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Abstract

The stratigraphy and paleontology of a Lower Triassic section exposed within a quarry along the northeastern coast of
Abrek Bay, South Primorye has been the subject of an intense investigation. This 165 meter thick section is divided
lithostratigraphically into the Lazurnaya Bay and Zhitkov formations in ascending order. The Lazurnaya Bay Formation,
which unconformably overlies the Permian Abrek Formation, consists mainly of sandstone exhibiting an upward-fining
sequence, whereas the overlying Zhitkov Formation consists of dark gray, laminated mudstone intercalated with thin, tur-
biditic fine sandstone beds.

The Lazurnaya Bay Formation consists of the following three facies types in ascending order: a distal deltaic facies
deposited during a transgressive event; a shelf environment above storm wave base; and a transitional facies from a shelf
to a slope environment. A lower slope environment represents the lower part of the Zhitkov Formation, while the main
part consists of a proximal basin-floor facies. This thick monotonous succession of barely bioturbated, laminated mud-
stone suggests deposition in a stable anoxic basin-floor setting.

Aside from the lower part of the Lazurnaya Bay Formation, the remaining Lower Triassic strata are very fossilferous.
Ammonoids, nautiloids, gastropods, bivalves, brachiopods, conodonts and shark fossils are abundant throughout the
sequence, while crinoids and scaphopods are present only in the upper part. Nine ammonoid zones (taxon-rang zones)
and beds, Lytophiceras sp. Zone, Gyronites subdharmus Zone, Ambitoides fuliginatus Zone, Clypeoceras spitiense “bed”,
Paranorites varians Zone, Clypeoceras timorense Zone, Radioprionites abrekensis “bed”, Balhaeceras balhaense “bed”,
and Arctoceras subhydaspis “bed”, as well as three conodont zones, Neogondolella carinata Zone, Neospathodus dieneri-
N. pakistanensis Zone, and Neospathodus ex gr. waageni-N. novaeholladiae Zone are recognized in ascending order.
Based on these ammonoids and conodonts, the sequence ranges in age from Early Induan (Griesbachian) to middle Early
Olenekian (middle Smithian). Even though the ammonoid faunas contain a few species that are common to other realms,
the majority of ammonoids are essentially endemic. In contrast, the bivalve fauna appears to be more related to the
Maizuru fauna of Southwest Japan. While the grypoceratid nautiloids exhibit diverse shell forms and siphuncle positions,
evidence suggests that they diversified primarily in the western Panthalassa area during the Early Triassic. The existence
of Holocrinus in beds of early Smithian age, which represents the oldest known occurrence in the world, suggests that
crinoids experienced an earlier recovery in South Primorye following the Permian-Triassic (P/Tr) mass extinction.

The transition from the Lazurnaya Bay Formation to the Zhitkov Formation occurred during the early Late Induan
(early Dienerian). Sedimentation appears to be continuous from the Late Induan to the Early Olenekian, and faunal
successions during this interval are relatively complete and exceptionally well preserved. This phenomenon likely result-
ed from deposition under much deeper and quieter environmental conditions than other areas in the western part of the
“Ussuri Basin”. Although this fining-upward sequence is for the most part typical throughout South Primorye, the datum
planes of fossil zones obviously extend across lithostratigraphic boundaries. In the Abrek Bay area, the Induan/Olenekian
boundary exists within the Zhitkov Formation, whereas in other western areas of the region, it occurs in the Lazurnaya
Bay Formation. These facts support an eastward-deepening setting of the Triassic System in the basin.

Ammonoids are rare in the laminated mudstone of the Zhitkov Formation, but they are common in the very fine sand-
stone beds that are intercalated within the mudstone. These occurrences suggest that these ammonoids were not indigenous
to the slope-basin environment, but rather were of allochthonous origin. Most of the ammonoids likely lived in shallower
facies, and after death their empty shells were transported from their biotope to the anoxic basin-floor by low-density
turbidite gravity flows.

Sandstones exhibit a strong monazite age peak at 500 Ma and a subordinate peak at 270 Ma. These age patterns indicate
that Triassic sediments in the Abrek Bay area were derived from the Khanka Block and/or the adjacent Jiamusi Block,
with no contribution from the nearby Sino-Korea Craton. Similar age patterns have been recognized in Permian and
Lower to Middle Triassic sandstones in the Maizuru Belt of southwest Japan, which suggests that both areas belonged to
either the Khanka Block or the Jiamusi Block during the Early Triassic. This assumption is also supported by the faunal
similarity of bivalves between South Primorye and the Maizuru belt.

Eight new genera (ammonoids: Shamaraites, Ussuridiscus, Ambitoides, Abrekites, Radioprionites, Ussuriflemingites,
and Balhaeceras; gastropoda: Abrekopsis) and sixteen new species (nautiloids: Gyronautilus popovi, Xiaohenautilus
abrekensis, and Menuthionautilus evolutus; ammonoids: Ambitoides orientalis, Abrekites editus, A. planus, Radioprionites
abrekensis, Ussuriflemingites abrekensis, U. primoriensis, Balhaeceras balhaense, Rohillites laevis, and Paraheden-
stroemia kiparisovae; gastropods: Warthia zakharovi, Bellerophon abrekensis, Chartronella maedai, and Strobeus shige-
tai) are described.

Key words: Abrek, ammonoids, conodonts, Induan/Olenekian, Lower Triassic, recovery, South Primorye, stratigraphy.
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Introduction
(by. Y. Shigeta, Y. D. Zakharov, H. Maeda,
A. M. Popov, K. Yokoyama and H. Igo)

Marine Lower Triassic deposits are widely
distributed in South Primorye, Russian Far
East and have attracted the attention of many
scientists since pioneer workers D. L. Ivanov,
C. Diener, and A. Bittner described ammonoids,
bivalves and other fossils from the area in the
1890s. During the 20th century, numerous fos-
sils of various kinds of taxa have been de-
scribed, and subsequently, it is now recognized
that South Primorye may provide an important
key to the establishment of a precise biostrati-
graphic framework for the Lower Triassic
(Markevich & Zakharov, 2004).

The Lower Triassic in South Primorye
yields numerous well-preserved fossils from
various horizons within a relatively complete
biostratigraphic sequence, including some bio-
zones with species common to the Boreal,
Tethyan and Eastern Panthalassa realms
(Kiparisova, 1938, 1961, 1972; Burij, 1959;
Burij & Zharnikova, 1962, 1981; Zakharov,
1968, 1996, 1997a, 1997b; Buryi, 1979, 1997,
Zakharov et al., 2002, 2004a, 2004b, 2005a,
2005b). Consequently, Y. D. Zakharov pro-
posed the Tri Kamnya Cape and Abrek Bay
sections as candidates for the Global Strato-
type Section and Point (GSSP) for the Induan-
Olenekian (I/O) boundary (Zakharov, 1994,
1996; Zakharov & Popov, 1999; Zakharov
et al., 2000, 2002). Although the two sections
were later withdrawn as GSSP candidates due
to magnetostratigraphy problems (Zakharov,
2004, 2006), future paleontological and geo-
logical studies of both sections will surely
contribute to a better understanding of the dy-
namics of the biotic recovery following the
Permian-Triassic (P/Tr) mass extinction, as
well as to the establishment of a biostrati-
graphic framework. Moreover, its mid-paleo-
latitudinal setting in western Panthalassa makes
it a key biogeographical reference, since the
majority of recent works dealing with Early

Triassic faunas are from low-paleolatitudinal
regions in the Tethys and eastern Panthalassic
basins (e.g., Schubert & Bottjer, 1995; Krystyn
et al., 2003; Twitchett et al., 2004; Pruss & Bot-
tjer, 2004a, 2004b; Fraiser & Bottjer, 2004;
Twitchett & Barras, 2004; Mu et al., 2007; Bra-
yard & Bucher, 2008; Komatsu et al., 2008).

The Abrek Bay section is worthy of consid-
eration as one of the reference sections for Tri-
assic stratigraphy in South Primorye (Marke-
vich & Zakharov, 2004). Zakharov et al., (2000)
have already outlined the regional geology of
the area, and a number of Triassic mega-fos-
sils have been described by previous authors
(Diener, 1895; Bittner, 1899b; Kiparisova,
1938, 1960, 1961, 1972; Dagys, 1974; Za-
kharov & Shigeta, 2000). However, most fos-
sils as well as microfossils have not yet been
described and many fossil assemblages are
still unknown.

In order to better understand the fossil
assemblages and establish the area’s biostrati-
graphy, a Japanese-Russian Joint Research Pro-
gram was started in 1998, and scientific expe-
ditions to Abrek Bay and other areas were suc-
cessfully carried out for ten years. This paper
includes the results of the field survey and lab-
oratory investigations as well as pertinent dis-
cussions regarding the Abrek Bay section.

Research methods

During field work, we investigated most dis-
tinctive sedimentary features of the Triassic
sequence, carefully observed the mode of fos-
sil occurrence and followed bedrock-con-
trolled collection techniques in order to estab-
lish the biostratigraphy of ammonoids and con-
odonts. Most megafossil samples were carefully
recovered from the strata with special attention
to detailed taphonomic considerations.

In an effort to investigate conodonts and
other microfossils, we have examined a total
of twenty-seven rock samples. Microfossils
were removed from the rocks by applying 5%
acetic acid to approximately 0.5kg of sample
material, then sieving (2mm, 0.42mm, and
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Fig. 1. Paleogeographical map of the Early Triassic period showing the paleoposition of South Primorye and

other areas (modified after Péron ef al., 2005; Brayaed et al., 2006). SK: Sino-Korea (North China) Craton,
Yg: Yangtze (South China) Craton, 1: South China, 2: Timor, 3: Spiti, 4: Salt Range, 5: Oman, 6: Madagascar,
7: Nevada, 8: British Columbia, 9: Ellesmere Island, 10, Spitbergen, 11: Greenland, 12: Olenek River area.

0.lmm screens) and washing. Laboratory
residues were hand-picked using a binocular
microscope, and microfossils were mounted
onto cardboard microslides with water soluble
glue (gum tragacanth).

Most of the conodonts are discrete segmi-
nate elements. Fragile ramiform elements are
also present, but they are fragmented and diffi-
cult to identify. The orientation of elements is
now largely modified by intensive analyses of
multielement reconstruction of conodont ani-
mals (e.g., Purnell et. al., 2000). The speci-
mens treated herein are mostly P elements,
thus we apply traditional usage of orientation
terms such as defined by Sweet (1988).

The conventional approach to provenance
studies of sandstones is based on the determi-
nation of palaeo-current trends, the nature and
modal proportion of the constituent rock and
mineral clasts, and chemical analyses of the
heavy minerals in the sandstones. The devel-
opment of analytical techniques that allow age
determination to be made for individual min-
eral grains has provided powerful tools for use
in provenance studies. Many age dating meth-
ods have been applied to the provenance stud-

ies of zircon e.g., SHRIMP (Ireland, 1991;
Tsutsumi et al. 2003), fission-track (Garver
et al. 1999), and ICPMS (Wyck & Norman,
2004; Evans ef al. 2001), and of monazite by
EPMA (Suzuki, et al. 1991; Yokoyama et al.,
2007). In order to discuss the provenance of
various Lower Triassic sandstone detritus in
the Abrek Bay area, we analyzed a total of
seven sandstone samples, and calculated the
age of 188 grains of monazite.

Repository of specimens

All fossils and rock samples investigated
herein were collected during field work
and transported from Russia to Japan with
permission from the Russian Government and
other concerned authorities. Specimens of
cephalopods, gastropods, bivalves, scaphopods,
and conodonts are kept at the National Muse-
um of Nature and Science, Tokyo. Shark teeth
and scales, and crinoid columnals and cirrals
are kept at the University Museum, University
of Tokyo. Specimens of brachiopods are kept
at the Far Eastern Geological Institute, Vladi-
vostok.
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Fig. 2. Map showing location of Abrek Bay area, South Primorye, Far East Russia. Area is located about 45 km

southeast of Vladivostok.

Paleogeographical and geological setting
(by Y. Shigeta, H. Maeda, K. Yokoyama
and Y. D. Zakharov)

Collision and amalgamation of continental
or microcontinental blocks are recognized as
one of the major tectonic processes responsi-
ble for the formation of East Asia during the
Permian to Triassic period. Lower Triassic ma-
rine deposits in South Primorye belong to the
Khanka Block, which is composed of Precam-
braian metamorphic rocks covered by thick
Paleozoic-Mesozoic volcanic-sedimentary de-
posits (Khanchuk, 2001). The Khanka Block
was part of the continent that was amalgamat-
ed with the Northeast China Block, including
the Jiamusi and Shongliao-Zhangguangcai
blocks during the Early Permian (Jia et al,
2004). Collision of the Khanka Block and the
Sino-Korea Craton began during the Late Per-
mian-Early Triassic and was completed by the
Late Triassic. The Yangtze Craton also collid-

ed with the Sino-Korea Craton during the Tri-
assic to form a huge continent that essentially
is the present-day Eurasian continent.

The Lower Triassic System in South Pri-
morye, consisting mainly of clastic rocks de-
posited in various environments, was probably
deposited along the eastern continental margin
of the Khanka block, which was probably situ-
ated in the middle northern latitudes (Fig. 1,
Péron et al., 2005; Zakharov et al., 2008).
These outcrops are distributed in two areas, 1)
the Russian Island-Vladivostok-Artyom area
and the western coast of the Amur Gulf, and
2) the eastern coast of the Ussuri Gulf and
Abrek Bay area. The former belongs to “the
Voznesenka Block” and the latter to “the
Sergeevka Block”, both of which are sub-
blocks of the Khanka Block (Khanchuk et al.,
1996). In the Russian Island-Vladivostok-
Artyom area, shallow marine facies predomi-
nate in the southwestern part (Russian Island),
while offshore facies dominate in the north-
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Fig. 3.

Satellite photograph of Abrek Bay area, South Primorye. Well exposed Lower Triassic section is located

in quarry along northeastern coast of Abrek Bay. Quarry is visible just southeast of southernmost ships.

eastern part (Artyom). As indicated by Za-
kharov (1968, 1997a), an eastward-deepening
setting is inferred. In the other area, thick basal
conglomerate is characteristic of the western
part (eastern coast of Ussuri Gulf). The Lower
Triassic Abrek section represents the typical
eastern offshore facies as described below.

Stratigraphy
(by H. Maeda, Y. Shigeta, Y. Tsujino
and T. Kumagae)

Located about 45 km southeast of Vladivos-
tok, the Abrek Bay Lower Triassic section is
well exposed in a quarry on the northeastern
coast of Abrek Bay (Figs. 2-5), in which a

165 m thick continuous succession of Lower
Triassic strata is visible. These sediments un-
conformably overlie the Permian Abrek For-
mation, dip 15-50° westward, and strike N40—
70°E. Lithostratigraphically, they are divided
into the Lazurnaya Bay and Zhitkov forma-
tions in ascending order.

Lazurnaya Bay Formation

Stratotype: Lazurnaya (=Shamara) Bay on
the western coast of Ussuri Gulf, South Pri-
morye (Zakharov, 1996).

Thickness: 84.8 m in total. Detailed strati-
graphic level and interval are shown as height
from the base, e.g., 15 m level and 25-30 m in-
terval (see Figs. 6-8, 11-13).
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Zhitkov Fm. | Lazurnaya Bay Fm.

Zhitkov Fm.

Fig. 4. Triassic outcrop in Abrek Bay area. Upper: Distant view of northern part of quarry. In addition to the
Lower Triassic section, overlying sediments of Middle Triassic age are partially exposed in distance. Am-
monoids and radiolarians of Anisian age occur in calcareous concretions in dark gray, laminated mudstone
(Zakhrov et al., 2000). Middle: View of studied outcrop from the north. Lower: View of studied outcrop from
the south. A 165 m thick continuous succession of Lower Triassic strata is observable in the quarry. Lithos-
tratigraphically, the section is divided into the Lazurnaya Bay and Zhitkov formations in ascending order. The
Lazurnaya Bay Formation, which unconformably overlies the Permian Abrek Formation, consists mainly of
sandstone exhibiting an upward-fining sequence. In contrast, the overlying Zhitkov Formation consists of dark
gray, laminated mudstone intercalated with thin, fine sandstone beds of turbidic origin, some of which are fos-
siliferous.
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Lithology: The formation consists mainly of
sandstone and exhibits a fining-upward se-
quence. Sandstone and conglomerate comprise
the lower part (0-26.5 m level), while the mid-
dle part (32-59.2 m) consists of bedded sand-
stone intercalated with wavy-mudstone layers.
Alternating beds of fine-grained sandstone and
mudstone intercalated with slump breccia
dominate the upper part (62—84.8 m).

Although covered by soil and vegetation,
the basal part above the unconformity consists
of greenish gray, medium to fine-grained
thickly bedded sandstone exhibiting a coarsen-
ing-upward sequence (0—6m). It is succeeded
by alternating beds of coarse-grained sand-
stone and granule conglomerate (6.0-8.9 m),
and pebble conglomerate composed mainly of
rounded to subrounded volcanic rock and
chert pebbles and cobbles ranging from
30-100mm in diameter in a greenish gray,
medium-grained sandstone matrix (8.9-14.4
m; Fig. 11). The top of the lower part of the
formation consists of greenish gray, medium-
grained thickly bedded sandstone containing
mudstone patches and shell patches (14.4—
26.5m). Each sandstone bed grades upward
into bioturbated muddy sandstone via laminat-
ed fine-grained sandstone.

The middle part (32-59.2 m) consists mainly
of ill-sorted, greenish gray, fine-grained sand-
stone intercalated with wavy-mudstone layers.
The sandstone beds are 5-20cm thick, and
sometimes contain thin lenticular shellbeds,
while the intercalated wavy mudstone layers
are 1-5cm thick, intensely mottled (Fig. 12),
and contain Phycosiphon tubes (Figs. 6, 7).

Yellowish gray, 20-100cm thick, fine to
medium-grained sandstone beds are also occa-
sionally intercalated in the middle part (37—
38.2m, 38.2-38.8m, 43.4-43.8 m, 47.2-48 m;
Figs. 6, 7). These sandstone beds, which
sometimes contain mudstone patches, are, in
turn, intercalated with thin shellbeds contain-
ing poorly preserved bivalve shells (AB1005,
1006). Current ripples exhibiting a NW to SW
direction are clearly visible in the basal plane

of some sandstone beds (37m at AB1006). A
greenish gray, medium to fine-grained sand-
stone at the 54-57m level is also intercalated
with wavy-mudstone layers, but fewer than the
middle part in general, and it also contains cal-
careous concretions in the lower part (Fig. 7).
A wavy-layer at 56.8 m displays climbing rip-
ples, suggesting a NW direction.

The upper part (62—84.8 m), beginning im-
mediately above an unexposed interval (59.2—
62m), consists of alternating beds of bluish-
gray to greenish-gray, fine-grained sandstone
(2-20 cm thick) and dark gray wavy-laminated
mudstone (1-10cm thick). These sandstone
beds, which sometimes become thicker, 30—80
cm (77-79m, 81-82m, 82-84.6m), are ill-
sorted and slightly mottled, and grade upward
into wavy-mudstone layers. Bioturbation has
usually obscured the top surface of the sand-
stone. Current ripples suggesting a direction of
S74°W to N74°E are observable on the top
surface of the sandstone bed (84.6 m; Fig. 8).

Slump breccia, consisting of angular mud-
stone blocks and subangular or subrounded fine-
grained sandstone blocks, and yellowish gray,
fine-grained muddy sandstone matrix, is inter-
calated in the upper part (79-81 m, Fig. 13).

Fossils: Megafossils are rare in the lower
part of the Lazurnaya Bay Formation. Shell
patches in the bedded sandstone contain the
following
sp. indet.; bivalve—Promyalina putiatinensis
(Kiparisova); and brachipods—Orbiculoidea
sp. indet. at AB1004 (23-24.5m).

The middle part of the Lazurnaya Bay For-
mation is more fossiliferous. Lenticular
shellbeds contain brachiopods—Lingula bore-
alis Bittner and Orbiculoidea sp. indet. at
AB1005 (33.1 m) and AB1006 (37.2 m). Poor-
ly preserved ammonoids—Lytophiceras sp.
indet. and Tompophiceras sp. indet.; bivalve—
Claraia stachei Bittner; and brachiopod—Or-
biculoidea sp. indet. were collected at AB1007
(39.2m). Various brachiopod taxa were found
along with Lingula borealis and Abrekia sul-
cata Dagys in the sandstone bed at AB1008

taxa: ammonoid—LZLyftophiceras?
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(43.5m). This bed also contains the following
taxa: ammonoid—ABukkenites? sp. indet.; nau-
tiloid—Gyronautilus popovi Shigeta and Za-
kharov sp. nov.; gastropod—Warthia zakharovi
Kaim sp. nov,; and conodont—~Neogondolella
carinata (Clark, 1959). Ammonoids collected
from calcareous concretions at AB1009 (53.8—
54.6m) include Lytophiceras? sp. indet.,
Pseudoproptychites hiemalis (Diener) and Us-
suridiscus varaha (Diener) gen. nov.
Megafossils are very common in the upper
part of the Lazurnaya Bay Formation.
The following fossils along with many
microgastropods were collected from calcare-
ous concretions at ABI010 (64.8-67 m):
ammonoids—Pseudoproptychites  hiemalis,
Ussuridiscus varaha, Wordieoceras cf. wordiei
(Spath), magnumbilicatus
(Kiparisova), and Gyronites
Kiparisova; nautiloid—Gyronautilus praevolu-
tus (Kiparisova); bivalves—Claraia stachei,
Leptochondria minima (Kiparisova), “Modio-
lus” sp. indet., Neoschizodus cf. laevigatus
(Ziethen), Promyalina schamarae (Bittner),
Pteria ussurica (Kiparisova), Myoconcha sp.
indet., Triaphorus aff. multiformis Kiparisova,

Dunedinites
subdharmus

2

Ochotomya? sp. indet., Unionites canalensis
(Catullo), and Unionites fassaensis (Wiss-
mann); gastropods—Bellerophon abrekensis
Kaim sp. nov., Worthenia sp. indet., Abrekop-
sis depressispirus (Batten and Stokes) gen.
nov., Coelostylina sp. indet.; and conodont—
Neogondolella carinata.

The following fossils are abundant in the
sandstone bed at AB1011 (81-82m): am-
monoids—Ussuridiscus  varaha, Gyronites
subdharmus and Pachyproptychites otocera-
toides (Diener); and nautiloid—Xiaohenau-
tilus abrekensis Shigeta and Zakharov sp. nov.
A large sized specimen of the gastropod—
Omphaloptycha hormolira Batten and Stokes
was also obtained.

The following megafossils along with the
conodont—Neogondolella carinata were col-
lected from calcareous concretions at AB1012
(82-84.6 m): Nautiloid—Menuthionautilus evo-

lutus Shigeta and Zakharov sp. nov; am-
monoid—Ambitoides fuliginatus (Tozer) gen.
nov.; bivalves—Claraia stachei, Promyalina
schamarae, and Unionites fassaensis; gastro-
pod—Bellerophon abrekensis Kaim sp. nov.

Depositional environment: The lower part of
the Lazurnaya Bay Formation mainly repre-
sents a distal deltaic facies deposited during a
transgression. Fluvial facies and tidal facies
sensu stricto seem to be absent in the Abrek
Bay section although coarse-grained deposits
are predominant in a transgressive succession
(Bhattacharya, 2006). The occurrence of ma-
rine fossils supports this view.

The middle part of the Lazurnaya Bay For-
mation represents a shelf environment above
the storm wave base (Sutter, 2006). Various
benthic activities indicate that the facies were
not deposited under the oxygen-minimum
zone, but in the aerobic surface-water column.
Wave dominated sedimentary structures are
not preserved because of bioturbation.

The upper part of the Lazurnaya Bay For-
mation represents a transitional facies from a
shelf to a slope environment. The intercalation
of slump deposits supports this view (Sutter,
2006; Posamentier & Walker, 2006).

Zhitkov Formation

Stratotype: Zhitkov Cape on the eastern
coast of Russian Island, South Primorye (Za-
kharov, 1997a).

Thickness: Greater than 81 m (84.6-165.6 m
interval above the base of the Lazurnaya Bay
Formation; Figs. 8-10, 13, 14).

Lithology: The Zhitkov Formation consists
mainly of dark gray, laminated mudstone inter-
calated with thin (1-20cm thick), turbiditic
fine sandstone beds, some of which are fossil-
iferous. It conformably overlies the Lazurnaya
Bay Formation and is subdivided into the
lower part (84.6-95.8m) and the main part
(95.8-165.6 m).

The lower part (84.6-95.8m) consists of
alternating beds of dark bluish-gray, laminated
mudstone and fine sandstone, many of which
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Fig. 11. Conglomerate in lower part of Lazurnaya Bay Formation at AB1002. Upper: Alternating beds of coarse-
grained sandstone and granule conglomerate. Lower: Pebble conglomerate composed mainly of rounded to
sub-rounded volcanic rock, chert pebbles and cobbles ranging from 30-100 mm in diameter in matrix of
greenish gray, medium-grained sandstone.
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Fig

. 12, Upper: Bedded sandstone intercalated with wavy-mudstone layers in middle part of Lazurnaya Bay For-
mation. Lower: Ill-sorted, greenish gray, fine-grained sandstone intercalated with wavy-mudstone layers at
AB1005.
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Fig. 13. Upper: Man is standing on approximate contact between Lazurnaya Bay Formation and Zhitkov
Formation. Lower: Slump breccia consisting of angular mudstone blocks and subangular or subrounded fine-
grained sandstone blocks in matrix of yellowish gray, fine-grained muddy sandstone in upper part of Lazur-

naya Bay Formation.
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Fig. 14. Dark gray, laminated mudstone intercalated with thin turbiditic fine sandstone beds in Zhitkov Forma-
tion. Megafossils are very rare in mudstone in which very little bioturbation is present. In contrast, some sand-
stone beds are very fossiliferous. Upper: Main part of formation. Induan/Olenekian boundary occurs between
AB1021 and AB1019. Lower: Lowermost part and lower main part of formation.
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form slumped sheets and blocks (Figs. 8, 13,
14). The 30-200cm thick slump sheets are
piled on each other and bounded by low-angle
synsedimentay faults, and a few of them ex-
hibit slump folds. The slump blocks are
30-120cm in diameter and angular shaped
(Fig. 8). Several fossiliferous, 10-20 cm thick,
fine sandstone beds exhibiting turbiditic fea-
tures are also intercalated in the basal part.

The main part of the Zhitkov Formation
(95.8-165.6 m) consists mainly of dark bluish
gray or greenish gray, laminated mudstone in-
tercalated with a few thin (0.5-3 cm), fine-
grained sandstone layers (Fig. 14). Very little
bioturbation is present in the mudstone, and it
occasionally contains spherical or ellipsoidal
calcareous concretions ranging in size from 10
to 40 cm. The sandstone layers exhibit parallel
and/or current-ripple laminations that resem-
ble the sedimentary features of the upper part
of a Bouma sequence, which is suggestive of
their distal-turbidite origin. Also intercalated
in the main part is a 15cm thick feldspathic,
coarse-grained sandstone bed (99.5m) as well
as a thin bentonitic tuff bed (105m). A bur-
rowed upper surface is present on a 7 cm thick
intercalated sandstone bed at the 110m and
125.5 m levels (Figs. 8, 9).

Slump deposits (142.5-148 m), character-
ized by folds and consisting of dark greenish
gray, laminated sandy mudstone with interca-
lations of fine-grained sandstone, are interca-
lated in the upper part of the main part of the
Zhitkov Formation. Ellipsoidal
concretions occur in the mudstone. All of the
intercalated sandstones are weakly bioturbated
and contain Phycosiphon-type burrows, some
of which are calcified and fossiliferous (Fig.
9). Also intercalated in the upper part of the
main part of the Zhitkov Formation is a 60 cm
thick feldspathic, coarse-grained sandstone
bed, which exhibits features of a high-density
turbidite (154.2—154.4m; Fig. 10). The lower
half consists of coarse-grained sandstone con-
taining sub-rounded to elongated mud patches
attaining a diameter of 8 cm, while the upper

calcareous

half consists of ill-sorted muddy sandstone
containing abraded shells of ammonoids and
bivalves.

Fossils: Calcareous concretions at AB1013
(89.5m) contain the following taxa: am-
monoids—Ussuridiscus varaha (Diener) gen.
nov., Ambitoides fuliginatus (Tozer) gen. nov.,
Proptychites alterammonoides (Krafft) and
Gyronites sp. indet.; nautiloid—Menuthionau-
tilus korzchi (Kiparisova); bivalves—~Neoschizo-
dus cf. ovatus (Goldfuss) and Pteria ussurica
(Kiparisova); and gastropods—Bellerophon
abrekensis Kaim sp. nov., Abrekopsis depres-
sispirus Kaim gen. nov., and Strobeus shigetai
Kaim sp. nov.

The calcareous portions of the sandstone
beds as well as the calcareous concretions
from the 91.8-94.2m interval at AB1014
are quite fossiliferous. The following fossils
along with many microgastropods and a bone
fragment, possibly from a marine reptile,
were collected: ammonoids—Ambitoides ori-
entalis Shigeta and Zakharov gen. nov. sp.
nov., Vishnuites? sp. indet., Parahedenstroemia
kiparisovae Shigeta and Zakharov sp. nov.,
and Clypeoceras spitiense (Krafft); nautiloid—
gastropods—
Chartronella maedai Kaim sp. nov., Tra-
chyspiridae gen. et sp. indet., Abrekopsis de-
pressispirus, Strobeus shigetai, and Om-
phaloptycha hormolira Batten and Stokes; bi-
valves—Entolioides sp. indet., Eumorphotis

Menuthionautilus  korzchi,

multiformis (Bittner), Leptochondria minima
(Kiparisova), Pteria ussurica, and Unionites
fassaensis (Wissmann); scaphopod—Laeviden-
talium? sp. indet.; conodonts—~Neospathodus
cf. cristagalli (Huckriede), Neospathodus di-
Sweet, Neospathodus pakistanensis
Sweet, and Neospathodus sp. A; placoid
scales, and shark teeth—Acrodus cf. cuneo-
costatus Cuny, Rieppel and Sander and Hybo-
dus sp. indet. Microgastropod preservation is
remarkably good, and the protoconch can be
observed in most specimens.

In the main part, the following assemblages
were collected from calcareous concretions at

eneri
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AB1016 (106.2m): Ammonoids—Ussuri-

flemingites abrekensis Shigeta and Zakharov
gen. nov. sp. nov. and Paranorites varians
(Waagen); gastropods—Warthia
Kaim sp. nov. and Abrekopsis depressispirus;
scaphopod—Laevidentalium? sp. indet.; con-
odonts—~Neospathodus dieneri, Neospathodus
pakistanensis,
Staesche, and Borinella cf. nepalensis (Kozur
and Mostler); placoid scales, and shark
teeth—Acrodus cf. cuneocostatus, Hybodus
sp. indet., and Lissodus cf. cristatus Delsate
and Duffin. Specimens of Warthia zakharovi
are usually found in a clusters in the calcare-
ous concretions. (Fig. 8)

The following fossils were collected from
calcareous concretions at AB1019 (124.6 m):
Large ammonoid, Kummelia? sp. indet. and
Paranorites varians, conodont—Neospathodus
placoid scales and shark
teeth—Polyacrodus sp. indet. and Lissodus cf.
cristatus. The calcified fine-grained sandstone
at AB1021 and AB1022 (135.2m) is very fos-
siliferous, and the following well-preserved
fossils along with many microbivalves were
collected: ~ ammonoids—Abrekites
Shigeta and Zakharov gen. nov. sp. nov.,
Abrekites planus Shigeta and Zakharov gen.
nov. sp. nov., Rohillites laevis Shigeta and
Zakharov sp. nov., Shamaraites schamarensis
(Zakharov) gen. nov., Ussuriflemingites pri-
moriensis Shigeta and Zakharov gen. nov. sp.
nov., Palaeokazakhstanites ussuriensis (Za-
kharov), Clypeoceras timorense (Wanner),
Pseudosageceras Noetling,
Prosphingitoides sp. indet., and Arctoceras
septentrionale (Diener); nautiloid—7Tremato-
ceras subcampanile (Kiparisova); bivalves—
Bakevellia?  sp., minima,
Neoschizodus cf. laevigatus (Ziethen), Tri-
aphorus aff. multiformis Kiparisova, Trigon-
odus orientalis Bittner, and Unionites canalen-
sis; gastropod—Warthia zakharovi; brachio-
pod—Abrekia sulcata Dagys; crinoid colum-
nals indet.;
conodonts—Ellisonia? (Sweet),

zakharovi

costatus

Eurygnathodus

pakistanensis;

editus

multilobatum

Leptochondria

and cirrals—Holocrinus  sp.
peculiaris

Neospathodus pakistanensis, Neospathodus ex.
gr. waageni Sweet, Neospathodus novaehol-
landiae McTavish, Neospathodus aff. postero-
longatus Zhao and Ochard, Neospathodus con-
cavus Zhao and Orchard, and Eurygnathodus
costatus Staesche; placoid scales and shark
teeth—Acrodus cf. cuneocostatus, Hybodus
sp. indet., Lissodus cf. cristatus, and Polyacro-
dus sp. indet.

In the upper part of the main part of the
Zhitkov Formation, calcareous concretions
from the slump deposits at AB1024 (146 m)
contain the following fossils: ammonoids—
Clypeoceras timorense, Pseudosageceras mul-
tilobatum and Arctoceras septentrionale; con-
odonts—~Neospathodus ex. gr. waageni and
Neospathodus novaehollandiae; placoid scales
and shark teeth—Acrodus cf. cuneocostatus,
Hybodus sp. indet., Lissodus cf. cristatus, and
Polyacrodus sp. indet.

At AB 1025 (154.2-154.4 m), the high-den-
sity turbidite, consisting of feldspathic coarse-
grained sandstone and ill-sorted muddy
sandstone, is fossiliferous, and the following
fossils were collected: ammonoids—Arcto-

ceras  septentrionale and  Radioprionites
abrekensis Shigeta and Zakharov gen. nov.
sp. nov.; conodonts—Neospathodus ex. gr.
waageni, Neospathodus  novaehollandiae,
Neospathodus spitiensis Goel, Neospathodus
sp. B, and Foliella gardenae (Staesche); pla-
coid scales, and shark teeth—Lissodus cf.
cristatus, and Polyacrodus sp. indete.

In addition, the calcified sandstone beds in-
tercalated with mudstone at AB1026 (156.5 m)
yielded: ammonoids—~Balhaeceras balhaense
Shigeta and Zakharov gen. nov. sp. nov. and
Hemiprionites sp. indet. Calcareous concre-

tions at AB1027 (161.4-166m) contain the

large ammonoids Arctoceras subhydaspis
(Kiparisova) and Euflemingites prynadai
(Kiparisova).

Depositional environment: The lower part of
the Zhitkov Formation represents a lower slope
environment, which is suggested by the pre-
dominance of a slump-deposit intercalations
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Fig. 18. Ammonoid and conodont biostratigraphic subdivisions of the Early Triassic of South Primorye and cor-

relation with other regions.

(Sutter, 2006; Posamentier & Walker, 2006),
while the main part of the Zhitkov Formation
represents a proximal basin-floor facies (Sut-
ter, 2006; Posamentier & Walker, 2006). The
thick monotonous succession of barely biotur-
bated, laminated mudstone suggests deposition
in a stable anoxic basin-floor setting.

Biostratigraphy
Ammonoid succession (by Y. Shigeta, H.

Maeda and Y. D. Zakharov)
Markevich and Zakharov (2004) established

an early Triassic ammonoid biostratigraphic
scheme for South Primorye, in which they rec-
ognized the following four ammonoid zones,
ranging from the Griesbachian to the Smithi-
an: Glyptophiceras ussuriense Zone, Gyronites
subdharmus Zone, Hedenstroemia bosphoren-
sis Zone, and Anasibirites nevolini Zone.
However, none of the zonal index taxa were
found in the Abrek Bay section other than Gy-
ronites subdharmus Kiparisova.

Our carefully controlled bed-by-bed sam-
pling program has produced abundant materi-
al, which significantly adds to the knowledge
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of these biostratigraphic subdivisions (Fig.
18). However, at this point it would be prema-
ture to introduce formal zones because fossil
occurrence is not stratigraphically continuous
but confined mostly to a few fossils beds. Our
knowledge of Early Triassic ammonoid faunas
in South Primorye is still somewhat inade-
quate. Hence, we provisionally utilize the
“bed” or zone (taxon-range zone) approach as
documented below. Here, the “bed” means the
case that the index taxon occurs only from a
fossil-bed. The zone means a taxon-range
zone of the index species, and consists of two

or much more fossil beds. Boundary between
such zones remains obscure because of inter-
mittent fossil-occurrence.

Lytophiceras sp. Zone: This zone, which are
partly correlative with the Glyptophiceras us-
suriense Zone of Markevich and Zakharov
(2004), is characterized by the occurrence of
the typical Early Induan (Griesbachian) am-
monoid genus Lytophiceras. At AB1007, this
genus is associated with Tompophiceras sp.
indet. and at AB1009, it is found with Pseudo-
proptychites hiemalis (Diener) and Ussuridis-
cus varaha (Diener) gen. nov.
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Gyronites subdharmus Zone: Zone is main-
ly characterized by Gyronites subdharmus,
but other taxa are also found at various levels
as follows: magnumbilicatus
(Kiparisova) and Wordieoceras cf. wordiei
(Spath) in the lower part, Pachyproptychites
otoceratoides (Diener) in the upper part, and
Ussuridiscus varaha in the zone. The genus
Wordieoceras is typical of the late Griesbachi-
an, and W wordiei is known from late Gries-
bachian beds in Greenland (Spath, 1930,
1935) and Arctic Canada (Tozer, 1994). Zone
in the lower part are partly correlative with the
Ophiceras commune Zone (early late Gries-
bachian) of Arctic Canada (Tozer, 1994).

Age diagnostic ammonoid taxa have not
been found in the upper part, which probably
is of late Early Induan (late Griesbachian) age,
but the nautiloid Xiahenautilus abrekensis sp.
nov. occurs at AB1011. In South China, the
stratigraphic range of Xiaohenautilus is re-
stricted to the upper Griesbachian (Mu et al.,
2007). Markevich and Zakharov (2004) as-
signed a Late Induan (Dienerian) age to the
G. subdharmus Zone. However, the local range
biozone of G. subdharmus should be correlated
with the late Early Induan (late Griesbachian).

Ambitoides fuliginatus Zone: Index am-
monoid, Ambitoides fuliginatus (Tozer) gen.
nov., occurs with the following taxa: Propty-
chites alterammonoides (Kraftt), Ussuridiscus
varaha and Gyronites sp. indet. Proptychites

Dunedinites

alterammonoides is known to occur in the
“Meekoceras” beds (Dienerian) of the North-
west Himalayan region (Krafft, 1909; Water-
house, 2002), while Ambitoides fuliginatus oc-
curs in the Proptychites candidus Zone (early
Dienerian) of northeastern British Columbia
(Tozer, 1994). These ammonoids strongly sug-
gest that the A. fuliginatus Zone is of early
Late Induan (early Dienerian) age.
Clypeoceras spitiense “bed”: Bed contains
index species Clypeoceras spitiense (Krafft) as
well as Ambitoides orientalis Shigeta and Za-
kharov gen. nov. sp. nov., Parahedenstroemia
kiparisovae Shigeta and Zakharov sp. nov. and

Vishnuites? sp. indet. Clypeoceras spitiense is
a well known Himalayan Dienerian am-
monoid, and the bed is correlative with the
“Meekoceras” beds (Dienerian) of the North-
west Himalayan region (Krafft, 1909; Water-
house, 2002).

Paranorites varians Zone: Zone contains
index species Paranorites varians (Waagen)
as well as Ussuriflemingites abrekensis Shige-
ta and Zakharov gen. nov. sp. nov. in the lower
part and Kummellia? sp. indet. in the upper
part. P varians is known from the Lower Cer-
atite Limestone of the Salt Range (Waagen,
1895), and Kummellia is known from the
Paranorites-Vishnuites Zone (Dienerian) of
Kashmir (Bando, 1981; Waterhouse, 1996a).
Zone is probably Late Induan (Dienerian) in
age.

Clypeoceras timorense Zone: Zone contains
a very abundant, diverse fauna, which include
the following genera: Clypeoceras, Abrekites
gen. nov., Rohillites, Shamaraites gen. nov., Us-
suriflemingites gen. nov., Palaeokazakhstanites,
Pseudosageceras, Prosphingitoides, and Arcto-
ceras. Clypeoceras timorense (Wanner), the
most common ammonoid, is known from the
Lower Olenekian (lower Smithian) of Timor,
and Rohillites is also a typical early Smithian
genus. Therefore, this subdivision is of early
Early Olenekian (early Smithian) age.

Radioprionites abrekensis “bed”: Bed is
characterized by the occurrence of the newly
described index ammonoid Radioprionites
abrekensis Shigeta and Zakharov gen. nov. sp.
nov. as well as Arctoceras septentrionale (Di-
ener). Neither species is age diagnostic, but
Arctoceras is a typical Smithian genus. Ac-
cording to Markevich and Zakharov (2004),
the upper part of the Arctoceras septentrionale
bearing beds in South Primorye contains
Owenites koeneni Hyatt & Smith and Balhae-
ceras balhaense Shigeta and Zakharov gen.
nov. sp. nov. Hence, this subdivision is correla-
tive with the bed under the O. koeneni beds
(middle Smithian) of the Tethyan and Eastern
Panthalassic realms (Kummel & Steele, 1962;
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Brithwiler et al., 2007; Brayard & Bucher,
2008).

Balhaeceras balhaense “bed”: Newly de-
scribed index ammonoid Balhaeceras bal-
haense also occurs in the Owenites koeneni
beds in other sections in South Primorye (Za-
kharov, 1968), and hence, this subdivision is
correlated with the middle Early Olenekian
(middle Smithian).

Arctoceras subhydaspis “bed”: Bed is char-
acterized by the occurrence of the index
species and Euflemingites prynadai (Kipariso-
va). A. subhydaspis (Kiparisova) is always
found immediately below the Anasibirites
nevolini Zone (upper Smithian) in other sec-
tions in South Primorye (Markevich & Za-
kharov, 2004). Therefore, the subdivision is of
middle Early Olenekian (middle Smithian)
age.

Conodont succession (by H. Igo)

The Lower Triassic section in the Abrek
Bay area can be divided into three conodont
zones in ascending order as follows: Neogon-
dolella carinata Zone, Neospathodus dieneri-
N. pakistanensis Zone, and Neospathodus ex
gr. waageni-N. novaehollandiae Zone (Fig.
18).

Neogondolella carinata Zone: Zone is not
well defined because specimens of the index
species, which occur sporadically in the mid-
dle to upper part of the Lazurnaya Bay Forma-
tion, are mostly fragmental or attrited.
Neogondolella carinata (Clark) is a world-
wide species and ranges from the Greisbachi-
an to the Smithian (Orchard, 2007a). Zone en-
compasses the following ammonoid zones: Ly-
tophiceras sp. Zone and Gyronites subdhar-
mus Zone of the Lazurnaya Bay Formation,
and the Ambitoides fuliginatus Zone of the
lowermost Zhitkov Formation.

Neospathodus dieneri-N. pakistanensis Zone:
Zone begins with the first appearance of
Neospathodus dieneri Sweet and N. pakista-
nensis Sweet and ends with the first occur-
rence of N. ex gr. waageni Sweet. N. pakista-

nensis occurs frequently throughout the zone,
but N. dieneri appears mainly in the lower
part. The following other taxa rarely co-occur:
N. cf. cristagalli (Huckriede), Eurygnathodus
costatus Staesche, Borinella cf. nepalensis
(Kozur and Mostler), and Neospathodus sp. A.
Zone encompasses the Clypeoceras spitiense
ammonoid bed and Paranorites varians am-
monoid Zone in the Zhitkov Formation.

N. dieneri is a well-known species and
ranges from the Dienerian to the Smithian
(Orchard, 2007a). Zhao et al. (2007) summa-
rized the Lower Triassic conodont sequence in
the Pingdingshan section in Chaohu, Anhui,
China. They defined the N. dieneri Zone in the
upper part of the Yinkeng Formation (Upper
Induan, Dienerian) and further subdivided it
into three subzones as defined by the succes-
sive occurrence of N. dieneri Morphotypes 1,
2, and 3, which also range upward into higher
subzones. In the Abrek Bay section, a form of
N. dieneri similar to the above-mentioned
Morphotypes 1 and 2 occurs in the lower part
of the zone, and Morphotype 3, characterized
by a posterior cusp that is broader and shorter
than other denticles, occurs in the middle part
of the zone.

N. pakistanensis, the other characteristic
species of the zone, ranges upward into the
lowest part of the next higher zone. As pointed
out by several authors (e.g., Matsuda, 1983),
N. pakistanensis exhibits considerable mor-
phological variation in terms of size, general
lateral profile, shape of basal cavity, and num-
ber of denticles. Specimens from the lower
and middle parts of the zone have slightly
shorter elements and fewer denticles compared
with those from the next higher zone.

These conodonts strongly suggest that the
zone, which is mainly of Upper Induan
(Dienerian) age, is correlative with the N. di-
eneri Zone of China, India and other regions.

Neospathodus ex gr. waageni-N. novaehol-
landiae Zone: Zone is defined by the first oc-
currence of Neospathodus ex gr. waageni and
N. novaehollandiae McTavish, both of which
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occur frequently throughout the zone. N. ex gr.
waageni is a well-known index species of the
Early Olenekian (Smithian) throughout the
world (Orchard, 2007a). Consequently, the
zone is correlated with the Early Olenekian
(Smithian). Zone encompasses at least the
Clypeoceras timorense ammonoid Zone and
Radioprionites abrekensis ammonoid “bed” of
the Zhitkov Formation.

N. waageni, originally described from the
Salt Range (Sweet, 1970), has been described
several times by subsequent authors from
Lower Triassic rocks elsewhere in the world.
These authors all report morphological varia-
tion mainly in the profile of the basal margin,
length of the posterior process, and shape of
the basal cavity (e.g., Matsuda, 1983). Zhao et
al. (2004) reported the occurrence of abundant
specimens in the Pingdingshan Section of
China and recognized three distinct subspecies
that clearly occur in succession. Consequently,
they subdivided the zone into three subzones,
to which Zhao and Orchard (in Zhao et al.,
2007) applied the following names: N. waa-
geni eowaageni, N. waageni waageni, and N.
posterolongatus.

N. waageni (s.l.) is also abundant in the
Muth Section in Spiti. According to Orchard
and Krystyn (2007) and Orchard (2007a), N.
waageni (s.l.) occurs in Smithian strata and
consists of six morphotypes including two
subspecies, N. waageni waageni and N. waa-
geni eowaageni. Their Morphotype 1 is char-
acterized by the development of platform
flanges at the posterior end. Morphotype 2
corresponds to N. waageni waageni and Mor-
photype 3 has a length to height ratio of about
1:1 and upturned denticles identical to those
of N. waageni eowaageni. Morphotype 4 is
characterized by the presence of a posterior-
most small denticle. Morphotype 5 has an un-
usually large triangular cusp. Morphotype 6
exhibits denticles that tend to radiate in a fan-
like fashion from the base. It is difficult to de-
termine the morphological variation of these
morphotypes, given that the authors illustrated

each of their types with only one lateral and
basal view. In the present study, the author
treats the species in a broad sense as N. ex gr.
waageni and detailed identification is reserved
for future research. However, the following
comments are intended to discuss similarities
of the present N. waageni (s.1.) with the above-
mentioned six morphotypes from Spiti. N. ex
gr. waageni from the Abrek Bay section ex-
hibits variation in the profile of the basal mar-
gin, basal cavity, and denticulation, which
have already been pointed out by their authors.
Specimens obtained from the basal part of the
zone (AB1021) have a similar profile as ob-
served in N. waageni waageni. Most speci-
mens from the lower part of the zone
(AB1024) have the same configuration that is
characteristic of N. waageni eowaageni.

N. aff. posterolongatus Zhao and Orchard
from the basal part of the zone is represented
by a single specimen that exhibits close simi-
larity in general profile to N. posterolongatus,
a proposed species based on N. waageni subsp.
nov. B by Zhao et al. (2004). Several other
specimens identified as V. ex gr. waageni were
obtained from the middle part of the zone in
association with N. spitiensis and Foliella gar-
denae (Staesche).

The basal part of the zone yields abundant,
well-preserved elements of N. novaehollandi-
ae, which is the other characteristic species in
the zone. Although a few specimens were re-
covered, N. pakistanensis is associated with N.
novahollandiae in this part of the zone. Both
species are similar and previous authors, such
as Matsuda (1983) and Nicora (1991), consid-
ered them to be conspecific. Recently, Orchard
(2007a) discussed the validity of both species
and pointed out that the shape of the basal cav-
ity is an important criterion for distinguishing
between species, rather than the lateral profile
of the underside or the degree of platform
flange growth. The characteristic morphology
observable in both species exhibits consider-
able variation in the present material. Howev-
er, the occurrence of N. novaehollandiae in the
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Abrek Bay section is more common at higher
levels than N. pakistanensis. Furthermore, in
our collection, N. novaehollandiae includes
many large-sized individuals and some exhibit
pathological or aberrant features in the basal
cavity and lateral process. The present author
concluded that N. pakistanensis and N. novae-
hollandiae are independent species, and the
former is a precursor of the latter species with-
in the same species lineage.

Several specimens identified as N. spitiensis
occur in the middle part of the zone. Accord-
ing to Orchard (2007a) this species is a direct
descendant of N. posterolongatus, and the
stratigraphic level of N. spitiensis in the Abrek
Bay section supports this view, but N. postero-
longatus apparently is missing in the section.

Only one specimen identifiable as Foliella
gardenae was recovered from the middle part
of the zone in association with N. spitiensis.
This interesting Smithian aged conodont, orig-
inally described from the upper Campiller For-
mation of South Tirol, Austria (Staesche,
1964), also occurs in Smithian aged equivalent
rock units in Slovenia (Kolar-Jurkovsek &
Jurkovsek, 1996), Primoryie, Far East Russia
(Buryi, 1979), Sichuan, Southwest China (Dai
& Tian, 1983), and other Chinese localities.

The lower to middle part of the zone yields
other conodont elements identified as
Neospathodus concavus Zhao and Orchard,
Neospathodus sp. B, and Ellisonia? cf. pecu-
liaris (Sweet), but these occurrences are rare
and the specimens are fragmentary. A single
specimen of N. concavus recovered from the
basal part of the zone is characterized by an
arched, large and long element, and it has a
short cusp compared with that of the original
Chinese specimen (Zhao & Orchard, in Zhao
et al, 2007). Orchard & Krystyn (2007)
illustrated the other type of this species from
Spiti that bears 13 denticles on its strongly
arched blade. The general configuration of the
present element agrees with the Spiti speci-
men, except for a large cusp and the size of the
sixth denticle.

Correlation (by Y. Shigeta and H. Igo)

The geological age of the basal part of the
Lazurnaya Bay Formation remains uncertain
because no direct, age diagnostic evidence
has been found. In contrast, the overlying
lower and middle parts of the formation, con-
taining the Lyfophiceras sp. Zone and the
lower part of the Neogondolella carinata
Zone, is supposedly of Early Induan (Gries-
bachian) age. Furthermore, the upper part of
the formation, characterized by the Gyronites
subdharmus Zone and the middle part of
the Neogondolella carinata Zone, is correlat-
able with the late Early Induan (late Gries-
bachian).

A change in the ammonoid assemblage in
the uppermost part of the Lazurnaya Bay
Formation and the overlying lowest part
of the Zhitkov Formation, in which Am-
bitoides fuliginatus is common, suggests that
these parts are early Late Induan (early
Dienerian) in age. The lower part of the
Zhitkov Formation yields Clypeoceras spi-
tiense and is of Late Induan (Dienerian) age.
This correlation is also supported by the oc-
currence of Neospathodus dieneri and N.
pakistanensis.

The First Appearance Datum (FAD) of
N. waageni (s.l.) has been basically accepted
as the primary marker for the definition of the
Induan-Olenekian (I/O) boundary (Tong ef al.,
2003; Krystyn et al., 2007; Zhao et al., 2007).
N. ex gr. waageni first appears at AB1021
(and AB1022) in the main part of the Zhitkov
Formation. Therefore, the I/O boundary
should be placed at a horizon between
AB1019 and AB1021 (or AB1022), given that
Late Induan (Dienerian) ammonoids occur at
AB1019.

The uppermost part of the main part of the
Zhitkov Formation yields the middle Early
Olenekian (middle Smithian) ammonoid Arc-
toceras subhydaspis, which is characteristic
member of the horizon immediately underly-
ing the upper Smithian Anasibirites nevolini
Zone in South Primorye.
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Fig. 19. Photomicrographs, under cross polarized light, of calcareous sandstones and limestone from the Abrek
Bay area. 1, Calcareous sandstone from AB1004. 2, Calcareous sandstone from AB1011. 3, Calcareous sand-
stone from AB1014. 4, Limestone with detrital minerals from AB1025. Scale bar=0.5 mm.

Age distribution of detrital monazites in the
sandstone
(by K. Yokoyama, Y. Shigeta and Y. Tsutsumi)

Seven sandstone samples, three from the
Lazurnaya Bay Formation at ABI1004,
AB1007 and ABI1011 and four from the
Zhitkov Formation at AB1014, ABI1016,
AB1019 and AB1025, were investigated for
age analyses of monazite (Figs. 5-10). All
sandstones are fossiliferous sandstones, con-
sisting mainly of calcite with subordinate
amounts of detrital mineral and lithic fragment
(Fig. 19). Technically, these rocks should be
identified as limestone or calcareous sand-
stone, but they are tentatively denoted as sand-
stone in this paper. Sandstones of Permian to

Triassic age from the Japanese Islands and a
sample of sand from Khabarovsk, along the
Amur River, were analyzed to compare with
those from the Abrek Bay area.

Analytical procedure

Procedures for the separation of heavy min-
erals and their subsequent analysis for mon-
azite are the same as described by Yokoyama
et al. (1990). The theoretical basis for mon-
azite age calculation is essentially the same as
that developed by Suzuku et al. (1991).

Monazites were analyzed with an electron
probe micro-analyzer (EPMA) fitted with a
Wavelength Dispersive Spectrometer (WDS),
JXA-8800 situated in the National Museum of
Nature and Science, Tokyo. Analytical condi-
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number of analyzed monazite grains.
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tions are the same as those described by San-
tosh et al. (2006). Age calibrations were care-
fully performed by comparing data obtained
by EPMA dating with those acquired by the
SHRIMP technique (Santosh et al., 2006).
Apart from minor shifts due to machine drift
and variations in standard conditions, the ages
obtained from both techniques were found to
have good consistency. Monazites with ages of
3020 Ma and 64 Ma, obtained from SHRIMP
and K-Ar methods, respectively, were used as
internal standards for age calibrations. The

standard deviation of the obtained ages de-
pends mostly on the PbO content of the mon-
azite, and age errors are within a few percent
for most of the analyzed monazites that were
rich in ThO,.

Results

Although monazite grains are not common
in the samples, due probably to their calcare-
ous nature, about 200 grains were recovered
and analyzed. Monazite ages are presented as
frequency diagrams in Fig. 20.



34 Yasunari Shigeta et al. (eds.)

Monazite ages range from ca. 240 Ma to
1000 Ma with a strong peak at around 500 Ma
and a subordinate peak at around 270 Ma. Al-
though there is no drastic change in monazite
age throughout the sequence, and a notably
different age distribution pattern is not ob-
served in the sandstones, it is noteworthy that
younger monazites are not common in the
lower sequence, and weak peaks at 300—400
Ma and 700-800 Ma are observed in sample
AB1025. Each age datum has a more or less
moderate standard deviation. Then, all data
were represented in Fig. 21 by a probability
distribution diagram calculated with a multi-
peak Gauss fitting method (Williams, 1998).
Peak positions are 508 Ma and 275 Ma. Sever-
al data are plotted in 700—850 Ma, but no clear
peak has been recognized in the range older
than 600 Ma.

Monazite ages in the recent sand sample
from the Amur River are shown in Fig. 21 to-
gether with that from the Abrek Bay area. The
river mainly cuts through the Northeast China
Block (Jiamusi and Songliao-Zhangguangcao
blocks), which formed a continent with the
Khanka Block during the Early Permian. The
drainage basin of the river also includes a part
of the Sino-Korea and Siberian cratons. A
major peak much older than 300 Ma occurs at
500 Ma, similar to the sandstones in question.
Weak peaks appear at 1900 and 2500 Ma, due
probably to the Sino-Korea Craton (Yokoyama
et al., 2007). The southern part of the Siberian
Craton has undergone granulite facies meta-
morphism between 488 and 478 Ma (Salniko-
va et al., 1998). The contribution from the
Siberian Craton to age data for the Amur River
is represented by the huge peak at 500 Ma.

Most sandstones in the Japanese Islands
have a strong peak at 1900 Ma, but no peak
around 500 Ma (Yokoyama & Saito, 1996,
2001),which is similar to those from the Kore-
an Peninsula (Yokoyama et al., 2007). Permian
to Upper Triassic sandstones in the Maizuru
belt have different peaks than other sandstones
in the Japanese Islands, but they are similar to

those from sandstones in the Abrek Bay area.
The Permian sandstones in the Maizuru belt
are associated with chert (Ishiga & Suzuki,
1984), and belong to part of a subduction
complex, thus indicating a deep sea origin,
whereas the Lower to Middle Cretaceous
Yakuno Group and the Upper Triassic Nabae
Group are composed mostly of shallow marine
sediment with a trace amount of fresh or
brackish water sediment (Nakazawa, 1958),
and overlie Permian rocks, either by unconfor-
mity or fault contact. Probability diagrams of
sandstones from the Maizuru Belt are present-
ed in Fig. 22. While a major peak appears at
500-510Ma in all samples, an age near
700-800 Ma is recognized in Lower to Middle
Triassic sandstones of the Yakuno Group, but
only the Upper Triassic sandstone from the
upper part of the Nabae Group shows a mod-
erate peak at 1900 Ma, similar to the other
sandstones in the Japanese Islands.

Discussion

The significance of the Lower Triassic sec-
tion in the Abrek Bay area can be summarized
as follow.

1) A newly discovered fossiliferous suc-
cession in South Primorye ranging in age from
Induan (Griesbachian, Dienerian) to Early
Olenekian (Smithian) is described.

2) The mode of occurrence of ammonoids
is documented.

3) The age of detrital monazites in the
sandstone is determined.

Age data of monazites (by K. Yokoyama,
Y. Shigeta and Y. Tsutsumi)

Age analysis of detrital monazite provides
us with prehistorical information about river
drainage systems. These age data are especial-
ly important in the area and time frame en-
compassing the collision and amalgamation of
continental or microcontinental blocks. In Far
East Asia, the Khanka Block collided with the
Jiamusi and Songliao-Zhangguangcao blocks
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during the Early Permian (Jia et al., 2004).
The collision of the Khanka Block and the
Sino-Korea Craton started during Late Permi-
an-Early Triassic time and was completed by
the Late Triassic to form the huge continent
that is essentially the Eurasian continent of
today.

Age data for the Khanka Block are restrict-
ed. As far as recent data are concerned, ap-
proximately 500 Ma was reported from granite
and gneiss samples (Khanchuk et al., 1996),
which is similar to those from the Jiamusi
Block (Wilde et al., 2000, 2003). A Precam-
brian age was recognized as a discordant age
for zircon: 1179£80Ma (Jia et al, 2004).
Monazite with a Precambrian age of 700-800
Ma is rarely observed in Lower Triassic sand-
stones from the Abrek Bay area (Fig. 21).
These data show the presence of a Precambri-
an terrane in the Khanka or Jiamusi blocks.
Even if Precambrian rock occurs widely as a
basement rock, it is hard to elucidate through
monazite age determination because monazite
age is easily reset by later stage high-grade
metamorphism, which occurred commonly in
these blocks.

River drainage systems in the East Asia re-
gion have changed with geological time as evi-
denced by collision events during Permian to
Triassic time. Age data, revealing a strong
concentration at 500 Ma and an absence of
1900 Ma in the sandstones from the Abrek
area, demonstrate that their provenance was
within the Khanka Block and a portion of the
Jiamusi Block, and that there is no contribu-
tion from the Sino-Korea Craton. If detrital
minerals were supplied by a huge river such as
the Amur, their age distribution would present
a peak at 1900 Ma. An absence of the 1900 Ma
peak is due to local supply or an incomplete
amalgamation of the Sino-Korea Craton and
Khanka Block during the Early Triassic.

The sandstones in the Abrek Bay area have
the same age pattern as those of the Lower to
Middle Triassic shallow marine sandstones of
the Yakuno Group in the Maizuru belt, i.e., a

major peak at 500-519 Ma, a subordinate peak
at 270-280 Ma and sporadic data at 700-850
Ma (Figs. 21, 22). They are essentially similar
to other sandstones in the Maizuru belt. A
clear difference is found in the sandstone of
the Upper Triassic Nabae Group. The lower
sandstone of the Nabae Group is similar to the
sandstones mentioned above, whereas the
upper sandstone has a clear peak at 1900 Ma
in addition to a major peak at 500 Ma (Fig.
22). This signifies that the provenance of the
detritus includes not only the Khanka-Jiamusi
Block, but also the Sino-Korea Craton, thus
indicating an almost complete amalgamation
of the craton and block.

The Samarka Belt at the eastern side of the
Khanka Block is a Jurassic accretionary com-
plex. It is now understood to be a northern ex-
tension of the Mino-Tamba Belt of the Inner
Zone of southwest Japan, based on similarities
of lithology, age and geologic structure (Koji-
ma, 1989). These complexes were originally
constructed through a series of accretionary
processes as continuous belts, which were
later separated into several remnants following
tectonic movements. Other small belts includ-
ing the Maizuru belt are not yet well under-
stood. Sandstones in the Maizuru belt have a
different age pattern than Jurassic and Triassic
sandstones in other areas of the Japanese Is-
lands (Yokoyama & Saito, 1996, 2001). The
coincidence in monazite data from sandstones
in the Maizuru Belt and the Abrek Bay area,
South Primorye, suggests that the Maizuru
Belt belongs to the Khanka Block or Jiamusi
Block, and that the belt should be located near
South Primorye. Tectonic reconstruction in the
region of the Sea of Japan is still enigmatic be-
cause collisions, opening of back-arc basins
and rotation of small blocks were common
even after deposition of Triassic sediments.
Furthermore, many faults with lateral dis-
placement have been described along the con-
tinental margin. At present, monazite age data
of the sandstones will more or less place a
constraint on any tectonic model for the Far
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East Asia region. Wilde et al. (2003) discussed
that the Jiamusi Block was located along the
northern margin of the Australian block, based
on the presence of the late Pan-African mag-
matic event at ~500 Ma. It is possible that the
Khanka Block, with a major peak at 500 Ma,
will be closely associated with the Jiamusi
Block, and that both were once located near
the northern part of the Australian Block.
Some data with a 700800 Ma peak corre-
sponds to the Mozambique event, which is
also common in the areas affected by the Pan-
African magmatic event. However, it is prema-
ture to discuss tectonic reconstruction due to a
lack of substantial age data for the Khanka and
Jiamusi blocks.

This analysis is a reconnaissance study of
the sandstones in Far East Asia. Further mon-
azite age data, including that derived from
Upper Triassic sandstones in both, the Khanka
Block and the Sino-Korean Craton, will more
clearly reveal the timing of the amalgamation.
Furthermore, this type of study regarding both
the block and the craton will clarify their
boundaries and will provide a more realistic
history of the collision and amalgamation that
formed the continent.

The position of the Abrek Bay section in the
“Ussuri Basin” (by Y. Shigeta and H. Maeda)

Lower Triassic deposits unconformably
overlie Permian rocks with basal conglomerate
throughout the South Primorye region. The
lower portion, consisting mainly of sandstone
and conglomerate of the Lazurnaya Bay For-
mation, represents a shallow marine facies
above the storm wave-base. This sequence is
overlain by the Zhitkov Formation, consisting
of laminated sandy mudstone and mudstone
with intercalations of sandstone, which sug-
gests an offshore facies deposited in a deep
anoxic basin. Such a fining-upward sequence
is characteristic of deposits in the Triassic sed-
imentary “Ussuri Basin”.

Regardless of lithological uniformity, datum
planes of fossil zones obviously extend across

lithostratigraphic boundaries. For example, in
the Seryj and Tri Kamnya Capes areas, the In-
duan/Olenekian boundary occurs in the upper
part of the Lazurnaya Bay Formation (Za-
kharov, 1996; Markevich & Zakharov, 2004).
In contrast, in the Abrek Bay area the bound-
ary occurs within the Zhitkov Formation.

Shallow marine facies appear in the Induan
and Olenekian (Smithian, Spathian) at Atlasov
Cape and Russian Island in the western part of
the “Ussuri Basin” (Markevich & Zakharov,
2004). Certain fossil zones are not recorded in
these localities since strong wave and current
action frequently interrupted sedimentation.

Conversely, shallow marine facies change to
offshore facies within the lower Upper Induan
(lower Dienerian) in the Abrek Bay area in the
eastern part of the basin. In this area, sedimen-
tation appears to be continuous during the
Late Induan and Early Olenekian, and strati-
graphic and faunal successions are exception-
ally well preserved. This setting most likely re-
sulted from deposition under the much deeper
and quieter environmental conditions that were
prevalent in the Abrek Bay area as compared
to the western part of the basin, and it supports
an eastward-deepening setting of the Triassic
System in the “Ussuri Basin” (Zakharov, 1968,
1997a).

Ammonoid mode of occurrence (by H.
Maeda and Y. Shigeta)

In the upper part of the Lazurnaya Bay For-
mation and the overlying Zhitkov Formation,
ammonoids are mainly preserved in gravity-
flow deposits such as turbidites and slump de-
posits. In contrast, background deposits repre-
sented by laminated mudstone are almost bar-
ren of megafossils.

Ammonoids in particular are abundant in
the fine-grained muddy sandstone beds, which
are sporadically intercalated in the laminated
mudstone (Figs. 8-10). These sandstone beds
lack a coarse-grained portion, and their sedi-
mentary features resemble the upper half of a
Bouma sequence. They are interpreted as dis-
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Fig. 23. 1, Vertical profile exhibiting ammonoid mode of occurrence in fossiliferous turbidic fine sandstone bed
(AB1011) in upper part of Lazurunaya Bay Formation. Light-colored elliptical sections represent sparry
calcite-filled septate portions of Gyronites subdharmus Kiparisova shells. Note that shells are aligned parallel
to bedding plane and are mainly accumulated in middle part of sandstone. Some shells exhibit geopetal stru-
cuture. 2, Vertical profile exhibiting bivalve mode of occurrence in fossiliferous turbidic fine sandstone bed
(AB1014) in lower part of Zhitkov Formation. Dark colored platy material represents bivalve shell tests.
In contrast with ammonoids, bivalve shells are accumulated in all orientations throughout the fine-grained

turbiditic sandstone bed.

tal turbidites, whose density is much lower
than that of coarser-grained proximal tur-
bidites (Reineck & Singh, 1973).

Fig. 23 illustrate a vertical profile of the fos-
siliferous turbidite beds that at AB1011 and
AB1014. Ammonoid shells are well-preserved,
aligned parallel to the bedding plane, and are
mainly accumulated in the middle part of a
low-density turbidite (Fig. 23.1). Some even
exhibit a geopetal strucuture.

On the other hand, bivalve shells, which are
also abundant in the fine-grained sandstone
beds, exhibit different taphonomic features.
Compared with ammonoids, bivalve shells are
accumulated in a jumbled mass, one on top of

the other within the fine-grained turbiditic
sandstone bed from the bottom to the top (Fig.
23.2). This occurrence is attributable to hydro-
dynamic sorting, which occurs during deposi-
tion of the turbidites, and is caused by differ-
ences in shell density (Maeda & Seilacher,
1996). Thickly-shelled bivalves have a shell
density of 2.0 g/cm® or higher. In contrast, the
density of empty ammonoid shells remains
around 1.1-1.2 g/cm’, even though they are
fully waterlogged (Maeda, 1987, 1999; Maeda
& Seilacher, 1996).

The scarcity of ammonoids in the surround-
ing mudstone (back ground) suggests that they
were not indigenous to the slope-basin envi-
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Fig. 24. Schematic paleoenvironmental profile during Early Triassic period in South Primorye, Russia. In the
western area, shallow marine sandstone facies was predominated; e.g., Russian Island. Many ammonoids
show indigenous mode of occurrence, and their biotope seemed in such shelf environment. On the other hand,
laminated mudstone facies deposited under anoxia is widespread in the eastern area, e.g., Abrek Bay area.
Paleo-current directions also suggest development of deep basinal environment eastward. Ammonoids are
scarce in surrounding mudstone but occur restrictedly from intercalated very fine sandstone beds. These fea-
tures may suggest that those ammonoids were allochthonous and that they were transported from their biotope
to deep anoxic basin by low-density turbidite after death.

ronment, but rather, were of allochthonous ori-
gin. The majority of ammonoids from these
formations probably lived at shallower depths,
and after death, their empty shells were trans-
ported from their biotope to the anoxic basin-
floor by gravity flows, most likely low-density
turbidites (Fig. 24). Unlike the resultant severe
damage expected from high-density gravity
flows such as slump deposits, turbulence with-
in low-density turubidites caused minimal
damage to ammonoid shells during transport.
Therefore, their shells were well preserved
even though they were of allochthonous ori-
gin.

Aspects of ammonoid faunas (by Y. Shigeta)
Even though most members of the Gries-
bachian, Dienerian and early Smithian am-

monoid faunas from the Abrek Bay area are
clearly endemic, these faunal groups do con-
tain a few species that are common to other
realms. For instance, the occurrence of the late
Griesbachian ammonoid Wordieoceras  cf.
wordiei (Spath) certainly indicates a relation-
ship with the Boreal realm, given that this
taxon is common in Greenland and Arctic
Canada. Likewise, the early Dienerian fauna
includes Ambitoides fuliginatus (Tozer) gen.
nov., which also occurs in northeastern British
Columbia, as well as Proptychites alteram-
monoides (Krafft) and Clypeoceras spitiense
(Krafft), both of which are known from the
Northwest Himalayan area. These ammonoids
suggest relationships with the Eastern Pantha-
lassic and Tethyan realms, respectively.
Brayard et al. (2008) recently discussed the
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paleobiogeography of Smithian ammonoids
from South Primorye and concluded that the
fauna exhibits strong affinities at the generic
level with South China. early
Smithian faunas in South Primorye and South
China contain many endemic genera and
species and they actually share very few com-
mon species (Kiparisova, 1961; Zakharov,
1968; Brayard & Bucher, 2008; Brithwiler
et al., 2008). This fact suggests that the
ammonoid fauna of South Primorye exhibits
only a very weak relationship with South
China during the early Smithian.

Present-day East Asia was formed by the
collision and amalgamation of several micro-
continental blocks, which were located at the
interface between the Panthalassic and Tethyan
Oceans during the Early Triassic period. South
China, which is part of the Yangtze (South
China) Craton, was located at the paleoequa-
tor, and South Primorye was probably situated
in the middle northern paleolatitudes of the
Northeast China Block (Fig. 1).

As discussed earlier, ammonoids lived only
in the shallower environment above the storm
wave base due to the anoxic conditions
thought to be so prevalent in deeper waters
during the Early Triassic period (Fig. 24). Am-
monoids had a nektobenthic mode of life simi-
lar to recent Nautilus (e.g., Scott, 1940; Tan-
abe, 1979; Cecca, 1992; Westermann, 1996),
but their migration between microcontinents
may have been severely restricted by the sur-
rounding oxygen-poor deeper waters (Wignall
& Twitchett, 2002).

For many benthic gastropods and bivalves,
the duration of the planktonic stage is a very
important factor controlling the extent of their
geographical distribution (Jablonski & Lutz,
1980, 1983; Scheltema, 1971). Most am-
monoids had a planktic life after hatching, but
its duration is still obscure (Landman et al.,
1996). In contrast with ammonoids, conodonts
from the Abrek Bay area include many pan-
demic species. They had a nektonic mode of
life and may have swum the oceans between

However,

the microcontinents. If Lower Triassic am-
monoids had a long interval of planktic life
after hatching, they likely would have shown a
pandemic distribution much like the con-
odonts. Their restricted habitat along with a
relatively short planktonic stage may have
combined to cause endemism in Early Triassic
ammonoids.

Holocrinus species from the early Smithian
(by T. Oji)

Assuming the ammonoid based age assign-
ment is correct, the existence of Holocrinus
within the early Smithian Clypeoceras timo-
rense beds represents the oldest known occur-
rence of this taxon in the world. Prior to this
discovery, the oldest occurrence of Holocrinus
sp. was in the late Smithian Glyptophiceras
aequicostatus Zone of the Hiraiso Formation
in northeast Japan (Nakazawa et al., 1994;
Kashiyama & Oji, 2004; Brithwiler et al.,
2007). Spathian aged Holocrinus columnals
and other skeletal fragments are common in
the upper Thaynes Formation and the Virgin
Limestone Member of the Moenkopi Forma-
tion of the western United States (Shubert &
Bottjer, 1995; Shubert ef al., 1992; Baumiller
& Hagdorn, 1995). Holocrinus also has been
reported from the Spathian member of the
Werfen Formation in the Dolomites of north-
ern Italy (Baumiller & Hagdorn, 1995;
Twitchett, 1999).

Holocrinus is regarded as the first post-Pale-
ozoic articulate crinoid (Twitchett & Oji,
2005) and its biogeographic distribution ap-
parently indicates that the recovery of crinoids
following the Permian-Triassic (P/Tr) mass ex-
tinction was earlier in the western Panthalassa
represented by sections in Japan and South
Primorye, than in the eastern Panthalass
(western USA) and western Tethys (southern
Europe). This difference in recovery patterns
with respect to biogeographic areas is similar
for certain other benthic animals, such as ich-
nofossils (Twitchett, 2006).
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Recovery of nautiloids in the Early Triassic
(by Y. Shigeta)

As with most other organisms, the nau-
tiloids underwent a major biotic crisis during
the Permian-Triassic (P/Tr) transition. Unfor-
tunately, the fossil record for this interval is far
from complete and has been poorly under-
stood. However, recent discoveries in the
Abrek Bay area provide an important key for
understanding their recovery during the Early
Triassic.

The following five species, belonging to
three genera of nautilids, have been found in
succession in Induan (Greiesbachain and Di-
enerian) deposits in the Abrek Bay area: 1)
Gyronautilus popovi Shigeta and Zakharov sp.
nov., with evolute inner whorls, gyroconic

® 1010
.1009\

Xiaohenautilus abrekensis

Gyronautilus praevolutus

Gyronautilus popovi

Columnar section showing detailed occurrence of grypoceratid nautiloids in the Abrek Bay section.

outer whorls, and sub-central siphunle posi-
tion; 2) Gy. praevolutus (Kiparisova), distin-
guished by a gyroconic shell throughout on-
togeny and near-ventral siphuncle position; 3)
Xiaohenautilus abrekensis Shigeta and Za-
kharov sp. nov., characterized by a moderately
evolute shell and near-ventral siphuncle posi-
tion; 4) Menuthionautilus evolutus sp. nov.,
with a moderately evolute shell and siphuncle
located next to venter; and 5) M. korzchi
Kiparisova, with a very involute shell and si-
phuncle located next to venter (Fig. 25).

Gy. popovi more closely resembles early In-
duan members of Grypoceras from the Hi-
malayan area (Griesbach, 1880; Diener, 1897),
and it seems best to consider Gy. popovi to be
an offshoot of an early Induan species of
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Grypoceras. Gy. popovi differs from Gy.
praevolutus by its evolute inner whorls, but
both species probably belong to the same evo-
lutionary lineage. Gy. praevolutus and X
abrekensis both have a near-ventral siphuncle
position, and if this morphological variable is
considered as diagnostic in regard to phyloge-
netic relationships, then X. abrekensis would
likely be an offshoot of Gy. praevolutus. The
shell form of M. evolutus is very similar to X.
abrekensis, but its siphuncle position is the
same as that of M. korzchi. M. korzch likely
evolved from X. abrekensis via M. evolutus
Thus, the five species from the Abrek Bay sec-
tion may belong to the same evolutionary line-
age within the Grypoceratidae.

The Grypoceratidae, long recognized as one
of the more successful nautiloid families,
flourished during the Permian and developed
diverse shell forms and siphuncle positions
(Kummel, 1953a). However, most family
members became extinct during the P/Tr tran-
sition, and only one genus, an ancestor of
Grypoceras, survived (Kummel, 1953a).
Grypoceras is characterized by a moderately
involute shell and a central siphuncle, and
Grypoceratid nautiloids from the Abrek Bay

area suggest that this survivor again developed
diverse shell forms and siphuncle positions
after the P/Tr mass extinction. Induan aged
Grypoceratids have been described from
Idaho, the Salt Range, Spiti and South China
(Fig. 26), and their biogeographic distribution
shows that they diversified in the western Pan-
thalassa and Tethys areas. In contrast, the nau-
tilid families Tainoceratidae and Liroceratidae
also crossed the P/Tr boundary, but they devel-
oped in the Boreal realm during the Early Tri-
assic (Sobolev, 1989, 1994).

Gyronautilus is the only known uncoiled
nautilid genus that lived during the Mesozoic
and Cenozoic eras. During extinction periods,
it has been shown that many ammonoids,
under intense environmental stress, were af-
fected by a drastic simplification of their shell
geometory. Guex (2006) observed that a
process termed “proteromorphosis” can result
in relatively tightly coiled ammonoids giving
rise to highly evolute forms or uncoiled het-
eromorphs. The appearance of Gyronautilus
just after the P/Tr mass extinction seems to
agree with this hypothesis, and its evolution-
ary clock may have been reinitialized by ex-
treme environmental stress (Guex, 2006).
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Table 1. Early Triassic bivalves of South Primorye and the occurrence of common or closely related species in other
areas. 1: Maizuru Zone, Japan (Nakazawa, 1961), 2: Kamura Limestone, Japan (Kambe, 1963), 3: Northwest China
(Yang et al., 1983; Lu & Chen, 1986), 4: Southwest China (Editorial Group on Fossil Lamellibranchiata of China,
1976; Gan & Yin, 1978), 5: Siberia (Kurushin, 1992; Dagys et al., 1996), 6: Greenland (Spath, 1930, 1935), and
South Primorye (Bittner, 1899b; Kiparisova, 1938; added species in this paper *).

Area

Species

Palaeonucula goldfussi (Alberti) —
Palaeonucula oviformis (Eck) O

Palaeoneilo? prinadae Kiparisova

Palaeoneilo elliptica praecursor (Frech) O — O — — —
Palaeoneilo ledaeformis Kiparisova

Nuculana sp. nov. (Kiparisova) O

Nuculana skorochodi (Kiparisova) —
Nuculana aff. becki (Philippi) — — — — — —
“Modiolus” sp. indet.* — — — — — —
Promyalina schamarae (Bittner) — — — — @] —
Promyalina putiatinensis (Kiparisova) — — O O — —
Promyalina aff. blasingeri (Philippi) —
Pteria ussurica (Kiparisova) —
Bakevellia (Neobakevellia?) exporrecta (Lepsius)

Bakevellia (Neobakevellia?) exporrecta linearis (Gordon) —
Bakevellia (Neobakevellia?) mytiloides (Schlotheim) — — — — — —
Bakevellia? sp. indet.* — —
Eumorphotis iwanowi Bittner
Eumorphotis maritima Kiparisova
Eumorphotis multiformis (s.1.) Bittner
Clarai aurita (Hauer)

Claraia stachei Bittner* — —

Claraia cf. tridentina Bittner — — —
Crittendenia australaisatica (Krumbeck)
Crittendenia aff. decidens (Bittner)
Leptochondria bittneri (Kiparisova)
Leptochondria minima (s.1.) (Kiparisova)
Entolium microtis Wittenburg
Entolioides sp. indet.*

Scythentolium ussuricus (Bittner)
“Pecten” aff. sojalis Wittenburg
“Etheripecten” amuricus (Bittner)
Chlamys? cryshtofowichi Kiparisova — O — — — —
Chlamys? aff. duronicus Wittenburg — — — — — —
Chlamys sp. indet. Kiparisova — — — — —
Camptonectes? wittenbergi Kiparisova — — — — — —
Unionites fassaensis (Wissmann) — —
Unionites fassaensis brevis (Bittner) — O
Unionites canalensis (Catullo) — O
Unionites aff. borealis Spath — —
Neoschizodus cf. laevigatus (Ziethen) O —
Neoschizodus laevigatus ovalis (Philippi) ? — —
Neoschizodus cf. ovatus (Goldfuss) — —
Neoschizodus ex. gr. orbicularis (Bronn) — — — — — —
Trigonodus orientalis Bittner — — — — —
Myoconcha aff. goldfussi Dunker — — — — — —
Mpyoconcha plana Kiparisova — — — — — —
Mpyoconcha sp. indet.* — — — — — —

| 0O |

| 0000000 |
\
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Table 1. Continued.

Species

Area

Triaphorus aff. multiformis Kiparisova
Ochotomya? sp. indet.*

Peribositria abrekensis (Kiparisova)
Peribositria mimer (Orberg)
Peribositria aff. tenuissima (Bohm)
Peribositria sp. indet.

Nos. of common or closely allied species to South Primorye fauna 13 7 14 12 8 4

Brief note on the bivalve fauna of South
Primorye (by K. Nakazawa)

Bittner (1899b) and Kiparisova (1938) de-
scribed nearly fifty species of bivalves from
the Lower Triassic of South Primorye, and our
study has resulted in an additional six species.
Table 1 exhibits a list of bivalve species from
South Primorye as well as common or closely
related species from other areas.

Two Triassic bivalve faunas are recognized
in Japan. Both are in southwest Japan and in-
clude the Maizuru fauna of the Maizuru Zone
(Nakazawa, 1961) and the accreted limestone
fauna from the Kamura Limestone (Kambe,
1963). The former occurs in a clastic rock fa-
cies, which probably was deposited near shore,
whereas the Kamura Limestone, of oceanic
origin, was primarily formed in a low latitudi-
nal warm sea and then migrated northward
and accreted in its present position. During the
Early Triassic, there is not much difference be-
tween the two faunas, but by Late Triassic
time, the Upper Triassic oceanic limestone
fauna is more characteristic of a low latitudi-
nal Tethyan setting, while the Maizuru fauna is
more similar to faunas of South Primorye and
Siberia (Nakazawa, 1991). The fauna of south-
west China belongs to the Yangtze Craton,
whereas the Quinghai fauna of northwest
China belongs to the Sino-Korea Craton (Yang
et al., 1983; Lu & Chen, 1986). There is not

much difference between these faunas due to
the preponderance of cosmopolitan species
during the Early Triassic.

All evidence indicates that the South Pri-
morye fauna is more similar to those of Japan
and China than to the Boreal faunas of Siberia
and Greenland. Many Boreal taxa that are ei-
ther common or related to those of South Pri-
morye include rather widely distributed
species belonging to Eumorphotis, Claraia,
Unionites, Neoschizodus and Leptochondria.
Peribositria from South Primorye exhibits a
Boreal affinity, but the typical Boreal genus
Atomodesma has not been found in South Pri-
morye.

Based on the number of South Primorye
species that are either common or intimately
related, the Maizuru fauna contains nearly the
same number as that of China. Furthermore,
when considering the fact that the Maizuru
Zone is far narrower and smaller in areal ex-
tent and contains a somewhat lesser number of
species than China, one must conclude that the
South Primorye fauna is more intimately relat-
ed to the Maizura fauna than to the Chinese
fauna. This conclusion is supported by the
structural-geological continuity between the
Inner Side of southwest Japan, which includes
the Maizuru Zone and that of South Primorye
(Kojima et al., 2000; Ishiwatari & Tsujimori,
2003).
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Systematic Paleontology

Cephalopods (by Y. Shigeta and Y. D. Za-
kharov)

Systematic descriptions basically follow the
classification established by Sweet (1964) for
orthocerids, Kummel (1964) for nautilids, and
Tozer (1981, 1994) for ceratitids. Morphologi-
cal terms are those used in the Treatise on In-
vertebrate Paleontology (Moore, 1957, 1964).
Quantifiers used to describe the size and shape
of ammonoid shells replicate that proposed by
Matsumoto (1954, p. 246) and modified by
Haggart (1989, Table 8.1).

Abbreviations for shell dimensions: D=
shell diameter; U=umbilical diameter; H=
whorl height; W=whorl width.

Institution abbreviations: NSM=National
Museum of Nature and Science, Tokyo;
CGM=Central Research Geological Prospect-
ing Museum (CNIGR Museum), St. Peters-
burg; DVGI=Far Eastern Geological Institute,
Vladivostok; GSC=Geological Survey of
Canada, Ottawa; GSI=Geological Survey of
India, Kolkata.

Class Cephalopoda Leach, 1817
Order Orthocerida Kuhn, 1940
Superfamily Orthoceratoidea M’Coy, 1844
Family Orthoceratidae M’Coy, 1844
Genus Trematoceras Eichwald, 1851

TBype species: Orthoceras elegans Miinster,
1841.

Trematoceras subcampanile
(Kiparisova, 1954)
Fig. 27

Orthoceras sp. indet. ex aff. campanile Mojsisovics. Di-
ener, 1895, p. 10, pl. 4, fig. 5.

Orthoceras subcampabile Kiparisova, 1954, p. 20, pl. 11,
figs. 1, 2.

Trematoceras subcampanile (Kiparisova). Kiparisova,
1961, p. 14, pl. 1, figs. 1, 2.

Holotype: CGM 596, figured by Diener
(1895, p. 10, pl. 4, fig. 5), from the Lower

Triassic (Olenekian) of Paris Bay, Russian
Island, in South Primorye, Russia.

Material examined: Three specimens, NSM
PM23100-23102, from AB1022.

Description: Moderately expanding ortho-
conic shell with 4-5 degree adoral angle of ex-
pansion and circular whorl cross-section. Juve-
nile shell ornamented with network lirae con-
sisting of fine longitudinal ridges and fine
transverse lirae, while larger shells exhibit fine
transverse lirae. Centrally located siphuncle
with cylindrical connecting ring, and short, or-
thochoanitic septal neck. Suture simple and
straight. Cameral deposits not observed.
Described specimens from
AB1022 within the Clypeoceras timorense
Zone (early Early Olenekian=early Smithian)
in the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye. This species
occurs abundantly in Olenekian deposits at
many localities in South Primorye (Kiparisova,
1961)

Discussion:

Occurrence:

Trematoceras subcampanile
(Kiparisova, 1954) is morphologically very
close to 7. campanile (Mojsisovics, 1882, p.
291), T vulgare Schastlivtceva, (1981, p. 77),
T. ciarum Schastlivtceva, (1986, p. 125) and T
boreale Schastlivtceva, (1986, p. 125), but dif-
fers in that its juvenile shell is ornamented
with network lirae. It differs from 7. mangish-
lakense Schastlivtceva, (1981, p. 79) and T in-
speratum Schastlivtceva, (1988, p. 67) by its
smaller angle of shell expansion.

Order Nautilida Agassiz, 1847
Superfamily Trigonoceratoidea Hyatt, 1884
Family Grypoceratidae Hyatt, 1900
Genus Gyronautilus Zakharov and
Shigeta, 2000

Tpe species:
Kiparisova, 1961.
Discussion: Gyronautilus was placed within
the family Grypoceratidac because of its
flattened venter and its suture, which displays
distinct ventral and lateral lobes (Zakharov &

Syringoceras praevolutum
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Fig. 27.
PM23101, X1.0. 3, NSM PM23102, X2.0.

Shigeta, 2000). Shimansky (1962) recognized
four subfamilies within the family Grypocer-
atidae: Domatoceratinae, Grypoceratinae, Sy-
ringonautilinae and Clymenonautilinae. Za-
kharov and Shigeta (2000) proposed an addi-
tional subfamily Gyronautilinae, and placed
Gyronautilus in it.

Gyronautilus popovi Shigeta and Zakharov
sp. nov.

Figs. 28, 29

Type specimens: Holotype, NSM PM23104,

Trematoceras subcampanile Kiparisova, 1954 from AB1022. 1, NSM PM23100, X1.0. 2, NSM

from AB1008; paratype, NSM PM23103,
from AB1008.

Diagnosis: Gyronautilus with evolute inner
whorls and gyroconic outer whorls.

Etymology: Named for Alexander M. Popov,
who collected the specimens.

Description: Gyroconic shell characterized
by evolute inner whorls, subquadratic to sub-
trapezoidal whorl section, broadly rounded to
subtabulate venter, rounded ventral shoulders,
fairly concave dorsum and nearly parallel to
slightly convex flanks with maximum whorl
width just above umbilical shoulder. Umbili-
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Fig. 28.
5-8, NSM PM23104, holotype, X 1.0. White arrows indicate position of the embryonic constriction.

cus exhibits moderately high, vertical wall
with rounded shoulders and fairly small
(2-3mm) umbilical perforation. Embryonic
shell 7.5 mm in length and consists of one half
whorl. Body chamber length unknown. Si-
phuncle located at two thirds of whorl height.
Ornamentation consists of sinuous growth
lines with deep, U-shaped hyponomic sinus on
venter. Suture simple with shallow ventral lobe
and shallow, wide lateral lobe.
Measurements (mm):

Specimen no. D U H W  U/D WH
NSM PM23104 52.0 14.7 233 233 0.28 1.00
NSM PM23103 174 48 84 80 0.28 0.95

Occurrence: Described specimens from
AB1008 within the Lyfophiceras sp. Zone
(Early Induan=Griesbachian) in the middle
part of the Lazurnaya Bay Formation, Abrek
Bay area, South Primorye.

Discussion: Gyronautilus popovi sp. nov.
differs from Gy. praevolutus (Kiparisova,

Gyronautilus popovi Shigeta and Zakharov sp. nov. from AB1008. 1-4, NSM PM23103, paratype, X2.0.

1961, p. 25) by its evolute inner whorls, but
both species probably belong to the same evo-
lutionary lineage.

Among the previously described Early Ind-
uan (Griesbachian) species, Gy. popovi sp.
nov. more closely resembles Nautilus quad-
rangulus var. brahmanicus Griesbach (1880, p.
104) (assigned to Grypoceras Hyatt, 1883 by
Kummel in 1953a) from the Himalayan area,
in terms of whorl cross-section, siphuncle po-
sition, ornamentation and suture line. Gy.
popovi sp. nov. is somewhat similar to Nau-
tilus brahmanicus var. hexagonalis Diener
(1897, p. 11) from the Early Induan (Gries-
bachian) of the Himalayan area, but differs in
whorl cross-section. It seems best to consider
Gy. popovi sp. nov. to be an offshoot of a
species of the early Induan genus Grypoceras,
such as Gr. brahmanicum.
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5mm

Fig. 29. Suture line of Gyronautilus popovi
Shigeta and Zakharov sp. nov, NSM
PM23104, holotype, from AB1008, at H=
17 mm.

Gyronautilus praevolutus (Kiparisova, 1961)
Figs. 30-35

Syringoceras praevolutum Kiparisova, 1961, p. 25, pl. 4,
fig. 2, text-fig. 26.

Gyronautilus praevolutus (Kiparisova). Zakharov and
Shigeta, 2000, p. 232, figs. 2-4.

Holotype: CGM 12/5504, figured by
Kiparisova (1961, p. 25, pl. 4, fig. 2), from the
Lower Triassic (Olenekian?) in the Abrek Bay
area in South Primorye, Russia.

Material examined: Three specimens, NSM
PM16132, 23105, 23106, from AB1010.

Description: Gyroconic shell distinguished
by subquadratic whorl section, broadly round-
ed to subtabulate venter, rounded ventral
shoulders, slightly concave dorsum and nearly
parallel to slightly convex flanks. Umbilicus
characterized by moderately high, subvertical
wall with rounded shoulders and small
(4-6mm) umbilical perforation. Embryonic
shell 11.3 mm in length, exogastrically curved
and consists of one half whorl. Body chamber
represents about 130° in spiral length. Orna-
mentation consists of sinuous growth lines
with deep, U-shaped hyponomic sinus on ven-
ter. Siphuncle located near venter at one fifth
of whorl height. Suture simple with shallow
ventral lobe, shallow, wide lateral lobe and
deep dorsal lobe.

Measurements (mm):

Specimen no. D U H W  U/D W/H
NSM PM16132  92.6 31.5 41.5 37.1 0.34 0.89
NSM PM23106 135.0 48.0 54.0 55.0 0.36 1.02
NSM PM23105 - 300 355 303 - 085

Occurrence: Described specimens from

\Y

10 mm

Fig. 30. Suture line of Gyronautilus praevolutus
(Kiparisova, 1961), NSM PM23105, from
AB1010, at H=33 mm. V: venter, D: dorsum.

AB1010 within the Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
the upper part of the Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.

Discussion: Gyronautilus ~ praevolutus
(Kiparisova, 1961) differs from Gy. popovi sp.
nov. in that its shell is gyroconic throughout
ontogeny.

Kiparisova (1961) proposed Syringoceras
praevolutum on the basis of a single small
specimen (Fig. 31.1-31.3) collected in 1948
by N. K. Trifonov from the Lower Triassic
(Olenekian?) in the Abrek Bay area. Although
the exact locality and horizon of the specimen
were not documented, Zakharov and Shigeta
(2000) later found a large specimen, NSM
PM16132 (Fig. 35), at the type locality, which
they identified as S. praevolutum. They care-
fully described its shell features throughout
ontogeny, and proposed Gyronautilus as a
new genus of Grypoceratidae. They collected
the specimen from a horizon represented by
AB1010 in the Lazurnaya Bay Formation, and
interpreted its occurrence as Early Olenekian,
based on previous biostratigraphical work by
Zakharov and Popov (1999). However, the
horizon of AB1010 is now correlated with the
late Early Induan (late Griesbachian).

Genus Xiaohenautilus Xu, 1988

Dpe species: Xiaohenautilus sinensis Xu,
1988.
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6 7

Fig. 31. Gyronautilus praevolutus (Kiparisova, 1961). 1-3, CGM 12/5504, holotype, X 1.0. 4-7, NSM PM23105,
from AB1010, X1.0.

N
Fig. 32. Gyronautilus praevolutus (Kiparisova, 1961), NSM PM23106, from AB1010. 1-9, X2.0. 10-12, X1.0.
White arrows indicate position of the embryonic constriction.
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Fig. 35.

Yasunari Shigeta et al. (eds.)

Gyronautilus praevolutus (Kiparisova, 1961). 1-4, NSM PM16132, from AB1010, X 1.0.
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Xiaohenautilus abrekensis Shigeta and
Zakharov sp. nov.
Figs. 36-42

TBpe specimens: Holotype, NSM PM23110,
from AB1011; paratypes, thirteen specimens,
NSM PM23107-23109, 23111-23120, from
ABI1011.

Diagnosis: Moderately evolute Xiaohenau-
tilus with a subquadratic to subtrapezoidal
whorl section and delicate network lirae.

Etymology: Named after Abrek Bay
(Strelok Strait) in South Primorye.

Description: Moderately evolute, thickly
discoidal shell with subquadratic to subtrape-
zoidal whorl section, broadly rounded venter,
rounded ventral shoulders and nearly parallel
flanks with maximum whorl width just above
umbilical shoulder. Umbilicus characterized
by moderately high, vertical wall with rounded
shoulders and fairly small (24 mm) umbilical
perforation. Embryonic shell about 8 mm in
length and consists of one half whorl. Body
chamber represents about 130° in spiral
length. Shell ornamented with delicate net-
work lirae consisting of very fine spiral lirae as
well as fine, sinuous growth lines with deep,
U-shaped hyponomic sinus on venter. Siphun-
cle located near venter at one fifth of whorl
height. Suture simple with shallow ventral lobe
and shallow, wide lateral lobe. Attachment
scars, visible on flanks in front of last septum,
exhibit a tongue-shaped outline (Fig. 37.5).

Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23110* 47.0 11.4 243 198 0.24 0.81
NSM PM23107 61.7 168 30.7 254 0.27 0.83
NSM PM23108 8.3 - 44 43 - 098
NSM PM23109 49.7 13.0 23.6 18.1 0.26 0.82
NSM PM23111  60.8 14.7 30.6 258 0.24 0.84
NSM PM23112 654 17.7 29.8 250 0.27 0.84
NSM PM23113  50.7 13.0 25.6 - 026 -
NSM PM23114 542 13.1 264 238 0.24 0.90
NSM PM23115  61.2 150 29.5 240 0.25 0.81
NSM PM23116 66.5 168 32.0 272 0.25 0.85
NSM PM23117  77.6 17.9 40.0 335 023 0.84
NSM PM23118 65.0 158 322 265 024 0.82
* Measurements taken at last septum.

. 10 mm

Fig. 36. Suture line of Xiaohenautilus abrekensis
Shigeta and Zakharov sp. nov., NSM
PM23111, paratype, from ABI1011, at H=
26 mm.

Occurrence: Described specimens from
AB1011, within the Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
the upper part of the Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.

Discussion: Xiaohenautilus abrekensis sp.
nov can be easily distinguished from X. sinen-
sis Xu (1988, p. 439) by its more evolute coil-
ing, and from X. huananensis Xu (1988, p.
439) by its subquadratic to subtrapezoidal
whorl section.

This species bears some resemblance to Gy-
ronautilus praevolutus (Kiparisova, 1961) in
its near-ventral siphuncle position and whorl
cross-section. Other early Induan Grypocer-
atids, such as Grypoceras
(Griesbach, 1880) and Gy. popovi sp. nov.,
have a sub-central siphuncle position. If si-
phuncle position is considered to be diagnostic
in regard to phylogenetic relationships, then X.
abrekensis sp. nov. would likely be an offshoot
of Gy. praevolutus.

An attachment scar observed on a specimen
of X. abrekensis sp. nov. (NSM PM23107, Fig.
37.5) is equivalent to the mantle myoadhesive
band, which is the anterior edge of the bean-
shaped attachment area of the cephalic retrac-
tor muscle in recent Nautilus Linné, 1758
(Mutvei et al., 1993; Doguzhaeva & Mutvei,
1996; Mutvei & Doguzhaeva, 1997; Isaji
et al., 2002). The cephalic retractor muscles,
representing the most massive muscles in Nau-
tilus, serve to retract the body and assist in lo-
comotion. Because the tongue-shaped outline
of the attachment scar closely resembles that

brahmanicum



54

Yasunari Shigeta et al. (eds.)

4 WSS 5

Fig. 37. Xiaohenautilus abrekensis Shigeta and Zakharov sp. nov. 1-5, NSM PM23107, paratype, from AB1011,
X1.0. Black arrow indicates position of last preserved septum.

N
Fig. 38. Xiaohenautilus abrekensis Shigeta and Zakharov sp. nov. from AB1011. 1-4, NSM PM23114, paratype,
X1.0. 5-7, NSM PM23115, paratype, X1.0. 8-11, NSM PM23116, paratype, X1.0.
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Fig. 39. Xiaohenautilus abrekensis Shigeta and Zakharov sp. nov. from AB1011. 1-3, NSM PM23108, paratype,
X2.0. 4-6, NSM PM23109, paratype, X 1.0. 7-10, NSM PM23110, holotype, X1.0. Black arrows indicate po-
sition of last preserved septum.
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Fig. 40. Xiaohenautilus abrekensis Shigeta and Zakharov sp. nov. from AB1011. 1-4, NSM PM23117, paratype,
X1.0. 5-6, NSM PM23118, paratype, X1.0. Black arrows indicate position of last preserved septum.
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Fig. 41.
X1.0. 5-6, NSM PM23112, paratype, X1.0. 7-8, NSM PM23113, paratype, X1.0. Black arrows indicate po-
sition of last preserved septum.

of Nautilus, the soft part morphology of X.
abrekensis sp. nov. was probably similar. Simi-
lar attachment scars have also been reported
on the Middle Triassic nautiloid Germanonau-
tilus Mojsisovics, 1902 (Klug & Lehmkuhl,
2004).

Genus Menuthionautilus Collignon, 1933

Type species: Nautilus (Menuthionautilus)
keislingeri Collignon, 1933.
Discussion: Kummel (1953a, b) pointed out

Xiaohenautilus abrekensis Shigeta and Zakharov sp. nov. from AB1011. 1-4, NSM PM23111, paratype,

that the shell shape and suture of Menuthio-
nautilus clearly place it in the Grypoceratidae,
and that it displays close affinities with the
Late Paleozoic Domatoceras Hyatt, 1891 and
Triassic Grypoceras Hyatt, 1883. Shimansky
(1962) included the genus in the subfamily
Domatoceratinae. However, its delicate
network lirae ornamentation and marginal
siphuncle position indicate affinities with
Xiaohenautilus Xu, 1988, Syringoceras Hyatt,
1894 and Syringonautilus Mojsisovics, 1902.
Although it is unclear to which subfamily
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Fig. 42. Median sections of Xiaohenautilus abrekensis Shigeta and Zakharov sp. nov. from AB1011. 1, NSM
PM23119, paratype, X2.0. 2, NSM PM23120, paratype, X2.0.

Xiaohenautilus should be assigned, Shimansky
(1962) placed the latter two genera within the
subfamily Syringonautilinae. Menuthionau-
tilus most likely developed from the Xiaohe-
nautilus - Syringonautilinae lineage.

Menuthionautilus korzchi Kiparisova, 1960
Figs. 4346, 48

Menuthionautilus korzchi Kiparisova, 1960, p. 136, pl. 33,
fig. 1; Kiparisova, 1961, p. 18, pl. 2, fig. 2.

Holotype: CGM  6/5504, figured by
Kiparisova (1960, p. 136, pl. 33, fig. 1), from
the Lower Triassic (Induan, Flemingites?
beds) in the Abrek Bay area in South
Primorye, Russia.

Material examined: Six specimens, NSM
PM23121, 23123-23127, from AB1013, and
one specimen, NSM PM23122, from AB1014.

Description: Very involute shell character-
ized by rapidly expanding whorl height, broad-
ly rounded venter, rounded ventral shoulders
and broadly convex flanks forming a subqua-

dratic whorl section with maximum whorl
width occurring at one third of distance across
flank from umbilicus. Umbilicus narrow and
deep with well rounded shoulders, and fairly
small (2-3 mm) umbilical perforation. Embry-
onic shell about 8 mm in length and consists of
one half whorl. Body chamber equivalent to
about 110° in spiral length. Ornamentation
includes delicate network lirae consisting of
fine, dense spiral lirae and fine, sinuous
growth lines as well as a deep, U-shaped hypo-
nomic sinus on venter. Siphuncle located next
to venter. Suture simple with shallow ventral
lobe and shallow, wide lateral lobe.
Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23121 123 26 6.5 62 021 095
NSM PM23122 239 52 128 122 0.22 095
NSM PM23123* 39.5 3.1 226 18.6 0.08 0.82
NSM PM23124* 462 3.1 289 252 0.07 087
NSM PM23125*% 56.5 3.0 372 - 005 -

NSM PM23126* 59.1 2.0 34.0 312 0.03 091
NSM PM23127  69.8 4.0 40.1 372 0.06 0.93

* Measurements taken at last septum.
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Fig. 43. Menuthionautilus korzchi Kiparisova, 1960 from AB1013. 1-4, NSM PM23123, X1.0. 5-7, NSM
PM23124, X1.0. Black arrow indicates position of last preserved septum.

%
Fig. 44. Menuthionautilus korzchi Kiparisova, 1960 from AB1013. 1-4, NSM PM23125, X1.0. 5-8, NSM
PM23126, X1.0.
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Fig. 45. Menuthionautilus korzchi Kiparisova, 1960. 1-4, NSM PM23127, from AB1013, X1.0. Black arrows
indicate position of last preserved septum.
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Fig. 46. Menuthionautilus korzchi Kiparisova, 1960. 1-5, NSM PM23121, from AB1013, X2.0. 6, Median sec-
tion, NSM PM23122, from AB1014, X2.0. 7, Apical part of NSM PM23122, X10.0.

2 3 4

Fig. 47. Menuthionautilus evolutus Shigeta and Zakharov sp. nov. 1-4, NSM PM23128, holotype, from AB1012,
X1.0.

63
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‘: 10 mm
Fig. 48. Suture line of Menuthionautilus korzchi
Kiparisova, 1960, NSM PM23127, from

AB1013, at H=31 mm.

Occurrence: Described specimens from
AB1013 within the Ambitoides fuliginatus
Zone and from AB1014 within the Clypeo-
ceras spitiense “bed”, both early Late Induan
(early Dienerian) in the basal part of the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion:
Kiparisova, 1960 differs from M. kieslineri
Collignon (1933, p. 164) by its more inflated
shell, and bears some resemblance to Xiaohe-
nautilus abrekensis sp. nov. with regard to its
delicate network lirae ornamentation and mar-
ginal siphuncle position. Although Kummel
(1953a, b) believed that it descended from Do-
matoceras Hyatt, 1891 or Grypoceras Hyatt,
1883, we now consider Menuthionautilus to be
an offshoot of Xiaohenautilus Xu, 1988.

Menuthionautilus  korzchi

Menuthionautilus evolutus Shigeta and
Zakharov sp. nov.
Figs. 47, 49

Holotype: NSM PM23128, from AB1012.

Diagnosis: Moderately evolute Menuthio-
nautilus with subquadratic whorl section.

Etymology: Species name refers to its
evolute coiling.

Description: Moderately evolute shell char-
acterized by broadly rounded venter, rounded
ventral shoulders and broadly convex flanks
forming a subquadratic whorl section. Umbili-
cus with moderately high, vertical wall with
rounded shoulders, and small (3—5 mm) umbil-

10 mm
Fig. 49. Suture line of Menuthionautilus evolutus
Shigeta and Zakharov sp. nov., NSM
PM23128, holotype, from ABI1012, at
H=26 mm.

ical perforation. Embryonic shell about 7 mm
in length and consists of one half whorl. Body
chamber not preserved. Shell ornamentation
not preserved. Siphuncle located next to ven-
ter. Suture simple with shallow ventral lobe,
and shallow, wide lateral lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23128 51.0 11.6 26.0 233 0.23 0.90

Occurrence: Described specimen from
AB1012 within the Ambitoides fuliginatus
Zone (early Late Induan=early Dienerian) in
the uppermost part of the Lazurnaya Bay For-
mation, Abrek Bay area, South Primorye.

Discussion: Menuthionautilus evolutus sp.
nov. is easily distinguished from M. korzchi
Kiparisova (1960, p. 136) and M. kieslineri
Collignon (1933, p. 164) by its evolute coiling.
The moderately evolute shell is very similar to
Xiaohenautilus abrekensis sp. nov., X. sinensis
Xu (1988, p. 439) and X. huananensis Xu
(1988, p. 439) of late Early Induan (late Gries-
bachian) age. We consider Menuthionautilus
to be an offshoot of Xiaohenautilus Xu, 1988.

Order Ceratitida, Hyatt, 1884
Superfamily Xenodiscoidea Frech, 1902
Family Xenodiscidae Frech, 1902
Genus Tompophiceras Popov, 1961

Type species: Tompophiceras fastigatum

Popov, 1961.
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Tompophiceras sp. indet.
Fig. 50.7-50.8

Material examined: NSM PM23129 from
AB1007.

Description: Very evolute serpenticone with
sub-elliptical whorl section, broadly rounded
venter, rounded ventral shoulders and convex
flanks with maximum whorl width at mid-
flank. Umbilicus wide with moderately high,
oblique wall and rounded shoulders. Orna-
mentation consists of distinct, convex ribs aris-
ing on umbilical shoulder, becoming more
prominent on mid-flank and fading on ventral
shoulder. Suture not visible.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23129 34.0 17.7 8.6 - 052 -

Occurrence: Described specimen from
AB1007 within the Lyfophiceras sp. Zone
(Early Induan=Griesbachian) in the middle
part of the Lazurnaya Bay Formation, Abrek
Bay area, South Primorye.

Discussion: Even though the present speci-
men is fragmental, its distinctive features
enable us to assign it with reasonable confi-
dence to the genus Tompophiceras. However, a
definitive species assignment cannot be made.

Zakharov (Zakharov & Rybalka, 1987, p.
33) described Glyptophiceras (Glyptophiceras)
ussuriense from the early Induan of South Pri-
morye, but upon re-examination, its ornamen-
tation and shell shape justify its assignment to
the genus Hypophiceras Trumpy, 1969 or
Tompophiceras. This species differs from our
specimen by its prominent ribs.

Family Xenoceltitidae Spath, 1930
Genus Shamaraites Shigeta and Zakharov
gen. nov.

TBype species: Anakashmirites schamarensis
Zakharov, 1968.

Composition of the genus: Two species, Di-
narites latiplicatus Diener (1895, p. 11) and

Anakashmirites schamarensis Zakharov (1968,
p. 104).

Diagnosis: Moderately evolute shell with
subquadratic whorl section, subtabulate to low,
arched venter, nearly parallel to slightly con-
vex flanks, variable constrictions and ceratitic
suture line.

Etymology: Named after Shamara Bay, Us-
sury Gulf, in South Primorye.

Occurrence: Lower part of the Lower
Olenekian (lower Smithian) in South Pri-
morye, Russia.

Discusion: Shamaraites gen. nov. differs
from other representatives of Xenoceltitidae
such as Pseudoceltites Hyatt, 1900, Kash-
mirites Diener, 1913, Anakashmirites Spath,
1930, and Eukashmirites Kummel, 1969, by
the presence of distinct constrictions and the
absence of distant, radial ribs. This new genus
is close in shape and ornamentation to Kash-
mirites varianus Chao (1959, p. 279), the type
species of Hebeisenites Brayard and Bucher,
2008, and Jinyaceras bellum Brayard and
Bucher (2008, p. 31), but it has a well-devel-
oped ceratitic suture with a large first lateral
saddle and reduced second lateral lobe (Za-
kharov, 1968, fig. 26).

Shamaraites schamarensis (Zakharov, 1968)
Figs. 50.1-50.4, 51

Anakashmirites schamarensis Zakharov, 1968, p. 104, pl.
20, fig. 3, text-fig. 26D, c.

Holotype: DVGI 211/801, figured by Za-
kharov (1968, p. 104, pl. 20, fig. 3), from the
lower part of the Lower Olenekian (Heden-
stroemia bosphorensis Zone) on the western
coast of Ussuri Gulf, near Tri Kamnya Cape,
in South Primorye, Russia.

Material examined: NSM PM23130, from
AB1021.

Description: Moderately evolute shell with
subquadratic whorl section, subtabulate venter,
angular ventral shoulders and nearly parallel to
slightly convex flanks. Umbilicus moderately
wide, with moderately high, subvertical wall
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Fig. 50. 1-4, Shamaraites schamarensis (Zakharov, 1968) gen. nov., NSM PM23130, from AB1021, X1.0. 5-6,
Ussuridiscus varaha (Diener, 1895) gen. nov.,, NSM PM23135, from AB1009, X 1.0. 7-8, Tompophiceras sp.
indet., NSM PM23129, from AB1007, X1.0. 9-11, Lytophiceras (?) sp. indet. 9, NSM PM23132, from
AB1004, X1.0. 10-11, NSM PM23133, from AB1009, X1.0. 12—15, Wordieoceras cf. wordiei (Spath, 1930),
NSM PM23134, from AB1010, X 1.0. 16-19, Lytophiceras sp. indet., NSM PM23131, from AB1007, X 1.0.
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4 mm

Fig. 51. Suture line Shamaraites schamarensis
(Zakharov, 1968) gen. nov., NSM PM23130,
from AB1021, at H=8 mm.

and rounded shoulders. Ornamentation con-
sists of distinct, prorsiradiate constrictions,
which form small plications on body chamber
and nearly disappear on venter. Suture ceratitic
with wide ventral lobe, divided by a median
saddle into two short branches with a few den-
ticulations at each base. First lateral saddle
higher than second saddle and third saddle
lower. First lateral lobe deep, wide with many
denticulations at base, and second lateral lobe
about one-half depth of first lobe.
Measurements (mm):

Specimen no. D U H W UD W/H
NSM PM23130 29.8 114 101 83 038 0.82
Occurrence: Described specimen from

AB1021 within the Clypeoceras timorense
Zone (early Early Olenckian=early Smithian)
in the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye. This species
also occurs in the Hedenstroemia bosphorensis
Zone along the western coast of Ussuri Gulf,
near Tri Kamnya Cape, South Primorye (Za-
kharov, 1968; Markevich & Zakharov, 2004).

Discussion: Shamaraites schamarensis (Za-
kharov, 1968) differs from S. latiplicata (Di-
ener, 1895, p. 12) by its subtabulate venter and
angular ventral shoulders.

Superfamily Meekoceratoidea Waagen, 1895
Family Ophiceratidae Arthaber, 1911
Genus Lytophyceras Spath, 1930

TBype species: Ophiceras chamunda Diener,
1897.

Lytophiceras sp. indet.
Fig. 50.16-50.19

Material examined: NSM PM23131, part of
an outer whorl, from AB1007.

Description: Moderately involute, discoidal
shell with rounded venter, nearly parallel
flanks and umbilicus with low, oblique wall
and rounded shoulders. Shell surface either
smooth or ornamentated with fine growth
lines. Suture ceratitic with deep, weakly in-
dented lateral lobes.

Measurements (mm):
Specimen no. D U H W UD W/H
NSM PM23131*  — - 281 140 - 050
* Measurements at last septum.

Occurrence: Described specimen from
AB1007 within the Lyfophiceras sp. Zone
(Early Induan=Griesbachian) in the middle
part of the Lazurnaya Bay Formation, Abrek
Bay area, South Primorye.

Discussion: The described specimen possi-
bly represents a portion of an outer whorl of
Lytophiceras eusakuntala (Zakharov, 1987, p.
35), which displays the same shell shape.
However, the fragmental nature of the speci-
men precludes a definitive assignment.

Waterhouse (1994) assigned Lytophiceras
eusakuntala to Himophiceras Waterhouse,
1994, but we reject this synonymy because
L. eusakuntala differs from all species of
Himophiceras by its gently rounded umbilical
wall, which is one of the diagnostic features of
Lytophiceras.

Lytophicerasku? sp. indet.
Fig. 50.9-50.11

Material examined: NSM PM23132 from
AB1004, and NSM PM23133 from AB1009.
Specimens poorly preserved.

Description: Moderately evolute shell with
rounded venter, rounded ventral shoulders,
gently convex flanks and moderately wide um-
bilicus with low, oblique wall and rounded
shoulders. Shell surface smooth. Suture not
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visible.

Measurements (mm):
Specimen no. D U H W UD W/H
NSM PM23132  20.6 7.7 8.0 - 037 -

NSM PM23133  21.1 86 72 6.6 041 092

Occurrence: Described specimens from
AB1004, AB1009 within the Lyfophiceras sp.
Z0ne (Early Induan=Griesbachian) in the
lower and middle parts of the Lazurnaya Bay
Formation, Abrek Bay area, South Primorye.

Discussion: The uncertain assignment of
these specimens to Lytophiceras is based only
on their similar morphology to Ophiceratidae.

Genus Wordieoceras Spath, 1930

Tpe species:
1930.

Vishnuites wordiei Spath,

Wordieoceras cf. wordiei (Spath, 1930)
Figs. 50.12-50.15, 52

cf. Vishnuites wordiei Spath, 1930, p. 31, pl. 2, fig. 11;
Spath, 1935, p. 41, pl. 4, fig. 5, pl. 12, fig. 2.

cf. Wordieoceras wordiei (Spath). Tozer, 1994, p. 58, pl. 5,
figs. 1-3, pl. 6, figs. 1-3, pl. 7, figs. 14, text-fig. 8.

Material examined: NSM PM23134, from
AB1010.

Description: Moderately evolute, fairly
compressed shell with subrectangular whorl
section, subacute venter, rounded ventral
shoulders and nearly parallel to slightly con-
vex flanks with maximum whorl width just
above umbilical shoulders. Umbilicus moder-
ately wide with low, subvertical wall, and
rounded shoulders. Ornamentation consists of
conspicuous, rectiradiate, slightly sinuous con-
strictions as well as fine, sinuous growth lines.
Suture ceratitic with wide ventral lobe divided
by a median saddle into two short branches.
First lateral saddle lower than second saddle,
and third saddle even lower. First lateral lobe
deep and narrow with many denticulations at
base. Depth of second lateral lobe about one-
half of first lobe.

Measurements (mm):

2mm

Fig. 52. Suture line of Wordieoceras cf. wordiei
(Spath, 1930), NSM PM23134, from AB1010,
at H=9.5 mm.

Specimen no. D U H W U/D W/H
NSM PM23134 355 109 150 93 031 0.62

Occurrence: Described specimen from
AB1010 within the lower Gyronites subdhar-
mus Zone (late Early Induan=late Griesbachi-
an) in upper part of the Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.
Wordieoceras wordiei is also known from beds
of late Griesbachian age in Greenland (Spath,
1931, 1935) and Arctic Canada (Tozer, 1994).

Discussion: Although the present specimen
is ornamented with conspicuous constrictions,
its shell morphology enables us to identify it
with reasonable confidence as Wordieoceras
wordiei (Spath, 1930, p. 31). It is close to W
aff. wordiei and W guizhouensis, (both de-
scribed by Zakharov & Mu in Mu ef al., 2007,
p. 862), which are characterized by a narrowly
rounded venter and rounded venter, respective-
ly, but differs from them by its subacute venter
and more involute shell.

Genus Vishnuites Diener, 1897

Type species: Xenaspis (Vishnuites) pralamb-
ha Diener, 1897.

Vishnuites? sp. indet.
Figs. 53, 54

Material examined: NSM PM23136 from
AB1014.

Description: Moderately evolute, fairly
compressed shell with acutely keeled venter
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Fig. 53.

1 mm

Fig. 54. Suture lines of Vishnuites? sp. indet.,
NSM PM23136, from ABI1014. 1, at
H=4mm. 2, at H=3 mm.

and convex flanks with maximum whorl width
at mid-flank. Moderately wide umbilicus with
low, near vertical wall and rounded shoulders.
Ornamentation consists only of weak, radial
folds. Suture goniatitic with first lateral saddle
lower, narrower than second saddle, and third
saddle lower than first and second. First lateral
lobe deep, wide, and second lateral lobe about
two third depth of first lobe.

Measurements (mm):
Specimen no. D U H W UD W/H
NSM PM23136 109 35 46 32 032 0.70

Occurrence: Described specimen from
Clypeoceras spitiense “bed” (AB1014, Late
Induan=Dienerian) in the lower part of the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: The assignment of the speci-
men to Vishnuites is uncertain, and is based
only on the similarity of its morphology with
Vishnuites.

Vishnuites? sp. indet. 1-4, NSM PM23136, from AB1014, X3.0.

Family Meekoceratidae Waagen, 1895
Genus Ussuridiscus Shigeta and Zakharuv
gen. nov.

Type species: Meekoceras (Kingites) varaha
Diener, 1895.

Composition of the genus: Type species
only.

Diagnosis: Slender, very involute shell with
tabulate venter, narrow umbilicus with over-
hanging umbilical wall and ceratitic suture
line.

Etymology: Named after Ussuri Gulf in
South Primorye and the Latin ward: discus,
meaning disk.

Occurrence: Throughout much of the mid-
dle Induan in South Primorye, Russia.

Discussion: Ussuridiscus gen. nov. can be
easily distinguished from Khangsaria Water-
house, 1994, Mesokantoa Waterhouse, 1994,
and Hubeitoceras Waterhouse, 1994, by its
tabulate venter and overhanging umbilical
wall. It bears some resemblance to Radioceras
Waterhouse, 1996a, Kymatites Waagen, 1895,
and Koninckites Waagen, 1895 in terms of its
involute shell and tabulate venter, but differs
from them by its overhanging umbilical wall.
Zhaojinkoceras Waterhouse, 1994 is very
close to this new genus, but its venter is con-
cave.

Ussuridiscus varaha (Diener, 1895)
Figs. 50.5-50.6, 55-57

Meekoceras (Kingites) varaha Diener, 1895, p. 52, pl. 1,
fig. 2.
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16 ¥ 17

Fig. 56. Ussuridiscus varaha (Diener, 1895) gen. nov. 1-17, from AB1011. 1-4, NSM PM23144, X1.0. 5-7,
NSM PM23145, X1.0. 8-11, NSM PM23146, X1.0. 12-13, NSM PM23147, X1.0. 14-17, NSM PM23148,
X1.0. 18-25, from AB1013. 18-21, NSM PM23149, X1.0. 22-25, NSM PM23150, X1.0.

P

Fig. 55. Ussuridiscus varaha (Diener, 1895) gen. nov. from AB1010. 1-2, NSM PM23137, X1.0. 3-5, NSM
PM23138, X1.0. 6-8, NSM PM23139, X1.0. 9—12, NSM PM23140, X1.0. 13—15, NSM PM23141, X1.0.
16-19, NSM PM23142, X1.0. 20-23, NSM PM23143, X1.0.
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Koninckites varaha (Diener). Zakharov, 1968, p. 91, pl.
17, figs. 4, 5, text-fig. 20b.

Hubeitoceras (?) wangi Zakharov and Mu in Mu et al.,
2007, p. 871, figs. 13.17-13.19, 15.2-15.5.

“Koninckites” cf. timorense (Wanner). Brithwiler et al.,
2008, p. 1165, pl. 3, figs. 14, pl. 4, figs. 1-2.

Holotype: CGM 61/596, figured by Diener
(1895, p. 52, pl. 1, fig. 2), from the Lower Tri-
assic along Paris Bay in Russian Island, South
Primorye, Russia.

Material examined: NSM PM23135, from
AB1009, seven specimens, NSM PM23137—
23143, from AB1010, five specimens, NSM
PM23144-23148, from ABI1011, and two
specimens, NSM PM23149, 23150, from
AB1013.

Description: Very involute,
pressed platycone with subrectangular whorl
section, distinctively tabulate to subtabulate
venter, rather abruptly rounded ventral shoul-
ders and flat to slightly convex flanks with
maximum whorl width at about two thirds of
whorl height. Umbilicus varies from narrow to
very narrow with low, overhanging wall and
abruptly rounded shoulders. Ornamentation
consists of fine, sinuous, slightly prorsiradiate
growth lines as well as low radial folds, which
are pronounced on inner flank. Suture ceratitic
with wide ventral lobe divided by fairly high
median saddle into two deep branches with a
few denticulations at their bases. First lateral
saddle lower than second lateral saddle, and
third saddle lower than first and second. First
lateral lobe deep and wide with many denticu-
lations at base. Some auxiliary elements pres-
ent on adumbilical flank.

very com-

.
-

2mm

Fi

=

g. 57.

w

Suture lines of Ussuridiscus varaha

(Diener, 1895) gen. nov. 1, NSM PM23143,
from AB1010, at H=16 mm. 2, NSM PM23139,
from AB1010, at H=12 mm. 3, NSM PM23148,
from AB1011, at H=15mm. 4, NSM PM23147,
from AB1011, at H=14 mm. 5, NSM PM23149,
from AB1013, at H=9 mm.

NSM PM23147
NSM PM23148
NSM PM23149
NSM PM23150

Occurrence:

36.4
40.2
29.8
41.8

Described

3.0
4.0
4.9
4.7

19.9
20.9
14.4
21.6

7.1
8.6
6.5
8.0

0.08
0.10
0.16
0.16

specimens

0.36
0.41
0.45
0.37

from

Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23137 156 2.1 79 32 0.13 041
NSM PM23138 244 49 114 55 020 048
NSM PM23139 294 4.0 150 54 0.14 0.36
NSM PM23140 321 32 171 - 010 -

NSM PM23141  31.6 20 174 6.5 0.06 037
NSM PM23142 54,6 7.0 284 12.0 0.13 042
NSM PM23143 279 26 152 6.0 0.09 039
NSM PM23144 494 85 250 122 0.17 049
NSM PM23145 342 46 177 74 0.13 042
NSM PM23146 33.0 6.6 153 65 020 042

AB1009 within the Lytophiceras sp. Zone, and
from AB1010, AB1011 within the Gyronites
subdharmus Zone in the middle to upper parts
of the Lazurnaya Bay Formation, and from
AB1013 within the Ambitoides fuliginatus
Zone in the lowest part of the Zhitkov Forma-
tion, Abrek Bay area, South Primorye. Thus,
in this particular area, the species ranges from
late Early Induan (late Griesbachian) to early
Late Induan (early Dienerian). It also occurs
abundantly in the Gyronites subdharmus Zone
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on the western coast of Ussuri Gulf, between
Seryj Cape and Nerpa Rock, South Primorye
(Zakharov, 1968; Markevich & Zakharov,
2004).

Discussion: Ussuridiscus varaha (Diener,
1895) differs from specimens identified as
Meekoceras varaha Diener by Diener (1897,
p. 143) and Kraft and Diener (1909, p. 17) by
its flat flanks and overhanging umbilical wall.
Aside from its ceratitic suture, it appears to be
morphologically very close to the specimen
identified as Aspidites vidarbha Diener by
Kraft and Diener (1909, p. 63, pl. 5, fig. 1).
Hubeitoceras (?7) wangi Zakharov and Mu
(2007, p. 871) and “Koninckites” cf. timorense
(Wanner) by Brithwiler et al. (2008, p. 1165)
are also very close in appearance with regard
to their tabulate venters, nearly flat flanks and
strong auxiliary suture elements, and in all
likelihood, are probably conspecific.

According to Diener (1895), he collected
the holotype from Paris Bay on Russian Island,
South Primorye. Since sediments of Olenekian
and Anisian age are well exposed along this
seacoast, Zakharov (1968) naturally assumed
the holotype’s collection horizon to be of
Olenekian age. However, there has never been
a report of this ammonoid’s occurrence at this
particular locality other than Diener’s in 1895.
This species frequently occurs in the Induan of
South Primorye, but no Induan strata have
been found in the type locality (Markevich &
Zakharov, 2004), and the preservation of the
holotype is very similar to that of specimens
from Induan strata exposed along the western
coast of Ussuri Gulf. Taken together, these
facts strongly suggest that Diener made an
error when recording the source of the type
specimen.

Genus Gyronites Waagen, 1895

TBype species: Gyronites frequens Waagen,
1895.

Fig. 58.
NSM PM23173, X1.0. 5-8, NSM PM23174,
x1.0.

Gyronites sp. indet. from AB1013. 1-4,

2 mm

Fig. 59. Suture line of Gyronite sp. indet., NSM
PM23174, from AB1013, at H=8 mm.

Gyronites sp. indet.
Figs. 58, 59

Material examined: Two specimens, NSM
PM23173, 23174, from AB1013.
Moderately evolute, com-
pressed shell with rectangular whorl section,
distinctively tabulate venter, angular ventral
shoulders, and slightly convex flanks with
maximum whorl width on inner flank. Umbili-
cal width moderate to fairly narrow with low,
near vertical wall and rounded shoulders. Shell
ornamentation consists of weak radial folds as
well as fine, sinuous, prorsiradiate growth
lines. Suture ceratitic with ventral lobe divided
by median saddle into two branches. First lat-
eral saddle lower than second saddle and third

Description:
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5

Fig. 60. Gyronites subdharmus Kiparisova, 1961 from AB1010. 1-4, NSM PM23151, X1.0. 5-8, NSM
PM23152, X1.0. 9-12, NSM PM23153, X1.0. 13—-16, NSM PM23154, X1.0. 17-19, NSM PM23155, X1.0.
20-23, NSM PM23156, X1.0. 24-27, NSM PM23157, X1.0. 28-31, NSM PM23158, X1.0. 32-35, NSM
PM23159, X1.0. 36-39, NSM PM23160, X1.0. 40-43, NSM PM23161, X1.0. 44—47, NSM PM23162, X1.0.
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Gyronites subdharmus Kiparisova, 1961 from AB1011. 1-4, NSM PM23163, X1.0. 5-8, NSM
PM23164, X1.0. 9-12, NSM PM23165, X1.0. 13—-16, NSM PM23166, X 1.0. 17-20, NSM PM23167, X1.0.
21-24, NSM PM23168, X1.0. 25-28, NSM PM23169, X1.0. 29-32, NSM PM23170, X1.0. 33-36, NSM
PM23171, X1.0. 37-40, NSM PM23172, X1.0.

Fig. 61.
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saddle even lower. First lateral lobe deep and

wide with many denticulations at base. Second

lateral lobe about one half depth of first lobe.
Measurements (mm):

Specimen no. D U H W U/D W/H

NSM PM23173 186 5.6 73 44 030 0.60

NSM PM23174 283 6.3 13.2 - 022 -
Occurrence: Described specimens from

AB1013 within the Ambitoides fuliginatus
Zone (early Late Induan=early Dienerian) in
the lowest part of the Zhitkov Formation,
Abrek Bay area, South Primorye.

Discussion: The described specimens may
simply be juvenile Gyronites shells. Although
they are somewhat similar to Gyronites fre-
quens Waagen (1895, p. 292), no definitive
species assignment can be made.

Gyronites subdharmus Kiparisova, 1961
Figs. 60-62

Gyronites (?) subdharmus Kiparisova, 1961, p. 64, pl. 11,
figs. 3-5, text-fig. 23.

Gyronites subdharmus Kiparisova. Zakharov, 1968, p. 60,
pl. 6, figs. 1-4, text-fig. 12a.

Gyronites frequens Waagen. Brithwiler er al., 2008, p.
1168, pl. 5, figs. 7-8

Holotype: CGM 54/5504, figured by
Kiparisova (1961, p. 64, pl. 11, fig. 3), from
the Lower Triassic (Induan, Flemingites?
beds) in the Abrek Bay area in South Pri-
morye, Russia.

Material examined: Twelve specimens,
NSM PM23151-23162, from AB1010, and
ten specimens, NSM PM23163-23172, from
ABI1011.

Description: Evolute, fairly compressed
shell with subrectangular whorl section, dis-
tinctively tabulate venter, angular ventral
shoulders and slightly convex flanks with max-
imum whorl width on inner flank. Umbilicus
fairly wide with low, near vertical wall and
rounded shoulders. Ornamentation consists of
slightly rusiradiate to rectiradiate, distant folds
arising on umbilical shoulder and fading away
on ventral shoulder. Folds more prominent
near umbilical shoulder, but vary in strength

from fairly strong to very weak. Suture cer-
atitic with ventral lobe divided by median sad-
dle into two short branches. First lateral saddle
lower than second saddle, and third saddle
lower yet. First lateral lobe deep, and wide
with many denticulations at base, and second
lateral lobe about one-half depth of first lobe.
Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23151 209 80 7.1 54 038 0.76
NSM PM23152 205 86 7.0 44 042 0.63
NSM PM23153 200 7.8 74 52 039 0.70
NSM PM23154 17.0 6.8 6.1 4.6 040 0.75
NSM PM23156 224 9.1 86 58 041 0.67
NSM PM23157 29.7 124 97 7.0 042 0.72
NSM PM23158 16.1 63 62 43 039 0.69
NSM PM23159 235 9.1 81 58 039 0.72
NSM PM23160 16.1 6.5 57 44 040 0.77
NSM PM23161 256 10.0 95 63 039 0.66
NSM PM23162 175 72 62 42 041 0.68
NSM PM23163 28.0 11.8 9.7 69 042 0.71
NSM PM23164 174 7.6 55 45 044 0.82
NSM PM23165 26.5 10.8 92 58 041 0.63
NSM PM23166 174 7.5 59 44 043 0.75
NSM PM23167 28.0 123 89 7.0 044 0.77
NSM PM23168 237 9.8 80 54 041 0.68
NSM PM23169 255 11.8 7.7 56 046 0.73
NSM PM23170 282 123 9.0 7.0 0.44 0.78
NSM PM23171 51.1 212 163 12.1 041 0.74
NSM PM23172 244 99 87 59 041 0.68

Occurrence: Described specimens from

AB1010, AB1011 within the Gyronites subd-
harmus Zone (late Early Induan=late Gries-
bachian) in the middle and upper parts of the
Lazurnaya Bay Formation, Abrek Bay area,
South Primorye. This species is frequently
found in Induan strata on the western coast of
Ussuri Gulf between Seryj Cape and Nerpa
Rock, South Primorye (Zakharov, 1968;
Markevich & Zakharov, 2004).

Discussion: Gyronites subdharmus Kipariso-
va, 1961 is easily distinguished from G. fre-
quens Waagen (1895, p. 292) by its more evo-
lute coiling and near vertical umbilical wall.
The specimens described by Brithwiler
et al. (2008, p. 1168) are more evolute than G.
frequense, and they correspond well with G.
subdharmus. Although the radial ribs of G.
subdharmus are much weaker, its evolute shell
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:

Fig. 62. Suture lines of Gyronites subdharmus
Kiparisova, 1961. 1, NSM PM23159, from
AB1010, at H=7.6mm. 2, NSM PM23157,
from ABI1010, at H=7.0mm. 3, NSM
PM23167, from AB1011, at H=6.5mm. 4,
NSM PM23172, from AB1011, at H=5.5 mm.

and tabulate venter invite comparison of shell
morphology with Pleurogyronites kraffti Tozer
(1994, p. 66), G. plicosus Waagen (1895, p.
298), G. rotus Waagen (1895, p. 300), G. radi-
ans Waagen (1895, p. 302), Danubites
planidorsatus Diener (1897, p. 34), and D.
rigidus Diener (1897, p. 36), as well as speci-
mens identified as Xenodiscus radians (Waa-
gen), X. cf. plicosus (Waagen), X. rotula (Waa-
gen) by Kraft and Diener (1909, pl. 23, fig. 4,
pl. 25, figs. 1-4) and Xenodiscoides sp. indet.
by Brithwiler ef al. (2008, p. 1158). It also is
morphologically very close to G. nangaensis
Waagen (1895, p. 297) and G. plicatilis Waa-
gen (1985, p. 315), which were assigned to
Wangyikangia by Waterhouse (1996a), but its
saddles do not exhibit subphylloid characteris-
tics. Meekoceras dubium Krafft (1909, p. 50),
which is the lectotype of Himoceras Water-
house, 1996a, is also close in appearance, but
it has a steep, high umbilical wall.

Genus Ambitoides Shigeta and Zakharov
gen. nov.

Bype species: Ambites fuliginatus Tozer,
1994.

Composition of the genus: Two species, Am-
bites fuliginatus Tozer, 1994 and Ambitoides
orientalis sp. nov.

Diagnosis: Discoidal, fairly involute shell
with tabulate
smooth flanks and ceratitic suture line.

Etymology: From Ambites and the Greek
suffix: -oides.

Occurrence: Upper Induan in South Pri-
morye, Russia and British Columbia, Canada.

Discussion: Ambitoides gen. nov. is mor-
phologically very close to Ambites Waagen,
1895, but its suture is ceratitic in contrast to
the sub-goniatitic suture typical of Ambites.
Radioceras Waterhouse, 1996a is close to this
genus with its tabulate venter and ceratitic su-
ture line, but its shell is very involute with a
very narrow umbilicus.

venter, narrow umbilicus,

Ambitoides fuliginatus (Tozer, 1994)
Figs. 63, 64

Ambites fuliginatus Tozer, 1994, p. 67, pl. 13, figs. 4, 5, pl.
14, fig. 8, text-fig. 15.

Holotype: GSC 28123, figured by Tozer
(1994, p. 67, pl. 14, fig. 8), from the Lower
Triassic (Dienerian, Proptychites candidus
Zone) of the Grayling Formation, near Tucho-
di River, British Columbia, Canada.

Material examined: Four specimens, NSM
PM23175-23178, from ABI1012, two speci-
mens, NSM PM23179, 23180, from AB1013.

Description: Fairly involute, very com-
pressed shell with rectangular whorl section,
distinctively tabulate venter, angular ventral
shoulders and nearly parallel to slightly con-
vex flanks. Narrow to moderately narrow um-
bilicus with low, oblique wall and rounded
shoulders. Ornamentation consists of fine,
slightly sinuous, prorsiradiate growth lines and
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19

21 22

Fig. 63. Ambitoides fuliginatus (Tozer, 1994) gen. nov. 1-14, from AB1012. 1-4, NSM PM23175, X1.0. 5-6,
NSM PM23176, X1.0. 7-9, NSM PM23177, X1.0. 10-14, NSM PM23178, X1.0. 15-22, from AB1013.
15-18, NSM PM23179, X1.0. 19-22, NSM PM23180, X1.0.
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.

2mm

Fig. 64. Suture line of Ambitoides fuliginatus
(Tozer, 1994) gen. nov., NSM PM23180, from
AB1013, at H=15mm.

low, radial folds becoming prominent on mid-
flanks of body chamber. Suture ceratitic with
long denticulate suspensive lobe. Ventral lobe
divided by median saddle into two short
branches with a few denticulations at each
base. First lateral saddle lower than second
saddle and third saddle even lower. First lateral
lobe deep, wide with many denticulations at
base, and second lateral lobe about two thirds
depth of first lobe.

Measurements (mm):
Specimen no. D U H W UD W/H
NSM PM23175 38.6 44 192 79 0.11 041
NSM PM23176 32.0 5.8 155 63 0.18 041
NSM PM23177 377 5.8 186 7.3 0.15 0.39
NSM PM23178 20.6 3.7 10.0 4.6 0.18 0.46
NSM PM23179 328 6.8 151 64 021 042

Occurrence: Described specimens from
AB1012, AB1013 within the Ambitoides fulig-
inatus Zone (early Late Induan=early Diener-
ian) in the uppermost part of the Lazurnaya
Bay Formation and lowest part of the Zhitkov
Formation, Abrek Bay area, South Primorye.
This species also occurs in the Proptychites
candidus Zone (early Dienerian) in northeast-
ern British Columbia, Canada (Tozer, 1994).
Morphologically, Ambitoides
Sfuliginatus (Tozer, 1994) is very close to Am-
bites discus Waagen (1895, p. 152), A. magun-
milicatus Waagen (1895, p. 154) and A. fer-
ruginus Tozer (1994, p. 67), but its suture is
definitely ceratitic. It is also somewhat similar
to “Meekoceras” hodgsoni Diener (1897, p.
133), but its venter is distinctively more tabu-
late and its whorls are not as compressed.

Discussion:

-=-”

4 mm

‘\M 3

Fig. 65. Suture lines of Amobitoides orientalis
Shigeta and Zakharov gen. nov. sp. nov. from
AB1014. 1, NSM PM23190, paratype, at
H=22mm. 2, NSM PM23189, paratype, at
H=17mm. 3, NSM PM23188, holotype, at
H=16mm. 4, NSM PM23183, paratype, at
H=13mm.

Ambitoides orientalis Shigeta and Zakharov
Sp. nov.
Figs. 65-67

? Ambites fuliginatus Tozer, 1994, p. 67, pl. 13, fig. 7.

Type specimens: Holotype, NSM PM23188,
from AB1014; paratypes, nine specimens,
NSM PM23181-23187, 23189, 23190, from
AB1014.

Diagnosis: Ambitoides with narrow, subtab-
ulate venter, vertical umbilical wall, abruptly
rounded umbilical shoulder, fine spiral lirae on
shell surface and ceratitic suture line.

Etymology: From the Latin word: orientalis,
meaning oriental.

Description: Fairly involute, very com-
pressed shell with subrectangular whorl sec-
tion, narrow subtabulate venter, subangular
ventral shoulders, and slightly convex flanks
with maximum whorl width near mid-flank.
Narrow to fairly narrow umbilicus with mod-
erately high, vertical wall and abruptly round-
ed shoulders. Ornamentation consists of very
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Fig. 66. Ambitoides orientalis Shigeta and Zakharov gen. nov. sp. nov. from AB1014. 1-3, NSM PM23181,
paratype, X1.0. 4-7, NSM PM23182, paratype, X1.0. 8-11, NSM PM23183, paratype, X1.0. 12-15, NSM
PM23184, patratype, X1.0. 16—-19, NSM PM23185, paratype, X1.0. 20-23, NSM PM23186, paratype, X 1.0.

24-27, NSM PM23187, paratype, X1.0.
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Fig. 67. Ambitoides orientalis Shigeta and Zakharov gen. nov. sp. nov. from AB1014. 1-4, NSM PM23188, holo-
type, X1.0. 5-8, NSM PM23189, paratype, X1.0. 9-12, NSM PM23190, paratype, X 1.0.
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fine spiral lirae and slightly sinuous, prorsira-
diate growth lines as well as low, radial folds,
which become more prominent on body cham-
ber. Suture ceratitic with long denticulate sus-
pensive lobe, and wide ventral lobe divided by
median saddle into two branches with many
denticulations at each base. First lateral saddle
lower than second saddle and third saddle even
lower. First lateral lobe deep, wide with many
denticulations at base, and second lateral lobe
about two thirds depth of first lobe.
Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23181 208 3.3 11.0 55 0.16 0.50
NSM PM23182 419 8.0 203 9.6 0.19 047
NSM PM23183 29.0 52 142 6.3 0.18 044
NSM PM23184 395 7.1 19.0 86 0.18 045
NSM PM23185 31.6 58 150 7.5 0.18 0.50
NSM PM23186 354 6.7 172 9.0 0.19 0.52
NSM PM23187 405 6.7 207 92 0.17 044
NSM PM23188 49.8 9.1 240 119 0.18 0.50

NSM PM23189 579 144 268 143 025 0.53
NSM PM23190 50.8 12.8 233 11.7 025 0.50

Occurrence: Described specimens from
Clypeoceras spitiense “bed” (AB1014, early
Late Induan=early Dienerian) in the lower
part of the Zhitkov Formation, Abrek Bay
area, South Primorye.

Discussion: Ambitoides orientalis sp. nov.
differs from Ambites discus Waagen (1895, p.
152), A. magunmilicatus Waagen (1895, p.
154) and A. ferruginus (Tozer 1994, p. 67) by
its serrated lateral lobes, and differs from
Ambitoides fuliginatus (Tozer 1994, p. 67) by
its vertical umbilical wall. One of Tozer’s
paratypes of A. fuliginatus (Tozer 1994, pl. 13,
fig. 7) has a very narrow, subtabulate venter,
radial folds and fine spiral lirae, and is proba-
bly quite similar to Ambitoides orientalis.

Genus Abrekites Shigeta and Zakharov
gen. nov.

Type species: Abrekites editus sp. nov.

Composition of the genus: Two species,
Abrekites editus sp. nov. and A. planus sp. nov.

Diagnosis: Discoidal, fairly involute shell

with tabulate venter, fairly narrow umbilicus,
overhanging umbilical wall, abruptly rounded
umbilical shoulder and ceratitic suture line.

Etymology: Named after Abrek Bay in
South Primorye.

Occurrence: Lower part of the Lower
Olenekian (lower Smithian) in South Pri-
morye, Russia.

Discussion: Abrekites gen. nov. is easily dis-
tinguished from Ambites Waagen, 1895 and
Ambitoides gen. nov. by its overhanging um-
bilical wall and from Sisupalia Waterhouse,
19960 by its ceratitic suture line.

Abrekites editus Shigeta and Zakharov sp. nov.
Figs. 68, 69.1-69.12

Type specimens: Holotype, NSM PM23193,
from ABI1021; paratypes, two specimens,
NSM PM23191, 23192, from AB1021.

Diagnosis: Abrekites with raised umbilical
shoulders and low radial folds on inner flanks.

Etymology: Species name refers to its “ris-
ing” umbilical shoulder, from the Latin word:
editus, meaning rising.

Description: Fairly involute, very com-
pressed shell with rectangular whorl section,
tabulate venter, subangular ventral shoulders
and slightly convex flanks with maximum
thickness at mid-flank. Umbilicus fairly nar-
row with moderately high, overhanging wall
and raised, abruptly rounded shoulders. Orna-
mentation consists of low radial folds on inner
flanks as well as fine, slightly sinuous, prorsir-
adiate growth lines. Suture ceratitic with long
denticulate suspensive lobe, and wide ventral
lobe divided by low median saddle into two
wide branches with many denticulations at
each base. First lateral saddle lower than sec-
ond saddle, and third saddle wide, but even
lower. First lateral lobe deep, wide with many
denticulations at base, and second lateral lobe
about two thirds depth of first lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23191 282 34 127 54 0.12 043
NSM PM23192 322 63 159 6.5 020 041
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Fig. 68. 1-12, Abrekites editus Shigeta and Zakharov gen. nov. sp. nov. from AB1021. 1-4, NSM PM23191,
paratype, X1.0. 5-8, NSM PM23192, paratype, X1.0. 9-12, NSM PM23193, holotype, X1.0. 13-16,
Abrekites planus Shigeta and Zakharov gen. nov. sp. nov., NSM PM23194, holotype, from AB1021, X1.0.

83
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~

4 mm

Fig. 69. Suture lines of Abrekites editus Shigeta
and Zakharov gen. nov. sp. nov. from AB1021.
1, NSM PM23193, holotype, at H=21 mm. 2,
NSM PM23192, paratype, at H=14 mm.

NSM PM23193  49.0 10.5 225 108 0.21 048

Occurrence: Described specimen from
AB1021 within the Clypeoceras timorense
Zone (early Early Olenckian=early Smithian)
of the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye.

Discussion: Abrekites editus sp. nov. is very
close to the juvenile shell of Arctoceras striga-
tus Brayard and Bucher (2008, p. 52, pl. 25,
fig. 2) in that it has raised umbilical shoulders
and radial folds, but the latter has very notice-
able strigation on its flanks, a subtabulate to
broadly rounded venter, and a typical Arcto-
ceratidae suture line.

Abrekites planus Shigeta and Zakharov
Sp. nov.
Figs. 69.13-69.16, 70

Holotype: NSM PM23194, from AB1021.

Diagnosis: Abrekites with flat, smooth inner
flanks, non-raised umbilical shoulders and
weak radial ribs near mid-flank.

Etymology: Species name refers to its flat,
inner flank, from the Latin word: planus,
meaning flat.

Description: Fairly involute, very com-
pressed shell with rectangular whorl section,
tabulate venter, subangular ventral shoulders,
flat inner flanks and slightly convex outer
flanks with maximum whorl width at mid-

10 mm

Fig. 70. Suture line of Abrekites planus Shigeta
and Zakharov gen. nov. sp. nov, NSM
PM23194, holotype, from AB1021, at H=
29 mm.

flank. Umbilicus fairly narrow with moderate-
ly high, overhanging wall and abruptly round-
ed shoulders. Ornamentation consists of low,
radial ribs on mid-flank as well as fine, slightly
sinuous, prorsiradiate growth lines. Inner
flanks smooth. Suture ceratitic with long den-
ticulate suspensive lobe and wide ventral lobe
divided by low median saddle into two wide
branches with many denticulations at each
base. First lateral saddle lower than second
saddle, and third saddle even lower. First later-
al lobe deep, wide with many denticulations at
base, and second lateral lobe about two thirds

depth of first lobe.
Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23194 62.8 114 30.7 154 0.18 0.50
Occurrence: Described specimen from

AB1021 within the Clypeoceras timorense
Zone (early Early Olenckian=early Smithian)
of the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye.

Discussion: Abreckites planus sp. nov. is
easily distinguished from A. editus sp. nov. by
its non-raised umbilical shoulder and smooth,
flat inner flanks.

Family Prionitidae Hyatt, 1900
Genus Radioprionites Shigeta and Zakharov
gen. nov.

Type species: Radioprionites abrekensis sp.
nov.
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Composition of the genus: Three species,
Meekoceras boreale Diener, 1895, M. sub-
cristatum Kiparisova, 1947, and Radioprion-
ites abrekensis sp. nov.

Diagnosis: Discoidal, fairly involute shell
with tabulate to subtabulate venter, narrow
umbilicus, vertical umbilical wall, prominent
radial folds on flanks and ceratitic suture line.

Etymology: Genus name refers to the Latin
word: radio, meaning radial in reference to the
radial folds, and Prionites.

Occurrence: Lower part of the Lower
Olenekian (lower Smithian) in South Pri-
morye, Russia.

Discussion: Radioprionites gen. nov. is
close to some representatives of Meekocerati-
dae such as Ambites Waagen, 1895, Ambitoides
gen. nov. and Radioceras Waterhouse, 1996a,
but differs by its prominent radial folds.
Jolinkia Waterhouse, 1996b and Sisupalia
Waterhouse, 1996b are similar and have radial
folds, but the former has a concave, narrow
venter and the latter has a goniatitic suture line.

This new genus is assigned to the Prioniti-
dae based on the tabulate venter and very
sharp ventral shoulders on its juvenile whorls,
as well as a long, denticulate suspensive lobe.
It can be easily distinguished from Hemiprion-
ites Spath, 1929, by its prominent radial folds.

Radioprionites abrekensis Shigeta and
Zakharov sp. nov.
Figs. 71-73

Prionites aff. tuberculatus Waagen, 1895. Zakharov, 1968,
p. 125, pl. 23, figs. 4, 5.

TBype specimens: Holotype, NSM PM23195,
from AB1025; paratypes, seven specimens,
NSM PM23196-23202, from AB1025.

Diagnosis: As for the genus.

Etymology: Named after Abrek Bay in
South Primorye.

Description: Fairly involute, very com-
pressed shell characterized by slightly convex
flanks with maximum whorl width on inner
flank at one third whorl height. Venter varies

1
“ 2
. 3
4mm
Fig. 71. Suture lines of Radioprionites abrekensis

Shigeta and Zakharov gen. nov. sp. nov. from
AB1025. 1, NSM PM23197, paratype, at H=
16.5mm. 2, NSM PM23195, holotype, at H=
16.0mm. 3, NSM PM23198, paratype, at H=
13.5mm.

from tabulate with very sharp angular shoul-
ders on juvenile whorls to subtabulate with
subangular to abruptly rounded shoulders on
mature whorls. Umbilicus narrow with moder-
ately high, vertical wall and rounded shoul-
ders. Ornamentation consists of distant, low,
radial folds that arise on umbilical shoulder,
develop great intensity near mid-flank and dis-
appear near venter, as well as fine, slightly sin-
uous, prorsiradiate growth lines. Suture cer-
atitic with long denticulate suspensive lobe,
and wide ventral lobe divided by low median
saddle into two wide branches with many den-
ticulations at each base. First lateral saddle
lower, narrower than second saddle, and third
saddle wide, but even lower. First lateral lobe
deep, wide with many denticulations at base,
and second lateral lobe about two thirds depth
of first lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23195 48.0 85 23.0 13.0 0.18 0.57
NSM PM23196 27.0 4.0 133 7.5 0.15 0.56
NSM PM23197 345 63 164 94 0.18 0.57
NSM PM23198 403 6.0 205 11.1 0.15 0.54
NSM PM23199 27.0 39 13.0 7.8 0.14 0.60
NSM PM23201 415 5.7 21.0 105 0.14 0.50
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Fig. 72. Radioprionites abrekensis Shigeta and Zakharov gen. nov. sp. nov. from AB1025. 1-4, NSM PM23196,
paratype, X1.0. 5-7, NSM PM23197, paratype, X1.0. 8—11, NSM PM23198, paratype, X1.0. 12-13, NSM
PM23199, paratype, X1.0. 14, NSM PM23200, paratype, X1.0. 15-17, NSM PM23201, paratype, X1.0.

18-21, NSM PM23195, holotype, X1.0.
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1

Fig. 73.
AB1025, X1.0.

NSM PM23202  66.8 104 33.0 174 0.16 0.53

Occurrence: Described specimens from Ra-
dioprionites abrekensis “bed” (AB1025, lower
Early Olenekian=lower Smithian) in the main
part of the Zhitkov Formation, Abrek Bay
area, South Primorye. This species also occurs
in beds of Early Olenekian age on the eastern
coast of Ussuri Gulf, near Golyj Cape (=Kom-
Pikho-Sakho Cape) and Yuzhnorechensk Vil-
lage, South Primorye (Zakharov, 1968)

Discussion: Radioprionites abrekensis sp.
nov. differs from Meekoceras boreale Diener
(1895, p. 49) and M. subcristatum Kiparisova
(1947, p. 150) by its narrower third saddle.
The specimens assigned to Prionites aff. tu-
berculatus Waagen by Zakharov (1968, p. 125,
pl. 23, figs. 4, 5) and herein synonymized with
R. abrekensis, are identical with respect to
whorl morphology and ornamentation.

Genus Hemiprionites Spath, 1929

Dpe species: Goniodiscus typus Waagen,
1895.

Radioprionites abrekensis Shigeta and Zakharov gen. nov. sp. nov. 1-3, NSM PM23202, paratype, from

Hemiprionites sp. indet.
Fig. 74

Material examined: NSM PM23203 from
AB1026.

Description: Fairly involute, very com-
pressed shell with rectangular whorl section,
distinctively tabulate venter, very sharp, angu-
lar ventral shoulders and slightly convex flanks
with maximum whorl width just above umbili-
cal shoulders. Narrow umbilicus with moder-
ately high, vertical wall and abruptly rounded
shoulders. Ornamentation consists of fine,
slightly sinuous, prorsiradiate growth lines,
and radial folds, which are very pronounced
on flanks.

Measurements (mm):
Specimen no. D U H
NSM PM23203 195 3.0 10.0

W UD W/H
6.0 0.15 0.60

Occurrence: Described specimen from Bal-
haeceras balhaense “bed” (AB1026, middle
Early Olenekian=middle Smithian) in the
main part of the Zhitkov Formation, Abrek
Bay area, South Primorye.

Discussion: It is possible that the described
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Fig. 74. Hemiprionites sp. indet. 1-4, NSM PM23203, from AB1026, X2.0.

specimen is actually a juvenile shell of

Hemiprionites dunajensis Zakharov, 1968,
which displays a similar shell shape. However,
no definitive assignment can be made.

Family Flemingitidae Hyatt, 1900
Genus Ussuriflemingites Shigeta and
Zakharov gen. nov.

Type species: Ussuriflemingites primorensis
Sp. nov.

Composition of the genus: Two species, Us-
suriflemingites primorensis sp. nov. and U.
abrekensis sp. nov.

Diagnosis: Very compressed, fairly evolute
shell with subtabulate to narrowly rounded
venter, moderately narrow umbilicus, low to
moderately high umbilical radial
folds,and ceratitic suture line.

Etymology: Genus name refers to Ussuri
Gulf in South Primorye and Flemingites.

Occurrence: Upper Induan (Dienerian) to
lower part of the Lower Olenekian (lower
Smithian) in South Primorye, Russia.

Discussion: Ussuriflemingites gen. nov. dif-
fers from Anaflemingites Kummel and Steele,
1962 and Rohillites Waterhouse, 1996b, by its
more involute coiling and narrower umbilicus,
and from Galfettites Brayard and Bucher, 2008
and Anaxenaspis Kiparisova, 1956, by its sub-
tabulate venter. Its ceratitic suture line charac-
terized by subphylloid saddles, in conjunction
with spiral lirae ornamentation and radial ribs
justify assignment of this genus to the Flemin-

wall,

gitidae.

Ussuriflemingites abrekensis Shigeta and
Zakharov sp. nov.
Figs. 75, 77, 78

Type specimens: Holotype, NSM PM23208,
from AB1016; paratypes, nine specimens,
NSM PM23204-23207, 23209-23213, from
ABI1016.

Diagnosis: Ussuriflemingites with fine spi-
ral lirae on outer flanks and prominent radial
folds.

Etymology: Named after Abrek Bay in
South Primorye.

Description: Fairly evolute,
pressed shell with tabulate to subtabulate ven-
ter, subangular or abruptly rounded ventral
shoulders and slightly convex flanks with max-
imum whorl width at mid-flank. Fairly narrow
umbilicus with moderately high, slightly
oblique wall and rounded shoulders. Orna-
mentation consists of fine spiral lirae on outer
flanks as well as prominent, slightly sinuous,
radial folds. Suture ceratitic with subphylloid
saddles and wide ventral lobe divided by low,
wide median saddle into two branches with
many denticulations at each base. First lateral
saddle lower than second saddle, and third
saddle even lower. First lateral lobe deep, wide
with many denticulations at base, and second
lateral lobe about two thirds depth of first lobe.
Suspensive lobe long with many denticula-
tions.

very com-
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1
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3 {

! 4 mm
Fig. 75. Suture lines of  Ussuriflemingites

abrekensis Shigeta and Zakharov gen. nov. sp.
nov. from AB1016. 1-2, NSM PM23208, holo-
type. 1, at H=18 mm. 2, at H=16 mm. 3, NSM
PM23210, paratype, at H=12 mm.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23204 377 82 17.7 9.1 022 0.51
NSM PM23205 57.6 13.5 245 123 0.23 0.50
NSM PM23206 56.1 164 24.1 9.7 029 040
NSM PM23207 39.8 10.8 183 10.5 0.27 0.57
NSM PM23208 55.0 13.0 249 12.8 0.24 0.51
NSM PM23209 54.0 16.2 21.8 10.0 0.30 0.46
NSM PM23210 37.7 92 16.1 86 024 0.53

Occurrence: Described specimens from
Paranorites varians Zone (AB1016, Late Ind-
uan=Dienerian) in the lower main part of the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: Ussuriflemingites abrekensis sp.
nov. exhibits some affinities with Pleurambites
frechi Tozer (1994, p. 68), but is easily distin-
guished by its more involute coiling, narrower
umbilicus, subphylloid saddles and serrated
ventral lobe.

Ussuriflemingites primoriensis Shigeta and
Zakharov sp. nov.
Figs. 76, 79-81

TBype specimens: Holotype, NSM PM23214,
from AB1021; paratypes, six specimens, NSM
PM23215-23220, from AB1021.

Diagnosis: Ussuriflemingites with weak,

e

10 mm

6

:

Fig. 76. Suture lines of Ussuriflemingites pri-
moriensis Shigeta and Zakharov gen. nov. sp.
nov. from AB1021. 1-3, NSM PM23214, holo-
type. 1, at H=36mm. 2, at H=32mm. 3, at
H=25mm. 4, NSM PM23216, paratype, at
H=33mm. 5, NSM PM23218, paratype, at
H=31mm. 6, NSM PM23219, paratype, at
H=15mm.

low, radial folds.

Etymology: Named after Primorye.
Fairly evolute, very com-
pressed shell with elliptical whorl section and
gently convex flanks with maximum whorl
width at mid-flank. Subtabulate venter with
ventral

Description:

shoulders varying from abruptly
rounded on juvenile whorls to more gently
rounded on larger specimens. Fairly narrow to
moderately wide umbilicus with low to moder-
ately high, vertical to slightly oblique wall,
and rounded shoulders. Ornamentation con-
sists of weak, low, radial folds as well as fine,
slightly sinuous, prorsiradiate growth lines.
Suture ceratitic with wide ventral lobe divided
by wide median saddle into two small branch-
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Fig. 78. Ussuriflemingites abrekensis Shigeta and Zakharov gen. nov. sp. nov. from AB1016. 1-4, NSM
PM23209, paratype, X 1.0. 5-8, NSM PM23210, paratype, X 1.0. 9—10, NSM PM23211, paratype, X1.0. 11,
NSM PM23212, paratype, X 1.0. 12, NSM PM23213, paratype, X1.0.

F

Fig. 77. Ussuriflemingites abrekensis Shigeta and Zakharov gen. nov. sp. nov. from AB1016. 1-4, NSM
PM23204, paratye, X1.0. 5-7, NSM PM23205, parartpe, X1.0. 8-11, NSM PM23206, paratype, X1.0.
12—14, NSM PM23207, paratype, X1.0. 15-18, NSM PM23208, holotype, X1.0.
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Fig. 79. Ussuriflemingites primoriensis Shigeta and Zakharov gen. nov. sp. nov. from AB1021. 1-4, NSM
PM23215, paratype, X1.0. 5-8, NSM PM23216, paratype, X1.0.
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Fig. 80. Ussuriflemingites primoriensis Shigeta and Zakharov gen. nov. sp. nov. from AB1021. 1-4, NSM
PM23217, paratype, X1.0. 5-7, NSM PM23218, paratype, X1.0.
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Fig. 81. Ussuriflemingites primoriensis Shigeta and Zakharov gen. nov. sp. nov. from AB1021. 1-4, NSM
PM23219, paratype, X1.0. 5-6, NSM PM23220, paratype, X 1.0. 7-8, NSM PM23214, holotype, X1.0.
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es with a few denticulations at each base. First
lateral saddle lower than second saddle, and
third saddle even lower and asymmetrical.
First lateral lobe deep, narrow with denticula-
tions at base, and second lateral lobe about
two thirds depth of first lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23214 123.0 41.0 485 254 033 0.52
NSM PM23215 44.0 12.0 19.8 10.0 0.27 0.51
NSM PM23216 86.5 27.8 333 179 032 0.54
NSM PM23217 757 239 294 155 0.32 0.53
NSM PM23218 83.6 29.1 31.7 143 035 045
NSM PM23219 346 9.1 160 7.5 026 047

Occurrence: Described specimens from
AB1021 within the Clypeoceras timorense
Zone (early Early Olenekian=early Smithian)
in the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye.

Discussion: Ussuriflemingites primoriensis
sp. nov. is easily distinguished from U.
abrekensis sp. nov. by its weak, low, radial
folds and lack of fine spiral lirae.

Genus Balhaeceras Shigeta and Zakharov
gen. nov.

Type species: Balhaeceras balhaense sp.
nov.

Composition of the genus: Type species
only.

Diagnosis: Very compressed, fairly evolute
shell with tabulate venter, fairly narrow um-
bilicus with very low, vertical umbilical wall
and ceratitic suture line with subphylloid sad-
dles.

Etymology: Named after the ancient king-
dom of Balhae (A.D. 698-926), which occu-
pied the southern parts of Manchuria and Pri-
morye, and the northern part of the Korean
peninsula.

Occurrence: Middle part of the Lower
Olenekian (middle Smithian) in South Pri-
morye, Russia.

Discussion: Balhaeceras gen. nov. is mor-
phologically close to Prionolobus Waagen,

—_

4 mm Em 2

Fig. 82. Suture lines of Balhaeceras balhaense
Shigeta and Zakharov gen. nov. sp. nov., NSM
PM23221, holotype, from AB1026. 1, at
H=13mm. 2, at H=8 mm.

1895 of the Meekoceratidae, but its subphyl-
loid saddles justify its assignment to the
Flemingitidae. It differs from Rohillites Water-
house, 1996b by the absence of strigation,
from Anaflemingites Kummel and Steele, 1962
and Ussuriflemingites gen. nov, by its very low
umbilical wall and parallel flanks, and from
Galfettites Brayard and Bucher, 2008 and
Anaxenaspis Kiparisova, 1956, by its tabulate
venter.

Balhaeceras balhaense Shigeta and Zakharov
Sp. nov.
Figs. 82, 83.1-83.4

Prionolobus subevolvense Zakharov, 1968, p. 70, pl. 7,
figs. 7-9.

Holotype: NSM PM23221, from AB1026.

Diagnosis: As for the genus.

Etymology: Named after the ancient king-
dom of Balhae (A.D. 698-926).

Description:
pressed shell with subrectangular whorl sec-
tion, tabulate to weakly concave venter, suban-
gular ventral shoulders and flat flanks with
maximum whorl width at two thirds of whorl
height. Umbilicus fairly narrow with very low,
vertical wall and narrowly rounded shoulders.
Ornamentation consists only of weak, low, ra-
dial folds. Suture ceratitic with subphylloid
saddles, and wide ventral lobe divided by me-
dian saddle into two branches with denticula-

Fairly evolute, very com-
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Fig. 83.

8

1-4, Balhaeceras balhaense Shigeta and Zakharov gen. nov. sp. nov., NSM PM23221, holotype, from

AB1026, X1.0. 5-9, Rohillites laevis Shigeta and Zakharov sp. nov. from AB1021. 5-6, NSM PM23222,

paratype, X 1.0. 7-9, NSM PM23223, holotype, X1.0.

tions at each base. First lateral saddle lower
than second saddle, and third saddle even
lower, and asymmetrical. First lateral lobe
wide, deep with many denticulations at base,
and second lateral lobe nearly equal in size to
first lobe. A few auxiliary elements present on
adumbilical flank.

Measurements (mm):
Specimen no. D U H
NSM PM23221 30.5 9.2 13.5

W UD W/H
42 030 031

Occurrence: Described specimen from Bal-
haeceras balhaense “bed” (AB1026, middle
Early Olenekian=middle Smithian) in the
main part of the Zhitkov Formation, Abrek

Bay area, South Primorye.

Discussion: A specimen collected from
Early Olenekian strata on the western coast
of Ussuri Gulf, near Tri Kamnya Cape, and
designated by Zakharov (1968, p. 70) as the
holotype of Prionolobus subevolvens, is very
close to Balhaeceras balhaense sp. nov., but
differs by its slightly convex flanks (maximum
thickness at mid flank) and wider umbilicus.
It likely belongs either to the genus Anaflemin-
gites Kummel and Steele, 1962, or Rohillites
Waterhouse, 1996b. Three specimens, collect-
ed from the eastern coast of Ussuri Gulf, near
Golyj Cape and illustrated by Zakhrov (1968,
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pl. 7, figs. 7-9) as paratypes of P subevolvens,
share many similarities with B. balhaense sp.
nov. including a very low, vertical umbilical
wall and narrowly rounded shoulders, and
they are likely conspecific.

Genus Rohillites Waterhous, 1996b

TBype species: Flemingites rohilla Diener,
1897.

Rodhillites laevis Shigeta and Zakharov sp. nov.
Figs. 83.5-83.9, 84

TBype specimens: Holotype, NSM PM23223,
from AB1021; paratype, NSM PM23222,
from AB1021.

Diagnosis: Rohillites with narrow tabulate
venter, very low umbilical wall, spiral lirae re-
stricted to outer flank, and without other no-
ticeable ornamentation.

Etymology: From the Latin word: laevis,
meaning smooth in reference to the absence of
marked ribs and folds.

Description: Very evolute, very compressed
shell with narrow, tabulate venter, angular ven-
tral shoulders and slightly convex flanks with
maximum whorl width at two thirds of whorl
height. Fairly wide umbilicus with very low
wall and narrowly rounded shoulders. Orna-
mentation consists of spiral lirae restricted to
outer flank as well as fine, radial growth lines.
Suture ceratitic with subphylloid saddles, and
wide ventral lobe divided by median saddle
into two branches with denticulations at each
base. First lateral saddle lower and narrower
than second saddle, and third saddle lower and
narrower than second. First lateral lobe deep,
wide with many denticulations at base, and
second lateral lobe shallower than first lobe.

Measurements (mm):
Specimen no. D U H
NSM PM23223

W UD W/H
49.7 202 16.1 6.8 041 042

Described specimens from
AB1021 within the Clypeoceras timorense
Zone (early Early Olenekian=early Smithian)

Occurrence:

2 mm

Fig. 84. Suture lines of Rohillites laevis Shigeta
and Zakharov sp. nov. from AB1021. 1, NSM
PM23222, paratype, at H=9mm. 2, NSM
PM23223, holotype, at H=10 mm.

in the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye.

Discussion: Rohillites laevis sp. nov. is easily
distinguished from other species of Rohillites
such as R. rohilla (Diener, 1897, p. 93), R.
bruehwileri Brayard and Bucher (2008, p. 46),
and R. sobolevi Brayard and Bucher (2008, p.
47), by the absence of conspicuous ribs and
folds. It is clearly distinguished from Galfet-
tites simplicitatis Brayard and Bucher (2008,
p. 48) by its tabulate venter, and from Ussuri-
flemingites primorensis sp. nov. by its more
evolute whorls and the presence of spiral lirae
on its outer flanks. Although the holotype of
Prionolobus subevolvene Zakharov (1968, p.
70) probably could be assigned to either
Anaflemingites Kummel and Steele, 1962 or
Rohillites Waterhouse, 1996b, it also could be
considered as very close to Rohillites laevis
sp. nov., except for its lack of spiral lirae.

Genus Palaeokazakhstanites 7Zakharov, 1978

Type species: Wyomingites ussuriensis Za-
kharov, 1968.

Discussion: Palaeokazakhstanites was ini-
tially placed within the Sibiritidae by Za-
kharov (1978), and then later assigned to the
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Meekoceratidae by Tozer (1981) and Shevyrev
(1986). Waterhouse (1996b) commented that it
appears to belong to the xenodiscids. We be-
lieve its ornamentation, consisting of spiral
lirae and radial ribs, along with its subtabulate
venter and ceratitic suture line, justify the
placement of this genus within the Flemingiti-
dae. Its shell is very similar to the juvenile
shell of Rohillites Waterhouse, 1996b, and
both possibly belong to the same evolutionary
lineage or they may even be congeneric.

Palaeokazakhstanites ussuriensis
(Zakharov, 1978)
Figs. 85, 86

Wyomingites ussuriensis Zakharov, 1968, p. 64, pl. 6, figs.
6-9, text-fig. 12c.

Holotype: DVGI 10/801 figured by Za-
kharov (1968, p. 64, pl. 6, fig. 6), from the
lower part of the Lower Olenekian (Heden-
stroemia bosphorensis Zone) on the western
coast of Ussuri Gulf, near Tri Kamnya Cape in
South Primorye, Russia.

Material examined: Seven specimens, NSM
PM23224-23230, from AB1021, four speci-
mens, NSM PM23231-23234, from AB1022.

Description: Very small, moderately evo-
lute, fairly compressed shell with elliptical
whorl section, narrow, subtabulate venter, an-
gular to abruptly rounded ventral shoulders
and gently convex flanks with maximum whorl
width at mid-flank. Moderately wide umbili-
cus with moderately high, slightly oblique wall
and rounded shoulders. Ornamentation con-
sists of fine spiral lirae on outer flanks, as well
as irregularly spaced, slightly sinuous, prorsir-
adiate or rursiradiate ribs, which become very
faint on inner flanks and disappear on ventral
shoulders. Suture ceratitic with wide ventral
lobe divided by low median saddle into two
branches. First lateral saddle equal to second
saddle, but third saddle lower. First lateral lobe
deep, wide with many denticulation at base,
and second lateral lobe about one-half depth
of first lobe.

2mm ‘E/\/V\TA'

Fig. 85. Suture lines of Palaeokazakhstanites us-
suriensis (Zakharov, 1968). 1, NSM PM23232,
from AB1022, at H=6mm. 2, NSM PM23231,
from AB1022, at H=4 mm. 3, NSM PM23227,
from AB1021, at H=3 mm. 4, NSM PM23225,
from AB1021, at H=3 mm.

Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23224 98 3.7 37 26 038 0.70
NSM PM23225 12.8 46 48 34 036 0.71
NSM PM23226 9.8 34 38 3.0 035 0.79
NSM PM23227 11.2 41 39 3.0 037 077

NSM PM23228 186 69 6.8 5.1 037 0.75
NSM PM23231 119 51 49 38 043 0.78
NSM PM23232 148 49 60 48 033 0.80
NSM PM23233 10.7 3.8 45 3.1 036 0.69
NSM PM23234 202 7.7 75 55 038 0.73

Occurrence: Described specimens from
AB1021, AB1022 within the Clypeoceras tim-
orense Zone (early Early Olenekian=early
Smithian) in the main part of the Zhitkov For-
mation, Abrek Bay area, South Primorye. This
species also occurs in the Hedenstroemia
bosphorensis Zone on the western coast of
Ussuri Gulf, near Tri Kamnya Cape, South
Primorye (Zakharov, 1968; Markevich &
Zakharov, 2004).

Discussion: Palaeokazakhstanites ussurien-
sis (Zakharov, 1968) is very similar to
Rohillites  bruehwileri Brayard and Bucher
(2008, p. 46), but the maximum shell size of
each species appears to be quite different. All
specimens of P ussuriensis found thus far are
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Fig. 86. Palaeokazakhstanites ussuriensis (Zakharov, 1968). 1-28, from AB1021. 1-4, NSM PM23224, X1.5.
5-8, NSM PM23225, X1.5. 9-12, NSM PM23226, X1.5. 13—-16, NSM PM23227, X1.5. 17-20, NSM
PM23228, X1.5. 21-24, NSM PM23229, X1.5. 25-28, NSM PM23230, X1.5. 2944, from AB1022. 29-32,
NSM PM23231, X1.5. 33-36, NSM PM23232, X1.5. 37-40, NSM PM23233, X 1.5. 41-44, NSM PM23234,

X1.5.
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less than 3 cm in diameter, whereas of the six
illustrated specimens of R. bruehwileri, all are
larger than 3 cm and two are nearly 6 cm in di-
ameter. These two species may, in fact, be con-
specific, but this cannot be confirmed without
a thorough statistical analysis, which would re-
quire many additional specimens.

Genus Euflemingites Spath, 1934

Bpe species: Flemingites guyerdetiformis
Welter, 1922.

Euflemingites prynadai (Kiparisova, 1947b)
Figs. 87-90

Flemingites prynadai Kiparisova, 1947b, p. 135, pl. 29, fig.
1, pl. 30, fig. 1, text-fig. 18; Kiparisova, 1954, p. 18,
pl. 8, fig. 1; Kiparisova, 1961, p. 76, pl. 15, fig. 1, text-
fig. 36.

? Euflemingites tsotengensis Chao, 1959, p. 209, pl. 5,
figs. 1-2, text-fig. 14.

Euflemingites sp. indet. Zakharov, 1968, p. 88, pl. 16, fig. 3.

Euflemingites prynadai (Kiparisova). Zakharov, 1997, pl.
1, fig. 6.

Holotype: CGM  71/5504 figured by
Kiparisova (1947b, p. 135, pl. 29, fig. 1, pl. 30,
fig. 1), from the Lower Triassic (Olenekian,
Flemingites beds) on the western coast of Us-
suri Gulf, near Tri Kamnya Cape in South Pri-
morye, Russia.

Material examined: NSM PM23235, from
AB1027.

Description: Moderately evolute, fairly
large shell with arched venter, indistinct ven-
tral shoulders and gently convex flanks form-
ing an elliptical whorl section with maximum
whorl width at mid-flank. Umbilicus moder-
ately wide with moderately high, vertical wall
and rounded shoulders. Ornamentation con-
sists of rather weak, slightly rursiradiate ribs
as well as conspicuous, dense strigation cover-
ing entire shell. Spiral ridges number about 25
between umbilical shoulder and mid-line of
venter. Suture ceratitic with subphylloid sad-
dles, and wide ventral lobe divided by narrow,
high median saddle into two branches with

20 mm
Fig. 87. Suture line of Euflemingites prynadai
(Kiparisova, 1947), NSM PM23235, from

AB1027, at H=55 mm.

denticulations at each base. First lateral saddle
lower than second saddle, and third saddle
even lower. First lateral lobe deep, wide with
many denticulations at base, and second lateral
lobe about one-half depth of first lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23235  165.0 52.0 60.0 49.0 032 0.77

Occurrence: Described specimens from
Arctoceras subhydaspis “bed” (AB1027, mid-
dle Early Olenekian=Middle Smithian) in the
main part of the Zhitkov Formation, Abrek
Bay area, South Primorye. This species also
occurs in the Hedenstroemia bosphorensis
Zone, on the western coast of Ussuri Gulf,
near Tri Kamnya Cape, and in the Yuzh-
norechensk area, South Primorye (Zakharov,
1968; Markevich & Zakharov, 2004).

Discussion: Although the present specimen
is somewhat deformed and is missing about
one-third of its whorls, its distinctive features
enable us to identify it without doubt as Eu-
flemingites prynadai.

This species apparently differs from E. cir-
ratus (White, 1879, p. 116) by possessing a
greater number of spiral ridges, but in order
for this to be considered as diagnostic, one
must define the intraspecific variation of stri-
gate ridge density for a sufficient number of
specimens of both species. E. tsotengensis
Chao (1959, p. 209) is very close to this
species, and in fact, may be conspecific.
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Fig. 88. Euflemingites prynadai (Kiparisova, 1947), NSM PM23235, from AB1027, X1.0.
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1 2
Fig. 89. Euflemingites prynadai (Kiparisova, 1947). 1-2, NSM PM23235, from AB1027, X1.0.
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Fig. 90. Euflemingites prynadai (Kiparisova, 1947), NSM PM23235, from AB1027, X1.0.
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Family Proptychidae Waagen, 1895
Genus Dunedinites Tozer, 1963

TBype species: Dunedinites pinguis Tozer,
1963.

Dunedinites magnumbilicatus
(Kiparisova, 1961)
Figs. 91, 92.1-92.4

Prosphingites magnumbilicatus Kiparisova, 1961, p. 114,
pl. 25, fig. 4, text-fig. 78.

Holotype: CGM/121/5504, figured by
Kiparisova (1961, p. 114, pl. 25, fig. 4), from
the Lower Triassic (Olenekian?) in the Abrek
Bay area in South Primorye, Russia.

Material examined: NSM PM23236, from
AB1010.

Description: Moderately involute, some-
what globular shell with very depressed, semi-
circular whorl section, and convex flanks grad-
ually converging to a circular venter from
abruptly rounded umbilical shoulder. Moder-
ately wide, deep umbilicus with high, vertical
wall. Shell ornamentation consists of very
fine, forward projected plications on body
chamber as well as very fine, growth lines. Su-
ture ceratitic with narrow saddles, and wide
ventral lobe divided by narrow median saddle
into two branches with denticulations at each
base. First lateral saddle nearly equal to sec-
ond saddle, and third saddle lower. First lateral
lobe deep, narrow with many denticulations at
base, and second lateral lobe nearly equal to
first lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23236 30.0 11.5 9.0 21.0 038 233

Occurrence: Described specimen from
AB1010 within the lower Gyronites subdhar-
mus Zone (late Early Induan=late Griesbachi-
an) in the upper part of the Lazurnaya Bay
Formation, Abrek Bay area, South Primorye.

Discussion: Dunedinites magnumbilicatus
(Kiaparisova, 1961) is very close to D. pinguis
Tozer (1963, p. 23), and to D. subtabulatus

2mm
1 .
2 :
Fig. 91. Suture lines of Dunedinites magnumbili-

catus (Kiparisova, 1961), NSM PM23236,
from AB1010. 1, at H=9mm. 2, at H=6 mm.

(Brithwiler et al., 2008, p. 1175), which they
assigned to Anotoceras, but differs by its verti-
cal umbilical wall. It exhibits some affinities
with Anotoceras nala (Diener, 1897, p. 54) of
the family Otoceratidac Hyatt, 1900 (Anoto-
ceratidae Waterhouse, 1994), but can be easily
distinguished by its circular venter and abrupt-
ly rounded umbilical shoulder.

The holotype was collected by N. K. Tri-
fonova in 1948 from the dark-grey, fine-
grained, calcareous sandstone in the Abrek
Bay section, and Kiparisova (1961) believed
that this particular horizon was of Olenekian
age. However, this sandstone is typical of the
upper part of the Lazurnaya Bay Formation
(Induan), and it is highly probable that the
holotype was actually collected from this hori-
7on, as was our specimen.

Genus Bukkenites Tozer, 1994

TBype species: Bukkenites nitidus Tozer,
1994.

Bukkenites? sp. indet.
Figs. 92.5-92.6, 93

Material examined: NSM PM23237 from
AB1008.

Description: Fairly involute shell with ellip-
tical whorl section, rounded venter, rounded
ventral shoulders and slightly convex flanks
with maximum whorl width near umbilicus.
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Fig. 92. 1-4, Dunedinites magnumbilicatus (Kiparisova, 1961), NSM PM23236, from AB1010, X1.0. 5-6.
Bukkenites? sp. indet., NSM PM23237, from AB1008, X1.0. 7-12, Pseudoproptychites hiemalis (Diener,
1895). 7-8, NSM PM23238, from AB1009, X1.0. 9-12, NSM PM23239, from AB1010, X 1.0.
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-

5mm

Fig. 93. Suture line of Bukkenites? sp. indet.,
NSM PM23237, from AB1008, at H=19 mm.

Umbilicus fairly narrow with moderately high,
vertical wall and rounded shoulders. Shell or-
namentation not preserved. Suture ceratitic
with denticulate suspensive lobe, but with no
discrete auxiliary lobe. First lateral saddle
lower than second saddle, and third saddle
even lower. First lateral lobe deep, wide with
denticulations at base, and second lateral lobe
two thirds depth of first lobe.

Measurements (mm):
Specimen no. D U H
NSM PM23237 193 49 9.2

W UD W/H
6.6 025 0.72

Occurrence: Described specimen from
AB1008 within the Lyfophiceras sp. Zone
(Early Induan=Griesbachian) in the middle
part of the Lazurnaya Bay Formation, Abrek
Bay area, South Primorye.

Discussion: The assignment of this frag-
mental specimen to Bukkenites is uncertain
and is based only on the similarity of its mor-
phology and suture with the Proptychitidae.

Genus Pseudoproptychites Bando, 1981

Type species: Proptychites scheibleri Di-
ener, 1897.

Pseudoproptychites hiemalis (Diener, 1895)
Figs. 92.7-92.12, 94, 95

Proptychites hiemalis Diener, 1895, p. 34, pl. 2, figs. 2, 4,
pl. 5, fig. 4.

Proptychites hiemalis. Zakharov, 1968, p. 93, pl. 17, figs.
6, 7, text-figure 20c.

Lectotype: Designated by Zakharov (1968,

5mm

Fig. 94. Suture line of Pseudoproptychites
hiemalis (Diener, 1895), NSM PM23240, from
AB1010, at H=22 mm.

p- 93), is CGM 40/596, original of Diener
(1895, p. 34, pl. 2, fig. 6) from the Induan of
the Shamara Bay area, along the western coast
of Ussuri Gulf in South Primorye, Russia.

Material examined: NSM PM23238, from
AB1009, two specimens, NSM PM23239,
23240, from AB1010.

Description: Fairly involute, fairly com-
pressed shell (outer whorls) with arched ven-
ter, indistinct ventral shoulders and slightly
convex flanks with maximum whorl width at
mid-flank. Whorl section varies from ellipti-
cal for outer whorls to ovoid for involute inner
whorls. Fairly narrow, deep umbilicus with
very high, vertical wall on inner whorls, and
moderately high, gently inclined wall with
broadly rounded shoulder on outer whorls.
Shell surface smooth with very fine, prorsira-
diate, nearly straight growth lines. Suture cer-
atitic with somewhat differentiated auxiliaries.
Lateral saddles high, narrow and slanted
slightly toward umbilicus. First lateral lobe
wide, deep with many denticulations at base,
and second lateral lobe about two thirds depth
of first lobe.

Measurements (mm):
Specimen no. D 0] H W U/D W/H
NSM PM23239 56.2 133 273 18.1 0.24 0.66
NSM PM23240 652 12.8 33,5 21.0 0.20 0.63

Occurrence: Described specimens from
AB1009 within the Lytophiceras sp. Zone
(Early Induan=Griesbachian), and AB1010
within the lower Gyronites subdharmus Zone
(late Early Induan=late Griesbachian) in the
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Fig. 95. Pseudoproptychites hiemalis (Diener, 1895). 1-4, NSM PM23240, from AB1010, X1.0.
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middle to upper part of the Lazurnaya Bay
Formation, Abrek Bay area, South Primorye.

Discussion: Larger specimens are somewhat
similar to Proptychites Waagen, 1895, but the
globular whorl section of its juvenile stage,
and its slender lateral saddles and strongly
denticulated lateral lobes justify the assign-
ment of this species to Pseudoproptychites.
This species is close to P scheibleri (Diener,
1897, p. 79), but differs in having fairly com-
pressed whorls at later growth stages. The
specimen identified as Proptychites hiemalis
by Zakharov (1968, p. 93, pl. 17, figs. 6, 7) has
a wider umbilicus than the type specimens and
our specimens as well, but it is probably con-
specific.

Genus Pachyproptychites Diener, 1916

Type species: Proptychites otoceratoides Di-
ener, 1895.

Discussion: Vavilov and Zakharov (1976)
suspected that the holotype of Proptychites
otoceratoides Diener (1895, p. 36) was actual-
ly a poorly preserved specimen of Arctoceras
Hyatt, 1900. However, Pachyproptychites is
quite different from Arctoceras in shell shape
and suture line, and no Pachyproptychites-like
forms have been discovered among the poorly
preserved specimens of Arctoceras. Thus,
Pachyproptychites is probably a valid genus. It
is very close to Bukkenites Tozer, 1994, but
differs by having an auxiliary lobe similar to
Proptychites Waagen, 1895.

Spath (1934) considered the funnel-shaped
umbilicus of Pachyproptychites to be a highly
significant component of its diagnosis. Howev-
er, most of the holotype’s umbilicus is ob-
scured by matrix. Judging from the umbilical
edge or shoulder that is visible in one small
area, the umbilical wall appears to be over-

10 mm ‘WS

Fig. 96. Suture lines of Pachyproptychites otocer-
atoides (Diener, 1895) from AB1011. 1, NSM
PM23242, at H=34 mm. 2, NSM PM23241, at
H=25mm. 3, NSM PM23241, at H=15 mm.

hanging.

Pachyproptychites otoceratoides
(Diener, 1895)
Figs. 96, 97

Proptychites otoceratoides Diener, 1895, p. 36, pl. 3, fig. 2.

Pachyproptychites otoceratoides (Diener). Diener, 1916, p.
101.

Proptychites abrekensis Kiparisova, 1961, p. 100, pl. 19,
fig. 2, text-fig. 61.

Holotype: CGM 43/596, figured by Diener
(1895, p. 36, pl. 3, fig. 2) from the Lower Tri-
assic of the Paris Bay area of Russian Island,
South Primorye, Russia.

Material examined: Two specimens, NSM
PM23241, 23242, from AB1011.

Description: Very involute, fairly com-
pressed shell with whorl section characterized
by swollen dorsum, and flanks tapering to a
rounded venter with indistinct shoulders. Max-
imum whorl width occurs on umbilical shoul-
ders. Narrow umbilicus with high, overhang-
ing wall and abruptly rounded shoulders. Or-

Fig. 97.
PM23242, X1.0.

-

Pachyproptychites otoceratoides (Diener, 1895) from AB1011. 1-5, NSM PM23241, X1.0. 6-9, NSM
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namentation consists of very weak spiral lirae
as well as fine, sinuous prorsiradiate growth
lines. Suture ceratitic with wide ventral lobe
divided by narrow, high median saddle into
two branches with denticulations at each base.
Lateral saddles high and slightly slanted to-
ward umbilicus. First lateral lobe wide, deep
with many denticulations at base, and second
lateral lobe about two thirds depth of first lobe.
Suspensive lobe includes discrete auxiliary
lobe.
Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23241 513 10.6 23.8 21.2 021 0.89
NSM PM23242  73.7 11.0 359 29.0 0.15 0.81

Occurrence: Described specimens from

AB1011 within the upper Gyronites subdhar-
mus Zone (late Early Induan=late Griesbachi-
an) in the upper part of Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.

Discussion: Proptychites abrekensis, de-
scribed by Kiparisova (1961, p. 100) from Ind-
uan strata of the Abrek Bay area, has a shell
shape and suture line that is similar to
Pachyproptychites otoceratoides, and it almost
certainly is conspecific.

The holotype of P otoceratoides (Diener
1985, p. 36) was supposedly collected from
Paris Bay on Russian Island, South Primorye,
where Olenekian and Anisian strata are well
exposed along the seacoast. However, as Vav-
ilov and Zakharov (1976) have already pointed
out, there have been no specimens of P oto-
ceratoides collected from this area other than
by Diener (1895). Although this species does
occur in the Induan of the Abrek Bay area, In-
duan strata have not been found in the type lo-
cality area (Zakharov, 1968; Markevich & Za-
kharov, 2004). The preservation of the holo-
type is very similar to that of specimens found
in Induan deposits along the western coast of
Ussuri Gulf. These inconsistencies certainly

5mm

Fig. 98. Suture line of Proptychites alteram-
monoides (Krafft, 1909), NSM PM23243,
from AB1013, at H=24 mm.

suggest that Diener may have been mistaken
when recording the locality that yielded P oto-
ceratoides.

Genus Proptychites Waagen, 1895

Type species: Ceratites lawrencianus de
Koninck, 1863.

Proptychites alterammonoides (Kraftt, 1909)
Figs. 98, 99

Koninckites alterammonoides Krafft, 1909, p. 70, pl. 16,
figs. 1, 2.
Aspidites crassus Krafft, 1909, p. 58, PL. 8, fig. 1.

Lectotype: Specimen designated by Water-
house (1996a, p. 67), is GSI 9451, original of
Krafft (1909, p. 70, pl. 16, fig. 1) from the
“Meekoceras” beds one mile north of Lilang,
Spiti area, northwest Himalayan region.

Material examined: Three specimens, NSM
PM23243-23245, from AB1013.

Description: Very involute, very com-
pressed shell with elliptical whorl section,
arched venter, rounded ventral shoulders and
slightly convex flanks with maximum whorl
width on inner flank at one fourth of whorl
height. Narrow, deep umbilicus with high, ver-
tical or overhanging wall and rounded shoul-
ders. Ornamentation consists of very weak spi-

—

Fig. 99. Proptychites alterammonoides (Krafft, 1909) from AB1013. 1-4, NSM PM23243, X1.0. 5-8, NSM

PM23244, X1.0. 9-12, NSM PM23245, X1.0.
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ral lirae on outer flank of juvenile shell as well
as fine, sinuous growth lines. Suture ceratitic
with wide ventral lobe divided by median
saddle into two branches with denticulations at
each base. Lateral saddles high and slightly
slanted toward umbilicus. First lateral lobe
wide, deep with many denticulations at base,
and second lateral lobe about two thirds depth
of first lobe. Suspensive lobe includes discrete
auxiliary lobe.

Measurements (mm):
Specimen no. D U H
NSM PM23243  65.6 6.0 378 194 0.09 0.51
NSM PM23244 432 53 233 140 0.12 0.60
NSM PM23245 252 39 137 8.0 0.15 0.58

W UD W/H

Occurrence: Described specimens from
AB1013 within the Ambitoides fuliginatus
Zone (early Late Induan=early Dienerian) in
the lowest part of the Zhitkov Formation,
Abrek Bay area, South Primorye. This species
also occurs in the “Meekoceras” beds of the
northwest Himalayan region (Krafft, 1909),
which is correlated with the Late Induan (Di-
enerian) (Waterhouse, 2002).

Discussion: Proptychites alterammonoides
is very close to several slender, very involute
species of Proptychites, but differs by the posi-
tion of maximum whorl width, which for this
species, is at one fourth of whorl height versus
a mid-flank position for P khoorensis Waagen
(1895, p. 176), P, trilobatus Waagen (1895, p.
178), and P subgrandis Guex (1978, p. 108),
and an umbilical shoulder position for P old-
hamianus Waagen (1895, p. 166), P tenuis-
triatum (Krafft, 1909, p. 34), P markhami Di-
ener (1897, p. 75) and P chuluensis Water-
house (19964, p. 68). P abundans Waterhouse
(19964, p. 67) is similar in regard to its posi-
tion of maximum whorl width, but it has thick-
er whorls. Although one of the illustrated
specimens of Aspidites crassus Krafft (1909,
p. 58, PL 8, fig. 1, GSI 9406) was drawn with
rather thick whorls, it is actually more slender
and is very much similar to this species. More
than likely, it is conspecific.

Genus Paranorites Waagen, 1895

TBype species: Paranorites ambiensis Waa-
gen, 1895.

Paranorites varians (Waagen, 1895)
Figs. 100-102

Meekoceras varians Waagen, 1895, p. 247, pl. 29, figs.
2-5.

Lectotype: Designated by Waterhouse
(19964, p. 45), is GSI 7170, original of Waa-
gen (1895, p. 247, pl. 29, fig. 2) from the
Lower Ceratite Limestone of the Salt Range.

Material examined: Three specimens, NSM
PM23246-23248, from AB1016, one speci-
men, NSM PM23250, from AB1019

Description: Moderately involute, very
compressed shell with subrectangular whorl
section, subtabulate venter, rounded ventral
shoulders and parallel flanks with weak curva-
ture at mid-flank. Umbilicus fairly narrow
with moderately high, vertical wall and round-
ed shoulders. Ornamentation consists of very
weak radial folds as well as fine, sinuous pror-
siradiate growth lines. Suture ceratitic with
first lateral saddle lower, narrower than second
saddle, and second lateral saddle slightly slant-
ed toward umbilicus. First lateral lobe wide,
deep with many denticulations at base, and
second lateral lobe about two thirds depth of
first lobe. Suspensive lobe includes discrete
auxiliary lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23246  39.0 8.6 20.7 10.6 0.22 0.51
NSM PM23247 42.0 89 223 10.8 021 048
NSM PM23248 773 15.6 379 179 0.20 0.47

NSM PM23250 108.1 23.5 50.1 28.6 0.22 0.57
Occurrence: Described specimens from
Paranorites  varians Zone (AB1016 and

AB1019, Late Induan=Dienerian) in the main
part of the Zhitkov Formation, Abrek Bay
area, South Primorye. This species also occurs
in the Lower Ceratite Limestone of the Salt
Range (Waagen, 1895).
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Fig 100. Paranorites varians (Waagen, 1895) from AB1016. 1-2, NSM PM23247, X1.0. 3-6, NSM PM23248,
X1.0.
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Fig. 101. Paranorites varians (Waagen, 1895). 1-4, NSM PM23246, from AB1016, X1.0. 5-6, NSM PM23250,
from AB1019, X1.0.
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10 mm

Fig. 102. Suture lines of Paranorites varians
(Waagen, 1895) from AB1016. 1, NSM
PM23248, at H=21 mm. 2, NSM PM23247, at
H=21mm.

Discussion: Although the opposite side of
the holotype (GSI 7170) is partly weathered
away, it is apparent from Waagen’s hand-
drawn illustration (1895, pl. 29, fig. 2) that the
specimen was reconstructed with its whorl
section much too wide (W/H=0.65). The actu-
al comparison of whorl width and height is
given as 0.53 (Waagen, 1895, p. 249), which is
very similar to our described specimens.

This species was originally described as
Meekoceras Hyatt, 1879 by Waagen (1895, p.
247), but the slender, moderately involute shell
with its subtabulate venter and vertical umbili-
cal wall leads us to assign this species to Para-
norites, as already suggested by Waterhouse
(19964, p. 44).

Genus Kummelia Waterhouse, 1996a

TBype species: Paranorites kummeli Bando,
1981.

Kummelia? sp. indet.
Figs. 103-105

Material examined: NSM PM23249 from
AB1019.

Description: Quite large, moderately invo-
lute, fairly compressed shell with elliptical
whorl section and rounded venter with round-

10 mm

Fig. 103. Suture lines of Kummelia? sp. indet.,
NSM PM23249, from AB1019. 1, at H=41
mm. 2, at H=34 mm.

ed ventral shoulders. Flanks convex with max-
imum whorl width varying from mid-flank to
one third of whorl height. Fairly narrow um-
bilicus with moderately high, vertical wall and
rounded shoulders. Ornamentation consists of
weak radial folds only on middle growth stage
as well as fine, sinuous, fairly rusiradiate
growth lines. Suture ceratitic with moderately
developed auxiliaries, and wide ventral lobe
divided by median saddle into two branches
with denticulations at each base. First lateral
saddle highest, second saddle slanted slightly
toward umbilicus, and third saddle lower. First
lateral lobe wide, deep with many denticula-
tions at base, and second lateral lobe about
two thirds depth of first lobe.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23249 106.8 30.3 43.6 31.6 0.28 0.72

Occurrence: Described specimens from
Paranorites varians Zone (AB1019, late Late
Induan=late Dienerian) in the main part of the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: The assignment of the speci-
men to Kummelia is uncertain, and it based
only on the similarity of its morphology with
Kummelia. 1t is very close to Kummelia kum-
meli (Bando, 1981, p. 155), which is the type
species of the genus, but differs by its wider
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Fig. 105. Kummelia? sp. indet., NSM PM23249, from AB1019, X1.0.

venter and the presence of radial folds on the Arctoceras septentrionale (Diener, 1895)
middle growth stage. Figs. 106, 107
) ) Meekoceras (Koninckites) septentrionale Diener, 1895, p.
Family Arctoceratidae Arthaber, 1911 53,pl. 1, fig. 1.
Genus Arctoceras Hyatt, 1900 Discoproptychites septentrionalis (Diener). Kiparisova,
1956, p. 77.

Proptychites (Discoproptychites) septentrionale (Diener).
Kiparisova, 1961, p. 103, pl. 23, figs. 1-4, text-figs.
63—65.

Type species: Ceratites polaris Mojisisovics,
1886.
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Submeekoceras ussuriense Kiparisova, 1961, p. 73, pl. 14,
fig. 1, text-fig. 34.

Proptychites (Discoproptychites) prynadai Burij, 1962, p.
87, pl. 3, figs. 1, 2, text-fig. 5.

Arctoceras septentrionale (Diener). Zakharov, 1968, p. 75,
pl. 8, fig. 4, pl. 9, figs. 1, 2, pl. 10, figs. 1-4, text-fig.
14.

Arctoceras aff. septentrionale (Diener). Zakharov, 1968, p.
78, pl. 11, figs. 1, 2, pl. 12, fig. 1.

Holotype: CGM 71/596, figured by Diener
(1895, p. 53, pl. 1, fig. 1), from the Lower Tri-
assic of Ajax Bay on Russian Island, South
Primorye, Russia.

Material examined: Two specimens, NSM
PM23251, 23252, from AB1022, one speci-
men, NSM PM23253, from AB1024, two spec-
imens, NSM PM23254, 23255, from AB1025.

Description: Fairly involute, fairly com-
pressed shell with elliptical whorl section,
arched venter, indistinct ventral shoulders, and
slightly convex flanks with maximum whorl
width at mid-flank. Narrow umbilicus with
moderately high, vertical wall and abruptly
rounded or subangular shoulders. Ornamenta-
tion consists of very weak spiral lirae on outer
flanks as well as weak radial folds and fine,
sinuous prorsiradiate growth lines. Suture cer-
atitic with wide ventral lobe divided by medi-
an saddle into two branches with denticulation
at each base. First lateral saddle higher than
second saddle, and third saddle lower. First lat-
eral lobe deep, wide with many strong denticu-
lations at base, and second lateral lobe shallow-
er than first lobe with few denticulations. Sus-
pensive lobe includes discrete auxiliary lobe.

Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23251 202 50 93 64 025 0.69
NSM PM23252 27.0 63 13.0 93 023 0.72
NSM PM23253 452 7.5 237 133 0.17 0.56
NSM PM23254 42.1 7.5 202 12.0 0.18 0.59
NSM PM23255 66.2 114 348 — 0.17 -
Occurrence: Described specimens from

AB1022, AB1024 within the Clypeoceras tim-
orense Zone and from AB1025 within the
Radioprionites abrekensis “bed”, early Early
Olenekian (early Smithian) in the main part of

.-’

2mm
Fig. 106. Suture line of Arctoceras septentrionale
(Diener, 1895), NSM PM23252, from

AB1022, at H=10 mm.

the Zhitkov Formation, Abrek Bay area, South
Primorye. This species also occurs frequently
in the lower part of the Owenites koeneni Zone
and the Hedenstroemia bosphorensis Zone of
South Primorye (Zakharov, 1968; Markevich
& Zakharov, 2004).

Discussion: Arctoceras septentrionale is the
type species of Discoproptychites Kiparisova,
1956, but the genus was later synonymized
with Arctoceras by Zakharov (1978), Tozer
(1981) and Shevyrev (1986). Later, Water-
house (1996a, p. 88) indicated that the sutures,
as represented by Kiparisova (1956) and Di-
ener (1895), exhibit a well-developed second
lateral lobe with many strong denticulations,
unlike the constricted paucidenticulate second
lateral lobe of typical Arctoceras, and suggest-
ed that Discoproptychites is not the same as
Arctoceras. However, Kummel (1961) illus-
trated the suture line of several specimens of
A. tuberculatum (Smith, 1932), and each su-
ture includes a well-developed second lateral
lobe very much like the figures in Kiparisova
(1956) and Diener (1895). Therefore, the sug-
gestion of Waterhouse (1996a) must be rejected.

Submeekoceras ussuriense Kiparisova (1961,
p- 73) and Proptychites (Discoproptychites)
prynadai Burij (1962, p. 87), which were both
collected from Golyj Cape (=Kom-Pikho-
Sakho Cape), South Primorye, are very close
to adult specimens of A. septentrionale (Di-
ener) and are probably conspecific.
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Fig. 107. Arctoceras septentrionale (Diener, 1895). 1-4, NSM PM23251, from AB1022, X1.0. 5-8, NSM
PM23252, from AB1022, X1.0. 9-12, NSM PM23253, from AB1024, X1.0. 13-16, NSM PM23254, from
AB1025, X1.0. 17, NSM PM23255, from AB1025, X1.0.
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Arctoceras subhydaspis (Kiparisova, 1961)
Figs. 108-112

Paranorites subhydaspis Kiparisova, 1961, p. 89, pl. 18,
fig. 1, text-fig. 48.

Paranorites labogensis Zharnikova, 1962, p. 85, pl. 2, fig.
1, text-fig. 4.

Arctoceras labogense (Zharnikova). Zakharov, 1968, p. 78,
pl. 12, figs. 2, 3, text-figs. 15a, 16a—d.

Holotype: CGM 84/5504, figured by
Kiparisova (1961, p. 89, pl. 18, fig. 1), from
the Lower Triassic of the Abrek Bay area in
South Primorye.

Material examined: Three speciems, NSM
PM23256-23258, from AB1027.

Description: Fairly large, moderately evo-
lute shell with ovoid whorl section, rounded
venter, rounded ventral shoulders and convex
flanks with maximum whorl width at mid-
flank. Umbilicus moderately wide with moder-
ately high, vertical wall and abruptly rounded
shoulders with prominent tubercles. Ornamen-
tation consists of weak radial folds on juvenile
whorls and distant, radial, sinuous, fold-like
ribs on adult whorls as well as clearly visible
very fine, sinuous, prorsiradiate growth lines
and very weak spiral lirae on outer flanks. Su-
ture ceratitic with wide ventral lobe divided by
median saddle into two branches with many
denticulations at each base. First lateral saddle
higher than second saddle, and third saddle
even lower. First lateral lobe deep, wide with
many strong denticulations at base, and second
lateral lobe shallower than first lobe. Suspen-
sive lobe includes discrete auxiliary lobe.

Measurements (mm):

Specimen no. D U H W U/D W/H
NSM PM23256 - - 40.6 25.0 - 0.62
NSM PM23257 - - 607 400 - 0.66
NSM PM23258  175.0 63.5 67.0 434 036 0.65

Occurrence: Described specimens from
Arctoceras subhydaspis “bed” (AB 1027, mid-
dle Early Olenekian=middle Smithian) in the
main part of the Zhitkov Formation, Abrek
Bay area, South Primorye. 4. subhydaspis fre-
quently occurs above the Arctoceras septentri-
onale Zone in South Primorye (Zakharov,

10 mm

Fig. 108. Suture line of Arctoceras subhydaspis
(Kiparisova, 1961), NSM PM23256, from
AB1027, at H=35mm.

1968; Markevich & Zakharov, 2004).

Discussion: Arctoceras subhydaspis was
originally described as Paranorites Waagen,
1895 by Kiparisova (1961), but its umbilical
tuberculation justifies its assignment to the
genus Arctoceras. 1t is very similar to A. labo-
gense (Zharnikova, 1962, p. 85) from the
Lower Olenekian of South Primorye, but
Zharnikova (1962) maintained that the rib
strength is different on the adult shell of each
species. However, this difference is barely per-
ceptible and is probably due to intraspecific
variation. Therefore, 4. labogense is syn-
onymized with A. subhydaspis on the basis of
their similar shell morphology.

This species is very close to A. tubercula-
tum (Smith, 1932, p. 62), but differs by its
wider umbilicus. 4. gigas Tozer (1994, p. 75)
is also close, but is more evolute.

The juvenile shell of A. subhydaspis is very
similar to 4. septentrionale (Diener, 1895, p.
53), which is always found stratigraphicaly
below it (Markevich & Zakharov, 2004), and
thus, both species probably belong to the same
evolutionary lineage.

Family Clypeoceratidae Waterhouse, 1996a
Genus Clypeoceras Smith, 1913

Type species: Aspidites superbus Waagen,
1895.
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5

Fig. 109. Arctoceras subhydaspis (Kiparisova, 1961) from AB1027. 1-3, NSM PM23256, X1.0. 4-5, NSM
PM23257, X1.0.
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Fig. 110. Arctoceras subhydaspis (Kiparisova, 1961), NSM PM23258, from AB1027, X0.9.
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Fig. 111.

Arctoceras subhydaspis (Kiparisova, 1961). 1-2, NSM PM23258, from AB1027, X0.9.

123
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Fig. 112.  Arctoceras subhydaspis (Kiparisova, 1961), NSM PM23258, from AB1027, X0.9.
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Fig. 113.

Clypeoceras spitiense (Krafft, 1909)
Figs. 113,114
Aspidites spitiensis Krafft, 1909, p. 54, pl. 4, figs. 4, 5, pl.
16, figs. 3-8.

Clypeoceras spitiense (Krafft). Waterhouse, 1996a, p. 50,
pl. 2, figs. 21, 22, text-fig. 4;j.

Lectotype:  Designated by Waterhouse
(1996a, p. 50), GSI 9391, original of Krafft
(1909, p. 54, pl. 4, fig. 4) from the “Meeko-
ceras” beds, five miles south of Ensa, Spiti
area, northwest Himalayan region.

Material examined: NSM PM23259, from
AB1014.

Description: Very involute, very com-
pressed shell, with narrow tabulate venter, an-
gular ventral shoulders and gently convex
flanks with maximum whorl width at mid-
flank. Very narrow, nearly occluded umbilicus
with low, oblique wall and rounded shoulders.
Ornamentation consists of weak radial folds
on inner flank and fine, sinuous prorsiradiate
growth lines. Suture ceratitic with wide ventral
lobe divided by median saddle into two
branches with many denticulations at each
base. Lateral saddles elongated, and second
saddle slanted slightly toward umbilicus. First
lateral lobe deep, wide with many denticula-
tions at base, and second lateral lobe about
two thirds depth of first lobe. Suspensive lobe
includes numerous, poorly differentiated aux-
iliaries.

Clypeoceras spitiense (Krafft, 1909). 1-4, NSM PM23259, from AB1014, X1.0.

g

5 mm

Fig. 114. Suture line of Clypeoceras spitiense
(Krafft, 1909), NSM PM23259, from AB1014,
at H=21 mm.

Measurements (mm):
Specimen no. D U H
NSM PM23259 47.1 0.6 29.7

W UD W/H
12.0 0.01 0.40

Occurrence: Described specimen from
Clypeoceras spitiense “bed” (AB1014, early
Late Induan=early Dienerian) in the lower
part of the Zhitkov Formation, Abrek Bay
area, South Primorye. This species also occurs
in the “Meekoceras” beds of the northwest Hi-
malayan region (Krafft, 1909), which is corre-
latable with the Upper Induan (Dienerian)
(Waterhouse, 2002).

Discussion: Although the described speci-
men shares a similar shell morphology with
the lectotype of Clypeoceras spitiense (Krafft,
1909), there are a few differences in their
suture lines. The first lateral saddle of our
specimen is more slender than that of the lec-
totype (Krafft, 1909, pl. 4, fig. 4c), and the
second lateral saddle is slanted slightly toward
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the umbilicus. However, Krafft (1909) illus-
trated very similar saddles for other specimens
of C. spitiense (e.g., GSI 9457, pl. 16, fig. 7).
Therefore, it seems reasonable that we identify
our specimen as C. spitiense.

Clypeoceras timorense (Wanner, 1911)
Figs. 115-124

Meekoceras timorense Wanner, 1911, p. 185, pl. 6, figs. 2,
3, pl. 7, figs. 5, 6, text-fig. 2; Welter, 1922, p. 129.
Koninckites timoresis (Wanner). Spath, 1934, p. 156;
Kiparisova, 1947b, p. 136, pl. 29, fig. 4, pl. 30, fig. 2,
text-fig. 20; Kiparisova, 1961, p. 82, pl. 16, figs. 2-4,
6, text-figs. 39-42; Zakharov, 1968, p. 89, pl. 17, figs.

1-3, text-fig. 20a.

Lectotype: Designated by Spath (1934, p.
156), is original of Wanner (1911, p. 185, pl.
6, fig. 2) from the “Meekoceras” beds of
Nifoekoko, Timor.

Material examined: Eighteen specimens,
NSM PM23260-22277, from AB1021, one
specimen, NSM PM23278, from AB1022,
three specimens, NSM PM23279-23281, from
AB1024.

Description: Fairly large, very involute,
very compressed shell with narrow, highly
variable (concave, bicarinate or tabulate) ven-
ter with angular shoulders on juvenile whorls,
becoming subtabulate with abruptly rounded
shoulders on mature whorls. Flanks gently
convex with maximum width at mid-flank.
Narrow umbilicus with moderately high, verti-
cal or overhanging wall and abruptly rounded
shoulders. Ornamentation consists of weak ra-
dial folds as well as fine, sinuous prorsiradiate
growth lines. Suture ceratitic with wide ventral
lobe divided by median saddle into two
branches with many denticulations at base.
First lateral saddle subphylloid and smaller
than second saddle. First lateral lobe narrow,
deep with many denticulations at base, and
second lateral lobe about two thirds depth of
first lobe. Suspensive lobe includes numerous,
well differentiated auxiliaries.

Measurements (mm):

Specimen no. D U H W UD W/H
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4 mm

Fig. 115.

(Wanner,

NSM PM23260
NSM PM23261
NSM PM23262
NSM PM23263
NSM PM23264
NSM PM23265
NSM PM23266
NSM PM23267
NSM PM23268
NSM PM23269
NSM PM23270
NSM PM23271
NSM PM23272
NSM PM23273
NSM PM23274
NSM PM23275
NSM PM23276
NSM PM23277
NSM PM23278
NSM PM23279
NSM PM23280

14.2
21.2
20.1
18.6
24.0
30.3
31.5
26.0
45.0
44.1
47.8
51.2
50.0
91.2
29.8
63.9
112.0
283
56.5
54.1
66.5

1.9
2.4
2.4
22
22
34
2.6
2.0
5.5
4.6
49
5.6
5.5
13.8
2.9
7.0
17.2
2.6
49
5.2
5.7

7.9
11.4
115
10.4
134
16.7
17.2
14.5
23.0
23.7
25.6
27.0
25.4
43.8
16.5
34.4
52.3
15.2
30.0
29.2
35.8

39
43
49
49
6.1
7.7
7.9
6.4
10.0
11.7
12.4
11.5
14.0
223
6.5
17.0
27.5
6.2
11.2
12.0
13.5

Suture lines of Clypeoceras timorense
1911) from ABI021.

1, NSM
PM23270, at H=26 mm. 2, NSM PM23269, at
H=24mm. 3, NSM PM23269, at H=16 mm.
4, NSM PM23271, at H=20mm. 5, NSM
PM23265, at H=18 mm. 6, NSM PM23274, at
H=15mm.

0.13
0.11
0.12
0.12
0.09
0.11
0.08
0.08
0.12
0.10
0.10
0.11
0.11
0.15
0.10
0.11
0.15
0.09
0.09
0.10
0.09

0.49
0.38
0.42
0.47
0.46
0.46
0.46
0.44
0.43
0.49
0.48
0.43
0.55
0.51
0.39
0.49
0.53
0.41
0.37
0.41
0.41
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36

Fig. 116. Clypeoceras timorense (Wanner, 1911) from AB1021. 1-4, NSM PM23260, X1.0. 5-8, NSM
PM23261, X1.0. 9-12, NSM PM23262, X1.0. 13-16, NSM PM23263, X1.0. 17-20, NSM PM23264, X1.0.
21-24, NSM PM23265, X1.0. 25-28, NSM PM23266, X1.0. 29-32, NSM PM23267, X1.0. 33-36, NSM

PM23268, X1.0
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12

9 2 11

Fig. 117. Clypeoceras timorense (Wanner, 1911) from AB1021. 1-4, NSM PM23269, X1.0. 5-8, NSM
PM23270, X1.0. 9—-12, NSM PM23271, X1.0.

%
Fig. 118. Clypeoceras timorense (Wanner, 1911) from AB1021. 1-4, NSM PM23272, X1.0. 5-8, NSM
PM23273, X1.0.
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Fig. 119. Clypeoceras timorense (Wanner, 1911) from AB1021. 1-4, NSM PM23274, X1.0. 5-6, NSM
PM23275, X1.0. 7-8, NSM PM23276, X1.0.
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Fig. 120. Clypeoceras timorense (Wanner, 1911) from AB1021. 1-4, NSM PM23277, X1.0. 5-6, NSM
PM23275, X1.0. 7-8, NSM PM23276, X1.0.
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Fig. 122. Clypeoceras timorense (Wanner, 1911), NSM PM23281, from AB1024, X0.9.

F
Fig. 121. Clypeoceras timorense (Wanner, 1911). 1-4, NSM PM23278, from AB1022, X1.0. 5-7, NSM
PM23279, from AB1024, X1.0. 8-10, NSM PM23280, from AB1024, X1.0.



134 Yasunari Shigeta et al. (eds.)

Fig. 123. Clypeoceras timorense (Wanner, 1911). 1-2, NSM PM23281, from AB1024, X0.9.
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Fig. 124. Clypeoceras timorense (Wanner, 1911), NSM PM23281, from AB1024, X0.9.
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Fig. 125.

Prosphingitoides sp. indet. 1-4, NSM PM23282, from AB1027, X1.5. 5-8, NSM PM23283, from

AB1022, X1.5. 9-12, NSM PM23284, from AB1022, X1.5.

NSM PM23281 142.0 19.0 77.3 350 0.13 045

Occurrence: Described specimens from
AB1021, AB1022 and AB1024 within the
Clypeoceras
Olenekian=early Smithian) of the main part
of the Zhitkov Formation, Abrek Bay area,
South Primorye. This species is abundant in
the Hedenstroemia bosphorensis Zone on the
western coast of Ussuri Gulf, near Tri Kamnya
Cape, South Primorye (Zakharov, 1968;
Markevich & Zakharov, 2004), and in the
“Meekoceras” beds of Timor (Wanner, 1911;
Spath, 1934), which are correlatable with the
early Early Olenekian (early Smithian).

Discussion: Spath (1934, p. 156) changed
the generic assignment of this species from
Meekoceras Hyatt, 1879 to Koninckites Waa-
gen, 1895, but its tabulate venter, very steep
umbilical wall, and the well-differentiated
auxiliaries within its suspensive lobe enable us
to assign it to the genus Clypeoceras.

timorense Zone (early Early

Clypeoceras timorense is very close to C.
ensanum (Krafft, 1909, p. 56), but differs by
its high, vertical or overhanging umbilical
wall. C. spitiense (Krafft, 1909, p. 54) is also
very close, but its umbilicus is very narrow or
nearly occluded. This species exhibits some
similarities to Wailiceras aemulus Brayard and
Bucher (2008, p. 38) and Koninckites lingyuen-
sis Chao (1959, p. 220) from South China,
both of which are probably conspecific, but
differs by its narrow venter.

Family Paranannitidae Spath, 1930
Genus Prosphingitoides Shevyrev, 1995

Type species: Prosphingites austini Hyatt
and Smith, 1905.

Prosphingitoides sp. indet
Figs. 125, 126

Material examined: Two specimens, NSM
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2 mm

Fig. 126. Suture line of Prosphingitoides sp.
indet., NSM PM23283, from AB1022, at
H=5mm.

PM23283, 23284, from AB1022, one speci-
men, NSM PM23282, from AB1027.
Description: Very involute, very depressed
shell with semicircular whorl section and con-
vex flanks gradually converging to an arched
venter from abruptly rounded umbilical shoul-
ders. Fairly narrow, deep umbilicus with high,
vertical wall. Ornamentation consists only of
very weak, prorsiradiate constrictions and fine
growth lines. Suture ceratitic with ventral lobe
divided by median saddle into two branches
with denticulations at each base. First lateral
saddle higher than second saddle, and third
saddle lower than second saddle. First lateral
lobe deep, wide with many denticulations at
base, and second lateral lobe about two thirds

depth of first lobe.
Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23282 154 46 69 133 030 1.93
NSM PM23283 141 3.6 53 11.5 025 2.17
NSM PM23284 154 39 6.5 - 025 -
Occurrence: Described specimens from

AB1022 within the Clypeoceras timorense
Zone and from the Arctoceras subhydaspis
“bed” (AB1027), early to middle Early
Olenekian (early to middle Smithian) in the
main part of the Zhitkov Formation, Abrek
Bay area, South Primorye.

Discussion: It is entirely possible that our
specimens represent the juvenile whorls of
Prosphingites ovalis Kiparisova (1960, p.
137), which was synonymized with Prosphin-
gitoides austini (Hyatt and Smith, 1905, p. 72)
by Shevyrev (1995). However, no definitive as-
signment can be made.

1 !
10 mm
2
2mm
Fig. 127. Suture lines of Parahedenstroemia

kiparisovae Shigeta and Zakharov sp. nov.
from AB1014. 1, NSM PM23285, holotype, at
H=41mm. 2, NSM PM23286, paratype, at
H=15mm.

Superfamily Sageceratoidea Hyatt, 1884
Family Hedenstroemiidae
Genus Parahedenstroemia Spath, 1934

Type species: Hedenstroemia acuta Kraftt,
1909.

Parahedenstroemia kiparisovae Shigeta and
Zakharov sp. nov.
Figs. 127, 128

Type specimens: Holotype, NSM PM23285,
from AB1014; paratypes, three specimens,
NSM PM23286-23288, from AB1014.

Diagnosis: Parahedenstroemia with acute
venter at juvenile stage, becoming narrowly
rounded at mature stage, narrow umbilicus and
ceratitic suture with adventitious and numer-
ous well-individualized auxiliary elements.

Etymology: Named for L. D. Kiparisova,
who energetically studied the Triassic fauna of
South Primorye.

Description: Very involute,
pressed shell with somewhat oxyconic whorl
section, acute venter at juvenile stage, becom-
ing narrowly rounded at mature stage, and
gently convex flanks with maximum width at
mid-flank. Umbilicus narrow with moderately
high, oblique wall and rounded shoulders.
Shell surface smooth with fine, sinuous pror-
siradiate growth lines. Suture ceratitic with

very com-
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Fig. 128. Parahedenstroemia kiparisovae Shigeta and Zakharov sp. nov. from AB1014. 1-4, NSM PM23286,
paratype, X1.0. 5-8, NSM PM23287, paratype, X1.0. 9-10, NSM PM23288, paratype, X1.0. 11-14, NSM
PM23285, holotype, X1.0.



Lower Triassic System in the Abrek Bay area, South Primorye 139

Fig. 129. Pseudosageceras multilobatum Noetling, 1905. 1-4, NSM PM23289, from AB1024, X1.0. 5, NSM
PM23290, from AB1022, X1.0. 69, NSM PM23291, from AB1022, X1.0.

wide ventral lobe with low median and adven-
titious saddles. First lateral lobe nearly equal
to second saddle, becoming subphylloid at ma-
ture stage. First lateral lobe wide, deep with
many denticulations at base, and second lateral
lobe about two thirds depth of first lobe. Sus-
pensive lobe wide with numerous well-indi-
vidualized auxiliary elements.

Measurements (mm):
Specimen no. D U H W U/D W/H
NSM PM23285 745 8.7 40.6 162 0.12 0.40
NSM PM23286 25.6 25 138 6.6 0.10 0.48
NSM PM23287 164 1.2 9.0 3.5 0.07 0.39
NSM PM23288 40.7 2.6 213 79 0.06 037

Occurrence: Described specimens from
Clypeoceras spitiense “bed” (AB1014, early
Late Induan=early Dienerian) in the lower part
of the Zhitkov Formation, Abrek Bay area,
South Primorye.

Discussion: The acute venter and hedenstro-

mitid suture line of this species enable us to

N
[

2mm

Fig. 130. Suture line of Pseudosageceras multilo-
batum Noetling, 1905, NSM PM23291, from
AB1022, at H=14 mm.

assign it to the genus Parahedenstroemia. 1t
differs from other representatives of Parahe-
denstroemia such as P acuta (Krafft, 1909, p.
157) and P conspicienda Zakharov (1968, p.
57), by its umbilicus, which is neither occlud-
ed nor extremely narrow. Since both species
are of early Early Olenekian (early Smitian)
age, our new species is the oldest representa-
tive of Parahedenstroemia.
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Genus Pseudosageceras Diener, 1895

Type species: Pseudosageceras sp. indet.
Diener, 1895.

Pseudosageceras multilobatum
Noetling, 1905
Figs. 129, 130

Pseudosageceras sp. indet. Diener, 1895, p. 28, pl. 1, fig. 8.

Pseudosageceras multilobatum Noetling, 1905a, p. 181,
pls. 19-27; Noetling, 1905b, pl. 23, fig. 4, pl. 25, fig.
1, pl. 26, fig. 3; Krafft and Diener, 1909, p. 145, pl.
21, fig. 5; Smith, 1932, p. 87, pl. 4, figs. 1-3, pl. 5,
figs. 1-6, pl. 25, figs. 7-16, pl. 60, fig. 32, pl. 63, figs.
1-6; Collignon, 1933, p. 56, pl. 11, fig. 2; Spath,
1934, p. 54, text-fig. 6a; Kiparosova, 1947, p. 127, pl.
25, figs. 3, 4; Chao, 1959, p. 183, pl. 1, figs. 9, 12;
Kummel and Steele, 1962, p. 701, pl. 102, figs. 1, 2;
Hada, 1966, pl. 4, fig. 6; Kummel and Erben, 1968,
p. 112, pl. 19, fig. 9; Shevyreyv, 1968, p. 79, pl. 1, figs.
1, 2; Weitschat and Lehmann, 1978, p. 95, pl. 10, fig.
2; Tozer, 1994, p. 83, pl. 18, fig. 1, text-fig. 17; Bra-
yard and Bucher, 2008, p. 70, pl. 37, figs. 1-5.

Lectotype: Designated by Spath (1934, p.
54), is original of Noetling (1905a, p. 181, pl.
19, fig. 1, pl. 24, fig. 12) from the Ceratite
Marls of Salt Range, Pakistan.

Material examined: One specimen, NSM
PM23289, from ABI1024, two specimens,
NSM PM23290, 23291, from AB1022.

Description: Very involute, very compressed
oxycone with very narrow, bicarinate venter
and weakly convex flanks, convergent from
occluded umbilicus to venter. Surface smooth
without ornamentation. Suture line ceratitic
with many adventitious elements. Lateral
lobes trified, other lobes bified.

Measurements (mm):

Specimen no. D U H W W/H

NSM PM23289 30.2 0.0 187 6.2 0.33

NSM PM23291 438 0.0 28.0 10.0 0.36
Occurrence: Described specimens from

AB1022, AB1024 within the Clypeoceras tim-
orense Zone (early Early Olenekian=early
Smithian) in the main part of the Zhitkov For-
mation, Abrek Bay area, South Primorye.
Discussion: The specimen Diener (1895, p.

28) described as Pseudosageceras sp. indet
from the Early Triassic of the Shamara Bay
area, South Primorye is only a partial
phargmocone, but it displays the same shell
shape and suture as Pseudosageceras multilo-
batum Noetling, and it is probably conspecific.
P multilobatum is one of the most cosmopoli-
tan species of the Early Triassic.

Scaphopods (by Y. Shigeta)

Systematic descriptions basically follow the
classification by Palmer (1974), Skelton and
Benton (1993), and Steiner and Kabat (2001).

Abbreviations for shell dimensions: L=shell
length; D=diameter of anterior aperture.

Institution abbreviations: NSM=National
Museum of Nature and Science, Tokyo.

Class Scaphopoda Bronn, 1862
Order Dentalioida Palmer, 1974
Family Laevidentaliidae Palmer, 1974
Genus Laevidentalium Cossmann, 1888
incertum De-

Type species: Dentalium

shayes, 1825.

Laevidentalium? sp. indet.
Fig. 131

Material examined: NSM PM23344 from
AB1014, and NSM PM23345 from AB1016.

Description: Shell slender, tapering, moder-
ately curved, with circular cross section. Shell
wall thin to moderately thick. Ornamentation
consists of oblique, circular annulations of
various strength as well as fine growth lines.
Internal mould smooth.

Measurements (mm):

Specimen no. L D

NSM PM23344 12.4 2.1

NSM PM23345 9.6 1.4
Occurrence: Described specimens from

AB1014 within the Clypeoceras spitiense
“bed” (early Late Induan=early Dienerian)
and from AB1016 within the Paranorites vari-
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Fig. 131.
PM23344, from AB1014. 2, NSM PM23345,
from AB1016. Scale bar=2 mm.

Laevidentalium? sp. indet. 1, NSM

ans Zone (Late Induan=Dienerian) in the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: The assignment of the speci-
mens to Laevidentalium is uncertain and is
based only on the similarity of their morpholo-
gy with Laevidentalium. The described speci-
mens are somewhat similar to L. bangtoupoen-
sis Stiller (2001, p. 620) from the Upper
Anisian of Qingyan, South-western China.

Gastropods (by A. Kaim)

Systematic descriptions basically follow the
classification by Bouchet et al. (2005). Mor-
phological terms are those used in the Treatise
on Invertebrate Paleontology (Cox, 1960) and

the glossary of malacological terms by Arnold
(1965).

Abbreviations for shell dimensions: For
bellerophontids  (according to Yochelson,
1960): L=length, W=width, T=thickness; all
others: H=shell height; D=shell diameter.
NSM=National
Museum of Nature and Science, Tokyo.

Institution abbreviation:

Class Gastropoda Cuvier, 1798
Order Amphigastropoda Simroth, 1906
Superfamily Bellerophontoidea McCoy, 1852
Family Euphemitidae Knight, 1956
Genus Warthia Waagen, 1880

Type species: Warthia brevisinuata Waagen,
1880.

Warthia zakharovi Kaim sp. nov.
Figs. 132-134

Type specimens: Holotype, NSM PM23322;
four paratypes, NSM PM23323-23326, all
from AB1016.

Diagnosis: Warthia with wide shell in com-
parison to its thickness and weakly depressed
selenizone.

Etymology: In honor of Yuri D. Zakharov.

Description: Shell globular, almost as long
as wide and lacking ornamentation. Slit short
and broad at base of U-shaped sinus. Seleni-
zone weakly depressed. Umbilicus absent.

Measurements (mm):

Specimen no. L W T

NSM PM23322 10.3 10.1 8.9
NSM PM23323 10.8 10.0 7.7
NSM PM23324 14.3 12.7 11.2
NSM PM23325 14.5 10.8 9.8
NSM PM23326 9.2 9.4 7.5
NSM PM23329 13.0 12.1 11.1
NSM PM23330 17.6 17.5 15.0

Occurrence: Type specimens from AB1016
within the Paranorites varians Zone (Late Ind-
uan=Dienerian) in the lower main part of the
Zhitokv Formation, Abrek Bay area, South
Primorye, where this species locally forms a
coquina composed mostly of Warthia shells.
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Fig. 132.  Warthia zakharovi Kaim sp. nov. from AB1016. 1-5, NSM PM23323, paratype. 612, NSM PM23322,
holotype. All SEM images.
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Fig. 133. Warthia zakharovi Kaim sp. nov. from AB1016. 1-4, NSM PM23324, paratype. 5-9, NSM PM23325,
paratype. 10-14, NSM PM23322, holotype. 15-19, NSM PM23323, paratype. 20-23, NSM PM23326,
paratype. All light images by Y. Shigeta.
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Fig. 134. Warthia zakharovi Kaim sp. nov. 1-4, NSM PM23330, from AB1021. 5-9, NSM PM23329, from
AB1008. 10-13, NSM PM23327, from AB1004. 14-17, NSM PM23328, from AB1004. All light images by
Y. Shigeta.
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Fig. 135. Bellerophon abrekensis Kaim sp. nov. from AB1010. 1-6, 10, NSM PM23332, paratype. 7-9, 11-12,
NSM PM23333, paratype. All SEM images.
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Fig. 136. Bellerophon abrekensis Kaim sp. nov. from AB1010. 1-4, NSM PM23331, holotype. 5-7, NSM
PM23343, inner mould. 8, NSM PM23334, paratype. 9-10, NSM PM23333, paratype. 11, NSM PM23332,
paratype. 12, NSM PM23335, paratype. All light images by Y. Shigeta.

Additional specimens from AB1004, AB1008,
and AB1021. Two specimens, (NSM PM23327
and PM23328) from AB1004 (Early Induan=
Griesbachian), are poorly preserved and tenta-
tively assigned to W zakharovi. Fossiliferous
horizon at AB1008 (Early Induan=Gries-
bachian) yielded only a single specimen, NSM
PM23329. The largest shell, NSM PM23330,
came from AB1021 within the Clypeoceras
timorense Zone (early Early Olenekian=early
Smithian).

Discussion: Warthia zakharovi sp. nov. dif-
fers from other species of the genus in having
a strongly globular shell and weakly depressed

selenizone. Poorly preserved shells of the pu-
tative euphemitid bellerophontid Euphemites
guizhouensis Pan, 1982 from the Lower Trias-
sic of China are much more compressed as is
also the case of the poorly constituted genus
Stachella (for discussion see Yochelson &
Hongfu, 1985).

Family Bellerophontidae McCoy, 1852
Genus Bellerophon Montfort, 1808

Type species: Bellerophon vasulites Mont-
fort, 1808.
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Bellerophon abrekensis Kaim sp. nov.
Figs. 135, 136

Bellerophon sp. indet. Bittner, 1899b, p. 28, pl. 4, figs.
26-28.

non Bellerophon asiaticus Wirth, 1936, p. 441, fig. 14: 7Ta,
b.

Bellerophon asiaticus Wirth. Kiparisova 1947a, p. 121, pl.
24, figs. 6, 7.

Type specimens: Holotype, NSM PM23331;
four paratypes, NSM PM23332-23335, all
from AB1010.

Diagnosis: Bellerophon with well developed
collabral ornamentation on adults composed
of sets of thicker ribs with numerous, smaller
intercalated ribs. Selenizone slightly elevated.
Moderately thick inductura well developed on
adult specimens. No spiral ornamentation.

Etymology: After type locality.

Description: Shell strongly globular, wider
than long. Shell ornamented with collabral
ribs bent posteriorly towards selenizone. In
adults, ribs differentiated into sets of stronger
and weaker ribs. Selenizone long and slightly
elevated. Umbilicus well developed, but par-
tially obscured in adults by well developed in-
ductura extending over the parietal region of
aperture.

Measurements (mm):
Specimen no. L w T
NSM PM23331 16.3 17.7 11.8

Occurrence: Type specimens from AB1010
within the Gyronites subdharmus Zone (late
Early Induan=Iate Griesbachian) in the upper
part of the Lazurnaya Bay Formation, where
this species is relatively common. Additional
specimens with rather imperfect preservation
from AB1012 (one specimen, NSM PM23336)
and AB1013 (three specimens, NSM PM23337-
23339). Fossiliferous horizons at AB1012 and
AB1013 are within the Ambitoides fuliginatus
Zone (early Late Induan=early Dienerian).

Discussion: Bellerophon abrekensis sp. nov.
is seemingly conspecific with “Bellerophon sp.
indet.” sensu Bittner (1899b) from the Lower
Triassic of South Primorye, Far East Russia,

which was later indentified as “Bellerophon
asiaticus” by Kiparisova (1947a). I agree with
Yochelson and Hongfu (1985) that specimens
discussed by Bittner (1899b) and Kiparisova
(1947a) are not conspecific with Retispira asi-
atica (Wirth, 1936), a species based on poorly
preserved material from Sichuan Province of
China. Yochelson and Hongfu (1985) based
their concept of this species on a new material
from Guizhou Province of China, which clear-
ly displays spiral ornamentation that is diag-
nostic of the genus Retispira. 1 could not con-
firm such ornamentation on any of the well
preserved specimens from Abrek Bay, and
therefore, I retained the genus Bellerophon for
B. abrekensis. On the other hand I concur with
the opinion of Yochelson and Hongfu (1985)
that the specimens from Far East Russia could
be synonimized with B. panxianensis Yu in
Wang and Xi (1980). I examined a latex cast
of the holotype of the latter species and it is
clearly an anomphalous form, while B.
abrekensis sp. nov. has a well developed um-
bilicus.

Order Vetigastropoda Salvini-Plawen, 1980
Superfamily Trochonematoidea Zittel, 1895
Family Lophospiridae Wenz, 1938
Genus Worthenia de Koninck, 1883

Type species: Turbo tabulatus Conrad, 1835.

Worthenia sp. indet.
Fig. 137

Material examined: Single specimen NSM
PM23340 from AB1010.

Description: Shell turbiniform, small-sized
and slightly higher than wide. Ornamentation
consists of five spiral cords. Two cords located
at the upper portion of the lateral flank and
three others at the lower portion, including
also a cord situated at the base demarcation.
Interspace between both sets of cords is rela-
tively wide and slightly concave. Protoconch,
selenizone, aperture, and umbilical area not
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Fig. 137.

preserved on available specimen.
Measurements (mm):

Specimen no. H D H/D
NSM PM23340 4.00 343 1.17
Occurrence: Described specimen from

AB1010 within the Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
the upper part of the Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.

Discussion: The described specimen is sim-
ilar to Worthenia windowblindensis Batten and
Stokes, 1986 from the Lower Triassic Sinbad
Limestone, Utah, USA. The latter species has
a slightly different cord arrangement with the
widest cord interspace in the upper portion of
the lateral flank. Having at hand only a single
specimen of imperfect preservation, I decided
to leave the species from Abrek Bay in open
nomenclature.

Superfamily Trochoidea Rafinesque, 1815
Family Paraturbinidae Cossmann, 1916
Genus Chartronella Cossmann, 1902

TBype species: Chartronella digoniata Cos-
mann, 1902.

Chartronella maedai Kaim sp. nov.
Fig. 138

Type specimens: Holotype, NSM PM23341;
paratype, NSM PM23342, both from AB1014.

Worthenia sp. indet. from AB1010. 1-4, NSM PM23340. All SEM images.

Diagnosis: Chartronella with strong spiral
keel and subsidiary sutural and basal cords.
Shell is additionally ornamented by weaker
spiral ribs on the interspaces between the
cords and medial keel.

Etymology: In honor of Haruyoshi Maeda.

Description: Shell turbiniform, small-sized
and clearly higher than wide. Ornamentation
consists of strong medial keel and subsidiary
spiral cords at the suture and base demarca-
tion, respectively. Additional fine spiral ribs
appear on lateral flank on interspaces between
cords and medial keel. On fourth whorl of the
holotype, there are three spiral ribs between
sutural cord and medial keel and one spiral rib
between keel and basal cord. Aperture and
umbilical area not preserved on available spec-
imens.

Measurements (mm):

Specimen no. H D H/D
NSM PM23341 6.67 4.86 1.37
NSM PM23342 5.77 4.46 1.29

Occurrence: Type specimens from AB1014
within the Clypeoceras spitiense “bed” (early
Late Induan=early Dienerian) in the lower
part of the Zhitkov Formation, Abrek Bay
area, South Primorye.

Discussion: Chartronella maedai sp. nov.
differs from the type of the genus C. digoniata
Cossmann, 1902 by having only one strong
keel, while the latter species has two keels.
(see e.g., Griindel 1997; Niitzel 2005). C. uni-
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Fig. 138.

costata Batten and Stokes, 1986 has only a
medial keel and no sutural and basal cords. C.
pagina Batten and Stokes, 1986 has axial or-
nament, a feature lacking in C. maedai. More-
over, C. maedai has well developed fine spiral
ribs, which are absent in the aforementioned
species. Similar to, or even conspecific is
Chartronella sp. indet. of Batten and Stokes
(1986) from the Sinbad Limestone, Utah,
USA, which also has a medial keel and two
cords, but no fine spiral ribs are visible on the
single specimens from Batten and Stokes
(1986). However, this absence may be preser-
vational bias.

Order Neritimorpha Koken, 1896
Superfamily Neritoidea Rafinesque, 1815
Family Trachyspiridae Niitzel, Fryda, Yancey,
and Anderson, 2007

Chartronella maedai Kaim sp. nov. from AB1014. 1-2, NSM PM23342, paratype. 3—6, NSM
PM23341, holotype. All SEM images.

Trachyspiridae gen. et sp. indet.
Fig. 139

Material examined: Three protoconchs,
NSM PM23292-23294, from AB1014.

Description: Protoconch is turbiniform in
shape and consists of about three whorls.
Whorls are convex and rapidly expanding cov-
ering majority of spire. Initial whorl smooth
while remaining whorls ornamented by sinu-
soidal axial ribs with sinus at periphery.
Teleconch unknown.

Measurements (mm):

Specimen no. H D H/D
NSM PM23292 0.71 0.67 1.06
Occurrence: Described specimens from

Clypeoceras spitiense “bed” (AB1014, early
Late Induan=early Dienerian) in the lower
part of the Zhitkov Formation, Abrek Bay
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Fig. 139. Trachyspiridae gen. et sp. indet. from AB1014.
PM23294. All SEM images.

area, South Primorye.

Discussion: The trachysprid protoconchs
from Abrek Bay are very similar to the Penn-
sylvanian trachyspirid protoconchs illustrated
by Niitzel et al. (2007). The only difference is
the absence of a faint spiral pattern on the
specimens from Abrek Bay, which is clearly
visible on the Pennsylvanian specimens. This
absence, however, might result from the poorer
preservation of the Triassic shells.

Family Neritidae Rafinesque, 1815
Genus Abrekopsis Kaim gen. nov.

Type species: Naticopsis (Naticopsis) de-
pressispirus (Batten and Stokes, 1986).

Composition of the genus: Type species
only.

Diagnosis: Naticopsid- or neritid-like shell
with short protoconch having a wide initial

1,4, NSM PM23292. 2, 5, NSM PM23293. 3, 6, NSM

whorl. Teleoconch starts with collabral ter-
race-like ornamentation.

Etymology: After type locality and -opsis
common ending in neritimorphs.

Occurrence: Upper part of the Lower Indu-
an (Upper Griesbachian) to Upper Induan (Di-
enerian) in South Primorye, Russia, and the
Smithian (Early Triassic) of Utah and Nevada,
USA (Batten & Stokes, 1986).

Discussion: The protoconch morphology of
Abrekopsis seems to be intermediate between
the naticopsid type (see e.g., Niitzel et al,
2007) and the characteristic neritoid type.

Abrekopsis depressispirus (Batten and
Stokes, 1986)
Fig. 140

Naticopsis (Naticopsis) depresispirus Batten and Stokes,
1986, p. 12, figs. 11-13.

—

Fig. 140. Abrekopsis depressispirus (Batten and Stokes, 1986) gen. nov. 1-3, NSM PM23302, from AB1016.
4-6, NSM PM23303, from AB1016. 7-9, NSM PM23295, from AB1010. 10-11, NSM PM23297, from
ABI1014. 12-14, NSM PM23298, from AB1014. 15-16, NSM PM23296, from AB1013. 1-6, light images by

Y. Shigeta; 7-16 SEM images.
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Holotype: AMNH 42975, figured by Batten
and Stokes (1986, p. 12, fig. 11) from the
Lower Triassic (Spathian) of the Virgin Lime-
stone at Blue Diamond Mine, Nevada, USA.

Material examined: NSM PM23295, from
AB1010, NSM PM23296, from AB1013, five
specimens, NSM PM23297-23301, from
AB1014, and six specimens, NSM PM23302—
23307, from AB1016.

Description: Neritoid shell with flattened
upper whorl surface. Every succeeding whorl
embraces majority of spire. Protococh slightly
more than one whorl with initial part wide and
flattened. Protoconch not ornamented apart
from a faint granular pattern. Teleoconch
starts with collabral terrace-like ornamentation
and faint spiral pattern. Later on, shells are
smooth apart from prosocline growth lines.
Early whorls have weakly incised suture,
which later becomes indistinct. Umbilicus ab-
sent. Aperture D-shaped. No teeth or inductura
visible on available material.

Measurements (mm):

Specimen no. H D H/D

NSM PM23302 7.70 8.93 0.86

NSM PM23303 7.17 8.12 0.88
Occurrence: Described specimens from

AB1010 within the Gyronites subdharmus
Zone in the upper part of the Lazurnaya Bay
Formation, and from AB1013 within the Am-
bitoides fuliginatus Zone, from AB1014 with-
in the Clypeoceras spitiense “bed”, and from
AB1016 within the Paranorites varians Zone,
all from the Zhitokv Formation, Abrek Bay
area, South Primorye. Thus, in this particular
area, the species ranges from late Early Induan
(late Griesbachian) to Late Induan (Diener-
ian). Also known from Smithian of Utah and
Spathian of Nevada (both Early Triassic),
USA (Batten & Stokes 1986).

Discussion: The adult specimens of Abrekop-
sis depressispirus (Batten and Stokes, 1986)
from the Abrek Bay area are very similar to
the paratypes from the Smithian of the Sinbad
Limestone of Utah (Batten & Stokes 1986).
Unfortunately, this identification cannot be

fully supported because juveniles have not yet
been reported from the Sinbad Limestone.

Order Caenogastropoda Cox, 1960
Superfamily Acteoninoidea Cossmann, 1895
Family Soleniscidae Knight, 1931
Genus Strobeus de Koninck, 1881

Type species: Strobeus ventricosus de Kon-
inck, 1881.

Strobeus shigetai sp. nov.
Fig. 141

TBype specimens: Holotype, NSM PM23308,
from ABI1013; paratypes, NSM PM2309,
2310, from AB1014.

Diagnosis: Strobeus with faint axial lirae,
bulbous first whorl and strongly globular shell
outline.

Etymology: In honor of Yasunari Shigeta,
who collected the type specimens.

Description: Shell strongly globular with
sutures covered by thin layer of following
whorl. Protoconch paucispiral, beginning with
bulbous embryonic whorl. Demarcation be-
tween protoconch not clearly visible, but prob-
ably expressed by enhanced prosocline growth
line after 1.5-2.0 whorls. Teleoconch with rap-
idly expanding whorls and ornamented with
faint prosocline, apparently collabral axial
lirae. Aperture and umbilicus not visible on
available specimens.

Measurements (mm):

Specimen no. H D H/D
NSM PM23308 1.49 1.05 1.42
NSM PM23309 1.83 1.48 1.23
NSM PM23310 0.76 0.63 1.21
Occurrence: Described specimens from

AB1013 within the Ambitoides fuliginatus
Zone and from AB1014 within the Clypeo-
ceras spitiense “bed”, both of early Late Indu-
an (early Dienerian) age in the lower part of
the Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: Strobeus shigetai sp. nov. dif-
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Fig. 141.
paratype, from AB1014. 3, 5, 7, 8, NSM PM23310, paratype, from AB1014. Possible protoconch/teleoconch
demarcation indicated by arrows. All SEM images.

fers from other species of the genus in having
axial ornamentation. It remains uncertain if
the species from the Smithian Sinbad Lime-
stone of Utah identified by Batten and Stokes
(1986, p. 29) as S. cf. paludinaeformis (Hall,
1858) is conspecific with S. shigetai sp. nov.,
since it is not that well preserved and no orna-
mentation is reported. While the Abrek Bay
specimens are definitely juveniles, the more
elongated nature of the American specimens
may represent adolescence or maturity. A sim-
ilar type of collabral ornamentation is ob-
served by Yoo (1988) in a Carboniferous
soleniscid from Australia.

Strobeus shigetai Kaim sp. nov. 1, 4, 6, 9, NSM PM23308, holotype, from AB1013. 2, NSM PM23309,

Superfamily Zygopleuroidea Wenz, 1938
Family Zygopleuridae Wenz, 1938
Subfamily Coelostylininae Cossmann 1909
Genus Coelostylina Kittl, 1894

Type species: Melania conica Miinster,
1841.

Coelostylina sp. indet.
Fig. 142

Material examined: Four specimens, NSM
PM23311-23314, from AB1010.
Description: High spired and elongated
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Fig. 142.
NSM PM23314. All SEM images.

shells with moderately expanding whorls. Ini-
tial three whorls more rounded and more in-
flated than remaining ones. Sutures weakly to
moderately incised. There is a sector of the
shell on the fourth whorl with enhanced
opisthocyrtic growth lines, which may be a de-
marcation between protoconch and teleo-
conch. Otherwise, the teleoconch is smooth.
Aperture and umbilicus could not be observed.
Measurements (mm):

Specimen no. H D H/D
NSM PM23311 4.17 1.75 2.38
NSM PM23312 3.57 1.04 2.17
NSM PM23313 2.50 1.22 2.04
NSM PM23314 4.17 1.83 2.28
Occurrence: Described specimens from

AB1010 within the Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
the upper part of the Lazurnaya Formation,
Abrek Bay area, South Primorye.

This species is similar to
“Coelostylina species b” sensu Batten and
Stokes (1986, p. 25). The imperfect preserva-
tion of both forms persuades me to leave them
in open nomenclature. The smooth early
whorls of the shells from Abrek Bay suggest
that this species may not belong to the zygo-
pleurids, but rather to the pseudomelaniids.
This, however, should be substantiated by bet-

Discussion:

Coelostylina sp. indet. from AB1010. 1, 5, NSM PM23311. 2, NSM PM23312. 3, NSM PM23313. 4,

ter preserved juvenile shells.
Genus Omphaloptycha von Ammon, 1893

Tpe species: Chemnitzia nota von Ammon,
1878.

Omphaloptycha hormolira Batten and Stokes,
1986
Fig. 143

Omphaloptycha hormolira Batten and Stokes, 1986, p. 26,
figs. 41-43.

Holotype: AMNH 43010, figured by Batten
and Stokes (1986, p. 26, fig. 41) from the
Lower Triassic (Smithian) of the Sinbad Lime-
stone at locality AMNH 3026, Utah, USA.

Material examined: One specimen, NSM
PM23315, from AB1011, six specimens, NSM
PM23316-23321, from AB1014.

Description: Shell moderately high-spired
with moderately incised sutures and moderate-
ly inflated whorls. Two earliest whorls almost
smooth apart from some fine granular sculp-
ture. Next two whorls ornamented with ortho-
cline to weakly opisthocyrtic axial ribs. Ap-
proximately 60 ribs per whorl. At height of
about 0.8 mm, ribs disappear, which may indi-
cate end of protoconch. No other clear demar-
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Fig. 143. Omphaloptycha hormolira Batten and Stokes, 1986. 1, NSM PM23315, from AB1011. 2, NSM
PM23316, from AB1014. 3, 9, 10, 12, NSM PM23317, from AB1014. 4, 7, 8, 11, NSM PM23318, from
AB1014. 5, NSM PM23319, from AB1014. 6, 13, NSM PM23320, from AB1014. 1, light image by Y. Shige-
ta; 2-13 SEM images.
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cation visible on the specimens at hand. Teleo-
conch whorls smooth apart from growth lines,
which are weakly opisthocyrtic on whorl pe-
riphery. Whorls expand at similar rate apart
from last whorl of largest specimen, which is
much more expanded. Aperture and umbilicus
could not be observed.

Measurements (mm):

Specimen no. H D H/D
NSM PM23315 15.30 11.38 1.34
NSM PM23316 5.00 3.00 1.67
NSM PM23317 3.85 1.92 0.50
NSM PM23318 2.78 1.72 1.61
Occurrence: Described specimens from

AB1011 within the Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
the upper part of the Lazurnaya Formation,
and from AB1014 within the Clypeoceras spi-
tiense “bed” (early Late Induan=early Diener-
ian) in the lower part of the Zhitkov Forma-
tion, Abrek Bay area, South Primorye.
Discussion: Species of Omphaloptycha are
generally difficult to classify due to the sim-
plicity of shell morphology. The material from
Abrek Bay is similar to the Smithian O. hor-
molira described by Batten and Stokes (1986)
from the Sinbad Limestone in Utah, USA, in
having a generally similar gross morphology
and lirate protoconch. The Omphaloptycha
from the Abrek Bay area may represent a new
species; however, a detailed comparison with
the type material of O. hormolira is necessary
to substantiate this assumption. The American
species is rather poorly illustrated—especially
concerning its early whorls—which impedes
meaningful taxonomical comparisons.

Bivalves (by T. Kumagae and K. Nakazawa)

Systematic classification is primarily based
on Moore (1969).

Abbreviations for shell dimensions: RV=
right valve; LV=left valve; H=valve height;
L=valve length; pU=pre-umbonal length;
Lh=hinge length; o°=angle between hinge
line and growth axis.

Institution abbreviations: NSM=National

Museum of Nature and Science, Tokyo.

Class Bivalvia Linné, 1758
(Buonanni, 1681)

Subclass Pteriomorphia Beurlen, 1944
Order Mytiloida Ferussac, 1822
Superfamily Mytilacea Rafinesque, 1815
Family Mytilidae Rafinesque, 1815
Subfamily Modiolinae Keen, 1958
Genus Modiolus Lamarck, 1799

Type species: Mytilus modiolus Linné, 1758.

“Modiolus” sp. indet.
Fig. 144.1

Material examined: One specimen, NSM
PM23363, from AB1010.

Description: Shell small, elongate, modio-
liform and inflated. Umbo not prominent, ob-
tuse, subterminal and prosogyrate. Anterior
lobe small, but set off from rest of shell. Ante-
rior margin straight, forming a near right angle
with somewhat concave ventral margin. Pos-
terodorsal margin nearly straight or feebly
arched. Posterior margin broadly rounded,
forming an abrupt curvature with ventral mar-
gin. Oblique, rounded ridge runs from umbo
to posteroventral edge. Shell surface entirely
ornamented with faint concentric lines. Weak
radial costae parallel to oblique ridge, vanish-
ing toward anterior side and weakened on an-
teroventral area. Inner structures unknown.

Measurements (mm):
Specimen no. H L H/L  Remarks
NSM PM23363 7.1 11.6 0.61 RV

Occurrence: Described specimen from
AB1010 in the lower Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
the upper part of the Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.
Discussion: Although the present specimen
is similar to Modiolus s.l. in external shell
morphology (modioliform), it cannot be as-

signed to it with certainty because its shell sur-
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face is clearly ornamented with both radial
and concentric sculptures. Modioline bivalves
generally have only concentric costac with
minor exceptions (e.g., Recent Geukensia or
Devonian Phthonia in Moore, 1969). Even
though its internal characters could not be
confirmed, it is tentatively placed in Modiolus.

Order Pterioida Newell, 1965
Suborder Pteriina Newell, 1965
Superfamily Ambonychiacea S. A. Miller,
1877
Family Myalinidae Frech, 1891
Genus Promyalina Kittl, 1904

Type species: Promyalina hindi Kittl, 1904.

Promyalina schamarae (Bittner, 1899)
Fig. 144.2-144.3

Mpyalina schamarae Bittner, 1899b, p. 19, pl. 4, figs.
20-25; Vozin and Tikhomirova, 1964, p. 22, pl. 10,
figs. 6-8.

Promyalina schamarae (Bittner). Dagys and Kurushin,
1985, p. 62, pl. 11, figs. 2-7; Kurushin and Tr-
uschelev in Dagys et al., 1996, p. 29, pl. 4, figs.
16-19.

Type: Not designated in Bittner (1899b) or
in other previous studies.

Material examined: One specimen, NSM
PM23373, from AB1010, three specimens,
NSM PM23374-23376, from AB1012.

Description: Shell small, equivalve, myalin-
iform, subround to subquadrate in outline
(H/L ratio about 1.2) and moderately inflated.
Umbo small, terminal and prosogyrate. Pos-
terodorsal margin straight, forming an angle of
55° with growth axis. Posterior margin forms
an angle of about 140° with posterodorsal
margin, rounded and passing to broadly arched
ventral margin. Surface nearly smooth, except
for irregular faint concentric lamellae. Inner
surface smooth.

Measurements (mm):

Specimen no. H L H/L «a° Remarks
NSM PM23373 243 219 1.11 - Lv*
NSM PM23374  23.5+ 248 - 54 art.**

NSM PM23375 228 17.5 131 56
*incomplete shell, **internal mold, art.:
shells.

art.**

articulated

Occurrence: Described specimens from
ABI1010 in the lower Gyronites subdharmus
Zone (late Early Induan=late Griesbachian),
and from AB1012 in the Ambitoides fuligina-
tus Zone (early Late Induan=early Dienerian)
in the upper part of the Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye. This
species also occurs in the Gyronites subdhar-
mus Zone on the western coast of Ussuri Gulf
and in the Artyom area, South Primorye (Bit-
tner, 1899b; Markevich & Zakharov, 2004), as
well as in the Lower Triassic of Northeastern
Siberia, Russia (Vozin & Tikhomirova, 1964;
Dagys et al., 1996).

Discussion: The specimens from the Lazur-
naya Bay Formation of the Abrek Bay area are
undoubtedly conspecific with Bittner’s speci-
men (Bittner, 1899b, p. 19, pl. 4, figs. 20-25).
This species characteristically possesses a con-
vex anterior margin and as such, is distin-
guished from other Early Triassic Promyalina,
namely, P putiatinensis (Kiparisova), P kochi
(Spath), and P groenlandica Newell. Even
though the Siberian specimens have been syn-
onymized with P schamarae (Vozin &
Tikhomirova, 1964; Dagys & Kurushin, 1985;
Dagys et al., 1996), some of them can be dis-
tinguished from P schamarae by their shorter
height and more rounded shell shape and they
could be separated as a subspecies.

Promyalina putiatinensis (Kiparisova, 1938)
Fig. 144.4-144.5

Mpyalina vetusta Benecke. Bittner, 1899b, p. 17, pl. 4, figs.
17-19.

Mpyalina putiatinensis Kiparisova, 1938, p. 261, pl. 6, figs.
10-12; Newell and Kummel 1942, p. 957, pl. 3, figs.
9, 10.

Promyalina putiatensis (Kiparisova). Ciriacks, 1963, p.
75, pl. 16, figs. 1-5.

Promyalina putiatinensis (Kiparisova). Gan and Yin,
1978, p. 315, pl. 110, fig. 4; Yin and Yin in Yang et
al., 1983, p. 168, pl. 22, figs. 14, 15.
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Syntype: Specimens figured by Kiparisova
(1938, p. 261. Pl. 6, figs. 10, 12) as holotype,
from the Lower Triassic of the Putiatin Island
in South Primorye, Russia.

Material examined: Two specimens, NSM
PM23377, 23378, from AB1004.

Description: Shell small, inequilateral, sub-
quadrate or myaliniform, prosocline, higher
than long (H/L=1.6) and weakly inflated.
Umbo small, terminal, and prosogyrate. Pos-
terodorsal margin straight, about three fourths
as long as shell length, forming an angle of
about 68° with growth axis. Posterior margin
slightly convex, forming a rounded posteroven-
tral margin. Anterior margin long, nearly
straight or weakly arcuate and partly depressed
near umbo.

Measurements (mm):

Specimen no. H L H/L o° Remarks
NSM PM23377  21.7 132 1.64 65 RV#*
NSM PM23378 249 16.1 1.55 70 RV**

** internal mold.

Occurrence: Described specimens from
AB1004 in the Lytophiceras sp. Zone (early
Induan=Griesbachian) in the lower part of the
Lazurnaya Bay Formation, Abrek Bay area,
South Primorye. This species also occurs in
the Lower Triassic of Putiatin Island, South
Primorye (Bittner, 1899b; Kiparisova, 1938),
the Lingula Zone (Lower Triassic) of the Din-
woody Formation, Wyoming and Idaho, West-
ern-Central USA (Newell & Kummel, 1942;

Ciriacks, 1963) and the Lower Triassic of
Guizhou and Qinghai Provinces, China (Gan
& Yin, 1978; Yang et al., 1983).

Discussion: The angle between the hinge
line and growth axis (¢) of the figured speci-
mens is about 68°. Based on illustrations in
previous studies, and as pointed out by
Kiparisova (1938, p. 292), this angle is rather
variable as demonstrated by the following
specimens: South Primorye: 55-70°, China:
50-60°, and USA: 60-65°.

Superfamily Pteriacea Gray, 1847
Family Pteriidae Gray, 1847
Genus Pteria Scopoli, 1777

Type species: Mytilus hirundo Linné, 1758.

Pteria ussurica (Kiparisova, 1938)
Fig. 144.6-144.8

Gervilleia cf. exporrecta Lepsius. Bittner, 1899b, p. 15,
pl. 3, figs. 1-6 not 7-16.

?Gervilleia aff. exporrecta Lepsius. Spath, 1930, p. 48, pl.
10, fig. 11a, b; pl. 12, fig. 4.

Gervillella aff. exporrecta (Lepsius). Spath, 1935, p. 69,
pl. 22, fig. 9a—c.

Gervillia usssurica Kiparisova, 1938, p. 241, pl. 6, figs.
5-8; Newell and Kummel, 1942, p. 959.

Avicula usssurica (Kiparisova). Kiparisova and Krishto-
fovich, 1954, p. 10, pl. 1, figs. 15, 16, 18.

Syntype: Specimens figured by Kiparisova
(1938, p. 241. PL. 6, figs. 5, 6, 8; figs. 5, 6 are

Fig. 144.

N

1, “Modiolus” sp. indet., NSM PM23363, from AB1010, right valve, X2.5. 2-3, Promyalina schama-

rae (Bittner, 1899), NSM PM23375, from AB1012, internal mold of articulated valves (2: right valve, 3: left
valve). 4-5, Promyalina putiatinensis (Kiparisova, 1938) from AB1004. 4, NSM PM23377, internal mold of
right valve, X1.25. 5, NSM PM23378, internal mold of right valve, X1.0. 6-8, Pteria ussurica (Kiparisova,
1938). 6, NSM PM23380, from AB1010, incomplete left valve, X2.5. 7, NSM PM23384, from AB1014, left
valve, X2.5. 8, NSM PM23383, from AB1014, incomplete left valve, X1.5. 9, Bakevellia? sp. indet., NSM
PM23346, from AB1021, internal mold of right valve, X2.5. 10-13, Claraia stachei Bittner, 1901. 10, NSM
PM23347, from AB1007, incomplete left valve, X1.25. 11, NSM PM23349, from AB1007, incomplete left
valve, X2.5. 12, NSM PM23350, from AB1010, fragmental valve, X2.5. 13, NSM PM23351, from AB1012,
shell concentration, X0.8. 14, Entolioides sp. indet., NSM PM23352, from AB1014, right valve, X2.5. 15-16,
Leptochondria minima (Kiparisova, 1938). 15, NSM PM23359, from AB1010, left valve, X2.5. 16, NSM
PM23353, from AB1014, right valve, X3.5. 17, Eumorphotis multiformis (Bittner, 1899), NSM PM23357,
from ABI1014, left valve, X0.8. 18-20, Trigonodus orientalis Bittner, 1899 from AB1021. 18, NSM
PM23419, incomplete right valve, X1.5. 19, NSM PM23417, right valve, X1.8. 20, NSM PM23418, right

valve, X1.8.
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photographs taken from Bittner’s originals,
corresponding to figs. 2, 3) as holotype, from
the Lower Triassic of the Shamara River, west-
ern coast of Ussuri Gulf, South Primorye,
Russia.

Material examined: Three specimens, NSM
PM23379-23381, from AB1010, one speci-
men, NSM PM23382, from AB1013, three
specimens, NSM PM23383-23385, from
AB1014.

Description: Shell small, inequilateral,
oblique, bialate, and moderately convex.
Umbo narrowly rounded, elevated above hinge
line, subterminal and slightly prosogyrate.
Hinge line straight, forming an angle of about
40° with growth axis. Anterior auricle small
and demarcated from body. Posterior auricle
elongate, pointed, and separated by shallow
depression from main body of valve. Ventral
margin gently arched. Coarse, regular concen-
tric ribs on flank and irregular faint lamellae
on wings. Inner surface smooth.

Measurements (mm):

Specimen no. H L H/L  a° Remarks
NSM PM23379 6.5 11.6 056 38 RV**
NSM PM23380 9.7 109+ - 47 LV
NSM PM23381 6.9 8.1 085 40 LV
NSM PM23382 5.5 44 126 - LV*
NSM PM23383 104 15.7+ — 37 LV

NSM PM23384 88 114 077 40 LV
* imcomplete shell, ** internal mold.

Occurrence: Described specimens range
from AB1010 in the lower Gyronites subdhar-
mus Zone (late Early Induan=late Griesbachi-
an) in the upper part of the Lazurnaya Bay
Formation to AB1014 in the Clypeoceras spi-
tiense “bed” (early Late Induan=early Diener-
ian) in the lower part of the Zhitkov Forma-
tion, Abrek Bay area, South Primorye. This
species is also reported from the Lower Trias-
sic of the Shamara River and Russian Island,
South Primorye (Bittner, 1899b; Kiparisova,
1938) as well as the Lower Triassic of Green-
land, where it occurs with Otoceras? and Oph-
iceras (Spath, 1930). The species is also com-
mon in the Claraia zone (Lower Triassic) of

the upper Dinwoody Formation in Wyoming
and Idaho, Western-Central USA (Newell &
Kummel, 1942; Ciriacks, 1963).

Discussion: The present species was first
described as Gervilleia cf. exporrecta Lepsius,
1878 by Bittner (1899b), but Kiparisova
(1938) later erected a separate species, Gervil-
lia ussurica, for some of the specimens. After-
ward, Kiparisova and Krishtofovich (1954)
confirmed a single ligament groove in the liga-
ment area and emended the species as Avicula
(=Pteria) ussurica. Ozaki and Shikama
(1954) reported the occurrence of Gervilleia
cf. exporrecta from the Eumorphotis multi-
formis bearing limestone in Gunma Prefecture,
Central Japan. Nakazawa (1959) clarified the
characteristics of this taxon’s hinge and con-
firmed that the Japanese specimens belong to
Pteria as is the case for the specimens from
South Primorye. The Japanese species, which
was separated as subspecies P ussurica yabeli,
is almost identical to P ussurica, but can be
distinguished from the latter by the wider
angle between its umbonal ridge and hinge
margin and the more robust shape of its main
body. The species is now known from various
parts of Southwest Japan (Nakazawa, 1971;
Kambe, 1963). Another species related to P
ussurica was described from South China as a
new subspecies, P ussurica variabilis by Chen
and Lan (in EGFLC, 1976). It differs from P
ussurica by the presence of weak radial striae
in the umbonal area.

Family Bakeveliidae King, 1850
Genus Bakevellia King, 1848

TBype species: Avicula antiqua von Minster
in Goldfuss, 1836.

Batkevellia? sp. indet.
Fig. 144.9

Material examined: One specimen, NSM
PM23346, from AB1021.
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Description: Shell small in size, narrow,
pteriiform, prosocline, inequilateral, bialate,
and moderately inflated. Umbo medium-sized,
slightly protruding above hinge margin, termi-
nal and orthogyrate. Hinge margin straight,
forming an angle of 34° with growth axis. An-
terior auricle small and short. Posterior auricle
narrow, prolonged posteriorly and sharply
pointed and separated by depression from
valve body. Internal structures unknown.

Measurements (mm):

Specimen no. H L H/L «a° Remarks
NSM PM23346 6.1 134 045 34 RV**
** internal mold.

Occurrence: Described specimen from

AB1021 in the Clypeoceras timorense Zone
(early Early Olenekian=early Smithian) of the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: Judging from its external shape,
the present specimen is considered as assigna-
ble to either of the pteriacean genera, Pteria or
Bakevellia. Since its internal characters cannot
be observed, it is difficult to choose the correct
genus with any degree of certainty. Although
the specimen externally appears to be related
to Pteria ussurica (Kiparisova) or P ussurica
yabei Nakazawa, it differs by its weaker con-
centric ornament and less robust main body. In
addition, the specimen is also characterized by
its acutely protruded triangular anterior auri-
cle, prolonged posterior auricle, and oblique,
slender body. The consideration of these
points brings to attention two other species,
which are thought to be related; Bakevellia
acutaurita Yin and Yin (in Yang et al., 1983,
p. 137, pl. 13, figs 17-23) described from the
lower Anisian of Qinghai, Northwest China,
and Pteria sturi (Bittner) described in Allasi-
naz (1966, p. 652, pl. 42, figs. 4-8) from the
Carnian of Lombardia, Italy. After comparing
the proximity of the present specimen with the
locality and age of these two species, we ques-
tionably assign it the genus Bakevellia.

Family Aviculopectinidae Meek and

Hayden, 1864
Subfamily Aviculopectininae Meek and
Hayden, 1864
Genus Claraia Bittner, 1901a

TBype species: Posidonomya clarae von

Hauer, 1850.

Claraia stachei Bittner, 1901
Fig. 144.10-144.13

Pseudomonotis (Claraia) stachei Bittner, 1901a, p. 587
(no figure); Kiparisova, 1947, p. 96, pl. 13, figs. 6, 8,
10, 14.

Claraia stachei Bittner. Spath, 1930, p. 46, pl. 9, fig. 1, pl.
10, fig. Sa, b; Newell and Kummel, 1942, p. 955, pl.
3, figs. 5-8; Tozer, 1961, p. 97, pl. 28, figs. 1, 2; Ciri-
acks, 1963, p. 79, pl. 15, figs. 1-3; Vozin and
Tikhomirova, 1964, p. 10, pl. 1, figs. 13, 14; Vu Khuc
in Vu Khuc et al., 1965, p. 23, pl. 1, figs. 1-3; Chen
in EGFLC, 1976, p. 197, pl. 31, figs. 28, 29; pl. 33,
fig. 30; Dang, Trinh Tho and Vu Khuc in Vu Khuc et
al., 1991, p. 54, pl. 4, figs. 7-11; Kurushin and Tr-
uschelev in Dagys et al., 1996, p. 38, pl. 4, figs. 10,
11; Tong et al., 2006, p. 44, pl. 3, fig. 5; Komatsu et
al., 2008, p. 121, text-fig. 2.9.

Type: Not designated in Bittner (1901a) or
in other previous studies.

Material examined: Three specimens, NSM
PM23347-23349, from AB1007, one speci-
men, NSM PM23350, from AB1010, one
specimen, NSM PM23351, from AB1012.

Description: Shell medium-sized, suborbic-
ular. Left valve feebly inflated, prosocline and
concentrically folded. Umbo small, slightly
protruded above hinge margin and orthogy-
rate. Auricles not developed. Surface of shell
ornamented with numerous, fine radial costae
and irregular, weak concentric plicae. Right
valve almost flat, concentrically folded and or-
namented with irregular radial costae. Dorsal
margin straight. Anterior auricle small, and
subquadrate. Byssal notch narrow, debouching
inward.

Occurrence: Described specimens range
from AB1007 in the Lyfophiceras sp. Zone
(early Induan=Griesbachian) to AB1012 in
the Ambitoides fuliginatus Zone (early Late
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Induan=early Dienerian) in the middle to
upper parts of the Lazurnaya Bay Formation,
Abrek Bay area, South Primorye. This species
also ranges from the upper Glyptophiceras bed
to the Proptychites bed of the Cape Stosch
section (Lower Triassic), Greenland (Spath,
1930). It also has been reported from the fol-
lowing localities: Lingula and Claraia zones
of the Dinwoody Formation (Lower Triassic),
Wyoming Idaho and Montana, Western-Cen-
tral USA (Newell & Kummel, 1942; Ciriacks,
1963), Induan of Western Verkhoyansk, Sakha,
Northeastern Russsia (Vozin & Tikhomirova,
1964), Lower Triassic of the Pamirs, Central
Asia and Armenia, Western Asia (Kiparisova,
1947), Lower Triassic (T,) distributed in Yun-
nan and Hunan Province (EGFLC, 1976) and
the Yinkeng Formation (Induan), Chaohu,
Anhui Province, South China (Tong et al.,
2006), and Induan of Vietnam (Vu Khuc ef al.,
1965, 1991; Komatsu et al., 2008).

Genus Eumorphotis Bittner, 1901a

TBype species: Pseudmonotis telleri Bittner,
1898.

Eumorphotis multiformis (Bittner, 1899)
Fig. 144.17

Pseudomonotis multiformis Bittner, 1899b, p. 10, pl. 2,
figs. 11-22.

Pseudomonotis  (Eumorphotis) — multiformis  Bittner.
Ogilvie Gordon, 1927, p. 22, pl. 2, fig. 11; Spath,
1935, p. 74, pl. 22, fig. 8; Kiparisova, 1938, p. 224,
pl. 2, figs. 4, 5, 9-12; pl. 3, figs. 1-4 (including vars.
regularaecosta, rara and rudaecosta)

Eumorphotis multiformis Bittner. Newell and Kummel,
1942, p. 957, pl. 2, figs. 10, 11; Ciriacks, 1963, p. 77,
pl. 15, figs. 13—15; Kambe, 1963, p. 38, pl. 1, figs.
1-11; pl. 2, figs. 1-7; Nakazawa, 1971, p. 117, pl. 23,
figs. 7-12; Chen in EGFLC, 1976, p. 185, pl. 30,
figs. 34, 35; Dang, Trinh Tho and Vu Khuc in Vu
Khuc ez al., 1991, p. 56, pl. 5, figs. 12—14; Nakazawa
etal., 1981, p. 142, pl. 1, figs. 12, 13, pl. 2, fig. 2.

Eumorphotis multiformis shionosawensis Ichikawa and
Yabe, 1955, p. 5, pl. 2, figs. 1-15; Kambe, 1963, p.
40, pl. 2, fig. 8.

Type: Not designated in Bittner (1899b) or
in other previous studies.

Material examined: Three specimens, NSM
PM23355-23357, from AB1014.

Description: Shell (left valve) medium-
sized, subcircular, orthocline, higher than long,
subinequilateral, and well inflated. Umbo
large, prominent, obtuse, located at subanteri-
or to middle of shell and slightly prosogyrate.
Posterior end nearly straight. Ventral margin
well rounded. Hinge margin almost straight.
Anterior auricle narrow, subtrigonal and dis-
tinctly delimited from body of valve by sulca-
tion. Posterior wing larger and not clearly de-
fined from body. Shell surface ornamented
with numerous radial sculptures increasing in
number with growth by insertion. Single sec-
ondary rib intercalated between primary ribs
and higher order riblets between primary and
secondary ribs (1-3-3-2-3-3-1). Growth lines
fine and weak.

Measurements (mm):

Specimen no. H L H/L  Remarks
NSM PM23355  26.6 21.9 1.21 Lv*
NSM PM23356  26.6 21.1+ - Lv*

NSM PM23357  37.5 25.5 1.47 LV
* incomplete shell.

Occurrence: Described specimens from
AB1014 in the Clypeoceras spitiense “bed”
(early Late Induan=early Dienerian) in the
lower part of the Zhitokv Formation, Abrek
Bay area, South Primorye. The species also
occurs in the Lower Triassic of Russian and
Putiatin Islands, South Primorye (Bittner,
1899b; Kiparisova, 1938), as well as in the
Lower Triassic of the following additional lo-
calities: upper Werfen Formation, Dolomites,
Italy (Ogilvie Gordon, 1927), upper Ophiceras
bed, Greenland (Spath, 1930, 1935), Central
Alborz Range, Iran (Nakazawa et al., 1981),
Spitzbergen, Norway (Frebold, 1939), Claraia
zone of the Dinwoody Formation in Idaho,
Montana and Utah, Western-Central USA
(Newell & Kummel, 1942; Ciriacks, 1963),
Guizhou and Fujian Province, South China
(EGFLC, 1976), Kurotaki, Shionosawa and
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Kamura limestones, Japan (Ichikawa & Yabe,
1955; Kambe, 1963; Nakazawa, 1971), and
Vietnam (Vu Khuc ef al., 1991).

Discussion: The ornamentation of Eumor-
photis multiformis is quite variable and is de-
scribed and ordered according to the number,
sequence and strength of its radial ribs as well
as the mode of its concentric sculpture.
Kiparisova (1938) distinguished three varieties
based on different types of ornamentation;
namely, E. multiformis vars. regularaecosta,
rudaecosta and rara. The first variety is char-
acterised by regularly arranged radial ribs of
the 1st to 3rd or 4th systems. Variety rudae-
costa is distinguished by coarser, less numer-
ous radiating ribs of the 1st and 2nd system.
Also, its 3rd radials are much thinner. Variety
rara is characterized by 1st radials, which con-
spicuously intervene in the 2nd to 4th orders,
and its radials exhibit the following formula at
the lower margin: 1-2-2-2-2-2-2-1 or 1-3-3-3-
2-3-3-3-1. As noted by Bittner (1899b) and
Kiparisova (1938) this taxon exhibits many in-
termediate forms, which lead us to suggest
that the three varieties, with their different
forms of sculpture, simply represent a very
wide range of intraspecific variation. Further-
more, E. multiformis s.s. cannot be clearly dis-
tinguished from E. multiformis var. regularae-
costa, and these specimens should be grouped
together as regularaecosta. The described
specimens should also be placed within regu-
laraecosta.

In South China three additional varieties or
subspecies are proposed; namely, E. multi-
formis fasciculiformis Gan and Yin (1978), E.
multiformis  dissimilicostata Gan and Yin
(1978), and E. multiformis reticulata Chen
(1976). E. multiformis fasciculiformis exhibits
a rara form of ornamentation and E. multi-
formis reticulata cannot be distinguished from
the regularaecosta form. E. multiformis dis-
similicostata exhibits a reguraraecosta style of
ornamentation, but it is somewhat obscured on
both lateral sides of the shell by its sculpture,
which consists of very distinctive concentric

folds in combination with undulating radials
This species should be regarded as a legitimate
subspecies. E. multiformis hongshuichuanen-
sis Zhang (1979), described from Qinghai
Province, North China, is distinguished from
E. multiformis s.s. by its large, circular shape,
irregular radial ribs and weak concentric
sculpture, but more material must be scruti-
nized to validate these differences.

Genus Leptochondria Bittner, 1891

Type species: Pecten (Leptochondria) aeoli-
cus Bittner, 1891.

Leptochondria minima (Kiparisova, 1938)
Fig. 144.15-144.16

Pecten (Leptochondria?) ex aff. alberti Goldfuss. Bittner,
1899b, p. 6, pl. 2, figs. 1, 2, 4-10, 132, 14?

?Pecten albertii Goldfuss. Philippi, 1903, p. 50, pl. 4, fig. 8.

?Pseudomonotis cf. iwanowi Bittner. Yehara, 1928, p. 170,
pl. 16, figs. 13, 14.

Pecten (Velopecten) minimus Kiparisova, 1938, p. 246, pl.
4, figs. 10, 12a, b, pl. 5, figs. 1-6; Kiparisova and K-
ishtofovich, 1954, p. 12, pl. 3, figs. 3-7.

Leptochondria? minima (Kiparisova). Nakazawa, 1961, p.
260, pl. 12, figs. 16, 17.

Eopecten minimus (Kiparisova). Kambe, 1963, p. 47, pl.
S, figs. 17-21.

Leptochondria minima (Kiparisova). Kurushin and Tr-
uschelev in Dagys et al., 1996, p. 40, pl. 7, figs. 7, 8.

Holotype: Specimen figured by Kiparisova
(1938, p. 246, pl. 5, fig. 5), from the Lower
Triassic on Russian Island (Karpinsky Bay) in
South Primorye, Russia.

Material examined. Two specimens, NSM
PM23358, 23359, from AB1010, three speci-
mens, NSM PM23353, 23360, 23361, from
AB1014, one specimen, NSM PM23362, from
AB1021.

Description: Shell small in size, subcircular,
acline, equilateral and height nearly equal to
length. Left valve weakly inflated. Umbo
small, slightly protruded, obtuse, lying near
middle of hinge margin and orthogyrate.
Hinge margin straight, and about three-fourths
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of shell in length. Anterior and posterior auri-
cles obtusely trigonal, small and indistinctly
delimited from body. Dorsal edge straight.
Ventral margin circular. Surface ornamented
with fine radial ribs and faint concentric lines,
except for both auricles. Right valve feebly
convex or almost flat. Umbo small, obtuse and
situated near middle of straight hinge margin.
Small posterior auricle delimited from body of
shell by sulcation. Anterior auricle obtuse with
a narrow subauricular notch. Posterior auricle
trigonal, smaller than anterior auricle. Shell
surface smooth.
Measurements (mm):

Specimen no. H L Lh H/L Lh/L Remarks
NSM PM23353 6.1 4.7 32 131 0.68 RV
NSM PM23358 5.0 4.7 40 1.06 085 LV
NSM PM23359 69 7.2 44 096 061 LV
NSM PM23360 6.8 6.2 4.6 1.09 074 LV*

NSM PM23361 4.8 41 - 118 - Lv
NSM PM23362 57 58 2.7+ 098 - LV
* incomplete shell.

Occurrence: Described specimens range
from AB1010 in the lower Gyronites subdhar-
mus Zone (late Early Induan=1ate Griesbachi-
an) in the upper part of the Lazurnaya Bay
Formation to AB1021 in the Clypeoceras tim-
orense Zone (early Early Olenekian=early
Smithian) of the Zhitkov Formation, Abrek
Bay area, South Primorye. Although this
species is primarily a Lower Triassic taxon, it
does occur in the Middle Triassic upper
Muschelkalk of Austria (Philippi, 1903). It
also occurs in the following additional Lower
Triassic localities: Shamara River and Russian
Island, South Primorye (Bittner, 1899b;
Kiparisova, 1938), as well as from the Lower
Triassic of the following additional localities:
upper Muschelkalk, Austria (Philippi, 1903),
Werfen Formation (Central Dolomites), South-
ern Alps, Italy (Frech, 1907), Taho limestone,
Ehime Prefecture (Yehara, 1928), Kurotaki
limestone, Kochi Prefecture, Narawara Forma-
tion, Kyoto Prefecture (Nakazawa, 1961,
1971), Kamura limestone, Miyazaki Prefec-
ture, southwest Japan (Kambe, 1963), Qinghai

Province, Western China (EGFLC, 1976),
Chernokhrebetnaya River, Krasnoyarsk (east
Taymyr) and the Kengdey River, Sakha,
Northeastern Russsia (Dagys ef al., 1996)

Discussion: Kiparisova (1938) recognized
two varieties of the species, namely, Lepto-
chondria minima vars. laevis and reticulatus.
The former is characterized by a nearly
smooth shell surface and the latter by a cancel-
late sculpture created by relatively distinct ra-
dial costae and regularly arranged concentric
sculpture. They are linked with L. minima s.s.
by gradational forms, which represent infra-
specific variation. Wittenburg (1909) reported
Pecten (=Leptochondria) albertii var. vir-
galensis from the Lower Triassic of the Salt
Range, Pakistan. This taxon is characterised
by numerous radial ribs and is very similar to
Leptochondria ex aff. alberti of Bittner
(1899b) (=L. minima Kipariosva, 1938). Wit-
tenburg (1909) identified the South Primorye
species as var. sibirica without making a clear
distinction between vars. virgalensis and sibir-
ica. L. albertii var. sibirica is herein treated as
an invalid name. Nakazawa (1981) described
L. minima from Kashmir of India, and a Pak-
istani-Japanese Research Group (1985) report-
ed it from the Salt Range. However, these taxa
were later reassigned to L. virgalemsis by
Nakasawa (1996). L. virgalensis differs from
L. minima by its slightly larger size, more nu-
merous radial ribs and a slightly higher shell.
Furthermore, the somewhat stronger radial
ribs of L. virgalensis are arranged in wider in-
tervals.

Kiparisova (1938) reassigned a specimen,
originally described as Pecten (Velopecten) cf.
albertii in Frech (1907, p. 35, pl. 4, fig. 8)
from the Werfen Beds of Hungary, to Lepto-
chondria minima, but the specimen can be dis-
tinguished from L. minima by its strong but
less numerous radial ribs. The other European
species also need further examination. The
specimens figured by Chen (in EGFLC, 1976,
p. 159, pl. 29, figs. 1-3) differ from L. minima
by their differentiated and stronger radial orna-
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ments.

Family Entoliidae Korobkov, 1960
Genus Entolioides Allasinaz, 1972

Type species: Pecten zitteli Woehrmann and
Koken, 1892.

Entolioides sp. indet.
Fig. 144.14

Material examined: Two specimens, NSM
PM23352, 23354, from AB1014.

Description: Shell small in size, suborbicu-
lar, equilateral, higher than long and slightly
inflated. Umbo small, sharply pointed, situated
at middle of hinge margin and orthogyrate.
Antero- and posterodorsal margins nearly
straight. Ventral end rounded. Shell surface
nearly smooth, but ornamented with numerous
fine, sharp concentric lines and broad low con-
centric folds in addition to 10—15 wide, feeble,
radial ribs. Both auricles small, subequal
sized, rectangular, trigonal and ornamented
with fine riblets, well defined from disc.

Measurements (mm):
Specimen no. H L H/L Remarks
NSM PM23352 9.5 8.4 1.14 RV*
* incomplete shell.

Occurrence: Described specimens from
AB1014 in the Clypeoceras spitiense “bed”
(early Late Induan=early Dienerian) in the
lower part of the Zhitkov Formation, Abrek
Bay area, South Primorye.

Discussion: As noted by Allasinaz (1972),
Entolioides is distinguished from Entolium
Meek, 1865, by its distinct radial ribs. Since
the shell surface of the present specimens is
ornamented with feeble, but distinct radial
ribs, they can be placed within Enfolioides.
Chen (in EGFLC, 1976) described several en-
toliid species with weak radial costae or
threads; that is, Lower Triassic Entolium
discites (p. 208, pl. 34, figs. 7, 8), E. discites
microtis (figs. 12, 13), and Upper Triassic

E. tenuistriatum rotundum (p. 209, pl. 34,
figs. 35-39). The last taxon exhibits distinct
numerous radial ribs. E. discites latum Yin and
Yin (in Yang et al., 1983: p. 146, pl. 15. figs.
15-18), reported from the Middle Triassic of
Qinghai, NW China, also is ornamented with
differentiated numerous radial ribs similar to
E. discites microtis figured in Chen (1976).
Except for E. discites, the other three sub-
species should undoubtedly be assigned to En-
tolioides. Nakazawa (1961) noted the presence
of obsolete radial ribs in E. cf. discites sp. b
(p- 254, pl. 12, figs. 3—4) from the Maizuru
Zone of Japan. This species is similar to
E. discites described by Chen (in EGFLC,
1976). These two species possibly should be
assigned to Entolioides. An examination of the
individual variation of E. discites is needed,
since these two species exhibit forms that are
intermediate between FEntolium and Ento-
lioides.

Subclass Palaeoheterodonta Newell, 1965
Order Unionoida Stoliczka, 1871
Superfamily Unionacea Fleming, 1828
?Family Pachycardiidae Cox, 1961
Genus Trigonodus Sandberger in Alberti,
1864

Type species: Trigonodus sandbergeri Al-
berti, 1864.

Trigonodus orientalis Bittner, 1899
Fig. 144.18-144.20

Trigonodus orientalis Bittner, 1899b, p. 21, pl. 3, fig. 27.
Trigonodus orientalis Bittner. Kiparisova, 1938, p. 217, pl.
2, figs. 1, 2.

Type: Not designated in Bittner (1899b) or
in other previous studies.

Material examined: Five specimens, NSM
PM23415-23419, from AB1021.

Description: Shell small, moderately inflat-
ed, subquadrate to elongately ovate (H/L ratio
about 0.6), equivalve and inequilateral. Umbo
small, subterminal and prosogyrate. Umbonal
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ridge feeble, rounded, and running to pos-
teroventral end. Anterodorsal margin recur-
vate. Anterior end short and rounded. Pos-
terodorsal margin straight, almost parallel to
broadly arcuate ventral margin. Posterior end
gently arched and slightly truncated. Surface
smooth, ornamented with fine concentric lines.
Measurements (mm):

Specimen no. H L H/L Remarks
NSM PM23415 6.5 9.5 0.68 LV
NSM PM23416 7.1 11.8 0.60 RV
NSM PM23417 9.5 141 067 RV
NSM PM23418 9.4 145 065 RV
NSM PM23419 11.9 19.9 0.60 RV
Occurrence: Described specimens from

AB1021 in the Clypeoceras timorense Zone
(early Early Olenekian=early Smithian) of the
Zhitkov Formation, Abrek Bay area, South
Primorye. Trigonodus orientalis was originally
described by Bittner (1899b) based on a speci-
men from the Lower Triassic of Paris Bay,
Russian Island, South Primorye. Kiparisova
(1938) also reported the species from the
Lower Triassic of Russian Island.

Discussion: Judging from the illustrations,
the specimen originally described by Bittner
(1899b) exhibits dimensional ratios of H/L=
0.71 and pU/L=0.26, whereas the ratios for
Kiparisova’s (1938) two specimens are H/L=
0.65, 0.73 and pU/L=0.26, 0.25. Accordingly,
the described specimens are slightly longer
(H/L=around 0.64) and their umbo is more
anteriorly located (pU/L=around 0.17). These
differences may simply reflect intraspecific
variation.

Genus Unionites Wissmann, 1841

Type species: Unionites muensteri Wissman,
1841.

Unionites canalensis (Catullo, 1848)
Fig. 145.1-145.4

Tellina canalensis Catullo, 1848, p. 56, pl. 4, fig. 4 (not
seen).
Anodontophora (Myacites) canalensis (Catullo). Bittner,

1899b, p. 23, pl. 3, figs. 34-38; Ogilvie Gordon,
1927, p. 28, pl. 2, fig. 28.

Mpyacites canalensis (Catullo). Bittner, 1901b, p. 85, pl. 9,
figs. 11, 12.

Anodontphora canalensis (Catullo). Frech, 1904, p. 10,
text-fig. 15; Matsushita, 1926, pl. 8, fig. 12; Ozaki
and Shikama, 1954, p. 44, text-fig. 4, Kambe, 1963,
p. 48, pl. 5, figs. 24, 25.

Pleuromya canalensis (Catullo). Frech, 1907, p. 40, pl. 7,
fig. 2.

Homomya canalensis (Catullo). Leonardi, 1935, p. 35, pl.
1, figs. 13-15.

Unionites canalensis (Catullo). Yabe, 1956, p. 287, pl. 16,
figs. 12a, b; Ciriacks, 1963, p. 81, pl. 16, figs. 11, 12;
Nakazawa, 1971, p. 126, pl. 24, figs. 14a, b, 15;
Nakazawa et al., 1981, p. 143, pl. 2, figs. 6-8; Yin
and Yin in Yang et al., 1983, p. 136, pl. 13, fig. 3;
Neri and Posenato, 1985, p. 94, pl. 2, fig. 8.

Type: Details unknown.

Material examined: Four specimens, NSM
PM23420-23423, from AB1010, one speci-
men, NSM PM23424, from AB1021.

Description: Shell small in size, gently in-
flated, elongately ovate (H/L ratio about 0.5),
equivalve and inequilateral. Umbo large, ele-
vated from dorsal margin, orthogyrate and lo-
cated at about two-fifths of valve length from
anterior end. Umbonal ridge somewhat elevat-
ed, but rounded. Anterodorsal margin recur-
vate. Posterodorsal margin long, almost
straight. Anterior margin well rounded. Lunule
narrow, deep. Escutcheon narrow. Posterior
margin nearly straight, sub-truncated, and
forming an angle of 70° with broadly arched
ventral margin. Surface ornamented with nu-
merous faint concentric striae.

Measurements (mm):

Specimen no. H L H/L pU pU/L Remarks
NSM PM23420 173 327+ - 104 - RV*
NSM PM23421 12.7 242 052 9.0 037 LV
NSM PM23422 152 304 0.50 12.0 039 LV
NSM PM23423 143 30.8 0.46 12.7 041 RV
NSM PM23424 15.6 28.8 0.54 93 032 RV

* incomplete shell.

Described specimens from
AB1010 in the lower Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
upper part of the Lazurnaya Bay Formation,
and from AB1021 in the Clypeoceras timo-

Occurrence:
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rense Zone (early Early Olenekian=early
Smithian) of the Zhitkov Formation, Abrek
Bay area, South Primorye. Unionites canalen-
sis is also reported from various other Lower
Triassic localities as follows: Shamara River,
South Primorye, Russia (Bittner, 1899b),
Bakony region, Hungary (Bittner, 1901b;
Frech, 1904), Werfen Formation, Dolomites,
Italy (Frech, 1907; Ogilvie Gordon, 1927;
Leonardi, 1935; Neri & Posenato, 1985),
Claraia zone of the Dinwoody Formation,
Wyoming and Montana, Western-Central USA
(Ciriacks, 1963), Central Alborz Range, Iran
(Nakazawa et al., 1981), Qilian Mountain,
Qinghai Province, Northwest China (Yang et
al., 1983), and Miyazaki, Kochi and Gunma
Prefectures, Japan (Matsushita, 1926; Ozaki &
Shikama, 1954; Yabe, 1956; Kambe, 1963;
Nakazawa, 1971).

Discussion: Unionites is a very common
Lower Triassic bivalve in South Primorye, and
Bittner (1899b) described two species of An-
odontphora (= Unionites), namely, U. canalen-
sis and U. fassaensis. U. canalensis is distin-
guished from U. fassaensis by its more elon-
gated and subquadrangular shape, and its more
developed umbonal ridge, which runs from the
umbo to the posteroventral extremity. Also, U.
canalensis is generally larger than U. fassaen-
sis. Ichikawa and Yabe (in Yabe, 1956, p. 284,
pl. 16, figs. 1-7) proposed a new variety, U.
canalensis var. bittneri, from a limestone
block in the Kwanto Massif of East Japan. It
differs from U. canalensis of South Primorye
by its less elongate outline and more anterior
position of the umbo. This species also ex-
hibits intermediate forms between U. canalen-
sis and U. fassaensis. Among the specimens
described by Bittner (1899b), Ichikawa and
Yabe (Yabe, 1956) assigned some specimens
(pl. 3, figs. 34-36) to U. canalensis var. bit-
tneri. Nakazawa (1971), however, treated this
variety as intraspecific variation, after examin-
ing illustrations of the species reported from
various parts of the world.

Unionites fassaensis (Wissmann, 1841)
Fig. 145.5-145.9

Myacites fassaensis Wissmann, 1841, p. 9, pl. 16, fig.
2a—c; Curioni, 1856, p. 320, pl. 6, fig. 1.

Anoplophora fassaensis (Wissmann). Frech, 1907, p. 40,
pl. 7, fig. 3a—f.

Anodontophora (Myacites) fassaensis (Wissmann). Bit-
tner, 1899b, p. 22, pl. 3, figs. 28-33; Ogilvie Gordon,
1927, p. 27, pl. 1, fig. 25.

Mpyacites  (Anodontophora)  fassaensis
Arthaber, 1906, p. 257, pl. 34. fig. 10.

Pleuromya fassaensis (Wissmann). Assmann, 1915, p.
631, pl. 36, fig. 8a, b.

Homomya fassaensis (Wissmann). Bender, 1921, p. 55, pl.
1, fig. 6a—c, pl.2, figs. 6-9; Leonardi, 1935, p. 32, pl.
1, figs. 5, 6.

Anodontophora fassaensis (Wissmann). Matsushita, 1926,
pl. 8, fig. 11; Hsu, 1936-37, p. 317, pl. 1, figs. 15, 16;
Newell and Kummel, 1942, p. 958, pl. 2, fig. 13;
Yabe, 1956, p. 286, pl. 16, figs. 8—11; Kambe, 1963,
p. 50, pl. 5, figs. 28-32, pl. 6, figs. 1, 2; Vu Khuc in
Vu Khuc et al., 1965, p. 26, pl. 2, figs. 14, 15.

Mpyophoria aff. laevigata (Ziethen). Matsushita, 1926, pl.
8, fig. 14.

Unionites fassaensis (Wissmann). Ciriacks, 1963, p. 82,
pl. 16, fig. 13; Nakazawa, 1971, p. 127, pl. 25, figs.
1-4; Chen, Ma and Zhang, 1974, p. 326, pl. 174, figs.
2, 3, 7; Gan and Yin, 1978, p. 371, pl. 122, fig. 5;
Nakazawa et al., 1981, p. 144, pl. 2, figs. 11,12; Yin
and Yin in Yang et al., 1983, p. 135, pl. 13, figs. 1,2;
Dang, Trinh Tho and Vu Khuc in Vu Khuc et al.,
1991, p. 81, pl. 5, figs. 19, 20; Kurushin and Tr-
uschelev in Dagys et al., 1996, p. 68, pl. 4, figs. 20, 21.

Wissmann.

Type: Not designated in Wissmann (1841)
or in other previous studies.

Material examined: Nine specimens, NSM
PM23425-23433, from AB1010, five speci-
mens, NSM PM23434-23438, from AB1012,
and two specimens, NSM PM23439-23440,
from AB1014.

Description: Shell small in size, moderately
inflated, trigonally ovate (H/L ratio about 0.7),
equivalve and inequilateral. Umbo small,
slightly prosogyrate, located at about two-
fifths of valve length from front. Anterodorsal
margin somewhat recurvate. Posterodorsal
margin straight or slightly convex. Anterior
margin well rounded. Lunule narrow. Posterior
margin nearly straight, sub-truncated, forming
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an angle of 80° with arched ventral margin.
Posterior ridge weakly elevated. Escutcheon
narrow. Surface of main body ornamented
with fine concentric growth lines. Entire inner
margin smooth.

Measurements (mm):

Specimen no. H L H/L pU PuL Remarks
NSM PM23425 6.1 8.7 0.71 3.9 045 RV
NSM PM23426 14.6 184 0.79 6.6 0.36 RV
NSM PM23427 9.6 13.7 0.70 49 035 RV
NSM PM23428 10.5 154 0.68 7.9 0.51 LV*
NSM PM23429 12.1 20.3 0.60 7.4 0.36 RV#*
NSM PM23430 13.0 18.7 0.69 7.8 0.42 LV
NSM PM23431 64 9.2 0.69 29 032 LV
NSM PM23432 57 9.0 0.63 43 048 RV
NSM PM23433 11.2 16.7+ — - - LVv*
NSM PM23434 12.1 16.1 0.76 7.1 0.44 LV*
NSM PM23435 11.7 16.5 0.71 8.0 0.48 RV*
NSM PM23436 12.8 19.7 0.65 7.1 0.36 LV*
NSM PM23437 11.7 16.9 0.69 7.8 0.46 LV*
NSM PM23439 5.7 9.6 0.60 5.0 0.53 RV*
NSM PM23440 14.2 22.0+ — 85 - LV**
* incomplete shell, ** internal mold.

Occurrence: Described specimens from
AB1010 in the lower Gyronites subdharmus
Zone, and from ABI1012 in the Ambitoides
fuliginatus Zone in the upper part of the
Lazurnaya Bay Formation, and from AB1014
in the Clypeoceras spitiense “bed” in the lower
part of the Zhitkov Formation, Abrek Bay
area, South Primorye. Thus, in this particular
area, the species ranges from late Early Induan

(late Griesbachian) to early Late Induan (early

Dienerian). The species also occurs in the
Lower Triassic on the western coast of Ussuri
Gulf, Shamara River and Askold Island, South
Primorye (Bittner, 1899b; Kiparisova, 1938).
It also has been reported from various other
Lower Triassic localities as follows: Olenek
and Indigirka Rivers, Siberia, Russia (Dagys et
al., 1996), Werfen Formation, Dolomites, Italy
(Curioni, 1856; Arthaber, 1906; Frech, 1907;
Ogilvie Gordon, 1927; Leonardi, 1935), Claraia
zone of the Dinwoody Formation, Wyoming,
Western-Central USA (Newell & Kummel,
1942; Ciriacks, 1963), Central Alborz Range,
Iran (Nakazawa et al., 1981), Olenckian of
Vietnam (Vu Khuc et al., 1965, 1991), Qing-
hai, Zhejiang and Guizou Provinces, China
(Hsu, 1936-37; Chen, Ma & Zhang, 1974;
Gan & Yin, 1978; Yang et al., 1983), and
Miyazaki, Kochi and Gunma Prefectures,
Japan (Matsushita, 1926; Yabe, 1956; Kambe,
1963; Nakazawa, 1971).

Discussion: The species differs from Union-
ites canalensis (Catullo) by its shorter length,
less prominent beak and more centrally locat-
ed umbo. The H/L ratio is less than 0.7, but
that of the subspecies, U. fassaensis var. brevis
(Bittner, 1901b), is about 0.75. The described
specimens are quite similar to U. fassaensis
(s.s.) in shell form and for all practical purpos-
es, are identical with it.

Fig. 145.

-

1-4, Unionites canalensis (Catullo, 1848). 1, NSM PM23421, from AB1010, left valve, X1.25.2, NSM

PM23422, from AB1010, left valve, X1.0. 3, NSM PM23420, from AB1010, incomplete right valve, X1.0. 4,
NSM PM23424, from AB1021, right valve, X1.0. 5-9, Unionites fassaensis (Wissmann, 1841) from AB1010.
5, NSM PM23431, left valve, X2.5. 6, NSM PM23432, right valve, X2.5. 7, NSM PM23430, incomplete left
valve, X 1.25. 8, NSM PM23427, right valve, X1.8. 9, NSM PM23426, right valve, X 1.25. 10-15, Neoschizo-
dus cf. laevigatus (Ziethen, 1830). 10-12, NSM PM23367, from AB1021, right valve, dorsal view, incomplete
left valve, X1.8. 13, NSM PM23366, from AB1021, incomplete left valve, X1.0. 14, NSM PM23365, from
AB1021, internal mold of right valve, X1.8. 15, NSM PM23364, from AB1010, internal mold of left valve,
X1.25. 1617, Neoschizodus cf. ovatus (Goldfuss, 1838) from AB1013. 16, NSM PM23371, right valve,
X1.8. 17, NSM PM23372, incomplete left valve of immature individual, X2.5. 18-25, Triaphorus aff. multi-
formis Kiparisova, 1966 from AB1021. 18, NSM PM23413, right valve, X1.25. 19, NSM PM23391, right
valve, X1.25. 20, NSM PM23409, right valve, X1.8. 21, NSM PM23414, right valve, X1.8. 22, NSM
PM23390, right valve, X1.25. 23, NSM PM23392, right valve, X1.8. 24, NSM PM23412, right valve, X1.8.
25, NSM PM23411, left valve, X1.8. 26, Myoconcha sp. indet., NSM PM23386, from AB1010, incomplete
left valve, X2.5. 27-28, Ochotomya? sp. indet., NSM PM23441, from AB1010, flank view and anterior view

of imcomplete left valve, X2.5.
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Order Trigonioida Dall, 1889
Superfamily Trigoniacea Lamarck, 1819
Family Myophoriidae Bronn, 1849
Genus Neoschizodus Giebel, 1855

Type species: Lyrodon laevigatum Goldfuss,
1837.

Neoschizodus cf. laevigatus (Ziethen, 1830)
Fig. 145.10-145.15

Mpyophoria cf. laevigata Alberti. Bittner, 1899b, p. 19, pl.
3, figs. 17-23, 25 (not 24, 26).

cf. Trigonia laevigata Ziethen, 1830, p. 94, pl. 71, figs. 2,
6 (not seen).

cf. Lyrodon laevigatum (Ziethen). Goldfuss, 1837, p. 107,
pl. 135, fig. 12 (not seen).

cf. Myophoria laevigata (Ziethen). Philippi , 1903, p. 53,
pl. 5, fig. 9a, b; Ciriacks, 1963, p. 82, pl. 16, figs. 18,
19.

cf. Neoschizodus laevigatus (Ziethen). Kiparisova, 1972,
p. 91, pl. 12, fig. 11; Newell and Boyd, 1975, p. 142,
text-fig. 82; Dang and Vu Chau in Vu Khuc et al.,
1991, p. 89, pl. 11, fig. 17; Kurushin and Truschelev
in Dagys et al., 1996, p. 71, pl. 9, figs. 14, 15.

cf. Myophoria (Neoschizodus) laevigata (Ziethen). Chen
in EGFLC, 1976, p. 40, pl. 20, figs. 1-6.

cf. Neoschizodus cf. laevigatus (Ziethen). Nakazawa, 1960,
p. 10, pl. 6, figs. 21-32; Neri and Posenato, 1985,
p. 95, pl. 2, fig. 1.

Material examined: One specimen, NSM
PM23364, from AB1010, and six specimens,
NSM PM23365-23370, from AB1021.

Description: Shell small, equivalve, moder-
ately inflated, trigonally subobate, longer than
high (H/L ratio about 0.8) and inequilateral.
Umbo small, prominent, sharply rounded, or-
thogyrate or somewhat opisthogyrate. Um-
bonal ridge elevated and subangular to round-
ed. Anterodorsal margin recurvate. Anterior
margin rounded, passing to widely arched ven-
tral margin. Lunule narrow. Posterodorsal mar-
gin straight. Posterior margin truncated. Pos-
teroventral edge subangulated. Posterior arca
slightly concave. Flank evenly convex. Es-
cutcheon wide, surface smooth and concentri-
cally striated. Entire inner margin smooth. An-
terior adductor muscle scar oval, situated in

front of myophoric buttress. Posterior adductor

scar circular, lying at posterodosal margin.

Pallial line entire. Dentition myophorian type.
Measurements (mm):

Specimen no. H L H/L  Remarks
NSM PM23364 14.6 17.7 0.82 Lv**
NSM PM23365 13.9 13.4 1.04 RV**
NSM PM23366 17.3 21.9+ - LV*
NSM PM23367 10.8 13.9 0.78 art.
NSM PM23368 155+ 16.8 - LV**
NSM PM23369 18.0 16.5+ - Lv*
NSM PM23370 10.6 13.1 0.81 RV**
*incomplete shell, **internal mold, art.: articulated
shells.

Occurrence: Described specimens from

ABI1010 in the lower Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
the upper part of the Lazurnaya Bay Formation
and from AB1021 in the Clypeoceras timo-
rense Zone (early Early Olenekian=early
Smithian) of the Zhitkov Formation, Abrek
Bay area, South Primorye. The specimens de-
scribed by Bittner (1899b) are from the Lower
Triassic of Paris Bay, Russian Island.
Discussion: Neoschizodus laevigatus, origi-
nally described from the Muschelkalk of Ger-
many, is a cosmopolitan species and as such,
occurs in various forms, which exhibit slightly
different features in the shape of its shell as
well as its posterior ridge. Bittner (1899b)
noted these slight variations in the specimens
from South Primorye. Among the specimens
figured as Myophoria cf. laevigatus, the large
specimens (pl. 3, figs. 17, 18) are clearly dis-
tinguished from those in figs. 24 and 26,
which exhibit a low indistinct posterior ridge,
a relatively low-inclined posterior area and a
well rounded ventral margin. The former is re-
lated to typical N. laevigatus, and the latter is
similar to N. ovatus (Goldfuss), whereas the
smaller specimens (figs. 19-21, 23, 25), which
have a distinct posterior ridge and well round-
ed ventral margin, are considered to be inter-
mediate. The described specimens in the pres-
ent article also exhibit characteristics of the
two forms mentioned above. The specimens
shown in Fig. 145.10-145.15 are of the N. lae-
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vigatus (s.s.) type, while those in Fig.
145.16-145.17 are of the N. ovatus type. Com-
pared with specimens of N. laevigatus from
Germany (e.g., Newell & Boyd, 1975, p. 142,
fig, 82A-D), the South Primorye specimens
differ by their more rounded posterior ridge
and more rounded posteroventral corner. The
intermediate smaller samples of Bittner
(1899b) are tentatively assigned to N. cf. laevi-
gatus, but additional material is needed to per-
mit a more certain assignment.

Neoschizodus cf. ovatus (Goldfuss, 1838)
Fig. 145.16-145.17

Myophoria cf. laevigata Alberti. Bittner, 1899b, p. 19, pl.
3, figs. 24, 26.

Myophoria laevigata var. ovalis Philippi? Kiparisova,
1938, p. 219, pl. 1, fig. 20 (no description).

cf. Lyrodon ovatum Goldfuss, 1838, p. 197, pl. 135, fig. 11
(not seen).

cf. Neoschizodus ovatus (Goldfuss). Neri and Posenato,
1985, p. 96, pl. 2, figs. 11, 12; Dang, Trinh Tho and
Vu Khuc in Vu Khuc et al., 1991, p. 89, pl. 6, fig. 1.

cf. Neoschizodus (Leviconcha) ovatus (Goldfuss). Farsan,
1972, p. 180, pl. 46, figs. 2, 3.

cf. Myophoria ovata (Goldfuss). Leonardi, 1935, p. 41, pl.
1, fig. 29.

Material examined: Two specimens, NSM
PM23371, 23372, from AB1013.

Description: Shell small in size, weakly in-
flated, subquadrate to trigonally oval and in-
equilateral. Umbo small and orthogyrate. Um-
bonal ridge broadly rounded. Anterodorsal
margin recurvate. Anterior margin rounded,
passing to broad curvature of ventral margin.
Posterior margin truncated. Posteroventral
margin well rounded. Posterior area slightly
concave. Surface smooth, ornamented with
fine concentric lines.

Measurements (mm):

Specimen no. H L H/L  Remarks
NSM PM23371 9.3 14.0 0.67 RV
NSM PM23372 7.6 8.0 0.95 LV*

* incomplete shell.

Occurrence: Described specimens from
AB1013 in the Ambitoides fuliginatus Zone

(early Late Induan=early Dienerian) in the
lowest part of the Zhitkov Formation, Abrek
Bay area, South Primorye. The species also
occurs in the Lower Triassic of Russian and
Putiatin Islands (Bittner, 1899b; Kiparisova,
1938)

Discussion: As mentioned above, the pres-
ent species is distinguished from Neoschizodus
laevigatus (s.s.) by its more rounded posterior
ridge and more circular shell outline. It is sim-
ilar to N. ovatus (e.g., Leonardi, 1935, p. 41,
pl. 1, fig. 29; Farsan, 1972, p. 180, pl. 46, figs.
2, 3). Myophoria laevigatus var. ovalis, illus-
trated by Kiparisova (1938), is probably con-
specific with the present species.

Subclass Heterodonta Neumayr, 1884
Order Veneroida H. Adams and
A. Adams, 1856
Superfamily Carditacea Fleming, 1820
Family Permophoridae van de Poel, 1959
Subfamily Permophorinae van de Poel, 1959
Genus Triaphorus Marwick, 1953

Type species: Pleurophorus zelandicus

Trechmann, 1918.

Triaphorus aft. multiformis Kiparisova, 1966
Fig. 145.18-145.25

aff. Triaphorus multiformis Kiparisova, in Kiparisova et
al., 1966, p. 73, pl. 31, figs. 5-9.

aff. Triaphorus multiformis, Kurushin and Truschelev in
Dagys et al., 1996, p. 73, pl. 29, fig. 9.

Material examined: Three specimens, NSM
PM23387-23389, from AB1010, twenty-four
specimens, NSM PM23390-23413, from
AB1021, and one specimen, NSM PM23414,
from AB1022.

Description: Shell small in size, moderately
inflated, suboval, somewhat
extended posteriorly (H/L ratio about 0.5),
equivalve and inequilateral. Umbo small, nearly
terminal and prosogyrate. Subangular to
rounded ridge running from umbo to pos-

transversely
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teroventral edge. Anterodorsal margin short
and depressed. Anterior margin short and nar-
rowly rounded. Posterodorsal margin slightly
convex. Lunule narrow and deep. Posterior
margin nearly straight or gently arched and
truncated obliquely. Ventral margin slightly
curved. Surface ornamented with irregular fine
concentric lines. Weak radial ribs on posterior
area. Inner structures unknown.

Measurements (mm):

Specimen no. H L H/L pU pU/L Remarks

NSM PM23387 8.0 15.6 051 34 022 RV
NSM PM23388 52 10.0 0.52 1.7 0.17 LV*
NSM PM23389 5.2 109 048 3.0 028 RV
NSM PM23390 10.3 21.7 047 26 0.12 LV
NSM PM23391 11.8 27.0 044 2.6 009 RV*
NSM PM23392 8.7 151 0.57 1.8 0.12 RV
NSM PM23393 83 172 049 28 0.17 LV*
NSM PM23394 79 140 0.57 22 0.15 RV
NSM PM23395 9.2 162+ - 35 - LV
NSM PM23396 8.7 148+ - 19 - Lv*
NSM PM23397 10.0 19.1 052 3.4 0.18 RV
NSM PM23398 49 93 053 1.6 0.17 LV
NSM PM23399 103 13.1+ - 39 - Lv*
NSM PM23400 4.9 88 0.55 24 028 Lv*
NSM PM23401 7.7 152+ - 2.0 - Lv*
NSM PM23402 6.6 128+ - 09 - RV
NSM PM23403 49 93 053 06 0.06 RV
NSM PM23404 10.1 147 0.69 2.6 0.17 LV*
NSM PM23405 6.3 119 0.53 2.1 0.18 RV
NSM PM23406 4.6 72 064 1.1 0.15 RV
NSM PM23407 8.2 169 048 2.7 0.16 LV*
NSM PM23408 3.4 72 047 14 019 LV
NSM PM23409 6.0 140 043 2.1 0.15 RV*
NSM PM23410 7.3 141 052 14 0.10 RV*

NSM PM23411 7.8 143
NSM PM23412 9.6 16.7

055 1.5 011 LV
058 19 0.11 RV

NSM PM23413 83 18.1 046 3.0 0.17 RV
NSM PM23414 6.5 13.1 050 23 0.17 RV
* incomplete shell.

Occurrence: Described specimens from

AB1010 in the lower Gyronites subdharmus
Zone (late Early Induan=late Griesbachian) in
upper part of the Lazurnaya Bay Formation,
and from AB1021 and AB1022 in the Clypeo-
ceras timorense Zone (early Early Olenckian=
early Smithian) of the Zhitkov Formation,
Abrek Bay area, South Primorye.

Discussion: Since the internal structures of
the specimens cannot be observed, it is diffi-

cult to ascertain their generic position with full
confidence. However, the external features of
the present specimens are quite similar to 77i-
aphorus multiformis from the Upper Triassic
strata of Siberia. For these reasons, they are
herein assigned to Triaphorus. The described
specimens differ from 7. multiformis by their
smaller size and slightly less elongate form.

Subfamily Myoconchinae Newell, 1957
Genus Myoconcha J. de C. Sowerby, 1824

Tpe species: Myoconcha crassa J. de C.
Sowerby, 1824.

Mpyoconcha sp. indet.
Fig. 145.26

Material examined: NSM PM23386, from
AB1010.

Description: Shell small, moderately inflat-
ed and transversely subquadrate (H/L ratio
about 0.6). Umbo small, subterminal and pros-
ogyrate. Anterior end short, narrowly rounded
and concentrically striated. Posterodorsal mar-
gin nearly straight. Posterior end gently arched
and subtruncated. Ventral margin nearly
straight. Ornamented posteriorly by coarse, ra-
dial ribs, which together with concentric lines,
form a reticulate pattern. Internal structures
unknown.

Measurements (mm):
Specimen no. H L H/L Remarks
NSM PM23386 7.3 11.5 0.64 LV

Occurrence: Described specimen from
AB1010 in the lower Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
upper part of the Lazurnaya Bay Formation,
Abrek Bay area, South Primorye.

Discussion: Since the internal characters
cannot be observed, it is difficult to identify
the present specimen with certainty. The elon-
gate, posteriorly expanded shape and subter-
minal umbo remind one of several different
taxa; namely, the Permian
Yakovlev, the Triassic

Netschajewia

Curionia  Rossi
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Ronchetti, the Lower Jurassic Kalentera Mar-
wick and the Permian?-Jurassic Myoconcha
J. de C. Sowerby. Among these Myoconcha
is more closely related to the present specimen
by its developed radial ornament. Regarding
this point the Permian taxon Stutchburia
Etheridge is also similar to the described spec-
imen, but differs by its subquadrangle shape.
“Modiolus” sp. indet. (this paper) is also orna-
mented with radial ribs, but differs by its sinuat-
ed ventral margin and its more delicate radials.

Subclass Anomalodesmata Dall, 1889
Order Phoradomyoida Newell, 1965
Superfamily Phoradomyacea Gary, 1847
Family Ceratomyidae Arkell, 1934
Genus Ochotomya Polubotko, 1966

Type species: Ochotomya anyuensis Pol-
ubotko in Kiparisova et al., 1966.

Ochotomya? sp. indet.
Fig. 145.27-145.28

Material examined: NSM PM23441, from
AB1010.

Description: Shell small, thin, gibbous,
strongly inflated and orbicular. Umbo large,
obtuse, elevated above dorsal margin, prosogy-
rate and slightly incoiled. Anterior, posterior
and ventral margins well rounded. Surface
smooth, ornamented with fine concentric lines.
Internal structures unknown.

Measurements (mm):
Specimen no. H L H/L Remarks
NSM PM23441 9.5 7.0+ - Lv*
* incomplete shell.

Occurrence: Described specimen from
AB1010 in the lower Gyronites subdharmus
Zone (late Early Induan=Iate Griesbachian) in
upper part of the Lazurnaya Bay Formation,
Abrek Bay area, South Primorye.

Discussion: Approximately one-third of the
present specimen’s posterior portion has been

broken off, but based on growth lines, its

shape is reasonably presumed to be orbicular.
If we disregard its Lower Triassic stratigraphi-
cal origin and instead consider just its gibbous,
strongly incurved umbo and the general shape
of'its left valve, the specimen could then be as-
signable to either the Jurassic-Cretaceous
Buchia Rouillieror or the Middle-Upper Trias-
sic Ochotomya Polubotko or the Devonian-Tri-
assic Megalodon J. de C. Sowerby. Buchia has
inequivalve shells consisting of a strongly con-
vex left valve and a nearly flat right valve. In
contrast, Ochotomya and Megalodon have
equivalve shells. Unfortunately, only one valve
(left) is at hand, and its generic position cannot
be ascertained with certainty. It is tentatively
referred to Ochotomya based on its distribu-
tion in Upper (and probably Lower and Middle)
Triassic strata in Northeast Asia, South Pri-
morye, Japan, North America and other areas
(Polubotko in Kiparisova et al., 1996, p. 196).

Brachiopods (by A. M. Popov)

Early Triassic brachiopods are generally
rare and sparse worldwide (Dagys, 1993; Chen
et al., 2005). They have been sporadically re-
ported from the Himalayas (Bittner, 1899a,
Sun et al., 1981; Chen, 1983; Ager & Sun,
1988), North America (Girty, 1927; Newell &
Kummel, 1942; Hoover, 1979), Greenland
(Frebold, 1939), Russian Far East (Bittner,
1899b, Dagys, 1965), North Caucasus,
Mangyshlak and Balkans (Dagys, 1974), and
South China (Chen & Shi, 1999; Chen et al.,
2002, 2005).

One of the most abundant and best-pre-
served Early Triassic brachiopod faunas in the
world has been reported from the Lower Trias-
sic successions in South Primorye. Some of
these brachiopods have been described by pre-
vious authors (Bittner, 1899b; Dagys, 1965,
1974). More recently, I also found consider-
ably rich brachiopods from the Lower Triassic
sequences of the Abrek Bay area, South Pri-
morye. These newly found brachiopods are
generally very small and include inarticulated
and articulated forma. They are described as
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below.

A number brachiopod taxa, found out re-
cently together with Abrekia sulcata Dagys
(?Piarorhynchella sp.nov., Wellerellidae gen.
et sp. nov. A, Wellerellidae gen. et sp. nov. B,
Pontisiinae gen. et sp. nov., Rhynchonellidae
gen. et sp. nov.), are resulted and figured for
fuller characteristic of the given assemblage.

Systematic classifications follow the revised
versions of the Treatise on Invertebrate Pale-
ontology. Part H. Brachiopoda (Kaesler ed.,
2000, 2002).

Abbreviations for shell dimensions: L=shell
length; Lv=ventral valve length; Ld=dorsal
valve length; W=shell width; T=shell thick-
ness.

Institution abbreviations: CGM=Central
Research Geological Prospecting Museum
(CNIGR Museum), St. Petersburg; DVGI=Far
Eastern Geological Institute, Vladivostok;
IGIG=Institute of Geology and Geophysics,
Novosibirsk.

Subphylum Linguliformea Williams ef al.,
1996
Class Lingulata Goryansky and Popov, 1985
Order Lingulida Waagen, 1885
Superfamily Linguloidea Menke, 1828
Family Lingulidae Menke, 1828
Genus Lingula Bruguiere, 1797

Bpe species: Lingula anatina Lamarck,
1801.

Lingula borealis Bittner, 1899
Fig. 146.5-146.6

Lingula borealis Bittner, 1899b, p. 25, pl. 4, figs. 1-7;
Moisseiev, 1947, p. 64, pl. 6, figs. 5-7; Kiparisova,
1954, p. 9, pl. 1, figs. 3-5; Dagys, 1965, p. 10, pl. 1,
figs. 1-4.

Lectotype: CGM 221/103, figured by Bit-
tner (18990, p. 25, PL 4, fig. 1) and designated
by Dagys (1965, p. 10, pl. 1, fig. 2), from the
Lower Triassic in the Paris Bay area of Russ-
ian Island, South Primorye, Russia.

Material examined: Six specimens, DVGI
2052/28-30, 41-43, from AB1005, two speci-
mens, DVGI 2052/26, 40, from ABI1006,
seven specimens, DVGI2052/27, 34-39, from
AB1008, which are ventral and dorsal valves,
partly represented by molds or cores with shell
fragments.

Description: Large shells for genus (see
measurements below); elongately oval in out-
line; anterior and posterior margins rounded;
side borders subparallel; posterior parts of
both valves moderately elevated along median
longitudinal line, with two slopes gradually
down to lateral margins. Shell surface general-
ly smooth except for concentric delicate
growth lines. Dorsal interior paired muscular
scars weakly impressed. Ventral interior with a
pair of foremost adductor scars positioned
near anterior end of median elevation, extend-
ing anterior-laterally; both external and inter-
nal oblique muscle scars conspicuous.

Occurrence: The Lytophiceras sp. Zone
(Early Induan=Griesbachian) of the middle
part of the Lazurnaya Bay Formation of
AB1005, AB1006 and AB1008, Abrek Bay
area, South Primorye. This species also occurs
in the Induan of Idaho, western USA and
Olenekian? of Mangyshlak, Kazakhstan.

Measurements (mm):

Specimen no. L \Y L/W
DVGI 2052/27 7.0 4.6 1.52
DVGI 2052/34 49 3.8 1.29
DVGI 2052/35 49 2.8 1.75
DVGI 2052/36 >8.5 7.4 >1.15
DVGI 2052/37 6.6 3.5 1.89
DVGI 2052/38 3.6 1.3 2.77
DVGI 2052/39 4.1 2.5 1.64
DVGI 2052/26 10.0 53 1.87
DVGI 2052/40 5.0 22 2.27
DVGI 2052/29 6.5 3.5 1.86
DVGI 2052/28 9.0 4.1 2.20
DVGI 2052/30 43 2.8 1.54
DVGI 2052/41 5.5 22 2.50
DVGI 2052/42 >6.0 2.7 >2.22
DVGI 2052/43 7.8 5.6 1.39

Discussion: Lingula has long been regarded
as a living fossil as the genus has undergone
little morphological changes since its origina-
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Fig. 146.
DVGI 2052/32, from AB1008, dorsal valve interior, X3.0. 3, DVGI 2052/63, from AB1008, dorsal valve exte-
rior, X3.0. 4, DVGI 2052/55, from AB1006, dorsal valve interior, X3.0. 7, DVGI 2052/56, from AB1006, dor-
sal valve interior, X3.0. 8, DVGI 2052/29, from AB1006, ventral valve exterior, X3.0. 5-6, Lingula borealis
Bittner, 1899. 5, DVGI 2052/54, from AB1008, dorsal valve exterior, X3.0. 6, DVGI 2052/26, from AB1007,
ventral valve exterior, X3.0.

tion in Early Palacozoic (Rudwick, 1970).
However, several recent studies reveal that the
pre-Cretaceous specimens previously ascribed
to Lingula may represent various genera, for
example, the Carboniferous-Cretaceous Lingu-
laria Biernat and Emig, 1993, the Early Per-
mian Semilingula Popov (in Egorov & Popov,
1990) and the Late Permian Lunoglossa Xu
and Xie, 1985. The convincing fossil records
of Lingula are confined in the post-Jurassic
strata (Holmer & Popov, 2000; Emig, 2003).
As such, the pre-Cretaceous Lingula requires
further studies and revisions.

Although their generic assignment remains
problematic due to poorly preserved material,
lingulids, as disaster taxa, were extremely
abundant in the aftermath of the end-Permian
mass extinction worldwide (i.e., Broglio Lori-
ga, 1968; Rowell, 1970; Broglio Loriga ef al.,
1980; Liao, 1980; Rodland & Bottjer, 2001).
In particular, the well-illustrated study by
Broglio Loriga (1968) exhibits Lingula tenuis-
sima Bronn, 1837 (Bronn, 1850-1851) from
the lowest Triassic of Dolomites, northern
Italy bears comparable internal features with
those of Lingula anatina Lamarck, 1801, Type
species of the genus, from the Recent Oceans.
This fact indicates that true Lingula may have

1-4, 7-8, Orbiculoidea sp. indet., 1, DVGI 2052/31, from AB1006, dorsal valve exterior, X3.0. 2,

occurred earlier in Early Triassic. Consequent-
ly, I assign tentatively these Primoryan speci-
mens to Lingula with question mark.

The described specimens agree with Bit-
tner’s (1899b) description for the species. The
South Primorye species also approaches exter-
nally Lingula keuperea Zenker (1834, p. 394,
pl. 5, b), from which the Bittner’s species is
distinguished by its more convex valves and
less curved growth lines at anterior margins.

Superfamily Discinoidea Gray, 1840
Family Discinidae Gray, 1840
Genus Orbiculoidea d’Orbigny, 1847

TBype species: Orbicula forbessi Davidson,
1848.

Orbiculoidea sp. indet.
Fig. 146.1-146.4, 146.7-146.8

Material examined: Three specimens, DVGI
2052/31, 33, 44, from AB1004, four speci-
mens, DVGI 2052/54-57, from AB1005, one
specimen , DVGI 2052/58, from AB1006, ten
specimens, DVGI 2052/32, 45-53, from
AB1007, five specimens, DVGI 2052/59-63,
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from 1008, which are ventral and dorsal
valves, partly represented by molds or cores
with fragments of shell.

Description: Shell large, up to 14mm in
length and 11 mm in width; oval to subcircular
in outline. Both valves sculptured with fine,
concentrically arranged growth lines. Ventral
median groove narrow, but distinct. Dorsal
valve flattened posteriorly with small, but dis-
tinctive beak extending posteriorly.

Measurements (mm):

Specimen no. L w H L/'w
DVGI 2052/33 10.7 7.5 2.5 1.43
DVGI 2052/31 13.8 10.7 5.0 1.29
DVGI 2052/44 5.7 4.0 2.5 1.42
DVGI 2052/45 4.0 4.0 1.0 1.00
DVGI 2052/32 8.6 5.7 2.0 1.51
DVGI 2052/46 6.8 6.0 1.3 1.13
DVGI 2052/47 3.7 3.6 1.0 1.03
DVGI 2052/48 7.5 6.7 22 1.12
DVGI 2052/49 45 45 1.3 1.00
DVGI 2052/50 2.3 2.1 0.5 1.10
DVGI 2052/51 >3.5 6.5 1.5 >0.54
DVGI 2052/52 5.4 42 2.0 1.29
DVGI 2052/53 42 43 0.8 0.98
DVGI 2052/54 54 5.1 1.6 1.06
DVGI 2052/55 8.0 5.0 1.7 1.60
DVGI 2052/56 6.5 5.5 1.8 1.18
DVGI 2052/57 4.0 4.0 1.4 1.00
DVGI 2052/58 3.6 3.7 1.3 0.97
DVGI 2052/59 11.0 >8.6 20 <I1.28
DVGI 2052/60 6.6 5.6 1.9 1.18
DVGI 2052/61 5.6 35 0.9 1.60
DVGI 2052/62 >7.6 9.0 25 >084

Occurrence: The Lytophiceras sp. Zone
(Griesbachian, Early Induan) of the middle
Lazurnaya Bay Formation at AB1004,

the Abrek Bay area, South Primorye. This
species also occurs in the Induan in Idaho and
Olenekian? in Mangyshlak.

Discussion: The distinctive features of the
specimens enable to assign them with reason-
able confidence to the genus Orbiculoidea.
However, a definitive species assignment can-
not be made. The described specimens more
closely resemble specimen identified as O.
sibirica Moisseiev (1947, p. 65) by Dagys
(1965, p. 16) from Carnian of Pronchishhev
Range, North-Eastern Siberia, but differs from
it by significantly lesser inflation of ventral
valve.

Subphylum Rhynchonelliformea
Class Chileata Williams et al., 1996
Order Rhynchonellida Kuhn, 1949
Superfamily Rhynchonelloidea d’Orbigny,
1847
Family Rhynchonellidae d’Orbigny, 1847
Subfamily Piarorhynchiinae Shi and Grant,
1993
Genus Abrekia Dagys, 1974

Type species: Abrekia sulcata Dagys, 1974.

Abrekia sulcata Dagys, 1974
Figs. 147.1-147.24, 148, 149

Abrekia sulcata Dagys, 1974, p. 99, pl. 31, figs. 3, 4; text-
fig. 64.

Holotype: 1GIG 394/40, figured by Dagys
(1974, p. 99, pl. 31, fig. 3), from the Lower

AB1005, AB1006, AB1007, and AB1008 of

N

Fig. 147. 1-24, Abrekia sulcata Dagys, 1974. 1-4, DVGI 2052/18, from AB1008, X3.0. 5-8, DVGI 2052/16,
from AB1008, X3.0. 9—-12, DVGI 2052/15, from AB1008, X3.0. 13—16, DVGI 2052/5, from AB1008, X3.0.
17-20, DVGI 2052/2, from AB1022, X3.0. 21-24, DVGI 2052/1, from AB1008, X3.0. 25-28, ?Rhynchonell-
idae gen. et sp. nov., DVGI 2052/7, from AB1008, X3.0. 29-32, ?Piarorhynchella sp. nov., DVGI 2052/10,
from AB1008, X3.0. 33-36, Wellerellidae gen. et sp. nov. A, DVGI 2052/12, from AB1008, X3.0. 37-40,
Wellerellidae gen. et sp. nov. B, DVGI 2052/4, from AB1008, X3.0. 41-48, Pontisiinae gen. et sp. nov., from
AB1008, X3.0. 41-44, DVGI 2052/3. 45-48, DVGI 2052/6. Ventral valve view, dorsal valve view, anterior
commissure view and lateral view are shown in order in each specimen.
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1 2 "4

Fig. 148. Holotype of Abrekia sulcata Dagys, 1974, IGIG 390/40, from the Induan in the Abrek Bay area, X2
(after Dagys, 1974, pl. 31, fig. 3). 1, ventral valve view. 2, dorsal valve view. 3, anterior commissure view. 4,
lateral view.

0.15 0.1 0.2 a y)

0.1 0.1 0.1 , )

Fig. 149. Serial sections of Abrekia sulcata Dagys, 1974, IGIG 390/45, from the Induan in the Abrek Bay area
(after Dagys, 1974, text—Fig. 64). By arabic number are shown intervals between adjacent sections.
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Triassic (Induan) in the Abrek Bay area in
South Primorye, Russia.

Material examined: Five specimens, DVGI
2052/1, 5, 15, 16, 18, from AB1008, and one
specimen, DVGI 2052/2, from AB1022.

Description: Shells small in sizes (see
measurements below); outline subpentagonal,
transversely ovate to rounded, wider than long
in adults, but shell width equating or smaller
than length in juveniles; equibiconvex in pro-
file; hingeline straight, shorter than greatest
shell width positioning at midlength of shell;
anterior commissure sulcate. External surface
generally smooth, except for tiny, but distinct
concentric growth lines.

Ventral valve evenly convex with greatest
convexity anterior to umbo; umbo rounded,
convex, gradually to lateral margins; beak
small, weakly incurved, beyond hingeline;
foramen submesothyrid, circular in outline,
0.2-0.5 mm in diameter; ventral valve medial-
ly convex to form poorly defined median fold,
confined to middle and posterior parts of the
shell; a broad median sulcus occurring near
anterior margins. Dorsal valve moderately
convex; beak small, indistinct; median fold
consisting of two distinct costae, originating
anterior to beak, extending to anterior mar-
gins; intercostal space forming a narrow, but
distinct median groove, originating anterior to
beak, slightly broadening near anterior margin;
one median costa intercalating between two
fold costae, but confined to anterior part of
shell. External costae rounded in cross section,
one costa in ventral median sulcus, three
costae on dorsal median fold, and 1-3 costae
on each flank.

Ventral interior dental plates short, conver-
gent toward ventral floor. Dorsal septa low, but
distinct, extending to a half of valve length;
hinge plates rather broad, subhorizontal; crura
long, raduliferlike, flattening distally (Fig. 149).

Measurements (mm):
Specimen no. Lv Ld w T
DVGI 2052/1 4.65 43 4.65 23
DVGI 2052/2 4.3 3.9 4.6 1.9

DVGI 2052/5 6.7 6.2 7.5 3.6
DVGI 2052/15 5.7 5.2 6.3 3.6
DVGI 2052/16 5.1 4.75 6.8 2.7
DVGI 2052/18 49 4.7 6.4 2.9
Occurrence: The Lytophiceras sp. Zone

(Griesbachian, Early Induan) of the middle
Lazurnaya Bay Formation at AB1008 and the
Clypeoceras timorense Zone (early Smithian,
early Early Olenckian) of the main part of the
Zhitkov Formation at AB1022, Abrek Bay
area, South Primorye.

Discussion: Dagys (1974) illustrated several
relatively flat, mature specimens to represent
his new genus, Abrekia, which is therefore
considered to be confined to these flat, wider
than long shells. In fact, our new collections
from the topotype locality show that Abrekia
sulcata may include morphologically more di-
verse specimens in terms of shell length, width
and thickness. Our measurements show that
juveniles often have relatively flat valves and
longer than wide outlines, while adults possess
relatively inflated valves and wider than long
outlines. The present species differs clearly
from Abrekia? procreatrix (Bittner, 1899a, p.
9), another common species in the Lower Tri-
assic of Himalayas, in having distinct median
groove/sulcus on the dorsal valve.

In addition, Chen and Shi (2002, p. 154) es-
tablished Meishanorhynchia from the Gries-
bachian (Early Induan) of the Meishan section,
South China. These authors inferred that their
new genus could be ancestor of Abrekia in
light of morphological evolutionary lineages
and fossil horizons of both genera. It is true
that both genera share similar internal fea-
tures, a distinct dorsal median sulcus and vari-
ously developed costae. These incipient costae
of Meishanorhynchia appear to be primitive
characters of Abrekia, which possesses dis-
tinct, rounded costae on both valves. Accord-
ingly, I agree with Chen et al. (2002) that the
South Chinese genus may have given rise to
Abrekia in late Griesbachian, not Dienerian as
suggested by these authors.
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0.5 mm

Fig. 150. Holocrinus sp. indet. from AB1022. 1, UMUT ME30044, columnal. 2, UMUT ME30046, columnal. 3,
UMUT ME30045, columnal. 4, UMUT ME30047, columnal. 5, UMUT ME30050, cirri. 6. UMUT ME30048,
columnal. 7, UMUT ME30051, cirri. 8, UMUT ME30049, columnal.

Crinoids (by T. Oji)

The systematic description below basically
follows the classification by Rasmussen
(1978).

Institution abbreviations: UMUT=Univer-
sity Museum, University of Tokyo.

Class Crinoidea Miller, 1821
Order Isocrinida Siverts-Doreck, 1952
Family Holocrinidae Jaekel, 1918
Genus Holocrinus Wachsmuth and Springer,
1886

Bpe species: Encrinus beyrichi Picard,
1883.

Remarks: Holocrinus possesses pentagonal
coloumnals with five petals surrounded by
crenulations on the articulation facet, the pat-
tern common to the genus Isocrinus. However,
Holocrinus is distinguished from Isocrinus by
having elongated high basals, which are very
low and usually separated on the surface in the

case of Isocrinus.

Holocrinus sp. indet.
Fig. 150

Material examined: Six columnals, UMUT
ME30044-30049, two cirrals, UMUT
ME30050, 30051, all from AB1022. They
were contained in a fine-grained, calcareous
turbiditic sandstone. Specimens were removed
from the rocks by dissolving the calcareous
cement and disintegrate the rock by acetic
acid, then were hand-picked using a binocular
microscope after sieving and washing.

Description: Columnals small, ranging from
0.6-0.8 mm. Cross section of columnals pen-
tagonal to stellate in outline. Probably due to
abrasion, ornamentation disappeared during
transportation, only central canal recognized
on the articular facet, and no other conspicu-
ous features observable. Some columnals
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show faint radial furrows, and weak embay-
ment in the petaloid area (ligamentary field).
Cirrals approximately 0.7 mm in diameter, as
large as columnals. Cirrals rounded in outline.
On the articular facet, there is fulcral ridge
with two prominent tubercle-like protrusions
near the both ends.

Occurrence: Described specimens from
AB1022 within the Clypeoceras timorense
Zone (early Early Olenekian=early Smithian)
in the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye.

Discussion: These columnals and cirrals
show common characteristics found in most of
the taxa of Isocrinida. However, reliably as-
signed Isocrinus has never been reported from
the early Triassic. Thus it would be safe to as-
sign these columnals and cirrals to the genus
Holocrinus. However, poor state of preserva-
tion (surface abrasion on the articular facet)
prohibit from assigning these to any particular
species.

Remark: The size of the columnals and cir-
rals from the Abrek Bay area are similar, both
in the range of 0.6—-0.8 mm. Usually columnals
of the order Isocrinida are much larger than
the cirri, which are components of appendages
to the column (stalk). Thus, the size of the
cirri is much larger than the usual columnals
in this case, if compared with the present
small sized columnals. This is probably due to
size sorting of crinoid skeletal components,
during transportation in a turbidity current. If
this interpretation is right, there were original-
ly different sized individuals of Holocrinus,
and other larger columnals may be found in
other localities near the present horizon.

Conodonts (by H. Igo)

The orientation of elements is now largely
modified by intensive analyses of multiele-
ment reconstruction of conodont animals (e.g.,
Purnell ef al., 2000). All of the specimens de-
scribed herein are discrete P elements; hence
the author applies traditional usage of orienta-
tion terms proposed by Sweet (in Clark ef al.,

1981). The author basically adopted the supra-
generic classification proposed by Sweet
(1988) herein.

Institution abbreviation: MPC=Micropale-
ontology Collection, National Museum of Na-
ture and Science, Tokyo.

Order Prioniodinida Sweet, 1988
Family Ellisoniidae Clark, 1972
Genus Foliella Budurov and Pantic, 1973

Type  species:  Polygnathus  gardenae

Staesche, 1964.

Foliella gardenae (Staesche, 1964)
Fig. 155.12

Polygnathus gardenae Staesche, 1964, p. 286, pl. 30, figs.
3-6.

Foliella gardenae (Staesche). Budurov and Pantic, 1973,
p. 52, pl. 1, figs. 19-20.

Foliella gardenae (Staesche), morphotypes A, B, Kolar-
Jurkovsek and Jurkovsek, 1996, p. 8, pl. 1, figs. 1-4,
pl. 2, figs. 1-3, pl. 3, fig. 3.

Platyvillosus aff. gardenae (Staesche). Buryi, 1979, p. 67,
pl. 17, fig. 1.

Furnishius wangcangensis Dai and Tian, in Tian et al.,
1983, p. 355, pl. 95, figs. 13—-14.

Material — examined: MPC6646, from
AB1025-1.

Occurrence: Studied specimen from AB1025
within the Neospathodus ex gr. waageni-N.
novaehollandiae Zone with the Radioprionites
abrekensis “bed” (early Early Olenekian=
early Smithian) in the main part of the Zhitkov
Formation, Abrek Bay area, South Primorye.

Foliella gardenae was first described from
the Upper Campiller Formation (Smithian),
South Tirol, Austria. The species was also re-
ported from the Smithian in South Primorye
(Buryi, 1979) and the Iska Valley of Slovenia
(Kolar-Jurkovsek & Jurkovsek, 1996). Fur-
nishius wangcangensis Dai and Tian assigna-
ble to this species occurs in the Smithian strata
of Sichuan, China (Tian et al., 1983).

Remarks: This species is a pastiniplanate el-

ement characterized by an arrow-headed plate
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with a sharply pointed posterior end. The orig-
inal Alpine specimens have a rounded subel-
lipsoidal plate, but the plate of the present one
exhibits a different outline. The shape of denti-
cles and their arrangement are similar each
other but denticles of the present one are fewer
in number. The described Slovenian specimens
by Kolar-Jurkovsek and Jurkovsek (1996) are
similar to the present specimen.

Genus Ellisonia Miiller, 1956

Bype species: Ellisonia triassica Miiller, 1956.

Ellisonia? cf. peculiaris (Sweet, 1970)
Fig. 152.22

cf. Neospathodus peculiaris Sweet, 1970a, p. 255, pl. 5, fig.
19; Birkenmajor and Trammer, 1975, pl. 1, fig. 8;
Wang, 1978, p. 224, pl. 1, figs. 1-3, 15; Tian et al.,
1983, p. 379, pl. 96, fig. 5; Beyers and Orchard, 1991,
pl. 5, fig. 9.

Material from
AB1021-P2.

Occurrence: Specimen from AB1021 within
the lower part of the Neospathodus ex gr. waa-
geni-N. novaehollandiae Zone with the Clypeo-
ceras timorense Zone (early Early Olenekian=
early Smithian) in the main part of the Zhitkov
Formation, Abrek Bay area, South Primorye.

Sweet (1970a) described this species from
his Zone 5 (upper Dienerian Neospathodus
cristagalli Zone) in the Mittiwali Member of
the Mianwali Formation. Birkenmajor and
Trammer (1975) reported this species together
with N. dieneri Sweet and N. svalbardensis
Trammer (=N. pakistanensis Sweet) from
Hornsund, South Spitsbergen. Wang (1978)
and Tian et al. (1983) recorded the joint occur-
rence of this species and N. pakistanensis in
the Lower Triassic formations in Shaanxi and
Tibet. Beyers and Orchard (1991) figured a
poorly preserved specimen from Fauna 4 (Di-
enerian) of the Cache Creek Complex, British
Columbia, Canada. The occurrence of this

examined: MPC6612,

species is restricted to the N. waageni waageni
Subzone of the Chaohu Section, Anhui
Province, China (Zhao et al., 2007).

Remarks: The fragmentary specimen illus-
trated herein resembles Sweet’s specimen in
characteristic denticulation and the shape of
blade. The original one has a long cusp that is
twice the length of other denticles. The present
specimen retaines only the basal portion of
cusp that does not permit further comparison.
Identification is tentative.

Family Gondolellidae Lindstrém, 1970
Subfamily Neogondolellinae Hirsh, 1994
Genus Borinella Budurov and Sudar, 1994

Type species: Neogondolella buurensis

Dagis, 1984.

Borinella cf. nepalensis (Kozur and Mostler,
1976)
Fig. 152.25-152.26

cf. Gondolella nepalensis Kozur and Mostler, 1976, p. 9,
pl. 1, figs. 1-6.

cf. Neospathodus labiatus Goel, 1977, p. 1093, pl. 1, figs.
3-11.

cf. Neospathodus nepalensis (Kozur and Mostler). Matsu-
da, 1982, p. 93, pl. 4, figs. 1-7.

cf. Neogondolella nepalensis (Kozur and Mostler). Dagis,
1982, p. 56, pl. 1, figs. 1-3; Dagis, 1984, p. 6, pl. 1,
figs. 1-7.

cf. Borinella nepalensis (Kozur and Mostler). Orchard,
2007a, pl. 1, figs. 1, 2.

Material  examined:  Two
MPC6615, 6616, from AB1016-P1.

Occurrence: Specimens from AB1016 with-
in the Neospathodus dieneri-N. pakistanensis
Zone with the Paranorites varians Zone (Late
Induan=Dienerian) in the lower main part of
the Zhitkov Formation, Abrek Bay area, South
Primorye.

specimens,

Borinella  nepalensis yields from the
Flemingites Beds (MO3-12C) of the Mikin
Formation Muth, Spiti. The beds should be the
uppermost Dienerian (Krystyn et al., 2007).
Orchard (2007a) further noted that this species



Lower Triassic System in the Abrek Bay area, South Primorye 183

appeared in late Dienerian and its range ex-
tended into early Smithian in pelagic environ-
ments.

Remarks: Denticles are mostly broken and
the surface of narrow platform is more or less
attrited. The present specimens are similar to
Orchard’s (2007a) figured one in development
of platform and denticulation.

Genus Eurygnathodus Staesche, 1964

TBype species:  Eurygnathodus  costatus

Staesche, 1964.

Eurygnathodus costatus Staesche, 1964
Fig. 152.23-152.24

Eurygnathodus costatus Staesche, 1964, p. 269, pl. 28,
figs. 1-6; Budurov and Pantic, 1973, p. 51, pl. 1, figs.
1-15.

Platyvillosus costatus (Staesche). Goel, 1977, p. 1098, pl.
2, figs. 15-21; Wang and Cao, 1981, p. 371, pl. 2,
figs. 1-4, 28, 29; Koike, 1982, p. 44, pl. 5, figs. 1-9;
Matsuda, 1984, p. 128, pl. 6, figs. 6-10; Duan, 1987,
pl. 3, fig. 4; Koike, 1988, pl. 1, fig. 1-57, pl. 2, figs.
1-37; Wang and Zhong, 1994, p. 404, pl. 1, figs. 15,

23.
Platyvillosus paracostatus Wang and Cao, 1981, p. 371,
pl. 2, figs. 9-10.
Material  examined: MPC6613, from

AB1016-P1, MPC6614, from AB1021-P2.

Description: Two dextral and sinistral seg-
miniplanate elements; outline of platform
slender blade-like with narrowly rounded pos-
terior and sharply pointed anterior ends; length
0.50 and 0.52mm; width 0.16 to 0.21 mm;
giving length to width ratio 2.5 to 3.1; and
upper surface of platform transversed by 11
rows of ridged denticles.

Occurrence: Described specimens from
AB1016 within the Neospathodus dieneri-N.
pakistanensis Zone with the Paranorites vari-
ans Zone (early Late Induan=early Dienerian)
and from AB1021 within the N ex gr.
waageni-N. novaehollandiae Zone with the
Clypeoceras timorense Zone (early Early
Olenekian=early Smithian) in the main part of

the Zhitkov Formation, Abrek Bay area, South
Primorye.

Staesche’s original ones were recorded from
the middle part of the “Campiller Schichten”
on South Tirol (Staesche, 1964; Budurov &
Pantic, 1973). Goel (1977) described this
species from the Dienerian limestone exposed
at Khar in the Spiti Valley, India. Orchard
(2007a), however, pointed out that the strati-
graphic levels of Goel’s specimens could be
Smithian rather than Dienerian. Matsuda
(1984) collected this species from beds imme-
diately below the first appearance of N. waa-
geni Sweet in Kashmir. Koike’s (1988)
Platyvillosus costatus occurred abundantly in
the Smithian part of the Taho Limestone in
Shikoku, Japan. Wang and Cao (1981) and
Wang and Zhong (1994) announced the occur-
rence of this species and similar ones, Euryg-
nathodus paracostatus, in the upper Dienerian
in Lichuan, Hubei and other regions of South
China. The above-mentioned records suggest
that E. costatus persisted in Dienerian to
Smithian and did not range into Spathian.

Remarks:
AB1016-P1 is sinistral with slightly concave
line in right edge of the anterior part of plat-
form. Ridged denticles in a posterior half of
the platform are discontinuous. The other ele-
ment from AB1021-P2 is dexitral one with a
convex profile in right side of a posterior half
of the platform. This type is similar to Euryg-
nathodus paracostatus (Wang and Cao, 1981)
in platform shape and complete ridges of den-
ticles. According to Orchard (2007a), E. para-
costatus is a precursor of E. costatus that oc-
curs in higher levels than E. paracostatus in
Hubei. On the contrary, the stratigraphic posi-
tion of E. paracostatus-like element occupies
the higher level than that of typical E. costatus
in the present Abrek Bay section. Koike
(1982) pointed out that these features are in-
traspecific variation in his numerous speci-
mens of Platyvillosus costatus from the Taho
Limestone in Shikoku, Japan. E. paracostatus
is probably conspecific with E. costatus.

The element collected from
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Genus Neogondolella Bender and Stoppel,
1965

TBpe species:
Tatge, 1956.

Gondolella  mombergensis

Neogondolella carinata (Clark, 1959)
Fig. 151.1-151.3

Gondolella carinata Clark, 1959, p. 308, pl. 44, figs.
15-19; Matsuda, 1984, p. 119, pl. 1, figs. 1-11, pl. 2,
figs. 1, 3-5.

Neogondolella carinata (Clark). Sweet, 1970b, p. 240, pl.
3, figs. 1-17, 24, 26, 27; McTavish, 1973, p. 288, pl.
2, fig. 13; Wang and Wang, 1976, p. 409, pl. 5, figs.
6-9; Buryi, 1979, p. 66, pl. 9, fig. 5, pl. 17, fig. 2;
Tian et al., 1983, p. 368, pl. 80, figs. 8-9; Dagis,
1984, p. 5, pl. 1, fig.13; Cao and Wang, 1993, p. 256,
pl. 54, figs. 7, 11, pl. 55, fig. 10; Orchard and
Krystyn, 1998, p. 358, pl. 4, figs. 9, 11, 16, 17, 20.

Material  examined: MPC6572, from
AB1008-1b, MPC6573, from AB1010-P2,
MPC6574, from AB1012-2.

Occurrence: lllustrated specimens range
from AB1008 to AB1012 within the Neogon-
dolella carinata Zone with the Lyfophiceras
sp. Zone (Early Induan=Griesbachian), the Gy-
ronites subdharmus Zone (late Early Induan=
late Griesbachian), and the Ambitoides fuligi-
natus Zone (early Late Induan=early Diener-
ian) in the middle to upper part of the Lazur-
naya Bay Formation, Abrek Bay area, South
Primorye.

The range of this worldwide species is the
Griesbachian to the lower part of Smithian
(Orchard & Krystyn, 1998).

Remarks: Unfortunately, specimens identi-

fied are rare and poorly preserved. General
outline and denticulation, however, are identi-
cal to those of many previously described
specimens.

Genus Neospathodus Mosher, 1968

TBype species: Spathognathodus cristagalli
Huckriede, 1958.

Neospathodus concavus Zhao and Orchard,
2007
Fig. 154.13

Neospathodus concavus Zhao and Orchard, in Zhao et al.,
2007, p. 35, pl. 1, figs. 1A, B, C; Orchard and
Krystyn, 2007, fig. 4.

Material examined: MPC6637, from
AB1022-2.

Occurrence: The specimen is recovered
from AB1022 within the lower part of the
Neospathodus ex gr. waageni-N. novaehollan-
diae Zone with the Clypeoceras timorense
Zone (early Early Olenekian=early Smithian)
in the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye.

The range of this species in the Pingding-
shan Section is restricted to the N. waaageni
eowaageni Subzone and the lowermost part of
the N. waageni waageni Subzone (MO4-10
=lower part of the Flemingites-Euflemingites
Zone). This implies the lowest Olenekian.

Remarks: The description and illustration of
this species were originally given by Zhao and

Orchard (in Zhao et al., 2007). Orchard and

Fig. 151.

-

1-3. Neogondolella carinata (Clark, 1959). 1, MPC6672, from AB1008-1b. 2, MPC6573, from

ABI1010-P2. 3, MPC6574, from AB1012-2. 4-5, Neospathodus cf. cristagalli (Huckriede, 1958) from
AB1014-1. 4, MPC6575. 5, MPC6576. 6-16, Nospathodus dieneri Sweet, 1970 from AB1014-1 (6-9),
ABI1014-P1 (10-16). 6, MPC6577. 7, MPC6578. 8, MPC6579. 9, MPC6580. 10, MPC6581. 11, MPC6582.
12-13, MPC6583. 14, MPC6584. 15, MPC6585. 16, MPC6586. 17, Neospathodus sp. A, MPC6587, from
AB1014-P1. 18-26, Neospathodus pakistanensis Sweet, 1970 from AB1014-P1. 18, MPC6588. 19,
MPC6589. 20-21, MPC6590. 22, MPC6591. 23-24, MPC6592. 25, MPC6593. 26, MPC6594.
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Krystyn (2007), however, illustrated the other
type of this species that bears 13 denticles on
strongly arched blade. The present specimen
resembles the Spiti specicmen in number of
denticles.

Neospathodus cf. cristagalli (Huckriede,
1958)
Fig. 151.4-151.5

cf. Spathognathodus cristagalli Huckriede, 1958, p. 161,
pl. 10, figs. 14, 15.

cf. Neospathodus cristagalli (Huckriede). Sweet, 1970a, p.
246, pl. 1, figs. 14, 15; Matsuda, 1982, p. 92, pl. 3,
figs. 1-12.

cf. multielement apparatuses, Neospathodus cf. cristagalli
(Sweet). Orchard, 2005, p. 88, text-fig. 14.

Many other synonyms of this species are eliminated herein.

Material  examined:  Two
MPC6575, 6576, from AB1014-1.

Occurrence: Specimens from AB1014 with-
in the lower part of the Neospathodus dieneri-
N. pakistanensis Zone with the Clypeoceras
spitiense bed (early Late Induan=early
Dienerian) in the lower part of the Zhitkov
Formation, Abrek Bay area, South Primorye.

This species and its morphotypes are known
from the Dienerian and Smithian associated
with N. dieneri Sweet elsewhere.

Remarks: Denticles are suberect and stought
in the present specimens. Their tips are mostly
lacking but probably discreted. Identification
is reserved in the future research.

specimens,

Neospathodus dieneri Sweet, 1970
Figs. 151.6-151.16, 152.8-152.9

Neospathodus dieneri Sweet, 1970a, p. 9, pl. 1, fig. 17,

Sweet, 1970b, p. 249, pl. 1, figs. 1, 4; McTavish,
1973, p. 293, pl. 2, figs.3, 6; Buryi, 1979, p. 52, pl. 7,
fig. 7; Wang and Cao, 1981, pl. 2, figs. 24, 25; Mat-
suda, 1982, p. 90, pl. 2, figs. 1-11; Koike, 1982, p.
37, pl. 6, figs. 15-21, 28, 29; Tian et al., 1983, p.
376, fig. 3; Dagis, 1984, p. 27, pl. 6, figs. 4-7; Buryi,
1989, p. 26, pl. 1, fig.1; Beyers and Orchard, 1991,
pl. 5, fig. 4; Wang and Zhong, 1994, p. 400, pl. 1, fig.
18; Buryi, 1997, pl. 1, fig. 9; Zhao and Orchard (in
Zhao et al., 2007), p. 35, pl. 1, figs. 12A, B, 9A, B, C,
11A, B, C; Orchard and Krystyn, 2007, figs. 3, 6, 7.

Material — examined: Four specimens,
MPC6577-6580, from AB1014-1, six speci-
mens, MPC6581-6586, from AB1014-P1, two
specimens, MPC6602, 6603, from AB1016-
P1.

Description: Thin segminate elements, 0.35
to 0.50mm long and 0.33 to 0.38 mm high,
length to height ratio 0.9 to 1.5. Denticles 6 to
10 in number, average 8, discrete in upper
half, pointed, reclined to erect, height gradual-
ly decreases toward anterior. Terminal cusp
slightly higher or shorter than other denticles.
Basal margin straight or slightly arched in an-
terior portion, upturned in posterior one-third
of unit. Basal cavity large, subrounded or oval
around deep pit.

Occurrence: Described specimens from
AB1014 and AB1016 within the lower part of
the Neospathodus dieneri-N. pakistanensis
Zone with the Clypeoceras spitiense “bed”
(early late Induan=early Dienerian) and the
lower part of the Paranorites varians Zone
(late Induan=Dienerian) in the lower part of
the Zhitkov Formation, Abrek Bay area, South
Primorye.

N. dieneri is a well-known species in the
upper Dienerian to Smithian strata elsewhere.

Fig. 152.

-

1-7, 10-13, 20-21. Neospathaodus pakistanensis Sweet, 1970. 1-2, MPC6595, 6596, from AB1016-1.

3-6, MPC6597, 6598, 6599, 6600, from AB1016-P1. 7, MPC6601, from AB1021-P2. 10-12, MPC6604,
fused elements, from AB1019-1. 13, MPC6605, from AB1019-1. 20-21, MPC 6611, from AB1021-P2. 8-9,
Neospathodus dieneri Sweet, 1970 from AB1016-P1. 8, MPC6602. 9, MPC6603. 1419, Neospathodus ex gr.
waageni Sweet, 1970 from AB1021-P2. 14-15, MPC6606. 16, MPC6607. 17, MPC6608. 18, MPC6609. 19,
MPC6610. 22, Ellisonia? cf. peculiaris (Sweet, 1970), MPC6612, from AB1021-P2. 23-24, Eurygnathodus
costatus Staesche, 1964. 23, MPC6613, from AB1016-P1. 24, MPC6614, from AB1021-P2. 25-26, Borinella
cf. nepalensis (Kozur and Mostle, 1976) from AB1016-P1. 25, MPC6615. 26, MPC6616.
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The N. dieneri Zone corresponds to the strati-
graphic interval including Bed 20 to Bed 24 of
the Yinkeng Formation (uppermost Induan) at
the West Pingdingshan Section in Chaohu,
China (Zhao et al., 2007). The occurrence of
three morphotypes of N. dieneri is recorded
also in Pakistan, Guryul Ravine Section in
Kashmir, Lalung Section in Spiti, the Locker
and Kockatea shale of Western Australia,
South Primorye, and various localities in
South China, Malaysia, and many others (e.g.,
Sweet, 1970; McTavish, 1973; Buryi, 1979;
Matsuda, 1982; Koike, 1982; Tian et al., 1983;
Wang & Zhong, 1994; Orchard & Krystyn,
2007).

Remarks: Zhao and Orchard (in Zhao ef al.,
2007) introduced three morphotypes in this
Neospathodus dieneri. Specimens illustrated
in Fig. 151.6-151.10, 151.12 in this paper are
similar to their Morphotype 1 characterized by
a higher and broader terminal cusp than other
denticles. Specimens from AB1014 (MPC6580,
6584, 6585 in Fig. 151.9, 151.14, 151.15) are
identical with their Morphotype 2 having pos-
teriorly inclined and almost the same sized
denticles. Two specimens from AB1016
(MPC6602, 6603 in Fig. 152.8, 152.9) exhabit
a characteristic feature in a shorter and broad-
er cusp compared with other denticles. These
specimens resemble Morphotype 3 defined by
Zhao and Orchard (op. cit.).

Neospathodus novaehollandiae McTavish,
1973
Figs. 153.8-153.14, 154.7-154.11, 155.1-155.11

Neospathodus novaehollandiae McTavish, 1973, p. 294,
figs. 4, 5, 14, 16-23; Goel, 1977, p. 1091, pl. 1, figs.

1, 2; Tian et al., 1983, p. 379, pl. 93, fig. 9; Duan,
1987, pl. 3, fig. 1; Beyers and Orchard, 1991, pl. 5,
fig. 7; Orchard, 2007b, figs. 16—18.

Material examined: Twelve specimens,
MPC6623-6626, 6633-6635, 66386642, from
AB1022-2, one specimen, MPC6645, from
AB1024-1, two specimens, MPC6643, 6644,
from AB1025-1.

Description: Blade-like large elements 0.73
to 1.30 mm, average 0.93 mm in length; 0.43
to 0.62 mm, average 0.53 in height; length to
height ratio 1.6 to 2.3, average 1.7 in 15 speci-
mens. Upper edge of elements arched to
straight or more or less tapers anteriorly; base
essentially straight. Denticles robust, high,
erect to reclined posteriorly, sharply pointed,
fused in a lower half, discrete in upper part,
end at sharply pointed tip; numbers 10 to 17,
average 14; 2 to 3 posterior and anterior denti-
cles shorter than others. Cusp slightly longer
than other denticles, situated above basal cavi-
ty. Lateral face of base bears straight rib be-
comes strong posteriorly in large specimens.
Platform flange on flanks of element at poste-
rior end conspicuously developed in some
large specimens. Lateral process with fused
denticles appears on lateral face near posterior
end and surface of basal cup. In some aberrant
or pathologic lateral process
branched posterior-lateral and forms Y-shaped
basal cavity in lower view. Basal cavity in
most of specimens large, rounded to elliptical
in lower view with deep pit. Deep furrow
extended to anterior end of base.

Occurrence: Described specimens range
from AB1022 to ABI1025 within the
Neospathodus ex gr. waageni-N. novaehollan-
diae Zone with the Clypeoceras timorense

specimens,

Fig. 153.

-

1-7, Neospathodus pakistanensis Sweet, 1970 from AB1022-2. 1, MPC6617. 2, MPC6618. 3,

MPC6619. 4-5, MPC6620. 6, MPC6621. 7, MPC6622. 814, Neospathodus novaehollandiae McTavish,
1973 from AB1022-2. 8-9, MPC6623. 10-11, MPC6624. 12, MPC6625. 13—-14, MPC6626.
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Zone and Radioprionites abrekensis “bed”
(early Early Olenekian=early Smithian) in the
main part of the Zhitkov Formation, Abrek
Bay area, South Primorye.

This species is originally described from the
Locker shale (Smithian) of Western Austlaria
(McTavish, 1973). Goel (1977) reported the
abundant occurrence of this species associated
with N. dieneri Sweet in the Khar Section of
Spiti. Matsuda (1983) regarded this species
with a synonym of N. pakistanensis Sweet
from the Guryul Ravine in Kashmir. Beyers
and Orchard (1991) reported this species from
Fauna 6 (Smithian) contained in the Cache
Creek Complex, south-central British Colum-
bia. Orchard (2007b) and Orchard and
Krystyn (2007) pointed out that N. novaehol-
landiae occurs in association with N. pakista-
nensis in Bed 13A-1 and Bed 13A-2 of IOB
strata in Mud, Spiti.

Remarks: Many specimens identified to this
species exhabit considerable variations as
already pointed out by McTavish (1973) and
other previous authors. General configuration
of denticles, large and stout elements, and al-
most straight basal margin enable the author to
distinguish from the similar species, such as N.
pakistanensis. The author follows McTavish’s
oppinion that N. pakistanensis is the progeni-
tor of N. novaehollandiae.

Several large specimens at hand show
extreme development of lateral process and
the surface of flare of basal cavity. There are
possibilities that the specimens may belong to
a new species, but the author tentatively
assigned them with pathologic and/or aberrant
ones of N. novaehollandiae in this study. Fur-
ther consideration, however, is required to con-

clude.

Neospathodus pakistanensis Sweet, 1970
Figs. 151.18-151.26, 152.1-152.7, 152.10-152.13,
152.20-152.21, 153.1-153.7, 154.1-154.6

Neospathodus pakistanensis Sweet, 1970a, p. 254, pl. 1,
figs. 16. 17; McTavish, 1973, p. 295, pl. 1, figs. 1, 2;
Buryi, 1979, p. 57, pl. 9, fig. 2, pl. 18, fig. 5; Wang
and Cao, 1981, p. 367, pl. 2, fig. 27; Dagis, 1982, p.
57, pl. 1, fig. 4; Matsuda, 1983, p. 87, pl. 1, figs. 1-5;
Dagis, 1984, p. 26, pl. 5, figs. 9-11, pl. 12, fig. 6;
Beyers and Orchard, 1991, pl. 5, fig. 2; Cao and
Wang, 1993, p. 260, pl. 58, fig. 14; Wang and Zhong,
1994, p. 401, pl. 1, fig. 16, 24; Buryi, 1997, pl. 2, fig.
9; Orchard, 2007b, figs. 19, 20, 23-26. Orchard and
Krystyn, 2007, figs. 19, 20.

Neospathodus svalbardensis Trammer, in Birkenmajer,
and Trammer, 1975, p. 306, pl. 1, figs. 5-7, pl. 2,
figs. 1-7.

Material examined: Seven specimens,
MPC6588-6594, from AB1014-P1, two speci-
mens, MPC6595, 9596, from AB1016-1,
four specimens, MPC6597-6600, from
AB1016-P1, two specimens, MPC6604, 6605,
from ABI1019-1, two specimens, MPC6601,
6611 from AB1021-P2, eleven specimens,
MPC6617-6622, 6627-6631, from AB1022-2,
one specimen, MPC6632, from AB1022-3.

Description: Laterally compressed blade-
shaped elements 0.55mm to 0.83 mm long,
average 0.71 mm; 0.31 mm to 0.49 mm high,
average 0.4l mm in 20 samples. Ratio of
length to height 1.5 to 2.3, average 1.73 in 20
individuals. Upper edge of element gently
arched, highest point located posterior one-
forth; lower edge generally straight or weakly
curved upward in anterior most part; posterior
part of lower margin downcurved or slightly
deflected upward. Lateral rib prominent, par-

Fig. 154.

-

1-6, Neospathodus pakistanensis Sweet, 1970 from AB1022-2 (1-5), AB1022-3 (6). 1, MPC6627. 2,

MPC6628. 3, MPC6629. 4, MPC6630. 5, MPC6631. 6, MPC6632. 7-11, Neospathodus novaehollandiae Mc-
Tavish, 1973 from AB1022-2. 7-8, MPC6633. 9, MPC6634. 10-11, MPC6635, aberrant or pathologic ele-
ment. 12, Neospathodus aff. posterolongatus Zhao and Orchard 2007, MPC6636, from AB1022-2. 13,
Neospathodus concavus Zhao and Orchard, 2007 MPC6637, from AB1022-2.
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ticularly in posterior part. Denticles laterally
flattend, triangular with sharp tip, slightly re-
clined posteriorly or erect, fused in lower base,
discrete in upper half; number of denticles 12
to 14. Cusp slightly longer than other denti-
cles, with 2 to 3 shorter denticles above poste-
rior basal cup. Basal cavity subrounded, spatu-
late, with deep pit, and distinct furrow extend-
ed anteriorly.

Occurrence: Described specimens range
from AB1014 to AB1022 within the
Neospathodus dieneri-N. pakistanensis and the
Neospathodus ex gr. waageni-N. novaehollan-
diae zones with the Clypeoceras spitiense
“bed” (early late Induan=early Dienerian), the
Paranorites varians Zone (late Induan=Di-
enerian), and the Clypeoceras timorense Zone
(early Early Olenekian=early Smithian) in the
Zhitokov Formation, Abrek Bay area, South
Primorye.

This species is originally described from
West Pakistan and defines the N. pakistanensis
Zone (Zone 6) in the Mittiwali Member of the
Mianwali Formation (Sweet, 1970b). The zone
overlies immediately above the N. cristagalli
Zone and ends the base of the N. waageni
Zone. The species is also known to occur in
South Primorye (Buryi, 1979), Siberia (Dagis,
1982, 1984), Idaho (Paull, 1988), Cache Creek
in British Columbia (Beyers & Orchard,1991),
and other loclities in the North American Con-
tinent. Recent investigations by Orchard
(2007a) and Orchard and Krystyn (2007), and
Krystyn et al. (2007) clarified the range of this
species starts from Bed 12 and ends at Bed
13A-2 in the Flemingites beds in Spiti. Thus
the range of N. pakistanensis straddles the Di-
enerian-Smithian boundary (IOB); however,

the species is one of the excellent indicators of
latest Dienerian age.

Remarks: N. pakistanensis exhabits consid-
erable morphological variations in size, gener-
al lateral profile, the shape of basal cavity, and
numbers of denticles (e.g., Matsuda, 1983).
The present specimens examined also exhabit
similar broad variations mentioned above. The
elements from AB1014 and ABI1016 are
slightly shorter in length, and denticles are
fewer in number compared with those from
AB1022.

Neospathodus aff. posterolongatus Zhao and
Orchard, 2007
Fig. 154.12

aff. Neospathodus posterolongatus Zhao and Orchard, in
Zhao et al., 2007, p. 36, pl. 1, figs. 2A, B, C; Or-
chard, 2007b, figs. 1-6.

Material — examined: MPC6636, from
AB1022-2.

Occurrence: The specimen from AB1022
within the lower part of the Neospathodus
ex gr. waageni-N. novaehollandiae Zone with
the Clypeoceras timorense Zone (early Early
Olenekian=early Smithian) in the main part of
the Zhitkov Formation, Abrek Bay area, South
Primorye.

N. posterolongatus occurs in the N. waageni
waageni Subzone of the Yinkeng Formation in
Chaohu sections, and the species is one of the
index species of the basal Olenekian (Zhao
et al.,2007).

Remarks: General profile of the present
specimen is somewhat similar to this species
that has recently been proposed as a new to

science from the Yinkeng Formation in Chao-

Fig. 155.

-

1-11, Neospathodus novaehollandiae McTavish, 1971 from AB1022-2 (1-7), AB1025-1 (8-11). 1-2,

MPC6638. 3, MPC6639. 4, MPC6640. 5, MPC6641. 6-7, MPC6642, aberrant or pathologic elements. 8,
MPC6643. 9-10, MPC6644. 11, MPC6645. 12, Foliella gardenae (Staesche, 1964), MPC6646, from

AB1025-1.
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hu. The present specimen, however, has more
numbers of fused denticles than those of the
latter. The author’s present identification is
tentative.

Neospathodus spitiensis Goel, 1977
Fig. 156.1-156.6, 156.21-156.22

Neospathodus spitiensis Goel, 1977, p. 1094, pl. 1, figs.
14-18; Tian ez al., 1983, p. 379, pl. 98, fig. 13.

Material —examined: Seven specimens,
MPC6647-6652, 6664, from AB1025-1.

Occurrence: Described
AB1025 within the Neospathodus ex gr. waa-
geni-N. novaehollandiae with the Radioprion-
ites abrekensis “bed” (early Early Olenekian=
early Smithian) in the main part of the Zhitkov
Formation, Abrek Bay area, South Primorye.

The holotype and illustrated paratypes of N.
spitiensis came from the Smithian strata at
Khar in Spiti (Goel, 1977). This species also
occurs in Bed 15 at Muth in Spiti and Bed 26
of West Pingdingshan both of which include
typical succession of the Induan-Olenekian
Boundary strata (e.g., Orchard & Krystyn,
2007).

Remarks: The specimens examined are sim-
ilar to the original specimens from Spiti. The
present ones differ in number of denticles,
more or less higher elements, and shorter pos-
terior process than those of Spiti specimens.

specimens from

Neospathodus ex gr. waageni Sweet, 1970
Figs. 152.14-152.19, 156.7-156.19

Neospathodus waageni Sweet, 1970b, p. 260, pl. 1, figs.

11, 12; McTavish, 1973, p. 300, pl. 2, figs. 11, 22,
25-28; Mosher, 1973, p. 172, pl. 20, fig.5; Wang and
Wang, 1976, p. 411, pl. 3, figs. 4-7, 17; Goel, 1977,
p. 1094, pl. 2, figs. 1-4; Solien, 1979, p. 304, pl. 3,
fig. 9; Buryi, 1979, p. 56, pl. 7, figs. 8, 9; Wang and
Cao, 1981, pl. 2, fig. 26; Koike, 1982, p. 39, pl. 6,
figs. 26, 27; Matsuda, 1983, p. 88, pl. 1, figs. 6-10,
pl. 2, figs. 1-7; Dagis, 1984, p. 24, pl. 7, figs. 1-10,
pl. 8, figs. 1-7; Duan, 1987, pl. 2, fig. 7; Cao and
Wang, 1993, p. 261, pl. 56, figs. 5, 11; Wang and
Zhong, 1994, p. 402, pl. 1, figs. 12, 13; Buryi, 1997,
pl. 1, fig. 7.

Neospathodus waageni waageni Sweet. Zhao and Orchard,
in Zhao et al., 2007, p. 36, pl. 1, figs. 10A, B.

Neospathodus waageni eowaageni Zhao and Orchard, in
Zhao et al., 2007, p. 36, pl. 1, figs. SA, B.

? Neospathodus pingdingshanensis Zhao and Orchard, in
Zhao et al., 2007, p. 36, pl. 1, figs. 4A, B, C.

Material — examined: Five  specimens,
MPC6656, 6659-6662, from AB1024-1, five
specimens, MPC6653—-6655, 6657, 6658, from
AB1025-1.

Description: Elements 0.43 mm to 0.85 mm,
average 0.62mm in length; 0.31mm to
0.45 mm, average 0.37 mm in height; ratio of
length to height 1.4-2.2, average 1.5 in 11
specimens. General profile of element arcuate,
highest point situates at posterior half to near
posterior margin. Lower margin of element
almost straight to slightly undulated, posterior
part upturned in some specimens. Denticles
number 10 to 12, upturned, suberect to re-
clined posterioly, with pointed tip, discrete in
upper part and fused in lower half. Cusp bears
2 small denticles at posterior end, slightly
longer or shorter than other denticles. Lateral
rib parallel to margin and more or less
swollen. Platform flange developed on flanks

Fig. 156.

-

1-6, 2122, Neospathodus spitiensis Goel, 1977 from AB1025-1. 1, MPC6647. 2, MPC6648. 3,

MPC6649. 4, MPC6650. 5, MPC6651. 6, MPC6652. 21-22, MPC6664. 7-19, Neospathodus ex gr. waageni
Sweet, 1970 from AB1025-1 (7-13), AB1024-1 (14-19). 7, MPC6653. 8, MPC6654. 9, MPC6655. 10-11,
MPC6656. 12-13, MPC6657. 14-15, MPC6658. 16, MPC6659. 17, MPC6660. 18, MPC6661. 19, MPC6662.

20, Neospathodus sp. B, MPC6663, from AB1025-1.
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of posterior end; cusp bears short lateral
process in some specimens. Basal cavity large,
rounded, and with deep pit.

Occurrence: Described specimens range
from ABI1021 to ABI1025 within the
Neospathodus ex gr. waageni-N. novaehollan-
diae Zone with the Clypeoceras timorense and
Radioprionites abrekensis “bed” (early Early
Olenekian=early Smithian) in the main part of
the Zhitkov Formation, Abrek Bay area, South
Primorye.

N. waageni is a well-known species
throughout the world. This species is subdivid-
ed into waageni eowaageni, waageni waageni,
and posterolongatus (Zhao & Orchard, in Zhao
et al., 2007) based on the rich materials from
the Pingdingshan Section. Furthermore, Or-
chard and Krystyn (2007) distinguished six
morphotypes of N. ex gr. waageni from mate-
rial collected from the Muth Section in Spiti.
These studies clarify that N. ex gr. waageni is
a variable species, however, their moropho-
types and several allied new species range the
entire part of the Smithian (=lower division of
Olenekian) elsewhere.

Remarks: The specimens exhibit broad vari-
ation as pointed out by previous authors. Mat-
suda (1983) separated this species into three
types. Orchard and Krystyn (2007) proposed
six morphotypes in Spiti specimens. In the
present specimens, four morphotypes of N.
waageni are present that correspond with their
Morphotypes 1, 2, 3, and 4. Specimens num-
bered MPC6606 (Fig. 152.14) and MPC6660
(Fig. 156.17) have a similar flange observed in
Morphotype 1. Specimens MPC6607-6610
(Fig. 152.16-152.19) have slightly reclined,
subequal denticles forming an arcuate crest.
This type of N. waageni corresponds with the
holotype of this species, N. waageni waageni.
The specimen MPS6655 (Fig. 156.9) has up-
right denticles, straight basal margin, and up-
turned at both ends. These features recognized
in N. waageni eowaageni Zhao and Orchard.
Specimens MPC6658 (Fig. 156.14, 156.15)
and MPC6662 (Fig. 156.19) have two small

lower posteriormost denticles that are abruptly
smaller/lower than those to the anterior. This
feature is diagnostic in Morphotype 4.

Neospathodus sp. A

Fig. 151.17
Material examined: MPC6587, from
AB1014-P1.
Occurrence:  Figured specimen  from
AB1014 within the lower part of the

Neospathodus dieneri-N. pakistanensis Zone
with the Clypeoceras spitiense “bed” (early
Late Induan=early Dienerian) in the lower
part of the Zhitkov Formation, Abrek Bay
area, South Primorye.

Remarks: A fragmentary small segminate
element with straight basal margin bears pos-
teriorly curved 6 denticles. This unidentified
species is similar to Neospathodus waageni
Sweet (s.1.), but identification is postponded.

Neospathodus sp. B
Fig. 156.20
Material examined: MPC6663, from
AB1025-1.

Occurrence: This specimen from AB1025
within the Neospathodus ex gr. waageni-N.
novaehollandiae Zone with the Radioprionites
abrekensis “bed” (early Early Olenekian=
early Smithian) in the main part of the Zhitkov
Formation, Abrek Bay area, South Primorye.

Remarks: A segminate element has 10 den-
ticles, which are stout, posteriorly inclined,
and uneven in size. This unidentified species
may belong to the group of Neospathodus

waageni.

Chondrichthyans (by H. Yamagishi)
Systematic descriptions basically follow
Cappetta (1987) and Duffin and Ward (1995).
Morphological terms follow Cappetta (1987)
and Johns et al. (1997), and micromorphologi-
cal terms follow Cuny and Benton (1999). All
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specimens described in this paper are reposit-
ed in the University Museum of the University
of Tokyo (UMUT).

Class Chondrichthyes Huxley, 1880
Subclass Elasmobranchii Bonaparte, 1838
Cohort Euselachii Hay, 1902

Euselachii order, fam., gen., et sp. indet.
Fig. 157.5

Material obtained: Sixteen placoid scales,
UMUT MV29694-29709, from AB1025-
1, twenty-four placoid scales, UMUT
MV29727-29750, from AB1024-1, thirteen
placoid scales, UMUT MV29753-29765,
from AB1022-3, five placoid scales, UMUT
MV29771-29775, from AB1022-2, fourty-
four placoid scales, UMUT MV29783-29826,
from AB1021-P2, thirty-five placoid scales,
UMUT MV29830-29864, from ABI1019-1,
sixty placoid scales, UMUT MV29880-
29939, from AB1016-1, fourty placoid scales
UMUT MV29943-29982, from AB1016-P1,
nine placoid scales, UMUT MV29983-29991,
from AB1014-P5, eight placoid scales, UMUT
MV29996-30003, from AB1014-P1, and one
placoid scale, UMUT MV30004, from
AB1012-2.

Occurrence: Described specimens range
from AB1012 within the Ambitoides fuligina-
tus Zone (early Late Induan=early Dienerian)
in the uppermost part of the Lazurnaya Bay
Formation to AB1025 within the Radioprion-
ites abrekensis “bed” (early Early Olenekian=
early Smithian) in the main part of the Zhitkov
Formation, Abrek Bay area, South Primorye.

Discussion: A total of 255 placoid scales
were recovered from the Abrek section. In the
present study, these scales are not subjected to
morphological description and taxonomical
identification, but instead are treated as sup-

plemental data to simply verify the presence of
sharks.

Superfamily Hybodontoidea Owen, 1849
Family Acrodontidae Casier, 1959
Genus Acrodus Agassiz, 1837

Type species: Acrodus gaillardoti Agassiz,
1837.

Acrodus cf. cuneocostatus Cuny, Rieppel and
Sander, 2001
Fig. 157.1-157.4

Material examined. Two teeth, UMUT
MV29710-29711, from AB1024-1, a frag-
mented tooth, UMUT MV29751, from
AB1022-3, one tooth, UMUT MV29766, from
AB1022-2, one tooth, UMUT MV29776, from
AB1021-P2, two fragmented teeth, UMUT
MV29865-29866, from AB1016-1, two frag-
mented teeth, UMUT MV29940-29941, from
AB1016-P1, and one tooth, UMUT MV29992,
from AB1014-P1.

Description: Crown mesiodistally planar
without obvious cusps. Crown has obvious oc-
clusal crest and transverse ridges, with oc-
clusal crest and longitudinal shoulder ridges at
nearly same height. Root high and thin.

Occurrence: Described specimens range
from AB1014 within the Clypeoceras spi-
tiense “bed” (early Late Induan=early Diener-
ian) to AB1024 within the Clypeoceras timo-
rense Zone (early Early Olenekian=early
Smithian) of the Zhitkov Formation, Abrek
Bay area, South Primorye.

Discussion: Several specimens lack their
roots and/or they have been abraded, but they
do retain an obvious occlusal ridge on their
crowns and part of the transverse lines on their
shoulders. These teeth are similar to Acrodus
cf. cuneocostatus Cuny, Rieppel and Sander
(2001, Anisian, Fossil Hill Member, Favret
Formation, Nevada) in terms of morphology,
but their size range is quite different (holotype
is 4.3 mm long mesio-distally and maximum
labio-lingually width is 1.8 mm, whereas the
Abrek specimens range only up to about
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Table 2. List of shark teeth and scales obtained from the Lower Triassic Abrek Bay section.

Registered number N Sample Species Remarks
UMUT MV29692 1 ABI1025-1  Lissodus cf. cristatus Delsate & Duffin tooth
UMUT MV29693 1 ABI1025-1  Polyacrodus sp. indet. tooth
UMUT MV29694-29709 16  AB1025-1  Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29710-29711 2 AB1024-1  Acrodus cf. cuneocostatus Cuny, Rieppel & Sander  teeth
UMUT MV29712-29714 3 ABI1024-1  Hybodus sp. indet. teeth
UMUT MV29715-29717 3 ABI1024-1  Lissodus cf. cristatus Delsate & Duffin teeth
UMUT MV29718-29726 9 ABI1024-1  Polyacrodus sp. indet. teeth
UMUT MV29727-29750 24  AB1024-1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29751 1 ABI1022-3  Acrodus cf. cuneocostatus Cuny, Rieppel & Sander  fragmented tooth
UMUT MV29752 1 AB1022-3  Polyacrodus sp. indet. fragmented tooth
UMUT MV29753-29765 13 AB1022-3  Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29766 1 ABI1022-2  Acrodus cf. cuneocostatus Cuny, Rieppel & Sander  tooth
UMUT MV29767-29769 3 ABI1022-2  Lissodus cf. cristatus Delsate & Duffin teeth
UMUT MV29770 1 AB1022-2  Euselachii order, fam., gen., et sp. indet. tooth
UMUT MV29771-29775 5 ABI1022-2  Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29776 1 ABI1021-P2 Acrodus cf. cuneocostatus Cuny, Rieppel & Sander  tooth
UMUT MV29777 1 ABI1021-P2 Hybodus sp. indet. tooth
UMUT MV29778-29780 3 ABI021-P2 Lissodus cf. cristatus Delsate & Duffin teeth
UMUT MV29781-29782 2 ABI1021-P2 Polyacrodus sp. indet. teeth
UMUT MV29783-29826 44  ABI1021-P2 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29827-29828 2 ABI1019-1  Lissodus cf. cristatus Delsate & Duffin fragmented teeth
UMUT MV29829 1 ABI1019-1  Polyacrodus sp. indet. fragmented tooth
UMUT MV29830-29864 35  ABI1019-1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29865-29866 2 ABI1016-1  Acrodus cf. cuneocostatus Cuny, Rieppel & Sander  fragmented teeth
UMUT MV29867 1 ABI1016-1  Hybodus sp. indet. fragmented tooth
UMUT MV29868-29879 12 ABI1016-1  Euselachii order, fam., gen., et sp. indet. fragmented teeth
UMUT MV29880-29939 60 ABI1016-1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29940-29941 2 ABI1016-P1 Acrodus cf. cuneocostatus Cuny, Rieppel & Sander  fragmented teeth
UMUT MV29942 1 ABI1016-P1 Lissodus cf. cristatus Delsate & Duffin fragmented tooth
UMUT MV29943-29982 40  ABI1016-P1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29983-29991 9  ABI1014-P5 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29992 1 ABI1014-P1 Acrodus cf. cuneocostatus Cuny, Rieppel & Sander  tooth
UMUT MV29993-29995 3 ABI1014-P1 Hybodus sp. indet. fragmented teeth
UMUT MV29996-30003 8 ABI1014-P1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV30004 1 ABI1012-2  Euselachii order, fam., gen., et sp. indet. placoid scale

-

Fig. 157. Elasmobranch remains from the Abrek Bay section. 1-4, Teeth of Acrodus cf. cuneocostatus Cuny,
Rieppel and Sander, 2001. 1, 2, UMUT MV29766 from AB1022-2. 1, labial view. 2, lingual view. 3, 4,
UMUT MV29940 from AB1016-P1. 3, labial view. 4, lingual view. 5, Placoid scale of Euselachii order, fam.,
gen., et sp. indet, UMUT MV29771 from AB1022-2. 6, 7, Tooth of Hybodus sp. indet. 6, UMUT MV29993
from AB1014-P1. Specimen etched with hydrochloric acid (1%) for 10 sec to observe microstructure of
enameloid. 6, labial view. Scanning electolon micrograph of enameloid microstructure of the principal cusp.
Scale bar=1mm (1, 2, 5, 6), 0.5mm (3, 4), 0.0l mm (7).
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1 mm). They are also similar to A. cf. spitzber-
gensis Hulke (1873) from the Vardebukta For-
mation, Lower Triassic (Dienerian), Hornsund
area, Hyrnefjellet Mt., South Spitzbergen as il-
lustrated in BYazejowski (2004).

Family Hybodontidae Owen, 1846
Genus Hybodus Agassiz, 1837

Type species: Hybodus reticulatus (Agas-
siz), 1837.

Hybodus sp. indet.
Fig. 157.6-157.7

Material examined: Three teeth, UMUT
MV29712-29714, from AB1024-1, one tooth,
UMUT MV29777, from ABI1021-P2, one
fragmented tooth, UMUT MV29867, from
AB1016-1, and three fragmented teeth, UMUT
MV29993-29995, from AB1014-P1.

Description: Crown with cusps not well
separated, notches between cusps fail to reach
the level of root, cusps vertical or slightly lin-
gually inclined and between one and five pairs
of lateral cusps with cutting edges well devel-
oped. Crown bears relatively faint striae,
which may bifurcate near base of labial crown
shoulder. Anterolateral teeth with high, point-
ed cusps, presumed lateral teeth with distally
inclined cusps and posterolateral teeth
mesiodistally elongate with principal cusp and
low lateral cusps. Root arcuate, root labial face
shallow and flat perforated by regular row of
foramina, and basal face flat to concave. Lin-
gual face convex and lingually displaced, pre-
senting some foramina. Root vascularisation
anaulacorhize.

Occurrence: Described specimens range

from AB1014 within the Clypeoceras spi-
tiense “bed” (early Late Induan=ecarly Diener-
ian) to AB1024 within the Clypeoceras timo-
rense Zone (early Early Olenekian=early
Smithian) of the Zhitkov Formation, Abrek
Bay area, South Primorye.

Discussion: Frequently, the teeth of the
genus Hybodus and those of primitive
neoselachians can not be easily divided based
on their gross morphology (Reif, 1973, 1977;
Maisey, 1982; Cuny & Benton, 1999). One of
our specimens (UMUT MV29993) was exam-
ined for histology. Its enameloid consists only
of SCE (single crystallized enameloid), a com-
ponent of hybodont tooth enameloid, and no
PFE (parallel fibred enameloid), which is con-
sidered to be one of the synapomorphic char-
acters of neoselachians (Maisey, 1982). There-
fore, these particular teeth are regarded as be-
longing to the genus Hybodus.

Family Polyacrodontidae Glikman, 1964
Genus Lissodus Brough, 1935

TBype species: Hybodus Africanus (Broom),
1909.

Lissodus cf. cristatus Delsate and Duffin,
1999
Fig. 158.1-158.2

Material examined: One tooth, UMUT
MV29692, from AB1025-1, two teeth,
UMUT MV29715-29716, and fragmented
tooth, UMUT MV29717, from AB1024-1,
three teeth, UMUT MV29767-29769, from
AB1022-2, three teeth, UMUT MV29778-
29780, from ABI1021-P2, two fragmented
teeth, UMUT MV29827-29828, from AB1019-

Fig. 158.

-

Elasmobranch remains from the Abrek Bay section. 1, 2, Tooth of Lissodus cf. cristatus Delsate and

Duffin, 1999, UMUT MV29778 from AB1021-P2. 1, labial view. 2, occlusal view. 3—6, Teeth of Polyacrodus
sp. indet. from AB1024-1. 3, 4, UMUT MV29718. 3, labial view. 4, lingual view. 5, 6, UMUT MV29719. 5,

labial view. 6, lingual view. Scale bar=1mm.
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I, and one fragmented tooth, UMUT
MV29942, from AB1016-P1.

Description: Crown with obvious labial peg
and low principal cusp, and smooth surface
with almost no striae, due probably to the ef-
fects of abrasion. Most specimens lack their
root because they were not preserved.

Occurrence: Described specimens range
from AB1016 within the Paranorites varians
Zone (Late Induan=Dienerian) to AB1025
within the Radioprionites abrekensis “bed”
(early Early Olenekian=early Smithian) in the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: Most specimens lack their root
and/or have been abraded, but they retain an
obvious labial peg on their crowns. These
teeth are similar to Lissodus cristatus Delsate
and Duffin (1999, Middle Triassic, Upper
Muschelkalk, Moersdorf, Grand Duchy of
Luxembourg and the Upper Muschelkalk of
Dalhenheim, Bas-Rhin, France), and to L. an-
gulatus (Stensid, 1921) from the Vardebukta
Formation, Lower Triassic (Dienerian), Horn-
sund area, Hyrnefjellet Mt., South Spitzbergen
as illustrated in Blazejowski (2004). The Abrek
teeth are very similar to these specimens by
way of their outline and by having a smooth,
unornamented crown, but differ in lacking an
accessory cusplet.

Genus Polyacrodus Jackel, 1889

TBype species: Hybodus polycyphus (Agas-
siz), 1837.

Polyacrodus sp. indet.
Fig. 158.3-158.6

Material examined: One tooth, UMUT
MV29693, from ABI1025-1, nine teeth,
UMUT MV29718-29726, from AB1024-1, one
fragmented tooth, UMUT MV29752, from
AB1022-3, two teeth, UMUT MV29781-
29782, from AB1021-P2, and one fragmented

tooth, UMUT MV29829, from AB1019-1.

Description: Teeth strongly to slightly arcu-
ate mesio-distally with rather high, pyramidal
principal cusp, more than 4 pair of blunt later-
al cusps or transverse ridges, and well-devel-
oped lingual peg. Ornamentation nearly the
same in labial and lingual faces of crown,
aside from having a lingual peg. Root shallow
with pores in labial and lingual root face.

Occurrence: Described specimens range from
AB1019 within the Paranorites varians Zone
(Late Induan=Dienerian) to AB1025 within
the Radioprionites abrekensis “bed” (early
Early Olenekian=early Smithian) in the
Zhitkov Formation, Abrek Bay area, South
Primorye.

Discussion: Polyacrodus specimens from
the Abrek section resemble Polyacrodus con-
traries Johns et al. (1997) from the Ladinian
and Carnian of Canada and P bucheri Cuny et
al. (2001) from the Anisian of North-Western
Nevada in their overall morphology. They
share a developed lingual peg and an orna-
mented circumferential rim. Abrek specimens
differ from P bucheri in having a more point-
ed, higher main cusp, lateral cusplets and a
clear occlusal ridge. P contraries teeth have a
more elongate shape and stronger ornamenta-
tion than the Abrek specimens.

Concluding remarks
(by. Y. Shigeta, Y. D. Zakharov, H. Maeda and
A. M. Popov)

The Japanese-Russian Joint investigation of
a Lower Triassic section in the Abrek Bay area
has resulted in a detailed analysis of its stratig-
raphy as well as an extensive description of its
various faunal successions. Even though the
section was withdrawn from consideration as a
GSSP candidate for the I/O boundary due to
magnetostratigraphy problems (remagnetiza-
tion), our studies not only have resulted in the
establishment of a biostratigraphic framework,
but they also have contributed to a better un-
derstanding of global environmental change
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and the dynamics of the biotic recovery fol-
lowing the Permian-Triassic mass extinction.
Several modern disciplines, such as stable-iso-
tope stratigraphy, radioisotopic analysis and
sedimentary facies analysis, have been utilized
to broaden the knowledge of the Triassic of
South Primorye, but much work still remains
to be done. Therefore, it is anticipated that
future efforts by the joint research team will
result in even further significant contributions.
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