantitative data of each species indicates 
that the Dungan Formation was deposited in a relatively deep to open marine environment, proba­
bly forming a continental slope dipping from east to west. 

Key words: Biostratigraphy, Dungan Formation, Pakistan, Paleocene-Eocene, paleoenvironment, 
planktic foraminifera, Sulaiman Range 

Introduction 

A Mesozoic to Paleogene sedimentary sequence is widely 
exposed along the northwestern margin of the Indian 
Subcontinent in central Pakistan. These strata were depos­
ited during the closing of the Tethys Ocean and form several 
fold-and-thrust belts of over 100 km width along a series of 
lobes in the Kirthar, Sulaiman, and Salt Ranges from south 
to north (Cheema et al., 1977; Humayon et al., 1991; 
Warwick et al., 1998). The Paleogene sequence of the 
Sulaiman Range which overlies the Mesozoic marine shelf 
sediments consists of the Paleocene to Eocene Dungan 
Formation, the early Eocene Shaheed Ghat and Baska 
Formations, and the middle to late Eocene Kirthar 
Formation. Latif (1961) and Samanta (1973) reported many 
Paleocene-Eocene planktic foraminifers and their zonation 
from the Rakhi Nala section located in the eastern Sulaiman 
Range (Figure 1). Jones (1997) also showed the age of the 
Dungan Formation using the planktic foraminifers recovered 

from three samples from the northern part of the Sulaiman 
Range. Warraich and Natori (1997) also established the 
Paleocene-Eocene planktic foraminiferal biostratigraphy on 
the western side of the Zinda Pir Anticline region, and recog­
nized the following nine zones: the Morozovella angulata, 
Globanomalina pseudomenardii, Morozovella velascoensis, 
M. subbotinae, M. formosa formosa, M. aragonensis, M. 
spinulosaiTruncorotaloides topilensis, Catapsydrax howei 
and Globigerina officinalis zones. However, this biostrati­
graphic work is still preliminary and further detailed work is 
needed for correlation with the recently revised standard 
zonal schemes of Berggren et al. (1995) and Olsson et al. 
(1999). 

The main objectives of this paper are to establish a com­
plete biostratigraphic zonation of the Dungan Formation dis­
tributed in the Zinda Pir Anticline and the Rakhi Nala regions 
of the Sulaiman Range, and to correlate zones established 
in these regions with standard zones of the tropical­
subtropical latitudes, and with those recognized in the other 
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regions of the Indus Basin. We also discuss the faunal 
changes and depositional environment of the Dungan 
Formation using quantitative foraminiferal data. 

Materials and methods 

We carried out systematic sampling along both sides of 
the Zinda Pir Anticline and in the Rakhi Nala section cover­
ing the entire sequence of the Dungan Formation (Figure 1). 
Some 54 samples (22 samples coded ZPW and 32 samples 
coded ZPE) were obtained along the western and the east­
ern limbs of the Zinda Pir Anticline, and 41 samples (coded 
R) were collected from the Rakhi Nala section. These sam­
ples were collected at 1-to 5-meter intervals. Because 
siltstone samples were very hard, all samples (each weigh­
ing 100g) were first treated with sodium sulfate (Na2So.), and 
later with tetraphenylborate (NaTPB). The disaggregated 
samples were washed using a 63 I-Im sieve. 

Population counts for planktic foraminifers are based on 
random splits of 200 to 300 specimens. To remove juvenile 
forms, specimens over 150 I-Im were picked and identified; 
however, the smaller fractions were also scanned for recog­
nition of small-sized species. The faunal reference list is 
given in Appendix 1. 

Lithostratigraphy 

The Paleogene sequences exposed in the Zinda Pir and 
Rakhi Nala sections of the investigated areas consist of the 
Dungan and the Shaheed Ghat Formations in ascending 
order (Figure 1). The Dungan Formation forms the basal 
part of the Paleogene sequence, unconformably overlying 
the Maastrichtian Pab Sandstone (Kazmi, 1995, Nomura 
and Brohi, 1995, this study). Eames (1952) was the first 
who described the lithostratigraphy of the lower Paleogene 
strata of both the Zinda Pir and Rakhi Nala areas in detail. 
He divided this sequence into four lithological units in both 
areas (Figure 2). Cheema et al. (1977) and Kazmi (1995) 
summarized his several units and gave the name of the 
Dungan Formation to the mudstone-dominated sequences. 
For example, Kazmi (1995) included many lithological units 

Eames (1952) 
Rakhi Nala Zinda Pir 

Upper Rakhi Gaj Shales 
Ghazij Shales 

Zinda Pir Ls. (upper part) 

Lower Rakhi Gaj Shales 
Zinda Pir Ls. (lower part) 

Zinda Pir Shales 

Gorge Beds /'" 
venericary Quartzose Sandstone 
iShales 
Pab Sandstone 

defined by many previous workers into the Dungan 
Formation (Figure 2). 

We divided the strata distributed in the studied area into 
three formations according to the lithology of Kazmi (1995). 
The lowermost strata of the Maastrichtian Pab Sandstone 
consist of white, cream-to brown-colored, thick- to massive­
bedded, medium to coarse-grained quartzose sandstone 
with intercalations of shale and argillaceous limestone in the 
study areas. The Dungan Formation overlying the Pab 
Sandstone represents dark-black colored siltstones inter­
beded with hard quartzitic-glauconitic sandstone beds in the 
lower part and thin-to thick-bedded, dark-gray limestone 
weathering brown-buff in the upper part. The interbeds of 
sandstone are abundant in the Rakhi Nala, while those of 
limestone are common in the Zinda Pir. 

It is noteworthy that the thickness of the Rakhi Nala 
section (312 m) is twice that of the Zinda Pir sections (135 
m). In the Sulaiman Range, while contact of the Dungan 
Formation with the overlying Shaheed Ghat Formation is de­
scribed as conformable (Cheema et al., 1977; Shah, 1990, 
Kazmi, 1995). However, we describe this contact as 
unconformable based on the presence of the conglomeratic 
to brecciated limestone bed in the lowermost part of the 
Shaheed Ghat Formation (Figures 3-6). Previous workers 
(Eames, 1952; Cheema et al., 1977; Shah, 1990, Kazmi, 
1995) did not report this conglomeratic to brecciated lime­
stone bed. Moreover, this result is also supported by the 
nonexistence of Zone P6 .(Figures 3-6). Thickness of the 
conglomeratic to brecciated limestone bed is 16 m in the 
Zinda Pir sections that pinches out at Rakhi Nala. 
However, in the Rakhi Nala section, there is another 
conglomeratic to brecciated bed (1 m) which is strati­
graphically younger than those of the Zinda Pir sections 
(Figure 6). This limestone contains shallow marine fossils 
such as larger foraminifers and bivalves (Vasticardium and 
Chlamys species) embedded in a calcareous matrix contain­
ing a pelagic fauna. 

Biostratigraphy 

Among 32 and 22 samples collected from the Dungan 

Cheema Kazmi (1995) This work 
et al. (1977) 

Ghazij Fm. Shaheed Ghat Shaheed Ghat 
Formation Formation 

Dungan Fm. 

Dungan Dungan Formation 
Bara Fm. Formation 

Khadro Fm. 

Pab Sandstone Pab Sandstone Pab Sandstone 

Figure 2. Lithostratigraphic subdivisions and correlation of the early Tertiary strata exposed in the Sulaiman Range pro­
posed by different workers. 
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Figure 3. Measured columnar section along the eastern limb of the Zinda Pir Anticline showing lithostratigraphic se­
quences, sample locations, and biostratigraphic distribution of the recovered planktic foraminifers. The numbers indicate the 
samples containing planktic foraminifers. 

Formation along the eastern and western limbs of the Zinda 
Pir Anticline, 7 and 11 samples yielded planktic and benthic 
foraminifers, respectively. The individual specimens of the 
planktic foraminifers recovered from the western side of the 
Zinda Pir Anticline are abundant and better preserved than 
those from the eastern side. Some 30 species belonging to 
7 different genera of planktic foraminifers were identified in 
the Zinda Pir sections (Appendix 3). 

In the Rakhi Nala section, 16 samples out of 41 yielded 
abundant and well-preserved foraminifers. The planktic 
foraminiferal assemblage recovered from this section com­
prised 51 species belonging to 10 genera (Appendix 3). 

Two standard Paleogene zonal schemes have been es­
tablished in the lOW-latitude regions. One is represented by 
Bolli's zonation and its revisions (Bolli, 1957, 1966; 
Toumarkine and Luterbacher, 1985). The other one is the 
P-zonation of Blow (1979) and its modifications (Berggren 
and Miller, 1988; Berggren et al., 1995). Recently, 
Berggren and Norris (1997) and Olsson et al. (1999) have 

published updated versions of the Paleocene P-zonal sys­
tem and the phylogeny. 

The Paleogene fauna recovered from the Dungan 
Formation included abundant tropical and subtropical indipa­
tors, suggesting a habitat of tropical-subtropical Tethyan wa­
ters. Hence, the Paleogene international zonal schemes 
proposed by Berggren et al. (1995) and Olsson et al. (1999) 
are basically applicable to the faunal assemblage of the 
Dungan Formation (Figure 7). This formation is divided into 
five biostratigraphic intervals that correspond to Zones P3 to 
P7 of Berrgren's zonation (Figure 7). However, we have 
subdivided Zone P4 of Berggren and Norris (1997) and 
Olsson et al. (1999) into two subzones instead of three as an 
extension of the stratigraphic range of A. subsphaerica is re­
corded in this region. Moreover, we have used some differ­
ent datum levels as boundaries of subzones due to sporadic 
occurrence of index species in the lower portions of all three 
sections. 
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quences, sample locations and biostratigraphic distribution of the recovered planktiC foraminifers. The numbers indicate the 
samples containing planktic foraminifers. 

Paleocene Zones of the Dungan Formation 
P~. Morozovella angulatalGlobanomalina pseudomenar­
dii Interval Zone 

Zone P3 of Berggren and Norris (1997) and Olsson et al. 
(1999) is defined as the interval zone between the first ap­
pearance datum (FAD) of Morozovella angulata and the 
FAD of Globanomalina pseudomenardii. They also have 
subdivided Zone P3 into Subzones P3a and P3b using the 
FAD of Igorina albeari. In this paper, however, we cannot 
use their subzones because of the sporadic occurrence of I. 
albeari (Figures 3-5). Instead, we defined two regional 
subzones as described below, using the FAD of M. acuta. 

P3A. Morozovella angulata -M. acuta Interval Subzone 
Definition.-The lower boundary of this zone is not de­

fined because of the missing sequence in the Zinda Pir and 
nonoccurrence of any planktic foraminifers in the Rakhi 

Nala. The upper boundary is placed at the FAD of 
Morozovella acuta (Figure 4). 

Occurrence. - This subzone is found restrictedly in the 
western section of the Zinda Pir Anticline (Figures 1, 4). 
Planktic foraminifers in this zone are not abundant, with the 
total number of specimens per sample ranging from 20 to 76 
per sample. The rare occurrence of M. angulata is ob­
served· in Sample ZPW-1, associated with Globanomalina 
imitata, G. compressa, and Subbotina triloculinoides. 

Correlation and age.-The FAD of M. aeuta is a reliable 
datum in the tropical regions, being placed within Subzone 
P3b of Berggren and Norris (1997) and within the 
Planorotalites pusil/a pusil/a Zone of Toumarkine and 
Luterbacher (1985). The other index species of the Dungan 
Formation is G. compressa, which disappears within Zone 
P3a of Berggren and Norris (1997). The absence of M. 
acuta and cooccurrence of M. angulata and G. compressa 
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Figure 5. Measured columnar section along the Rakhi Nala (river) showing lithostratigraphic sequences, sample locations 
and biostratigraphic distribution of the recovered planktic foraminifers. The numbers indicate the samples containing planktic 
foraminifers. In addition, the results of quantitative analysis consisting of dominance (the most abundant species), diversity and 
the P-ratio are shown in this figure. 

indicate that Subzone P3A corresponds to the interval from 
Subzone P3a to the lower part of Subzone P3b of Berggren 
and Norris (1997) (Figure 7). Hence, the age of Subzone 
P3A is assigned to the late Paleocene (Selendian). 

P3B. Morozovella acuta-Globanomalina pseudomenardii 
Interval Subzone 

Definition.-The interval of this zone ranges from the FAD 
of M. acuta to the' FAD of the Globanomalina pseudo­
menardii. 

Oceurrenee.-This subzone is observed in the interval 
from Samples ZPW-5 to ZPW-16 in the western section of 
the Zinda Pir Anticline and from Samples R23 to R28 in the 
Rakhi Nala (Figures 4, 5). 

Correlation and age. - The dominant faunas of this 
subzone are Morozovella forms (aeuta, apanthesma, 
acelusa, and velascoensis). These species and another 
three species (Globanomalina ehrenbergi, Igorina pusifla, 
and Subbotina triangularis) appear first in Sample ZPW-5 of 
the Zinda Pir west section and R23 of the Rakhi Nala. This 

subzone is correlated with the upper part of Subzone P3b of 
Berggren and Norris (1997), Olsson et al. (1999), and with 
the P. pusifla pusilla Zone of Toumarkine and Luterbacher, 
1985 (Figure 7). The age of this zone is late Paleocene 
(Selendian). 

P4. Globanomalina pseudomenardii Total Range Zone 
The total range of Globanomalina pseudomenardii (Zone 

P4) is recognized as an excellent stratigraphic marker in 
many tropical regions (e.g. Bolli and Krasheninnikov, 1977; 
Toumarkine and Luterbacher, 1985). In the studied sec­
tions, the FAD of Globanomalina pseudomenardii has been 
placed at Sample ZPW-15 in the western section of the 
Zinda Pir Anticline, and at Sample R25 from the Rakhi Nala 
(Figures 4, 5). The last appearance datum (LAD) of G. 
pseudomenardii was observed in all three sections. 
Samples ZPE-20, ZPW-21 of the Zinda Pir Anticline and 
Sample R32 of the Rakhi Nala show the LAD of G. 
pseudomenardii. Some 25 species belonging to five gen­
era were identified in this zone. 
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Berggren and Norris (1997) have used the FADs of 
Acarinina subsphaerica and A. soldadoensis soldadoensis 
to subdivide their Zone P4 into three subzones (P4a, P4b 
and P4c). We cannot apply their definition in this area, be­
cause the stratigraphic ranges of both A. subsphaerica and 

A. soldadoensis soldadoensis overlap in the Zinda Pir west 
section and in the Rakhi Nala (Figures 3-5). Olsson et al. 
(1999) has demonstrated that the stratigraphic range of 
Acarinina subspaerica may extend upwards, close to Zone 
P4/P5 boundary. Therefore, we used only the FAD of A. 
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soldadoensis soldadoensis as an index marker, and subdi­
vided Zone P4 into two subzones P4A and P4B as follows 
(Figure 7). 

P4A. Globanomalina pseudomenardii-Acarinina solda­
doensis soldadoensis Interval Subzone 

Definition.-This subzone is defined as the interval zone 
between the FAD of G, pseudomenardii and the FAD of A. 
soldadoensis soldadoensis. 

Occurrence.-This subzone is recognized in both sides of 
the Zinda Pir Anticline (Samples ZPE-14 to 15 in the east 
and ZPW -17 to 18 in the west) and in the Rakhi Nala 
(Samples R25 to R29). 

Correlation and age.-The FAD of A. soldadoensis solda­
doensis is one of the distinctive bioevents in the late 
Paleocene and is placed at Zones P4aJP4b boundary by 
Berggren and Norris (1997) and Olsson et al. (1999) or 
within the Planorotalites pseudomenardii (= Globorotalia 
pseudomenardil) Zone by Toumarkine and Luterbacher 
(1985). This subzone corresponds to the joint interval of 

P4a and P4b (Figure 7) of Berggren and Norris (1997), and 
Olsson et al. (1999). The age span of this zone is late 
Paleocene, from the latest Selendian to early Thanetian. In 
the Dungan Formation, two species of Igorina (albeari, 
pusil/a) and Parasubbotina varianta disappear within this 
subzone. 

P4B. Acarinina soldadoensis soldadoensis/Globa­
nomalina pseudomenardii Concurrent range Subzone 

Definition.-Subzone is defined as the interval between 
the FAD of A. soldadoensis soldadoensis and the LAD of G. 
pseudomenardii. 

Occurrence,-This subzone ranges from Samples ZPE-
15 to 20 in the east section of the Zinda Pir Anticline, 
ZPW-19 to 21 in the west section of the Zinda Pir Anticline, 
and R29 to R32 in the Rakhi Nala (Figures 3-5). 

Correlation and age. - This subzone is equivalent to 
Subzone P4c of Berggren and Norris (1997) and Olsson 
et al. (1999). The age of this subzone is late Paleocene 
(Thanetian). In the Dungan Formation, Morozovella 
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angulata and Globanomalina ehrenbergi disappear within 
Subzone P4B. 

P5. Morozovella velascoensis Interval Zone 
Definition.-The definition of Zone P5 is the interval zone 

between the LAD of G. pseudomenardii and the LAD of 
Morozovella velscoensis (e.g. Berggren and Norris, 1997). 
The base of this zone has been found in all three sections. 
The upper limit of this zone was placed at the level of 
Sample R26 in the Rakhi Nala, but its boundary is not clear 
in the Zinda Pir Anticline, because the hard siltstone of the 
uppermost part of the Dungan Formation contains no 
planktic foraminifers (Figures 3, 4). 

Occurrence.-This zone ranges from Samples ZPE-20 to 
26 in the east and from Samples ZPW-21 to 22 in the west 
of the Zinda Pir Anticline, and from Sample R32 to R33 in 
the Rakhi Nala. 

Correlation and age. - This zone corresponds exactly to 
Zone P5 of Berggren and Norris (1997) and Olsson et al. 
(1999). The assemblages of planktic foraminifers in the 
Dungan Formation contain abundant index species of latest 
Paleocene to early Eocene age such as Morozovella 
subbotinae, M. formosa gracilis, Acarinina wilcoxensis and 
Pseudohastigerina wilcoxensis. In particular, the last spe­
cies is a marker for recognizing the Paleocene/Eocene (PIE) 

boundary, appearing first just above the PIE boundary 
(Berggren, 1969; Stainforth et al., 1975; Berggren and 
Aubry, 1998). The FAD of this species has been recorded 
in Samples ZPW-21 and ZPE-26 in the Zinda Pir, and in 
Sample R27 in the Rakhi Nala. 

The chemo- and biostratigraphic events of a negative ex­
cursion of 0 13C (CIE) and the benthic foraminiferal extinc­
tion event (BEE) are used as the PIE boundary markers by 
many workers (e. g. Berggren and Aubry, 1998; Berggren 
et al., 1998). The BEE in the investigated area is recog­
nized between Samples R32 and R33 of the Rakhi Nala sec­
tion (personal communication by Ritsuo Nomura, Shimane 
University, Japan). Hence, the PIE boundary can be placed 
between Samples R27 and R26 in the Rakhi Nala section. 
The PIE boundary in the Zinda Pir sections can be drawn 
tentatively between the Samples ZPE-20 and 26 in the east 
and ZPW-21 and 22 in the west, respectively. The age of 
this zone ranges from the latest Paleocene to earliest 
Eocene. 

Eocene Zones of the Dungan Formation 
In the study area, the siltstone sequence of the Dungan 

Formation is overlain by the conglomeratic to brecciated 
limestone beds present in the basal part of the Shaheed 
Ghat Formation. This field observation implies an 
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Figure 11. A. Pelagic limestone (wakestone) containing abundant planktic foraminifers from the Rakhi Nala section, 
Sample R3? (scale bar = O.5mm). B. Limestone (wakestone) showing squashed (compacted) larger foraminifers and glauconitic 
grains from the Zinda Pir western section, Sample LS3 (scale bar = O.5mm) . G stands for glauconite grain. 

unconformable relationship between the two formations. 
The biostratigraphic data from the Dungan Formation sup­
ports this interpretation because the age of the siltstone 
beds in the uppermost part of the Dungan Formation in the 
Zinda Pir sections is latest Paleocene to earliest Eocene 
(Zone P5). whereas such beds in the Rahki Nala section are 
early Eocene in age (Zone P7). Two early Eocene zones 
described here are recognized from the Rakhi Nala section. 

P6. Morozovella subbotinae Partial Range Zone 
Definition.-This zone is defined as an interval zone be­

tween the LAD of M. velascoensis and the FAD of M. 
aragonensis. 

Occurrence.-None occurred in the intervening samples 
between the Sample R27 and the Sample R34 in the study 
area. 

P7. Morozovella aragonensislM. formosa formosa Con­
current-Range Zone 

Definition.- This zone is defined by the interval from the 
FAD of M. aragonensis to the LAD of Morozovella formosa 
formosa. The upper boundary of this zone probably lies 
within the overlying Shaheed Ghat Formation. 

Occurrence.-The interval of this zone is recognized be­
tween the Samples R34 and R41 that include many early 
Eocene species such as Morozovella aragonensis, M. 

formosa formosa, Subbotina inaequispira, and S. lozanoi. 
Two species (Acarinina nitida and Morozovella aequa) dis­
appear close to the top of this interval (Figure 5). 

Correlation and age.-Zone P7 of Blow (1969, 1979) has 
been revised by Berggren and Miller (1988), who used the 
FAD of M. aragonensis as the lower boundary of this zone 
and the LAD of M. formosa formosa as the top. This zone 
corresponds to the joint interval of the M. formosa formosa 
Zone and the lower part of the Acarinina pentacamerata 
Zone of Toumarkine and Luterbacher (1985). The age of 
this zone is early Eocene (middle to late Ypresian) . 

Quantitative analysis of planktic assemblages 

For calculation of quantitative indices (plankton ratio, 
dominance and species diversity), we used the samples 
containing over 100 individuals. In the Rakhi Nala, all sam­
ples from Zone P3 to P7 yielded abundant and well­
preserved foraminifers (Appendix 2). However, the total 
number per samples of individuals recovered from Zone P3 
of the Zinda Pir sections amounted to less than 100. The 
number of specimens in the other samples in the Zinda Pir 
exceeded 200 individuals per sample. 
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Figure 12. Globanomalina rakhiensis sp. nov. 1-3: Holotype, (IGUT coil. cat. no. 50101) umbilical , side and spiral views, 
Sample R41 , all x270. 4,5: Paratype, (IGUT coil. cat. no. 50102) , umbilical and side views, Sample R41 , all x330. 6-8: 
Paratype, (IGUT coil. cat. no. 50103) side, spiral and umbilical views. This specimen has more compressed peripheral margin 
on umbilical side, more limbate intercameral sutl!res on spiral side and more developed keel in side view, Sample R41, all x300. 
9: An enlarged view of specimen (as illustrated in Figure 4) shows smooth wall surface with some pustules (scale bar = 1 O~m) 

Results and discussion 

1. Plankton-ratio 
The plankton-ratio (P-ratio) is expressed by the following 

formula: 
P-ratio = [P/(P+B)] x 100 

Here P and B represent the number of specimens of 
planktic and benthic foraminifers, respectively. The trend of 
P-ratios differs between the eastern and western sections of 
the Zinda Pir Anticline (Figures 8, 9). In the east, the P­
ratios of Zone P4A are as high as 90%, decreasing gradually 
to a minimum (39°/~) in Zone P4B, and then recovering to 
89% in Zone P5. In the west, the P-ratios are consistently 
high (80-90%) during Zones P3B to P5, except for a figure 
of 31 % in Sample ZPW-17 in the lowermost part of Zone 
P4A. In the Rakhi Nala section, the P-ratios of all samples 
show high values of more than 95% (Figure 5). 

2. Species compositions 
The morozovellid species are common to abundant 

throughout the studied sequences, exceeding about 30-
40% of the total number of specimens (Figures 8-10). The 
dominant morozovellids are M. angulata in Zone P3B, M. 
acuta and M. velascoensis in Zone P4 and three species (M. 

acuta, M. subbotinae, and M. aequa) in Zone P5 in the Zinda 
Pir area. In the Rakhi Nala region, the assemblage of Zone 
P3B is dominated by M. acuta and M. angulata (40-60%), 
whereas that of Zones P4 and P5 is dominated by M. acuta, 
M. conicotruncata, M. occlusa, and M. velascoensis (30-
35%). The relative abundance of Acarinina and Subbotina 
during Zones P3 to P5 is relatively high, fluctuating between 
10 and 20% of the total for each genus. Those of the other 
genera (/gorina, Globanomalina, and Parasubbotina) are 
less than 10% for each genus. 

The replacement of the Paleocene morozovellid group (M. 
velascoensis, M. angulata, M. conicotruncata and M. 
apanthesma) by early Eocene forms (M. formosa gracilis, M. 
formosa formosa, M. lensiformis, M. subbotinae, M. 
marginodentata and M. edgart) occurred during Zones P5 to 
P6 (Figure 5). The acarininids (A. pentacamerata, A. solda­
doensis soldadoensis, A. wilcoxensis) and subbotinids (S. 
patagonica, S. inaequispira, S. prolata) increased within 
Zone P7, accompanied by a decrease in the abundances of 
the morozovellid forms (Figure 10). This increase in the 
abundance of acarininid and subbotinid forms is probably re­
lated to a temperature decrease after the Paleocene-Eocene 
boundary. In the late Paleocene, the period spanning latest 
zone P4 to P5 is of maximum warmth (LPTM), with Zones 
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Figure 13. 
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Figure 14. 
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Figure 15. 
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Figure 16. 
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Figure 17. 
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Figure 18. 
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P6b and P7 becoming slightly cooler (e.g., Stott et al., 1990; 
Bralower et al., 1995). This cooling event is probably re­
sponsible for the increase in percentage of Acarinina and 
Subbotina species in Zone P7. 

3. Diversity and dominance trends 
We calculated the species diversity in both sections of the 

Zinda Pir (Zones P3B to P5) and in the Rakhi Nala section 
(Zones P3 to P7) using the Shannon-Wiener Function by the 
following mathematical expression. 

H (S) = L F; 1 pi In pi (from i = 1 to S) 
Where pi is the relative abundance of the i-th species in a 

sample and S is the number of species. Dominance index 
is expressed as percentages of the most abundant species. 
The relationship between the Shannon-Wiener diversity 
index and dominance index display distinct opposite trends 
(Figures 8-10). 

In the east of the Zinda Pir, the species richness de­
creases gradually from 20 to 15 species during Zones P4A 
to P5 (Appendix 2). The diversity index is, however, rela­
tively constant (1.9 and 2.0), with generally lower values 
than in the western samples. The lowest value (15 species) 
was recorded from the earliest Eocene Sample ZPE-26, but 
this figure is not the overall minimum (Figure 8). 

Figure 13. (p.287) 1-3. Globanomalina chapmani (Parr), umbilical, side and spiral views, Sample ZPW-17, all x2S0. 4, 5, 9. Acarinina 
wilcoxensis (Cushman and Ponton), umbilical, side and spiral views, Sample ZPW-21, all x230. 6-8. Parasubbotina varianta (Subbotina), 
umbilical, side and spiral views, Sample ZPW-S, all xSOO. 10,14, 18. Igorina albeari (Cushman and Bermudez), umbilical, side and spiral 
views, Sample ZPW-1S, all x230. 11-13. Igorina tadjikistanensis (Bykova), umbilical, side and spiral views, Sample ZPW-17, all x220. 
15-17. Acarinina strabocella (Loeblich and Tappan), umbilical, side and spiral views, Sample ZPW-16, all x230. 19-21. Igorina pusil/a 
(Bolli), umbilical, side and spiral views, Sample ZPW-17, all x300. 

Figure 14. (p.288) 1-3. Acarinina mckannai (White), umbilical, side and spiral views, Sample ZPW-17, all x180. 4-5,10. Acarinina 
nitida (Martin), side, umbilical and spiral views, Sample ZPW-20, all x220. 6, 11-12. Acarinina soldadoensis soldadoensis (Bronnimann), 
umbilical, side and spiral views, Sample ZPW-20, all x170. 13-15. Acarinina soldadoensis soldadoensis (Bronnimann) spiral, side and um­
bilical views, Sample ZPW-20, all x200. 7-9. Acarinina subsphaerica (Subbotina), spiral, side and umbilical views, Sample ZPW-19, all 
x220. 16,20, 21. Subbotina velascoensis (Cushman), spiral, umbilical and side views, Sample ZPW-17, all x200. 17-19. Acarinina 
coalingensis (Cushman and Hanna), umbilical, side and spiral views, Sample ZPW-20, all x200. 22-24. SUbbotina triangularis (White), spi­
ral, side and umbilical views, Sample ZPW-17, all x180. 25-27. Subbotina triloculinoides (Plummer), umbilical, side and spiral views, 
Sample ZPW-17, all x300. 

Figure 15. (p.289) 1-3. Morozovella angulata (White), umbilical, side and spiral views, Sample ZPE-1S, all x1S0. 4,5,10. 
Morozovella subbotinae (Morozova), umbilical, side and spiral views, Sample ZPE-26, all x1S0. 6, 11, 12. Pseudohastigerina wilcoxensis 
(Cushman and Ponton), apertural face, lateral views, Sample ZPW-22, all x270. 7-9. Morozovella conicotruncata (Subbotina), spiral, side 
and umbilical views, Sample ZPW-16, all x200. 13-15. Globanomalina imitata (Subbotina), umbilical, side and spiral views, Sample 
ZPW-18, all x2S0. 16,17,21. Globanomalina pseudomenardii (Bolli), umbilical, side and spiral views, Sample ZPW-17, all x170. 18-20. 
Globanomalina ehrenbergi (Bolli), umbilical, side and spiral views, Sample ZPW-17, all x170. 22-24.Globanomalina imitata (Subbotina), 
spiral, side and umbilical views, Sample ZPW-18, all x200. 

Figure 16. (p.290) 1-3. Morozovella acuta (Toulmin), side, umbilical and spiral views, Sample ZPW-17, all x100. 4-5,10. Morozovella 
acuta (Toulmin). side, umbilical and spiral views, Sample ZPW-19, all x160. 6, 11, 12. Morozovella apanthesma (Loeblich and Tappan), um­
bilical, side and spiral views, Sample ZPW-21, all x200. 7-9. Morozovella acutispira (Bolli and Cita), spiral, side and umbilical views, Sample 
ZPW-1S, all x1S0. 13-15. Morozovella gracilis (Bolli). spiral, side and umbilical views, Sample ZPE-26, all x130. 17-19. Morozovella 
velascoensis (Cushman), umbilical, side and spiral views, Sample ZPE-1S, all x140. 20, 21, 25. Morozovella aequa (Cushman and Renz), 
spiral, side and umbilical views, Sample ZPW-21, all x220. 22-24. Morozovella occlusa (Loeblich and Tappan), spiral, side and umbilical 
views, Sample ZPW-1S, all x160. 

Figure 17. (p.291) 1-3. Morozovella edgari (Primoli Silva and Bolli), umbilical, side and spiral views, Sample R33, all x270. 4,5,10. 
Morozovella marginodentata (Subbotina), umbilical, side and spiral views, Sample R40, all x200. 6, 11, 12. Morozovella aragonensis 
(Nuttall), side, spiral and umbilical views, Sample R41, all x130. 7-9. Morozovella lensiformis (Subbotina), umbilical, side and spiral views, 
Sample R40, all x170. 13-15. Acarinina quetra (Bolli), umbilical, side and spiral views, Sample R41, all x180. 16-18. Acarinina 
pentacamerata (Subbotina), umbilical, side and spiral views, Sample R40, all x1S0. 19,20,26. Acarinina soldadoensis angulosa (Bolli), um­
bilical, side and spiral views, Sample R38, all x200. 21-23. Morozovella formosa formosa (Bolli), umbilical, side and spiral views, Sample 
R41, all x130. 24, 25. Chiloguembelina trinitatensis (Cushman and Renz), lateral views, Sample R30, all x3S0. 

Figure 18. (p.292) 1-3. Subbotina lozanoi (Colom), umbilical, side and spiral views, Sample R41, all x170. 4, 5, 11. Subbotina 
patagonica (Todd and Knicker). umbilical, spiral and side views, Sample R38, all x1S0. 6-8. Subbotina inaequispira (Subbotina), umbilical, 
side and spiral views, Sample R41, all x1S0. 9-10. Chiloguembelina crinita (Glaessner), lateral views, Sample R30, all x370. 12-14. 
Subbotina prolata (Bolli), umbilical, side and spiral views, Sample R41, all x170. 15-17. Acarinina pseudotopilensis (Subbotina), umbilical, 
side and spiral views, Sample R39, all x160. 18-20. Igorina broedermanni (Cushman and Bermudez), umbilical, side and spiral views, 
Sample R41, all x200. 21, 22, 26. Acarinina esnaensis (LeRoy), umbilical, spiral and side views, Sample R41, all x190. 23-25. 
Planorotalites pseudoscitula (Glaessner), umbilical, side and spiral views, Sample R39, all x4S0. 27, 28. Chiloguembelina wilcoxensis 
(Cushman and Ponton), lateral views, Sample R33, all x180. 
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In the western section, the species richness during Zones 
P3B to P4 is consistently high (17 to 20 species), except for 
sample ZPW-18 (Zone P4A, 16 species) (Appendix 3). The 
species diversity fluctuates between 2.1 and 2.6. The mini­
mal values of both richness (15 species) and diversity (2.1) 
are yielded by the earliest Eocene Sample ZPW-22 (Figure 
9). 

In the Rakhi Nala section, the species richness during the 
Paleocene (Zones P3B to P4) is high and nearly constant 
(19 to 22 species), excepting Sample R23 (8 species, Zone 
P3B). The diversity of two samples (Samples R23 and 
R25) of Zone P3B-P4 is about 1.6 but varies to 2.5 in 
Sample R30 (Zone P4B). The Eocene species richness 
during Zones P5 to P7 ranges from 16 to 20 species, and 
the diversity index is constant at close to 2.5 (Figure 10). 
The diversity during the earliest Eocene is consistently high 
(2.2-2.3), differing from the trends in the Zinda Pir. 

4. Depositional environment 
The sequence of the Dungan Formation is characterized 

by a remarkable change of lithology in the studied regions. 
During the late Paleocene (Zone P3), the strata of both re­
gions (Zinda Pir and Rakhi Nala) consist of siltstone subordi­
nate to sandstone. The interbeds of sandstone show the 
westward-thickening trend as sandstone beds are abundant 
and thick in the Rakhi Nala (Figure 6). In Zone P4, two ba­
sins were filled with siltstone, with rarely intercalating thin 
limestone beds containing larger foraminifers. After Zone 
P5, the limestones became thicker in the eastern section of 
the Zinda Pir, and the lithology changed from a siltstone­
dominant facies to a limestone-dominant one in the eastern 
area. As a whole, limestone deposits thinned to the west­
ward from the Zinda Pir to the Rakhi Nala, while siltstone 
deposition went on in the Rakhi Nala basin, located in the 
western region. 

As a rule, plankton-ratios (P-ratios) increase from the shelf 
to the open-ocean environment, and exceed 50% in the 
deeper environment beyond the outer shelf in both modern 
and ancient sediments (e.g. Ingle, 1980; Gibson, 1989). 
The high P-ratios of all three sections of the Dungan 
Formation strongly indicate an open marine environment in 
the studied area. The highest P-ratios (98 to 99%), high 
values of species richness and diversity index in the Rakhi 
Nala suggest that the paleodepth of the Rakhi Nala basin 
was greater than that of the Zinda Pir. Furthermore, the 
planktic foraminiferal assemblage of the western section in 
the Zinda Pir Anticline also represents higher species rich­
ness and P-ratios than does that of the eastern one. 
Hence, the sedimentary basin of the Dungan Formation, as 
a whole, is thought to constitute a continental slope dipping 
from east to west. 

The westward-deepening basin is ascertained by 
lithological evidence, as mentioned above, namely, that the 
thickness of the limestone beds intercalated with the 
Paleocene siltstone in the Zinda Pir area are thinner in the 
western section than in the eastern ones (Figure 6). 
Moreover, petrographic studies of these intercalated 
limestones from the Rakhi Nala show an abundant pelagic 
faunas (Figure 11A), while some limestone bands from the 
Zinda Pir area contain deformed or broken specimens of 

larger foraminifers along with many glauconite grains (Figure 
11 B), indicating a shallow marine environment. Actually, 
these thin limestone bands are of turbidite origin and were 
emplaced in the deep-water siltstone sequence, possibly 
due to unstable tectonics in tectonic episodes. Our inter­
pretation is also supported by Humayon et al. (1991), who 
have reported the westward-deepening-basin structure of 
the Sulaiman fold belts using seismic reflections and drilling 
core data. 

Conclusions 

Five biostratigraphic zones P3 to P7 of the tropical zones 
were recognized in the Dungan Formation exposed in the 
eastern Sulaiman Range. Zones P3 and P4 are subdivided 
into two subzones (Subzones A and B). The Dungan 
Formation is assigned to the late Paleocene to early 
Eocene. Based on quantitative analysis of planktic species 
of P-ratios, species richness and species diversity, the 
Dungan Formation is thought to have been deposited in a 
relatively deep-water environment, forming a westward­
dipping continental slope during the late Paleocene to early 
Eocene. 

Systematic description 

Superfamily Rotaliporacaea Sigal, 1958 
Family Hedbergellidae Loeblich and Tappan, 1961 

Genus Globanomalina Haque 1956 
Globanomalina rakhiensis sp. nov. 

Figure 12 

Description.-Test very small, spiral side flat to slightly 
convex, umbilical side low convex; equatorial periphery elon­
gate, distinctly lobulate; peripheral margin acute, strongly to 
moderately compressed with a keel; 14 or 15 chambers ar­
ranged in 3 whorls, all visible from spiral side; commonly five 
(rarely six) chambers in the last whorl increase very rapidly 
in size; on umbilical side intercameral sutures depressed 
and weakly curved whereas strongly recurved and limbate 
on spiral side; surface finely perforate; umbilicus narrow and 
shallow; aperture low arch-shaped, interiomarginal, umbili­
cal- extraumbilical with distinct lip. 

Type and material. - Holotype, IGUT (Institute of Geo­
sciences, University of Tsukuba) coil. cat. no, 50101, from 
Sample R41, Dungan Formation, Rakhi Nala section, maxi­
mum diameter 0.27 mm, width 0.20 mm. Paratype, IGUT 
coil. cat. no. 50102, Sample R41, Dungan Formation, Rakhi 
Nala section, maximum diameter 0.27 mm, width 0.20 mm. 
Paratype, IGUT coil. cat. no. 50103, Sample R41, Dungan 
Formation, Rakhi Nala section, maximum diameter 0.26 
mm, width 0.21 mm. 

Remarks.-The species is common in Sample R41. The 
largest specimen is 0.27 mm in diameter, but specimens are 
usually less than 0.15 mm. Globanomalina rakhiensis sp. 
nov. is a small but very distinctive species and might have 
been overlooked previously due to its small size. It can be 
missed if using the 150 ~m size fraction. This species 
shows variation in size and degree of compression of the pe­
ripheral margin. The holotype (Figure 12.1-12.3) is less 
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compressed than the paratype (Figure 12.6 - 12.8). 
Planorotalites pseudoscitula (Glaessner, 1937) is very simi­
lar to G. rakhiensis sp. nov. but differs in having more cham­
bers in the last whorl (6 or 7) and a circular periphery, and in 
being more lenticular. 

Globanomalina rakhiensis sp. nov. is a homeomorph of 
the late Paleocene Globanomalina pseudomenardii (Bolli, 
1957) as both forms possess a compressed planoconvex 
test, 5 chambers in the last whorl, and a low-arched 
umbilical-extraumbilical aperture that bears a lip. G. 
rakhiensis sp. nov. is easily distinguished from G. pseudo­
menardii by its small size and relatively weak keel. 

The stratigraphic range of G. pseudomenardii is restricted 
to Zone P4 (late Paleocene) in many works (Toumarkine 
and Luterbacher, 1985; Berggren and Miller, 1988, Berggren 
et al., 1995; Berggren and Norris, 1997; Olsson et al., 1999, 
etc). However, Blow (1979) extended the age range of this 
species to his Zone P7 (early Eocene). We suggest that 
Globorotalia (G.) pseudomenardii identified by Blow (1979) 
from his Zone P7 (pI. 111, figs. 1-4; pI. 112, figs. 2, 3; 9-10) 
is quite similar to our new species (G. rakhiensis). 
Therefore, he might have misidentified G. rakhiensis sp. 
nov. 

This new species is named after a local river, Rakhi Nala, 
along which this section is exposed. 

Stratigraphic range.-Globanomalina rakhiensis sp. nov. 
yielded by Sample R41 is assigned to the M. formosa 
formosa Zone (P7), corresponding to Zone P7 of Berggren 
and Miller (1988) and Berggren et al. (1995). Therefore, the 
stratigraphic range of this species is within the middle lower 
Eocene. 
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Appendix 1: Faunal reference list . 
The classification of the planktic foraminifera adopted in this paper is based on Berggren et al. (1995), Berggren and Norns 

(1997) and Olsson et al. (1999). The synonymies of the planktic foraminifers are restricted to original descriptions. The SEM 
photographs of marker species are presented in Figures 13 to 18. 

Acarinina coalingensis (Cushman and Hanna) (Figure 14.17-
14-19) 

G/obigerina coalingensis Cushman and Hanna, 1927, p. 205, 
pl.14, fig. 4. 

Acarinina esnaensis (LeRoy) (Figure 18.21, 18.22, 18.26) 
G/obigerina esnaensis LeRoy, 1953, p. 31, pI. 6, figs. 8-10. 
Acarinina mckannai (White) (Figure 14.1-14.3) 
G/obigerina mckannaiWhite, 1928, p. 194, pI. 27, figs. 16a-c. 
Acarinina nitida (Martin) (Figure 14.4-14.5, 14.10) 
G/obigerina nitida Martin, 1943, p. 115, pI. 7, figs. 1 a-c. 
Acarinina quetra (Bolli) (Figure 17.13-17.15) 
Globorotalia quetra Bolli, 1957, p. 79-80, pI. 19, figs. 1-6. 
Acarinina pentacamerata (Subbotina) (Figure 17.16-17.18) 
Globorotalia pentacamerata Subbotina, 1947, p. 128-129, pI. 

12-17, figs. 24-26. 
Acarinina pseudotopilensis Subbotina (Figure 18.15-18.17) 
Acarinina pseudotopilensis Subbotina, 1953, p. 227-228, pI. 

21, figs. 13. 
Acarinina soldadoensis angulosa (Bolli) (Figure 17.19-17.20, 

17.26) 
G/obigerina soldadoensis angulosa Bolli, 1957, p. 71, pI. 16, 

figs. 46. 
Acarinina soldadoensis soldadoensis (Bronnimann) (Figure 

14.6,14.11-14.15) 
G/obigerina soldadoensis Bronnimann, 1952, p. 7, 9, pI. 1, 

figs. 19 
Acarinina strabocella (Loeblich and Tappan) (Figure 13.15-

13.17) 
Globorotalia strabocella Loeblich and Tappan, 1957, p.195, pI. 

61, figs. 6a-c. 
Acarinina subsphaerica (Subbotina) (Figure 14.7-14.9) 
G/obigerina subsphaerica Subbotina, 1947, p. 108, pI. 5, figs. 

26-28. 
Acarinina wilcoxensis (Cushman and Ponton) (Figure 13.4, 

13.5, 13.9) 
Globorotalia wilcoxensis Cushman and Ponton, 1932, p. 71, 

pI. 9, figs.10a-c. 
Chiloguembelina crinita (Glaessner) (Figure 18.9-18.10) 
Guembelina crinita Glaessner, 1937, p. 383, pl.4, figs. 34a, b. 
Chiloguembelina trinitatensis (Cushman and Renz) (Figure 

17.24-17.25) 
Guembelina trinitatensis Cushman and Renz, 1942, p. 8, pI. 2, 

figs. 8a, b 
Chiloguembelina wilcoxensis (Cushman and Ponton) (Figure 

18.27-18.28) 
Guembelina wilcoxensis Cushman and Ponton, 1932, p. 66, 

pI. 8, figs. 16, 17. 
G/obanomalina chapmani (Parr) (Figure 13.1-13.3) 
Globorotalia chapmani Parr, 1938, p. 87, pI. 3, figs. 8, 9. 
G/obanomalina compressa (Plummer) 
G/obigerina compressa Plummer, 1926, p. 135, pI. 8, figs. 

11a-c. 
G/obanomalina ehrenbergi (Bolli) (Figure 15.18-15.20) 

Globorotalia ehrenbergi Bolli, 1957, p. 77, pI. 20, figs. 18-20. 
G/obanomalina elongata (Glaessner) 
G/obanomalina pseudoscitula var. elongata Glaessner, 1937, 

p. 33, pI. 1, figs. 3d-f. 
G/obanomalina imitata (Subbotina) (Figure15.13 - 15.15; 

15.22-15.24) 
Globorotalia imitata Subbotina, 1953, p. 206-207, pI. 16, figs. 

14-16. 
G/obanomalina pseudomenardii (Bolli) (Figure 15.16-15.17, 

15.21) 
Globorotalia pseudomenardii Bolli, 1957, p. 77, pI. 20, figs. 14 

-17. 
Igorina albeari (Cushman and Bermudez) (Figure 13.10, 

13.14,13.18) 
Globorotalia albeari Cushman and Bermudez, 1949, p. 33, pI. 

6, figs. 13-15. 
Igorina broedermanni (Cushman and Bermudez) (Figure 

18.18-18.20) 
Globorotalia (Truncorotalia) broedermanni Cushman and 

Bermudez, 1949, p. 40, pI. 7, figs. 22-24. 
Igorina pusilla (Bolli) (Figure 13.19-13.21) 
Globorotalia pusilla pusilla Bolli, 1957, p. 78, pI. 20, figs. 8-10. 
Igorina tadjikistanensis (Bykova) (Figure 13.11-13.13) 
Globorotalia tadjikistanensis Bykova, 1953, p. 86, pI. 3, figs. 

5a-c. 
Morozovella acuta (Toulmin) (Figure 16.1-16.3; 16.4-16.5, 

16.10) 
Globorotalia wilcoxensis Cushman and Ponton var. acuta 

Toulmin, 1941, p. 608, pI. 82, figs. 68. 
Morozovella acutispira (Bolli and Cita) (Figure 16.7-16.9) 
Globorotalia acutispira Bolli and Cita, 1960, p. 15, pI. 33, figs. 

3a-c. 
Morozovella aequa (Cushman and Renz) (Figure 16.20-

16.21, 16.25) 
Globorotalia crassata (Cushman) var. aequa Cushman and 

Renz, 1942, p. 12, pI. 3, figs. 3a-c. 
Morozovella aragonensis(Nuttall) (Figure 17.6, 17.11,17.12) 
Globorotalia aragonensis Nuttall, 1930, p. 288, pI. 24, figs. 

6-11. 
Morozovella angulata (White) (Figure 15.1-15.3) 
Globigerina angulata White, 1928, p. 191, 192, pI. 27, figs. 13a 

-c. 
Morozovella apanthesma (Loeblich and Tappan) (Figure 16.6, 

16.11, 16.12) 
Globorotalia apanthesma Loeblich and Tappan, 1957, p. 187, 

pI. 48, figs. 1 a-c, pI. 55, figs.1 a-c, pI. 58, figs. 4a-c; pI. 59, 
figs. 1a-c. 

Morozovella conicotruncata (Subbotina) (Figure 15.7-15.9) 
Globorotalia conicotruncata Subbotina, 1947, p. 115-117, pI. 

4, figs. 11-13; pI. 9, figs. 9-11. 
Morozovella edgari (Primoli Silva and Bolli) (Figure 17.1-17.3) 

Globorotalia edgari Primoli Silva and Bolli, 1973, p. 526, 
pI. 7, figs. 10-12, pI. 8, figs. 1-12. 
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Morozovella formosa formosa (Bolli) (Figure 17.21-17.23) 
Globorotalia formosa formosa Bolli, 1957, p. 76, pI. 18, figs. 

1-3. 
Morozovella formosa gracilis (Bolli) (Figure 16.13-16.15) 
Globorotalia formosa gracilis Bolli 1957, p. 75, 76, pI. 18, figs. 

4-6. 
Morozovella lensiformis (Subbotina) (Figure 17.7-17.9) 
Globorotalia lensiformis Subbotina, 1953, p. 214, pI. 18, figs. 

4,5. 
Morozovella marginodentata (Subbotina) (Figure 17.4, 17.5, 

17.10) 
Globorotalia marginodentata Subbotina, 1953, p. 212, 213, pI. 

17, figs. 14-16, p1.18, figs. 1-3. 
Morozovella occ/usa (Loeblich and Tappan) (Figure 16.22-

16.24) 
Globorotalia occlusa Loeblich and Tappan, 1957, p. 191, pI. 

64, figs. 3a-c. 
Morozovella subbotinae (Morozova) (Figure 15.4, 15.5, 15.10) 
Globorotalia subbotinae Morozova, 1939, p. 80, pI. 2, figs. 

16,17. 
Morozovella velascoensis (Cushman) (Figure 16.17-16.19) 
Pulvinulina velascoensis Cushman, 1925, p. 19, pI. 3, figs. 

5a-c. 
Parasubbotina varianta (Subbotina) (Figure 13.6-13.8) 
Globigerina varianta Subbotina, 1953, p. 63, pI. 3, figs. 5-7, 

10-12. 
Planorotalites pseudoscitula (Glaessner) (Figure 18.23-18.25) 
Globorotalia pseudoscitula Glaessner, 1937, p. 32, figs. 3a-c. 

Pseudohastigerina wi/coxensis (Cushman and Ponton) 
(Figure 15.6, 15.11, 15.12) 

Nonion wilcoxensis Cushman and Ponton, 1932, p. 64, pI. 8, 
figs. 11 a, b. 

Subbotina inaequispira (Subbotina) (Figure 18.6-18.8) 
Globigerina inaequispira Subbotina, 1953, p. 69, pI. 6, figs. 

1-4. 
Subbotina lozanoi (Colom) (Figure 18.1-18.3) 
Globigerina lozanoi Colom, 1954, p.149, pI. 2, figs. 1-48. 
Subbotina patagonica (Todd and Kniker) (Figure 18.4, 18.5, 

18.11) 
Globigerina patagonica Todd and Kniker, 1952, p. 26, pI. 4, 

figs. 32a-c. 
Subbotina prolata (Bolli) (Figure 18.12-18.14) 
Globigerina prolata Bolli, 1957, p. 72, pI. 15, figs. 24-26. 
Subbotina triangularis (White) (Figure 14.22-14.24) 
Globigerina triangularis White, 1928, p. 195, pI. 28, figs. 1 a-c. 
Subbotina triloculinoides (Plummer) (Figure 14.25-14.27) 
Globigerina triloculinoides Plummer, 1926, p. 134, 135, pI. 8, 

figs. 1Oa-c. 
Subbotina velascoensis (Cushman) (Figure 14.16, 14.20, 

14.21) 
Globigerina velascoensis Cushman, 1925, p. 19, pI. 3, figs. 

6a-c. 
Turborotalia praecentralis Blow 
Globorotalia (Turborotalia) praecentralis Blow, 1979, p. 1094, 

pI. 135, figs. 7-9; pI. 136, figs. 1-6; pI. 233, fig. 6. 
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Appendix 2: Stratigraphic distribution and relative abundance (%) of planktic foraminiferal species in the Dungan Formation 
exposed at the Rakhi Nala section. Here x = less than 1 %. 
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Appendix 3: Stratigraphic distribution and relative abundance (%) of planktic foraminiferal species in the Dungan Formation 
exposed along the eastern and western lims of the Zinda Pir Anticline. Here x = less than 1 %. 
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SYSTEMATIC INDEX 

(vol. 3, no.1-vol. 4, no. 4: 1999-2000) 
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paper. 
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INDEX OF GENERA AND SPECIES 

Genera and species described in volumes 3-4 of Paleontological Research are listed in alphabetical order. The volume 
number, part number (in parentheses), page numbers, and figure numbers are given for each taxon. Newly proposed taxa 

are in bold type. 
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H . omlceras .................................... 3(2), 68 
Hop/oparia kamuy ..................... .4(2),139, fig. 1 
Huroniella iranica ........................ 3(1), 46, fig. 4 
Hypostlingoceras ........................... .4(4),268 
Hypostlingoceras japonicum ....................... . 
................... .4(4),269, figs. 7A, B, 8A-E, 9A-E, 10 
Hypostlingoceras mikasaense ..... .4(4),270, fig. 11A-E 

Inanihella ? sp .......................... .4(2),157, fig. 9 
Inanihella sp ............................ .4(2), 155, fig. 9 

K 

Kaneharaia ausiensis ................ 3(4),251, figs. 2, 3 
Kaneharaia sp ........................... 3(4),253, fig. 3 
Keraocarpon ................................ 3(4),294 
Keraocarpon yasujii .................. 3(4), 295, figs. 1-4 
Kheraiceras bullatum . ................ .4(3), 209, figs. 5-9 
Kheraiceras cf. hannoveranum ....... .4(3), 216, figs. 6, 8 
Kheraiceras cosmopolitum ............ 4(3), 209, figs. 5, 6 
Kheraiceras noetlingi ............. .4(3),221, figs. 11-12 
Kheraiceras sp. A ..................... .4(3), 220, fig. 11 
Kheraiceras spathi ................... .4(3), 219, fig. 11 
Kimagior ................................... .4(3),228 
Kogenoceras nanpiaoense ............ 3(3), 210, figs. 5, 7 
Kotoceras .................................... 3(2), 76 
Kotoceras grabaui .................. 3(2), 76, figs. 3, 7, 8 

L 

Leiotriletes sp. ct. L. incomptus ........... .4(1), 61, fig. 4 
Luisoga/athea ............................. .4(2), 143 
Luisoga/athea tomitai .................. 4(2),143, fig. 4 

M 

Macoma (Rexithaerus) hokkaidoensis ............... . 
..•................................. 3(2), 96, figs. 3, 4 

Macoma (Rexithaerus) sectior ........ 3(2),101, figs. 3, 4 
Macoma (Rexithaerus) shiratoriensis ...... 3(2), 102, fig. 4 
Manchuroceras sp. A ................ 3(3), 206, figs. 4, 7 
Manchuroceras sp. B ................ 3(3), 208, figs. 4, 7 
Manchuroceras sp. ct. M. wolungense . . 3(3),206, figs. 4, 7 
Marginotruncana pseudolinneiana ........ 3(3), 188, fig. 9 
Marginotruncana schneegansi ............ 3(3), 190, fig. 9 
Mariella (Mariella) aft. bergeri ......... . 3(3), 164, figs. 2, 3 
Mariella (Mariel/a) bergeri ................ 3(3),162, fig. 1 
Mariella (Mariella) ct. carrancoi . ........... 3(3), 168, fig. 4 
Mariella (Mariella) dorsetensis ............ 3(2), 107, fig. 1 
Mariella (Mariella) lewesiensis ......... .4(1), 33, figs. 2-4 
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Mariella (Mariella) miliaris ............ 3(3), 166, figs. 3, 4 
Mariel/a (Mariel/a) pacifica . ............. 3(2), 113, fig. 5 
Mariella (Mariiella) oehlerti ............ 3(2), 109, figs. 2-4 
Mariella (mariella) gallienii . ............... 3(3), 169, fig. 5 
Mariella . ..................................... 3(2), 107 
Mesoturrilites .................................. 3(1), 37 
Mesoturrilites boerssumensis .......... 3(1), 38, figs. 2, 3 
Michelinoceras cancel/atum ....... . 3(3), 209, figs. 5, 7, 8 
Microreticulatisporites araneum ........... .4(1), 63, fig. 4 
Minohellenus macrocheilus ............. .4(4), 246, fig. 4 
Miogypsinella ubaghsi ................ 4(3), 199, figs. 7, 8 
Mooreoceras sp ...................................... . 
........... .4(2),84, figs. 2, 3; 4(4), 256, figs. 1.7-1.9,2.7 

Murrayinella . ................................ .4(3), 172 
Murrayinel/a bel/u/a ................. .4(3),177, figs. 4-6 
Murrayinella globosa ................... .4(3), 174, fig. 1 
Murrayinella minuta . .................... .4(3), 175, fig. 2 
Murrayinella takayanagii . ................ .4(3), 176, fig. 3 
Myonera osawanoensis ................. . 3(4),232, fig. 6 

N 

Neilonel/a tsukigawaensis .............. 3(4),232, fig. 6 
Neocallichirus sakiae ............. .4(4), 243, fig. 3 
Nephrolepidina angulosa ............... .4(3), 194, fig. 6 
Nephrolepidina praejaponica ......... .4(3), 193, figs. 6, 7 
Neritopsis (Hayamiel/a) sankhama/a .... 3(4),279, fig. 7 
Neritopsis (Neritopsis) patchamensis ... . 3(4),278, fig. 7 
Neostlingoceras ............................. .4(4), 264 
Neostlingoceras carcitanense ....... .4(4), 264, figs. 3A-F 
Neostlingoceras asiaticum . ...... .4(4),266, figs. 5A-I, 6 
Neostlingoceras cobbani . .......... .4(4), 267, figs.5J-L 
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Oncosclera ................................. .4(2),131 
Oncosc/era kaniensis ............... .4(2),133, figs. 3-5 
Onkospira kutchensis .................. 3(4),277, fig. 6 
Orbiculpylorum sp. . .................... .4(2),159, fig. 9 
Oriunddogutta sp ......................... 4(2),155, fig. 8 
Oriundogutta ? sp. . .................... .4(2),155, fig. 8 
Ormoceras cricki .................... 3(3), 211, figs. 5, 8 
Ormoceras weoni ................ 3(3), 212, figs. 5, 8, 9 
Ostlingoceras (Ostlingoceras) bechei ................... . 
. .......................... .4(4),262, figs. 1A-F, 2A, B 

Ostlingoceras (Ostlingoceras) aft. bechei ............... . 
............................... .4(4), 264, fig.1 G, H, I-K 
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Paki ........................................ 4(2),141 
Paki rurkonsimpu ................... .4(2),142, figs. 1-3 
Palaeocambarus .............................. 3(2), 112 
Palaeocambarus licenti ............ 3(2), 123, figs. 2, 4-6 
Palaeoephippium ? sp. . ................ .4(2),157, fig. 9 
Palaeolima nakamurai .................... 3(1), 15, fig. 6 
Papyridea (Profulvia) harrimani ....... . 3(3), 143, figs. 2, 3 
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Papyridea (Profulvia) matschigarica ....... . 3(3), 143, fig. 2 
Papyridea (Profulvia) matschigarica uspenica ........... . 
...........•............................ 3(3), 145, fig. 3 
Papyridea (Profulvia) nipponica ................ 3(3), 143 
Pararotalia nipponica ................. .4(1), 29, figs. 3, 8 
Pisulina ..................................... .4(2),109 
Pisulina adamsiana .......... 4(2),118, figs. 1, 2, 3-4, 6-8 
Pisulina biplicata ............. .4(2),121, figs. 2, 5,16,17 
Pisulina maxima . .......... .4(2),124, figs. 2,5, 9, 17, 18 
Pisulina sp ............................ .4(2),126, fig. 21 
Pisulina subpacifica ................... .4(2),121, fig. 15 
Pisulina tenuis ............... .4(2),125, figs. 2, 5,17,20 
Pisulinella ................................... .4(1), 70 
Pisulinella miocenica ............... .4(1), 71, figs. 1-3 
Polydesmia sp. ct. P. canaliculata ..... . 3(3),214, figs. 6, 9 
Praeglobotruncana compressa . ......... 3(3), 182, fig. 5 
Praeglobotruncana gibba ................ 3(3), 182, fig. 6 
Praeglobotruncana inermis ............. . 3(3),182, fig. 6 
Praeglobotruncana shirakinensis . ....... 3(3), 182, fig. 5 
Proconulus jadavpuriensis .......... 3(4),278, figs. 6, 7 
Pseudofrenelopsis . ............................. 3( 1 ), 31 
Pseudofrenelopsis bglabra ............. . 3(1), 31, figs. 2, 3 
Punctatisporites irrasus . ................... 4(1), 61, fig. 4 
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Raciditor ................................... .4(3), 227 
Raninoides nodai. ................... " . .4(4), 244, fig. 3 
Riselloidea elongata ................... . 3(4),275, fig. 6 
Riselloidea tagorei ..... ................. 3(4), 275, fig. 5 
Rotalipora cushmani .....•.......... 3(3), 188, figs. 8, 9 
Rotalipora deeckei ...................... 3(3), 188, fig. 8 
Rotalipora greenhornensis . ............... 3(3), 188, fig. 9 
Rotalipora sp. aft. R. gandolfii ............ 3(3), 188, fig. 9 

s 

Sactorthoceras ................................ 3(2), 70 
Sactorthoceras makkolense . ......... 3(2), 72, figs. 3, 5, 6 
Schopfites sp ............................ .4(1), 61, fig. 4 
Serraia ...................................... 3(4), 261 
Serraia cataloniensis ............... . 3(4),261, figs. 2-5 
Sorlestes . ...........••...•.................... 3( 1), 20 
Sorlestes mifunensis ..................... . 3(1),21, fig. 3 
Spelaeotriletes crustatus ................. .4(1), 63, fig. 4 
Spelaeotriletes sp. ct. S. pretiosus . ........ .4(1), 64, fig. 4 
Spiroclypeus margaritatus ......... .4(3), 194, figs. 4, 5, 8 
Streblochondria winsnesi . ................. 3(1), 11, fig. 6 
Streblopteria ? sp. indo .................... 3(1), 13, fig. 6 
Streblopteria sp. ct. S. eichwaldi . ........... 3(1), 11, fig. 6 
Syntagentactinia ? sp ...................• .4(2),153, fig. 8 
Syntagentactinia afflicata . ................ .4(2),153, fig. 7 
Syntagentactinia excelsa ............. .4(2),153, figs. 7, 8 

v 

Vaginoceras sp ....................... 3(3),208, figs. 4, 7 
Verrucosisporites sp ...................... .4(1), 61, fig. 4 
Vicariya yokoyamai . ..................... 3(3), 194, fig. 2 
Vorkutopecten sp. aft. V. svalbardensis ..... . 3(1),14, fig. 6 
Vorkutopecten svalbardensis ............ 3(1), 13, fig. 5 

w 

Wultinoceras sp ......................... 3(3), 217, fig. 10 
Wutinoceras robustum .............. 3(3),214, figs. 6, 10 

v 

Yakovlevia kaluzinensis ..............•... 3(2), 90, fig. 3 
Yakovleviamammata ...•................ 3(2),90, fig. 3 
Yakovlevia mammatiformis .............•.. 3(2), 92, fig. 3 
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