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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-pPning
sequence, whereas the overlying Zhitkov Formation consists of dark gray, laminated mudstone intercalated with thin, tur-
biditic Pne 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-Roor facies. This thick monotonous succession of barely bioturbated, laminated mud-
stone suggests deposition in a stable anoxic basin-Roor 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 bedsl.ytophicerassp. ZoneGyronites subdharmugone, Ambitoides fuliginatuZone,Clypeoceras spitieng@bedO,
Paranorites variansZone, Clypeoceras timorensgone, Radioprionites abrekensi®bed@®alhaeceras balhaeng@bedO,
andArctoceras subhydasp@bedO, as well as three conodont zdleegjondolella carinatZone,Neospathodus dieneri-

N. pakistanensiZone, andNeospathodu®x gr. waageni-N. novaeholladia€one 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 diversibed primarily in the western Panthalassa area during the Early Triassic. The existence
of Holocrinusin 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
OUssuri BasinO. Although this bning-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 bne 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-Roor by low-density
turbidite gravity Rows.

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 (ammonoidShamaraitesUssuridiscus Ambitoides Abrekites Radioprionites UssuriBemingites
and Balhaeceras gastropodaAbrekopsiy and sixteen new species (nautiloi@yronautilus popovi, Xiaohenautilus
abrekensis and Menuthionautilus evolutgsammonoids: Ambitoides orientalisAbrekites editusA. planus Radioprionites
abrekensis Ussurif3emingites abrekensis. primoriensis Balhaeceras balhaens&ohillites laevis and Paraheden-
stroemia kiparisovaegastropodsWarthia zakharovji Bellerophon abrekensi€hartronella maedaiandStrobeus shige-
tai) are described.

Key words: Abrek, ammonoids, conodonts, Induan/Olenekian, Lower Triassic, recovery, South Primorye, stratigraphy.



viii

637~FxeOeb’eo~7208i«res-w<ae~bP% ¢ O>AR~ Vuri D. Zakharov~2>V ‘ ~
Alexander M. Popo\$ £ ¢

708,«+zf w>tOtbZb"<ae~b%tmMozU,1$Z€qy\uT$Z€>21h}
<ee~bP%x TAj2i28¢-2ipulO2i8E£T |eEO2i28wan ¢puU32io8£Et
t||U°x 165mtab”}<eT &f¢cE£a~0 Ugq A NUtaire"}afTcE£a~0
UxO¢U%20e¢«U>AETupdM]| tiMI{=>0b- ‘“R”}°M| A NUx?g
wCa ' h% fi ql{- w,M»"i¥% AU'“R"}

Afc/Ea~0 Ux<eT', 8t/u hAg»ozi|kéip@v, “™ wnhi|nh
T'nhi@ew” 1>Ob}°M|"ANU<exnhi@<ai| eex/uswapntUM-
- (proximal basin)>Ob} " A"NU aaw°Mobs Ux?gUCa’\uYZ>,qoer=X}\
ex UUAZE ¥<wt “h/us°p/u h\g>Ob}

=tx|&7T¢£a~0 U<ea>tV|[Et"Zb"}>t" ATNUtxY+Qw=tuBUU"

yy-fe " M|[*“w otx=tx1pK"}=txziPE A"|l¢U" "|e<|
Eec'|u "|"EAiIA"|£Y >alq |¢0aae " «AE" "<"Zb"}2iPE A
a 3¢»«lia 3£S|=tUx<eT’ Lytophicerassp. 3| Gyronites subdharmu8 | Ambitoides

fuliginatus 3 | Clypeoceras spitiens&) | Paranorites varians3 | Clypeoceras timorens8 | Radioprionites abreken-
sis U | Balhaeceras balhaens® | Arctoceras subhydaspi§ UY S’eh}th| EATA=t3x<T’
Neogondolella carinate3 | Neospathodus dieneri-N. pakistanen8is Neospathodugx gr.waageni-N. novaehollan-
diae3UYS’«h}"Z hziPE AwOj| -qzéb"wx: thWc|Geaeix{ p
K"}°M|Eec=t xbEOSway=t t"Ab”}"Z h-aeU-&pJi¢cU" "x
7sa 6qEel «"><jlieU” "U~bD28tiit8¢+,baee-p 7="h\g>
Ob}u032i28T'"Z2 h Holocrinus xS w7ywGapK“|Oaeb”eaFae-pxOc¢U
D—~PDPM)¥,Mwe¢Uade wsiUaTIh\g>Ob}

a&7¢ZE£a~0 UT" A NUew- x iAjZi™M8wW28CAY"Ea7i28£ tIV
h} T1Ajzi™m8T'1¢E©2i28t"h"E $s/u”;whS|«Z$t- U'M=t
U ATNUgrt- "eh}l<ae~b%wiMI{=xOeb"@aFaee-pxfIpK*|=t3x

TU,¥ qulb"}20&¢i«+e-px TAj2i8—18E©2i8¥,x A NUnrte
"b U |'“b we-px&TcAEa~0 Unte"b”}208¢«+e~wW<ae~P%x®Cp
®&"/us wheaee-"'“<+ U M ¥<p/u hqg¥~ "}

2iPE A"x"A"NUw?gUCa’h ©pxCpK"U| tafe”I{- UnT’

x "b’}\e’w YxziPE A"Unhu@ Bnh ¥'“«™ t\ "|®@™fwaUyp
SO—vVt*“AZE ¥w/uetaV reh\gq>0Ob}
-t fe"PAEftw RAEtX 5/82q 27/42UYS’eh}% 7waEi»"ixb&EO

Sway3wOcU%qg<ae wa@~b%- t<YS'eoM”}\e'xteaw~bD28w/ul
UEi§«tK"Mxi€b” RU3ett R |uCettx ‘sM\g>Ob}

Sae px| 8y ¢2ibPE A"e ShamaraitesUssuridiscus Ambitoides Abrekites Radioprionites Ussu-
riBemingites Balhaecerag e < " « Abrekopsi£q 16y ¢l1¢U" e Gyronautilus popoviXiaohenautilus
abrekensisMenuthionautilus evolutysz ib E A" e Ambitoides orientali$ Abrekites editusA. planus Radiopri-
onites abrekensjdJssuriRemingites abrekensis. primoriensis Balhaeceras balhaens®&ohillites laevis Paraheden-
stroemia kiparisovag¢ é < " ¢ Warthia zakharovi Bellerophon abrekensi€hartronella maedaiStrobeus shigetd
>GL h}

“.q[~ AndrzejKaim~yi O~2>V'~o’ E~Gi%\~
Alexander M. Popov~- O >AR~8091~ f«~e ~feo~~ Yuri D. Zakharov




Lower Triassic System in the Abrek Bay area, South Primorye 1

Introduction Triassic faunas are from low-paleolatitudinal

(by. Y. Shigeta, Y. D. Zakharov, H. Maeda, reg|'ons in the Tethys and egstern Panthalassic
basins (e.g., Schubert & Bottjer, 1995; Krystyn
et al, 2003; Twitchetet al, 2004; Pruss & Bot-

Marine Lower Triassic deposits are widelytjer, 2004a, 2004b; Fraiser & Bottjer, 2004;
distributed in South Primorye, Russian Famwitchett & Barras, 2004; Met al, 2007; Bra-
East and have attracted the attention of marjard & Bucher, 2008; Komatst al, 2008).
scientists since pioneer workers D. L. Ivanov, The Abrek Bay section is worthy of consid-
C. Diener, and A. Bittner described ammonoidseration as one of the reference sections for Tri-
bivalves and other fossils from the area in th@ssic stratigraphy in South Primorye (Marke-
1890s. During the 20th century, numerous fosyich & Zakharov, 2004). Zakharat al, (2000)
sils of various kinds of taxa have been dehave already outlined the regional geology of
scribed, and subsequently, it is now recognizeghe area, and a number of Triassic mega-fos-
that South Primorye may provide an importansils have been described by previous authors
key to the establishment of a precise biostrati(Diener, 1895; Bittner, 1899b; Kiparisova,
graphic framework for the Lower Triassic 1938, 1960, 1961, 1972; Dagys, 1974; Za-
(Markevich & Zakharov, 2004). kharov & Shigeta, 2000). However, most fos-

The Lower Triassic in South Primoryesils as well as microfossils have not yet been
yields numerous well-preserved fossils fromdescribed and many fossil assemblages are
various horizons within a relatively completestill unknown.
biostratigraphic sequence, including some bio- In order to better understand the fossil
zones with species common to the Boreakssemblages and establish the areaOs biostrati-
Tethyan and Eastern Panthalassa realmgaphy, a Japanese-Russian Joint Research Pro-
(Kiparisova, 1938, 1961, 1972; Burij, 1959;gram was started in 1998, and scientibc expe-
Burij & Zharnikova, 1962, 1981; Zakharov, ditions to Abrek Bay and other areas were suc-
1968, 1996, 1997a, 1997b; Buryi, 1979, 1997¢essfully carried out for ten years. Thiaper
Zakharovet al, 2002, 2004a, 2004b, 2005a,includes the results of the beld survey and lab-
2005b). Consequently, Y. D. Zakharov pro-oratory investigations as well as pertinent dis-

posed the Tri Kamnya Cape and Abrek Baywussions regarding the Abrek Bay section.
sections as candidates for the Global Strato-

type Section and Point (GSSP) for the InduarResearch methods

Olenekian (I/O) boundary (Zakharov, 1994, During beld work, we investigated most dis-
1996; Zakharov & Popov, 1999; Zakharovtinctive sedimentary features of the Triassic
et al, 2000, 2002). Although the two sectionssequence, carefully observed the mode of fos-
were later withdrawn as GSSP candidates dusl occurrence and followed bedrock-con-
to magnetostratigraphy problems (Zakharovrolled collection techniques in order to estab-
2004, 2006), future paleontological and geolish the biostratigraphy of ammonoids and con-
logical studies of both sections will surelyodonts. Most megafossil samples were carefully
contribute to a better understanding of the dyrecovered from the strata with special attention
namics of the biotic recovery following the to detailed taphonomic considerations.
Pamian-Triassic (P/Tr) mass extinction, as |n an effort to investigate conodonts and
well as to the establishment of a biostratiother microfossils, we have examined a total
graphic framework. Moreover, its mid-paleo-of twenty-seven rock samples. Microfossils
latitudinal setting in western Panthalassa makegere removed from the rocks by applying 5%
it a key biogeographical reference, sintt® acetic acid to approximately 0.5kg of sample
majority of recent works dealing with Early material, then sieving (2mm, 0.42mm, and

A. M. Popov, K. Yokoyama and H. Igo)



2 Yasunari Shigetat al.(eds.)

Fig. 1. Paleogeographical map of the Early Triassic period showing the paleoposition of South Primorye and
other areas (modibed after PZgiral, 2005; Brayaeet 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.

0.1mm screens) and washing. Laboratorjes of zircon e.g., SHRIMP (Ireland, 1991,
residues were hand-picked using a binocularsutsumiet al. 2003), pssion-track (Garver
microscope, and microfossils were mounte@t al. 1999), and ICPMS (Wyck & Norman,
onto cardboard microslides with water soluble2004; Evanst al. 2001), and of monazite by
glue (gum tragacanth). EPMA (Suzuki,et al. 1991; Yokoyameet al,
Most of the conodonts are discrete segmi2007). In order to discuss the provenance of
nate elements. Fragile ramiform elements arearious Lower Triassic sandstone detritus in
also present, but they are fragmented and diffhe Abrek Bay area, we analyzed a total of
cult to identify. The orientation of elements isseven sandstone samples, and calculated the
now largely modibed by intensive analyses ofge of 188 grains of monazite.
multielement reconstruction of conodont ani-
mals (e.g., Purnelét. al, 2000). The speci- Repository of specimens
mens treated herein are mostly P elements, All fossils and rock samples investigated
thus we apply traditional usage of orientatiorherein were collected during Peld work
terms such as debPned by Sweet (1988). and transported from Russia to Japan with
The conventional approach to provenanceermission from the Russian Government and
studies of sandstones is based on the deterrother concerned authorities. Specimens of
nation of palaeo-current trends, the nature amtephalopods, gastropods, bivalvesaphopods,
modal proportion of the constituent rock andand conodonts are kept at the National Muse-
mineral clasts, and chemical analyses of them of Nature and Science, Tokyo. Shark teeth
heavy minerals in the sandstones. The devednd scales, and crinoid columnals and cirrals
opment of analytical techniques that allow agare kept at the University Museum, University
determination to be made for individual min-of Tokyo. Specimens of brachiopods are kept
eral grains has provided powerful tools for usat the Far Eastern Geological Institute, Vladi-
in provenance studies. Many age dating methrosbk.
ods have been applied to the provenance stud-
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Fig. 2. Map showing location of Abrek Bay area, South Primorye, Far East Russia. Area is located about 45km
southeast of Vladivostok.

Paleogeographical and geological setting ed with the Sino-Korea Craton during the Tri-
(by Y. Shigeta, H. Maeda, K. Yokoyama assic to form a huge continent that essentially
and Y. D. Zakharov) is the present-day Eurasian continent.

. . . The Lower Triassic System in South Pri-
Collision and amalgamation of continental - : :
morye, consisting mainly of clastic rocks de-

or microcontinental blocks are recognized as . . . . .
. . Sposned in various environments, was probably
one of the major tectonic processes respon

I- . . .

. . . deposited along the eastern continental margin
ble for the formation of East Asia during the b 9 9
Pemian to Triassic period. Lower Triassic ma-

of the Khanka block, which was probably situ-
rine deposits in South Primorye belong to the -

%[ed in the middle northern latitudes (Fig. 1,
S Zronet al, 2005; Zakharovet al, 2008).
Khanka Block, which is composed of Precam:l_hese outcrops are distributed in two areas, 1)

braian metamorphic rocks covered by thic . .
. p_ . . y lihe Russian Island-Vladivostok-Artyom area
Paleozoic-Mesozoic volcanic-sedimentary de-

posits (Khanchuk, 2001). The Khanka Bloc and the western coast of the Amur. Gulf, and
was part of the continent that was amalgamal -) the eastern coast of the Ussuri Gulf and
P 9 brek Bay area. The former belongs to Othe

ed with the Northeast China Block, mCIUdmgVOZnesenka Block® and the latter to Othe

the Jiamusi and Shongliao—Zhangguangcaéergeevka BlockO, both of which are sub-

e 065 f h Kk Bl (<hanc .
) 1996). In the Russian Island-Vladivostok-

Sino-Korea Craton began during the Late Per: . . .
: L Artyom area, shallow marine facies predomi-
mian-Early Triassic and was completed by the : .
o . hate in the southwestern part (Russian Island),

Late Triassic. The Yangtze Craton also collid- . . . .
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-165m thick continuous succession of Lower
kharov (1968, 1997a), an eastward-deepeninfriassic strata is visible. These sediments un-
setting is inferred. In the other area, thick basalonformably overlie the Permian Abrek For-
conglomerate is characteristic of the westermation, dip 15D50; westward, and strike N40D
part (eastern coast of Ussuri Gulf). The Lowei7OjE. Lithostratigraphically, they are divided
Triassic Abrek section represents the typicainto the Lazurnaya Bay and Zhitkov forma-
eastern offshore facies as described below. tions in ascending order.

Stratigraphy Lazurnaya Bay Formation
(by H. Maeda, Y. Shigeta, Y. Tsujino Stratotype Lazurnaya ( Shamara) Bay on
and T. Kumagae) the western coast of Ussuri Gulf, South Pri-

. _morye (Zakharov, 1996).
Located about 45km southeast of Viadivos Thickness 84.8 m in total. Detailed strati-

tok, the Abrek Bay Lower Triassic section is . . .
. raphic level and interval are shown as height
well exposed in a quarry on the northeasterﬂ

coast of Abrec Bay (Figs. 205), in which 4o ¢ P%5€: £ 15 eteland 25D30m -
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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
(Zakhrovet al, 2000). Middle: View of studied outcrop from the north. Lower: View of studied outcrop from
the south. A 165m 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-Pning sequence. In contrast, the overlying Zhitkov Formation consists of dark
gray, laminated mudstone intercalated with thin, Pne sandstone beds of turbidic origin, some of which are fos-
siliferous.
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Lithology. The formation consists mainly of of some sandstone beds (37 m at AB1006). A
sandstone and exhibits a Pning-upward sereenish gray, medium to Pne-grained sand-
guence. Sandstone and conglomerate compristone at the 54B57 m level is also intercalated
the lower part (0B26.5m level), while the midwith wavy-mudstone layers, but fewer than the
dle part (32D59.2 m) consists of bedded sandiiddle part in general, and it also contains cal-
stone intercalated with wavy-mudstone layerscareous concretions in the lower part (Fig. 7).
Alternating beds of Pne-grained sandstone anll wavy-layer at 56.8 m displays climbing rip-
mudstone intercalated with slump breccigles, suggesting a NW direction.
dominate the upper part (62D84.8 m). The upper part (62B84.8 m), beginning im-

Although covered by soil and vegetationmediately above an unexposed interval (59.2D
the basal part above the unconformity consists2 m), consists of alternating beds of bluish-
of greenish gray, medium to Pne-grainedjray to greenish-gray, Pne-grained sandstone
thickly bedded sandstone exhibiting a coarseri2b20 cm thick) and dark gray wavy-laminated
ing-upward sequence (0bB6 m). It is succeededudstone (1D10cm thick). These sandstone
by alternating beds of coarse-grained sandeds, which sometimes become thicker, 30D80
stone and granule conglomerate (6.0D8.9m)m (77B79m, 81D82m, 82D84.6 m), are ill-
and pebble conglomerate composed mainly aforted and slightly mottled, and grade upward
rounded to subrounded volcanic rock andnto wavy-mudstone layers. Bioturbation has
chert pebbles and cobbles ranging fronusually obscured the top surface of the sand-
30b100mm in diameter in a greenish gragtone. Current ripples suggesting a direction of
medium-grained sandstone matrix (8.9914.874i{W to N74jE are observable on the top
m; Fig. 11). The top of the lower part of thesurface of the sandstone bed (84.6 m; Fig. 8).
formation consists of greenish gray, medium- Slump breccia, consisting of angular mud-
grained thickly bedded sandstone containingtone blocks and subangular or subrounded Pne-
mudstone patches and shell patches (14.4feined sandstone blocks, and yellowish gray,
26.5m). Each sandstone bed grades upwakhe-grained muddy sandstone matrix, is inter-
into bioturbated muddy sandstone via laminatealated in the upper part (79981 m, Fig. 13)
ed Pne-grained sandstone. Fossils Megafossils are rare in the lower

The middle part (32D59.2 m) consists mainlpart of the Lazurnaya Bay Formation. Shell
of ill-sorted, greenish gray, Pne-grained sandpatches in the bedded sandstone contain the
stone intercalated with wavy-mudstone layerdollowing taxa: ammonoidflytophicerag
The sandstone beds are 5920cm thick, amsg. indet.; bivalveNPromyalina putiatinensis
sometimes contain thin lenticular shellbeds(Kiparisova); and brachipods@rbiculoidea
while the intercalated wavy mudstone layersp. indet. at AB1004 (23D24.5m).
are 1B5cm thick, intensely mottled (Fig. 12), The middle part of the Lazurnaya Bay For-
and contairPhycosiphorubes (Figs. 6, 7). mation is more fossiliferous. Lenticular

Yellowish gray, 20D100cm thick, Pne toshellbeds contain brachiopodsifhgula bore-
medium-grained sandstone beds are also occaalis Bittner and Orbiculoidea sp. indet. at
sionally intercalated in the middle part (37BAB1005 (33.1 m) and AB1006 (37.2m). Poor-
38.2m, 38.2D38.8m, 43.4D43.8m, 47.2D48 thy; preserved ammonoidsiytophiceras sp.
Figs. 6, 7). These sandstone beds, whicimdet. andTompophicerasp. indet.; bivalveN
sometimes contain mudstone patches, are, @laraia stacheiBittner; and brachiopodiDr-
turn, intercalated with thin shellbeds containbiculoideasp. indet. were collected at AB1007
ing poorly preserved bivalve shells (AB1005,(39.2m). Various brachiopod taxa were found
1006). Current ripples exhibiting a NW to SWalong with Lingula borealisand Abrekia sul-
direction are clearly visible in the basal planeata Dagys in the sandstone bed at AB1008
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Fig. 5. Plan view of Abrek Bay section showing rock types and structural attitude of beds as well as locality
numbers. In text, locality numbers are preceded by prebx OABO.



8 Yasunari Shigetat al.(eds.)

(43.5m). This bed also contains the followingutus Shigeta and Zakharov sp. nov.; am-
taxa: ammonoidNBukkenite8 sp. indet.; nau- monoidNAmbitoides fuliginatus(Tozer) gen.
tiloidN Gyronautilus popoviShigeta and Za- nov.; bivalvesNClaraia stachei Promyalina
kharov sp. nov.; gastropodWarthia zakharovi schamarae and Unionites fassaensisgastro-
Kaim sp. nov.; and conodontNieogondolella podN Bellerophon abrekenskaim sp. nov.
carinata (Clark, 1959). Ammonoids collected Depositional environmenThe lower part of
from calcareous concretions at AB1009 (53.8fhe Lazurnaya Bay Formation mainly repre-
54.6m) include Lytophicera® sp. indet., sents a distal deltaic facies deposited during a
Pseudoproptychites hiemal{Piener) andUs- transgression. Fluvial facies and tidal facies
suridiscus varahgDiener) gen. nov. sensu stricto seem to be absent in the Abrek
Megafossils are very common in the uppeBay section although coarse-grained deposits
part of the Lazurnaya Bay Formation.are predominant in a transgressive succession
The following fossils along with many (Bhattacharya, 2006). The occurrence of ma-
microgastropods were collected from calcarerine fossils supports this view.
ous concretions at AB1010 (64.8b67m): The middle part of the Lazurnaya Bay For-
ammonoidsNPseudoproptychites  hiemalis mation represents a shelf environment above
Ussuridiscus varahaWardieocerascf. wordiei  the storm wave base (Sutter, 2006). Various
(Spath),  Dunedinites magnumbilicatus benthic activities indicate that the facies were
(Kiparisova), and Gyronites subdharmus not deposited under the oxygen-minimum
Kiparisova; nautiloidNGyronautilus praevolu- zone, but in the aerobic surface-water column.
tus (Kiparisova); bivalvesiClaraia stachei Wave dominated sedimentary structures are
Leptochondria minimgKiparisova), ®lodio- not preserved because of bioturbation.
lusO sp. indet.Neoschizoduscf. laevigatus The upper part of the Lazurnaya Bay For-
(Ziethen), Promyalina schamaragBittner), mation represents a transitional facies from a
Pteria ussurica(Kiparisova), Myoconchasp. shelf to a slope environment. The intercalation
indet., Triaphorus aff. multiformis Kiparisova, of slump deposits supports this view (Sutter,
Ochotomy& sp. indet.,Unionites canalensis 2006; Posamentier & Walker, 2006).
(Catullo), and Unionites fassaensigWiss-
mann); gastropodsBellerophon abrekensis Zhitkov Formation
Kaim sp. nov.Wortheniasp. indet.,Abrekop- Stratotype Zhitkov Cape on the eastern
sis depressispirugBatten and Stokes) gen.coast of Russian Island, South Primorye (Za-
nov., Coelostylinasp. indet.; and conodontN kharov, 1997a).
Neogondolella carinata ThicknessGreater than 81 m (84.6D165.6 m
The following fossils are abundant in theinterval above the base of the Lazurnaya Bay
sandstone bed at AB1011 (81B82m): anformation; Figs. 8010, 13, 14).
monoidsNUssuridiscus varaha Gyronites Lithology. The Zhitkov Formation consists
subdharmusand Pachyproptychites otocera- mainly of dark gray, laminated mudstone inter-
toides (Diener); and nautiloidfKiaohenau- calated with thin (1D20cm thick), turbiditic
tilus abrekensishigeta and Zakharov sp. nov.bne sandstone beds, some of which are fossil-
A large sized specimen of the gastropodNiferous. It conformably overlies the Lazurnaya
Omphaloptycha hormolirdatten and Stokes Bay Formation and is subdivided into the

was also obtained. lower part (84.6095.8m) and the main part
The following megafossils along with the (95.8D165.6 m).
conodontNNeogondolella carinatavere col- The lower part (84.6D95.8m) consists of

lected from calcareous concretions at AB1012lternating beds of dark bluish-gray, laminated
(82D84.6 m): NautiloidWenuthionautilus evo- mudstone and bne sandstone, many of which
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Fig. 6. Columnar section of the Lower Triassic System in the Abrek Bay area (part 1). Top of the bgure connects
to the bottom of the next Fig. 7. Legend is in Fig. 10. Metric bgures by the column indicate the stratigraphic
levels above the base of the Triassic System.
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Fig. 7. Columnar section of the Lower Triassic System in the Abrek Bay area (part 2). Bottom of the bgure con-
tinues from Fig. 6, and the top connects to the bottom of the next Fig. 8. Legend is in Fig. 10. Metric bgures
by the column indicate the stratigraphic levels above the base of the Triassic System.
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Fig. 8. Columnar section of the Lower Triassic System in the Abrek Bay area (part 3). Bottom of the Pgure con-
tinues from Fig. 7, and the top connects to the bottom of the next Fig. 9. Legend is in Fig. 10. Metric bgures
by the column indicate the stratigraphic levels above the base of the Triassic System.
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Fig. 9. Columnar section of the Lower Triassic System in the Abrek Bay area (part 4). Bottom of the Pgure con-
tinues from Fig. 8, and the top connects to the bottom of the next Fig. 10. Legend is in Fig. 10. Metric Pgures
by the column indicate the stratigraphic levels above the base of the Triassic System.
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Fig. 10. Columnar section of the Lower Triassic System in the Abrek Bay area (part 5). Bottom of the bgure
continues from Fig. 9. Metric Pgures by the column indicate the stratigraphic levels above the base of the Tri-
assic System.
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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 30D100 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: lll-sorted, greenish gray, Pne-grained sandstone intercalated with wavy-mudstone layers at
AB1005.
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Fig.
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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 Pne-
grained sandstone blocks in matrix of yellowish gray, Pne-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 Pne 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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Fig. 15. Distribution of gastropod, scaphopod, bivalve, nautiloid, and ammonoid taxa in Abrek Bay section. Ly:
Lytophicerassp. Zone, GsGyronites subdharmu&one, Af: Ambitoides fuliginatuZone, Cs:Clypeoceras
spitiense ObedO, PwParanorites variansZone, Ct: Clypeoceras timorens&one, Ra:Radioprionites
abrekensisObedO, Blgalhaeceras balhaenggbedO, Agirctoceras subhydaspi@bedO, Ngdleogondolella
carinata Zone, Nsd-NspNeospathodus dieneN. pakistanensiZone, Nsw-NsnNeospathodusx gr.waa-

geniN. novaehollandia&one.
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Fig. 16. Distribution of brachiopod and crinoid taxa in Abrek Bay sectionLytophicerassp. Zone, GsGy-
ronites subdharmuZone, Af: Ambitoides fuliginatuZone, CsClypeoceras spitiens®bedO, PParanorites
varians Zone, Ct:Clypeoceras timorensgone, Ra:Radioprionites abrekensi®bedO, BtBalhaeceras bal-
haensedbedO, Agirctoceras subhydaspbedO, Ngbteogondolella carinatZone, Nsd-NspNeospathodus
dieneriN. pakistanensiZone, Nsw-NsnNeospathodusx gr. waageni-N. novaehollandia&one.
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Fig. 17. Distribution of conodonts and shark fossils in Abrek Bay sectionLytpphicerassp. Zone, Gs:
Gyronites subdharmuZone, Af: Ambitoides fuliginatugZone, Cs:Clypeoceras spitiens®bedO, PWara-
norites variansZone, Ct:Clypeoceras timorensgone, RaRadioprionites abrekensi@bedO, BRalhaeceras
balhaense ObedO, AsArctoceras subhydaspi©bedO, NgcNeogondolella carinataZone, Nsd-Nsp:
Neospathodus dieneri-NbakistanensiZone, Nsw-Nsn:Neospathodugx gr. waageniN. novaehollandiae

Zone.

21
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form slumped sheets and blocks (Figs. 8, 1dalf consists of ill-sorted muddy sandstone
14). The 30D200cm thick slump sheets areontaining abraded shells of ammonoids and
piled on each other and bounded by low-anglbivalves.
synsedimentay faults, and a few of them ex- Fossils Calcareous concretions at AB1013
hibit slump folds. The slump blocks are(89.5m) contain the following taxa: am-
30D120cm in diameter and angular shapedonoidsNUssuridiscus varahdDiener) gen.
(Fig. 8). Several fossiliferous, 1020 cm thicknov., Ambitoides fuliginatugTozer) gen. nov.,
Pne sandstone beds exhibiting turbiditic feaProptychites alterammonoideg¢Krafft) and
tures are also intercalated in the basal part. Gyronitessp. indet.; nautiloidf\Menuthionau-
The main part of the Zhitkov Formation tilus korzchi(Kiparisova); bivalvesNNeoschizo-
(95.8D165.6 m) consists mainly of dark bluistdus cf. ovatus (Goldfuss) andPteria ussurica
gray or greenish gray, laminated mudstone in{Kiparisova); and gastropodsBellerophon
tercalated with a few thin (0.5D3cm), PneabrekensisKaim sp. nov.,Abrekopsis depres-
grained sandstone layers (Fig. 14). Very littlesispirusKaim gen. nov., an&trobeus shigetai
bioturbation is present in the mudstone, and Kaim sp. now.
occasionally contains spherical or ellipsoidal The calcareous portions of the sandstone
calcareous concretions ranging in size from 1Beds as well as the calcareous concretions
to 40 cm. The sandstone layers exhibit paralldtfom the 91.8994.2m interval at AB1014
and/or current-ripple laminations that resemare quite fossiliferous. The following fossils
ble the sedimentary features of the upper paglong with many microgastropods and a bone
of a Bouma sequence, which is suggestive dfagment, possibly from a marine reptile,
their distal-turbidite origin. Also intercalated were collected: ammonoidsAimbitoides ori-
in the main part is a 15cm thick feldspathicentalis Shigeta and Zakharov gen. nov. sp.
coarse-grained sandstone bed (99.5m) as welbv., Vishnuite® sp. indet.Parahedenstroemia
as a thin bentonitic tuff bed (105m). A bur-kiparisovae Shigeta and Zakharov sp. nov.,
rowed upper surface is present on a 7 cm thicknd Clypeoceras spitiensgKrafft); nautiloidN
intercalated sandstone bed at the 110 m arMdenuthionautilus  korzchi  gastropodsN
125.5m levels (Figs. 8, 9). Chartronella maedai Kaim sp. nov.,, Tra-
Slump deposits (142.5D148 m), charactechyspiridaegen. et sp. indetAbrekopsis de-
ized by folds and consisting of dark greenistpressispirus Strobeus shigetai and Om-
gray, laminated sandy mudstone with intercaphaloptycha hormolireBatten and Stokes; bi-
lations of bne-grained sandstone, are intercaalvesNEntolioides sp. indet., Eumorphotis
lated in the upper part of the main part of thenultiformis (Bittner), Leptochondria minima
Zhitkov Formation. Ellipsoidal calcareous (Kiparisova), Pteria ussurica and Unionites
concretions occur in the mudstone. All of thefassaensigWissmann); scaphopodiheviden-
intercalated sandstones are weakly bioturbatedlium? sp. indet.; conodontsNeospathodus
and containPhycosiphortype burrows, some cf. cristagalli (Huckriede),Neospathodus di-
of which are calcibed and fossiliferous (Figeneri Sweet, Neospathodus pakistanegsi
9). Also intercalated in the upper part of theSweet, and Neospathodussp. A; placoid
main part of the Zhitkov Formation is a 60 cmscales, and shark teeti#¢rodus cf. cuneo-
thick feldspathic, coarse-grained sandstoneostatusCuny, Rieppel and Sander aHgbo-
bed, which exhibits features of a high-densityus sp. indet. Microgastropod preservation is
turbidite (154.2D154.4m; Fig. 10). The loweremarkably good, and the protoconch can be
half consists of coarse-grained sandstone conbserved in most specimens.
taining sub-rounded to elongated mud patches In the main part, the following assemblages
attaining a diameter of 8cm, while the uppekvere collected from calcareous concretions at
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AB1016 (106.2m): Ammonoids®ssuri-

Neospathodus pakistanesidNeospathodugx.

Remingites abrekensiShigeta and Zakharov gr. waageni Sweet, Neospathodus novaehol-

gen. nov. sp. nov. anéaranorites varians
(Waagen); gastropodsWarthia zakharovi

landiae McTavish, Neospathodusff. postero-
longatusZhao and Ochardyeospathodus con-

Kaim sp. nov. andbrekopsis depressispirus cavusZhao and Orchard, anBurygnathodus

scaphopodNLaevidentaliur? sp. indet.; con-

costatus Staesche; placoid scales and shark

odontsNNeospathodus dienefNeospathodus teethNAcrodus cf. cuneocostatys Hybodus

pakistaneng, Eurygnathodus
Staesche, anBorinella cf. nepalensigKozur
and Mostler); placoid scales,
teethNAcrodus cf. cuneocostatys Hybodus
sp. indet., and.issoduscf. cristatus Delsate
and Dufbn. Specimens &farthia zakharovi

costatus sp. indet. Lissoduscf. cristatus andPolyacro-

dussp. indet.

and shark 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: ammonoidsN

are usually found in a clusters in the calcareClypeoceras timorens®seudosageceras mul-

ous concretions. (Fig. 8)

tilobatum and Arctoceras septentrionaleon-

The following fossils were collected from odontsNNeospathodusex. gr. waageni and
calcareous concretions at AB1019 (124.6 m)Neospathodus novaehollandjgdacoid scales
Large ammonoidKummeli& sp. indet. and and shark teethMcrodus cf. cuneocostatys
Paranorites variansconodontNNeospathodus Hybodussp. indet. Lissoduscf. cristatus and
pakistanensis placoid scales and sharkPodyacrodussp. indet.

teethNPalyacrodussp. indet. and.issodusc.

At AB 1025 (154.2D154.4m), the high-den-

cristatus The calcibed bPne-grained sandstonsity turbidite, consisting of feldspathic coarse-

at AB1021 and AB1022 (135.2m) is very fos-grained sandstone and

ill-sorted muddy

siliferous, and the following well-preservedsandstone, is fossiliferous, and the following
fossils along with many microbivalves werefossils were collected: ammonoid#icto-

collected: ammonoids®brekites

editus ceras

septentrionale and Radioprionites

Shigeta and Zakharov gen. nov. sp. novabrekensisShigeta and Zakharov gen. nov.
Abrekites planusShigeta and Zakharov gen.sp. nov.; conodontsNeospathodusex. gr.

nov. sp. nov.,Rohillites laevis Shigeta and

waageni, Neospathodus novaehollandjae

Zakharov sp. nov.Shamaraites schamarensisNeospathodus spitiensiSoel, Neospathodus
(zakharov) gen. nov.JssuriRemingites pri- sp. B, andFoliella gardenae(Staesche); pla-
moriensisShigeta and Zakharov gen. nov. spcoid scales, and shark teethfésodus cf.

nov., Palaeokazakhstanites ussuriensiZa-
kharov), Clypeoceras timorense(Wanner),
Pseudosageceras  multilobatumNoetling,
Prosphingitoidessp. indet., andArctoceras
septentrionale (Diener); nautiloidNTremato-
ceras subcampanil¢Kiparisova); bivalvesN
Bakevelli& sp., Leptochondria minima
Neoschizoduscf. laevigatus (Ziethen), Tri-
aphorus aff. multiformis Kiparisova, Trigon-
odus orientaliBittner, andUnionites canalen-
sis gastropodNAarthia zakharovi brachio-
podN Abrekia sulcataDagys; crinoid colum-
nals and cirralsNHolocrinus sp. indet.;
conodontsREllisonia? peculiaris  (Sweet),

cristatus andPadyacrodussp. indete.

In addition, the calcipPed sandstone beds in-
tercalated with mudstone at AB1026 (156.5m)
yielded: ammonoidsfBalhaeceras balhaense
Shigeta and Zakharov gen. nov. sp. nov. and
Hemiprionites sp. indet. Calcareous concre-
tions at AB1027 (161.4B166m) contain the
large ammonoids Arctoceras subhydaspis
(Kiparisova) and EuRemingites prynadai
(Kiparisova).

Depositional environment he 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)an early Triassic ammonoid biostratigraphic
while the main part of the Zhitkov Formationscheme for South Primorye, in which they rec-
represents a proximal basin-Boor facies (Sutgnized the following four ammonoid zones,
ter, 2006; Posamentier & Walker, 2006). Theanging from the Griesbachian to the Smithi-
thick monotonous succession of barely bioturan: Glyptophiceras ussuriengone,Gyronites
bated, laminated mudstone suggests depositisnbdharmusZone, Hedenstroemia bosphoren-

in a stable anoxic basin-Roor setting. sis Zone, and Anasibirites nevolini Zone.
However, none of the zonal index taxa were
Biostratigraphy found in the Abrek Bay section other th@m-

ronites subdharmusiparisova.
Ammonoid succession(by Y. Shigeta, H. Our carefully controlled bed-by-bed sam-
Maeda and Y. D. Zakharov) pling program has produced abundant materi-
Markevich and Zakharov (2004) establishedl, which signibcantly adds to the knowledge
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of these biostratigraphic subdivisions (Fig.or much more fossil beds. Boundary between
18). However, at this point it would be premasuch zones remains obscure because of inter-
ture to introduce formal zones because fossihittent fossil-occurrence.

occurrence is not stratigraphically continuous Lytophicerasp. ZoneThis zone, which are
but conbned mostly to a few fossils beds. Oupartly correlative with thélyptophiceras us-
knowledge of Early Triassic ammonoid faunasuriense Zone of Markevich and Zakharov
in South Primorye is still somewhat inade-(2004), is characterized by the occurrence of
guate. Hence, we provisionally utilize thethe typical Early Induan (Griesbachian) am-
ObedO or zone (taxon-range zone) approachnasnoid genud.ytophiceras At AB1007, this
documented below. Here, the ObedO means tfemus is associated witfompophicerassp.
case that the index taxon occurs only from &det. and at AB1009, it is found witPseudo-
fossil-bed. The zone means a taxon-rangeroptychites hiemaligDiener) andUssuridis-
zone of the index species, and consists of twous varahgDiener) gen. nov.
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Gyronites subdharmugone Zone is main- Vishnuite® sp. indetClypeoceras spitiensis
ly characterized byGyronites subdharmus a well known Himalayan Dienerian am-
but other taxa are also found at various levelsionoid, and the bed is correlative with the
as follows: Dunedinites magnumbilicatus Meekocera® beds (Dienerian) of the North-
(Kiparisova) and Wardieoceras cf. wordiei  west Himalayan region (Krafft, 1909; Water-
(Spath) in the lower partPachyproptychites house, 2002).
otoceratoidegDiener) in the upper part, and Paranorites variansZone Zone contains
Ussuridiscus varahan the zone. The genus index speciesParanorites varians(Waagen)
Wardieocerads typical of the late Griesbachi- as well asUssuriRemingites abrekensshige-
an, andw. wordiei is known from late Gries- ta and Zakharov gen. nov. sp. nov. in the lower
bachian beds in Greenland (Spath, 193@art andKummelli& sp. indet. in the upper
1935) and Arctic Canada (Tozer, 1994). Zon@art. P. variansis known from the Lower Cer-
in the lower part are partly correlative with theatite Limestone of the Salt Range (Waagen,
Ophiceras commun&one (early late Gries- 1895), andKummellia is known from the
bachian) of Arctic Canada (Tozer, 1994). Paranorites-VishnuitesZone (Dienerian) of
Age diagnostic ammonoid taxa have noKashmir (Bando, 1981; Waterhouse, 1996a).
been found in the upper part, which probablyZone is probably Late Induan (Dienerian) in
is of late Early Induan (late Griesbachian) ageage.
but the nautiloidXiahenautilus abrekenssp. Clypeoceras timorenséone Zone contains
nov. occurs at AB1011. In South China, thea very abundant, diverse fauna, which include
stratigraphic range oKiaohenautilusis re- the following generaClypeoceras, Abrekites
stricted to the upper Griesbachian (Mual, gen. nov.Rohillites Shamaraitegen. nov.Us-
2007). Markevich and Zakharov (2004) assuriRemingitegen. nov.,Palaeokazakhstanites
signed a Late Induan (Dienerian) age to th®seudosagecera®rosphingitoidesand Arcto-
G. subdharmugZone. However, the local range ceras Clypeoceras timorenséWanner), the
biozone ofG. subdharmushould be correlated most common ammonoid, is known from the
with the late Early Induan (late Griesbachian). Lower Olenekian (lower Smithian) of Timor,
Ambitoides fuliginatusZone Index am- andRohillitesis also a typical early Smithian
monoid, Ambitoides fuliginatus(Tozer) gen. genus. Therefore, this subdivision is of early
nov., occurs with the following tax@ropty- Early Olenekian (early Smithian) age.
chites alterammonoide@rafft), Ussuridiscus Radioprionites abrekensishb&dO: Bed is
varaha and Gyronitessp. indet.Proptychites characterized by the occurrence of the newly
alterammonoidesis known to occur in the described index ammonoidRadioprionites
Meekocera® beds (Dienerian) of the North-abrekensisShigeta and Zakharov gen. nov. sp.
west Himalayan region (Krafft, 1909; Water-nov. as well afArctoceras septentrional@Di-
house, 2002), whildmbitoides fuliginatusc- ener). Neither species is age diagnostic, but
curs in theProptychites candiduZone (early Arctocerasis a typical Smithian genus. Ac-
Dienerian) of northeastern British Columbiacording to Markevich and Zakharov (2004),
(Tozer, 1994). These ammonoids strongly sughe upper part of thArctoceras septentrionale
gest that theA. fuliginatusZone is of early bearing beds in South Primorye contains
Late Induan (early Dienerian) age. Owenites koenertlyatt & Smith andBalhae-
Clypeoceras spitienseb€O: Bed contains ceras balhaense&higeta and Zakharov gen.
index specie€lypeoceras spitieng&rafft) as nov. sp. nov. Hence, this subdivision is correla-
well as Ambitoides orientalisShigeta and Za- tive with the bed under th®. koenenibeds
kharov gen. nov. sp. nowarahedenstroemia (middle Smithian) of the Tethyan and Eastern
kiparisovaeShigeta and Zakharov sp. nov. andPanthalassic realms (Kummel & Steele, 1962;
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BrYhwiler et al, 2007; Brayard & Bucher, nensisoccurs frequently throughout the zone,
2008). but N. dieneri appears mainly in the lower
Balhaeceras balhaenséed): Newly de- part. The following other taxa rarely co-occur:
scribed index ammonoiBalhaeceras bal- N. cf. cristagalli (Huckriede),Eurygnathodus
haensealso occurs in théwenites koeneni costatus Staesche,Borinella cf. nepalensis
beds in other sections in South Primorye (Za@Kozur and Mostler), anbleospathodusp. A.
kharov, 1968), and hence, this subdivision iZone encompasses tl@ypeoceras spitiense
correlated with the middle Early Olenekianammonoid bed andParanorites variansam-
(middle Smithian). monoid Zone in the Zhitkov Formation.
Arctoceras subhydaspi®€dO: Bed is char- N. dieneri is a well-known species and
acterized by the occurrence of the indexanges from the Dienerian to the Smithian
species an@uRemingites prynaddKipariso- (Orchard, 2007a). Zhaet al. (2007) summa-
va). A. subhydaspis(Kiparisova) is always rized the Lower Triassic conodont sequence in
found immediately below theAnasibirites the Pingdingshan section in Chaohu, Anhui,
nevolini Zone (upper Smithian) in other sec-China. They debned th dieneriZone in the
tions in South Primorye (Markevich & Za- upper part of the Yinkeng Formation (Upper
kharov, 2004). Therefore, the subdivision is ofnduan, Dienerian) and further subdivided it
middle Early Olenekian (middle Smithian)into three subzones as debned by the succes-

age. sive occurrence di. dieneri Morphotypes 1,
2, and 3, which also range upward into higher
Conodont successiolfby H. 1go) subzones. In the Abrek Bay section, a form of

The Lower Triassic section in the AbrekN. dieneri similar to the above-mentioned
Bay area can be divided into three conodortlorphotypes 1 and 2 occurs in the lower part
zones in ascending order as followdeogon- of the zone, and Morphotype 3, characterized
dolella carinataZone, Neospathodus dieneri by a posterior cusp that is broader and shorter
N. pakistanensiZone, andNeospathodugx than other denticles, occurs in the middle part
gr. waageniN. novaehollandiaeZone (Fig. of the zone.

18). N. pakistanensis the other characteristic

Neogondolella carinat@Zone Zone is not species of the zone, ranges upward into the
well debPned because specimens of the inddawest part of the next higher zone. As pointed
species, which occur sporadically in the mideout by several authors (e.g., Matsuda, 1983),
dle to upper part of the Lazurnaya Bay FormaN. pakistanensisexhibits considerable mor-
tion, are mostly fragmental or attrited.phological variation in terms of size, general
Neogondolella carinata(Clark) is a world- lateral proble, shape of basal cavity, and num-
wide species and ranges from the Greisbachber of denticles. Specimens from the lower
an to the Smithian (Orchard, 2007a). Zone erand middle parts of the zone have slightly
compasses the following ammonoid zorlgs: shorter elements and fewer denticles compared
tophicerassp. Zone andGyronites subdhar- with those from the next higher zone.
mus Zone of the Lazurnaya Bay Formation, These conodonts strongly suggest that the
and the Ambitoides fuliginatusZone of the zone, which is mainly of Upper Induan
lowermost Zhitkov Formation. (Dienerian) age, is correlative with tie di-

Neospathodus dieneri-N. pakistanerdime eneriZone of China, India and other regions.
Zone begins with the Pbrst appearance of Neospathodus ex gr. waageni-N. novaehol-
Neospathodus dienefSweet andN. pakista- landiaeZone Zone is debned by the brst oc-
nensisSweet and ends with the Prst occurcurrence ofNeospathodugx gr.waageni and
rence ofN. ex gr.waageni Sweet.N. pakista- N. novaehollandiagMcTavish, both of which
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occur frequently throughout the zome.ex gr.  each of their types with only one lateral and
waageni is a well-known index species of thebasal view. In the present study, the author
Early Olenekian (Smithian) throughout thetreats the species in a broad sensB.a&x gr.
world (Orchard, 2007a). Consequently, thevaageniand detailed identibcation is reserved
zone is correlated with the Early Olenekiarfor future research. However, the following
(Smithian). Zone encompasses at least thmomments are intended to discuss similarities
Clypeoceras timorensammonoid Zone and of the preseni. waageni (s.l.) with the above-
Radioprionites abrekens@mmonoid ObedO ofmentioned six morphotypes from Spi. ex
the Zhitkov Formation. gr. waageni from the Abrek Bay section ex-
N. waageni, originally described from the hibits variation in the proble of the basal mar-
Salt Range (Sweet, 1970), has been describgih, basal cavity, and denticulation, which
several times by subsequent authors frorhave already been pointed out by their authors.
Lower Triassic rocks elsewhere in the world Specimens obtained from the basal part of the
These authors all report morphological variazone (AB1021) have a similar proble as ob-
tion mainly in the proble of the basal marginserved inN. waageni waageni Most speci-
length of the posterior process, and shape ofiens from the lower part of the zone
the basal cavity (e.g., Matsuda, 1983). Zbao (AB1024) have the same conbguration that is
al. (2004) reported the occurrence of abundartharacteristic oN. waageni eowaageni
specimens in the Pingdingshan Section of N. aff. posterolongatusZzhao and Orchard
China and recognized three distinct subspecidsom the basal part of the zone is represented
that clearly occur in succession. Consequentiay a single specimen that exhibits close simi-
they subdivided the zone into three subzonefarity in general proble tdl. posterolongatus
to which Zhao and Orchard (in Zhax al, a proposed species based\brwaagenisubsp.
2007) applied the following namest. waa- nov. B by Zhaoet al. (2004). Several other
geni eowaageniN. waageni waageni andN. specimens identibed &k ex gr.waageniwere
posterolongatus obtained from the middle part of the zone in
N. weageni (s.l.) is also abundant in the association withN. spitiensisandFoliella gar-
Muth Section in Spiti. According to Orchard denag(Staesche).
and Krystyn (2007) and Orchard (2007hl), The basal part of the zone yields abundant,
waageni (s.l.) occurs in Smithian strata andwell-preserved elements ®f. novaehollandi-
consists of six morphotypes including twoae which is the other characteristic species in
subspeciesN. waageni waageniand N. waa- the zone. Although a few specimens were re-
geni eowaageniTheir Morphotype 1 is char- coveredN. pakistanensiss associated with.
acterized by the development of platformnovahollandiaein this part of the zone. Both
Banges at the posterior end. Morphotype 2pecies are similar and previous authors, such
corresponds tdN. waageni waageniand Mor- as Matsuda (1983) and Nicora (1991), consid-
photype 3 has a length to height ratio of abowtred them to be conspecibc. Recently, Orchard
1:1 and upturned denticles identical to thos€2007a) discussed the validity of both species
of N. waageni eowaageni Morphotype 4 is and pointed out that the shape of the basal cav-
characterized by the presence of a posterioity is an important criterion for distinguishing
most small denticle. Morphotype 5 has an unbetween species, rather than the lateral proble
usually large triangular cusp. Morphotype 6of the underside or the degree of platform
exhibits denticles that tend to radiate in a fanBange growth. The characteristic morphology
like fashion from the base. It is difbcult to de-observable in both species exhibits consider-
termine the morphological variation of theseable variation in the present material. Howev-
morphotypes, given that the authors illustratedr, the occurrence ®f. novaehollandiaén the
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Abrek Bay section is more common at higheCorrelation (by Y. Shigeta and H. Igo)
levels thanN. pakistanensisFurthermore, in The geological age of the basal part of the
our collection, N. novaehollandiaeincludes Lazurnaya Bay Formation remains uncertain
many large-sized individuals and some exhibibecause no direct, age diagnostic evidence
pathological or aberrant features in the bas&las been found. In contrast, the overlying
cavity and lateral process. The present authdower and middle parts of the formation, con-
concluded thaN. pakistanensi@andN. nosae- taining the Lytophicerassp. Zone and the
hollandiae are independent species, and théower part of the Neogondolella carinata
former is a precursor of the latter species withZone, is supposedly of Early Induan (Gries-
in the same species lineage. bachian) age. Furthermore, the upper part of
Several specimens identiPedNasspitiensis the formation, characterized by t&yronites
occur in the middle part of the zone. AccordsubdharmusZone and the middle part of
ing to Orchard (2007a) this species is a diredhe Neogondolella carinat&Zone, is correlat-
descendant ofN. posterolongatus and the able with the late Early Induan (late Gries-
stratigraphic level oN. spitiensisin the Abrek bachian).
Bay section supports this view, it postero- A change in the ammonoid assemblage in
longatusapparently is missing in the section. the uppermost part of the Lazurnaya Bay
Only one specimen identipable Baliella Formation and the overlying lowest part
gardenaewas recovered from the middle partof the Zhitkov Formation, in whichAm-
of the zone in association witl. spitiensis  bitoides fuliginatusis common, suggests that
This interesting Smithian aged conodont, origthese parts are early Late Induan (early
inally described from the upper Campiller For-Dienerian) in age. The lower part of the
mation of South Tirol, Austria (Staesche,Zhitkov Formation yieldsClypeoceras spi-
1964), also occurs in Smithian aged equivaleritenseand is of Late Induan (Dienerian) age.
rock units in Slovenia (Kolar-Jurkovsek & This correlation is also supported by the oc-
Jurkovsek, 1996), Primoryie, Far East Russiaurrence of Neospathodus dienerand N.
(Buryi, 1979), Sichuan, Southwest China (Dapakistanensis
& Tian, 1983), and other Chinese localities. The First Appearance Datum (FAD) of
The lower to middle part of the zone yieldsN. waageni (s.l.) has been basically accepted
other conodont elements identibed asas the primary marker for the debnition of the
Neospathodus concavughao and Orchard, Induan-Olenekian (I/O) boundary (Toegal,
Neospathodusp. B, andEllisonia? cf. pecu- 2003; Krystynet al, 2007; Zhacet al, 2007).
liaris (Sweet), but these occurrences are rafd. ex gr. waageni brst appears at AB1021
and the specimens are fragmentary. A singl@and AB1022) in the main part of the Zhitkov
specimen ofN. concavusrecovered from the Formation. Therefore, the 1/0O boundary
basal part of the zone is characterized by ashould be placed at a horizon between
arched, large and long element, and it has AB1019 and AB1021 (or AB1022), given that
short cusp compared with that of the originaLate Induan (Dienerian) ammonoids occur at
Chinese specimen (Zhao & Orchard, in Zha&B1019.
et al, 2007). Orchard & Krystyn (2007) The uppermost part of the main part of the
illustrated the other type of this species fronZhitkov Formation yields the middle Early
Spiti that bears 13 denticles on its strongllenekian (middle Smithian) ammonodc-
arched blade. The general conbguration of thieceras subhydaspiswhich is characteristic
present element agrees with the Spiti specimember of the horizon immediately underly-
men, except for a large cusp and the size of thieg the upper Smithia\nasibirites nevolini
sixth denticle. 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. Scalebamm.

Age distribution of detrital monazites in the  Triassic age from the Japanese Islands and a
sandstone sample of sand from Khabarovsk, along the
(by K. Yokoyama, Y. Shigeta and Y. Tsutsumi)Amur River, were analyzed to compare with

th f the Abrek B .
Seven sandstone samples, three from theOse fom the Abrek Bay area

Lazurnaya Bay Formation at AB1004,
AB1007 and AB1011 and four from the
Zhitkov Formation at AB1014, AB1016,

Analytical procedure
Procedures for the separation of heavy min-
AB1019 and AB1025, were investigated forer‘?lIS and their subsequent fanaly3|s for mon-
ﬁzne are the same as described by Yokoyama

age analyses of monazite (Figs. 5D10). A . .

9 4 . (Fig ) et al. (1990). The theoretical basis for mon-
sandstones are fossiliferous sandstones, con-. o .

i : . . : azite age calculation is essentially the same as
sisting mainly of calcite with subordinate

amounts of detrital mineral and lithic fragmentthat deve.loped by Suzulat aI.(1991).
Monazites were analyzed with an electron

(Fig. 19). Technically, these rocks should be robe micro-analyzer (EPMA) btted with a

identibed as limestone or calcareous sand- . .
avelength Dispersive Spectrometer (WDS),

stone, .bUt t.hey are tentatively denoted as SANGA-8800 situated in the National Museum of
stone in this paper. Sandstones of Permian

ature and Science, Tokyo. Analytical condi-
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Fig. 20. Age histograms of detrital monazites from sandstones in the Abrek Bay area. Vertical axis represents
number of analyzed monazite grains.
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Fig. 21. Probability distribution diagrams of monazite ages of sandstones from the Abrek Bay area (upper) and
the sand sample from the Amur River (lower). Numerical value (N) denotes the number of analyzed monazite
grains.
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Fig. 22. Probability distribution diagrams of monazite ages of sandstones from the Maizuru Belt. Numerical
value (N) denotes the number of analyzed monazite grains.

tions are the same as those described by Satandard deviation of the obtained ages de-
toshet al. (2006). Age calibrations were care-pends mostly on the PbO content of the mon-
fully performed by comparing data obtainedazite, and age errors are within a few percent
by EPMA dating with those acquired by thefor most of the analyzed monazites that were
SHRIMP technique (Santoskt al, 2006). richin ThQ.

Apart from minor shifts due to machine drift

and variations in standard conditions, the agd3esults

obtained from both techniques were found to Although monazite grains are not common
have good consistency. Monazites with ages af the samples, due probably to their calcare-
3020 Ma and 64 Ma, obtained from SHRIMPous nature, about 200 grains were recovered
and K-Ar methods, respectively, were used aand analyzed. Monazite ages are presented as
internal standards for age calibrations. Thérequency diagrams in Fig. 20.
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Monazite ages range from ca. 240 Ma tdhose from sandstones in the Abrek Bay area.
1000 Ma with a strong peak at around 500 M&he Permian sandstones in the Maizuru belt
and a subordinate peak at around 270 Ma. Akre associated with chert (Ishiga & Suzuki,
though there is no drastic change in monazit#984), and belong to part of a subduction
age throughout the sequence, and a notabfpmplex, thus indicating a deep sea origin,
different age distribution pattern is not ob-whereas the Lower to Middle Cretaceous
served in the sandstones, it is noteworthy thatakuno Group and the Upper Triassic Nabae
younger monazites are not common in th&roup are composed mostly of shallow marine
lower sequence, and weak peaks at 300b466diment with a trace amount of fresh or
Ma and 700D800 Ma are observed in samplarackish water sediment (Nakazawa, 1958),
AB1025. Each age datum has a more or lesnd overlie Permian rocks, either by unconfor-
moderate standard deviation. Then, all dateity or fault contact. Probability diagrams of
were represented in Fig. 21 by a probabilitysandstones from the Maizuru Belt are present-
distribution diagram calculated with a multi-ed in Fig. 22. While a major peak appears at
peak Gauss btting method (Williams, 1998)500b510Ma in all samples, an age near
Peak positions are 508 Ma and 275 Ma. Sevefz00bB800 Ma is recognized in Lower to Middle
al data are plotted in 700D850 Ma, but no cledrriassic sandstones of the Yakuno Group, but
peak has been recognized in the range oldenly the Upper Triassic sandstone from the
than 600 Ma. upper part of the Nabae Group shows a mod-

Monazite ages in the recent sand samplerate peak at 1900 Ma, similar to the other
from the Amur River are shown in Fig. 21 to-sandstones in the Japanese Islands.
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 The signibcance of the Lower Triassic sec-
Khanka Block during the Early Permian. Thetion in the Abrek Bay area can be summarized
drainage basin of the river also includes a pats follow.
of the Sino-Korea and Siberian cratons. A 1) A newly discovered fossiliferous suc-
major peak much older than 300 Ma occurs atession in South Primorye ranging in age from
500 Ma, similar to the sandstones in questiorinduan (Griesbachian, Dienerian) to Early
Weak peaks appear at 1900 and 2500 Ma, d@lenekian (Smithian) is described.
probably to the Sino-Korea Craton (Yokoyama 2) The mode of occurrence of ammonoids
et al, 2007). The southern part of the Siberiaris documented.

Craton has undergone granulite facies meta- 3) The age of detrital monazites in the
morphism between 488 and 478 Ma (Salnikosandstone is determined.

va et al, 1998). The contribution from the

Siberian Craton to age data for the Amur RiveAge data of monazites(by K. Yokoyama,
is represented by the huge peak at 500 Ma. Y. Shigeta and Y. Tsutsumi)

Most sandstones in the Japanese IslandsAge analysis of detrital monazite provides
have a strong peak at 1900 Ma, but no peaks with prehistorical information about river
around 500Ma (Yokoyama & Saito, 1996,drainage systems. These age data are especial-
2001),which is similar to those from the Kore-ly important in the area and time frame en-
an Peninsula (Yokoyanet al, 2007). Permian compassing the collision and amalgamation of
to Upper Triassic sandstones in the Maizureontinental or microcontinental blocks. In Far
belt have different peaks than other sandston&sast Asia, the Khanka Block collided with the
in the Japanese Islands, but they are similar thamusi and Songliao-Zhangguangcao blocks

Discussion
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during the Early Permian (Jiat al, 2004). major peak at 5000519 Ma, a subordinate peak
The collision of the Khanka Block and theat 270D280 Ma and sporadic data at 700850
Sino-Korea Craton started during Late PermiMa (Figs. 21, 22). They are essentially similar
an-Early Triassic time and was completed byo other sandstones in the Maizuru belt. A
the Late Triassic to form the huge continentlear difference is found in the sandstone of
that is essentially the Eurasian continent othe Upper Triassic Nabae Group. The lower
today. sandstone of the Nabae Group is similar to the
Age data for the Khanka Block are restrict-sandstones mentioned above, whereas the
ed. As far as recent data are concerned, appper sandstone has a clear peak at 1900 Ma
proximately 500 Ma was reported from graniten addition to a major peak at 500 Ma (Fig.
and gneiss samples (Khanchekal, 1996), 22). This signibpes that the provenance of the
which is similar to those from the Jiamusidetritus includes not only the Khanka-Jiamusi
Block (Wilde et al, 2000, 2003). A Precam- Block, but also the Sino-Korea Craton, thus
brian age was recognized as a discordant agalicating an almost complete amalgamation
for zircon: 1179 80Ma (Jiaet al, 2004). of the craton and block.
Monazite with a Precambrian age of 700D800 The Samarka Belt at the eastern side of the
Ma is rarely observed in Lower Triassic sandKhanka Block is a Jurassic accretionary com-
stones from the Abrek Bay area (Fig. 21)plex. It is now understood to be a northern ex-
These data show the presence of a Precambiénsion of the Mino-Tamba Belt of the Inner
an terrane in the Khanka or Jiamusi blocksZone of southwest Japan, based on similarities
Even if Precambrian rock occurs widely as af lithology, age and geologic structure (Koji-
basement rock, it is hard to elucidate througima, 1989). These complexes were originally
monazite age determination because monazit®nstructed through a series of accretionary
age is easily reset by later stage high-graderocesses as continuous belts, which were
metamorphism, which occurred commonly inlater separated into several remnants following
these blocks. tectonic movements. Other small belts includ-
River drainage systems in the East Asia reing the Maizuru belt are not yet well under-
gion have changed with geological time as evistood. Sandstones in the Maizuru belt have a
denced by collision events during Permian talifferent age pattern than Jurassic and Triassic
Triassic time. Age data, revealing a strongandstones in other areas of the Japanese Is-
concentration at 500 Ma and an absence d&énds (Yokoyama & Saito, 1996, 2001). The
1900 Ma in the sandstones from the Abrekoincidence in monazite data from sandstones
area, demonstrate that their provenance was the Maizuru Belt and the Abrek Bay area,
within the Khanka Block and a portion of theSouth Primorye, suggests that the Maizuru
Jiamusi Block, and that there is no contribuBelt belongs to the Khanka Block or Jiamusi
tion from the Sino-Korea Craton. If detrital Block, and that the belt should be located near
minerals were supplied by a huge river such aouth Primorye. Tectonic reconstruction in the
the Amur, their age distribution would presentegion of the Sea of Japan is still enigmatic be-
a peak at 1900 Ma. An absence of the 1900 Meause collisions, opening of back-arc basins
peak is due to local supply or an incompletand rotation of small blocks were common
amalgamation of the Sino-Korea Craton aneéven after deposition of Triassic sediments.
Khanka Block during the Early Triassic. Furthermore, many faults with lateral dis-
The sandstones in the Abrek Bay area haya@acement have been described along the con-
the same age pattern as those of the Lower timental margin. At present, monazite age data
Middle Triassic shallow marine sandstones obf the sandstones will more or less place a
the Yakuno Group in the Maizuru belt, i.e., aconstraint on any tectonic model for the Far
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East Asia region. Wildet al.(2003) discussed lithostratigraphic boundaries. For example, in
that the Jiamusi Block was located along théhe Seryj and Tri Kamnya Capes areas, the In-
northern margin of the Australian block, basedluan/Olenekian boundary occurs in the upper
on the presence of the late Pan-African magart of the Lazurnaya Bay Formation (Za-
matic event at 500 Ma. It is possible that the kharov, 1996; Markevich & Zakharov, 2004).
Khanka Block, with a major peak at 500 Ma,In contrast, in the Abrek Bay area the bound-
will be closely associated with the Jiamusiry occurs within the Zhitkov Formation.
Block, and that both were once located near Shallow marine facies appear in the Induan
the northern part of the Australian Block.and Olenekian (Smithian, Spathian) at Atlasov
Some data with a 700D800Ma peak corrgzape and Russian Island in the western part of
sponds to the Mozambique event, which ishe OUssuri BasinO (Markevich & Zakharoy,
also common in the areas affected by the Pa@004). Certain fossil zones are not recorded in
African magmatic event. However, it is prema-these localities since strong wave and current
ture to discuss tectonic reconstruction due to action frequently interrupted sedimentation.
lack of substantial age data for the Khanka and Conversely, shallow marine facies change to
Jiamusi blocks. offshore facies within the lower Upper Induan

This analysis is a reconnaissance study dfower Dienerian) in the Abrek Bay area in the
the sandstones in Far East Asia. Further morastern part of the basin. In this area, sedimen-
azite age data, including that derived frontation appears to be continuous during the
Upper Triassic sandstones in both, the Khankiaate Induan and Early Olenekian, and strati-
Block and the Sino-Korean Craton, will moregraphic and faunal successions are exception-
clearly reveal the timing of the amalgamationally well preserved. This setting most likely re-
Furthermore, this type of study regarding botlsulted from deposition under the much deeper
the block and the craton will clarify their and quieter environmental conditions that were
boundaries and will provide a more realistiqprevalent in the Abrek Bay area as compared
history of the collision and amalgamation thato the western part of the basin, and it supports
formed the continent. an eastward-deepening setting of the Triassic

System in the OUssuri BasinO (Zakharov, 1968,

The position of the Abrek Bay section in the 1997a).
OUssuri Basin@by Y. Shigeta and H. Maeda)

Lower Triassic deposits unconformablyAmmonoid mode of occurrence (by H.
overlie Permian rocks with basal conglomeratélaeda and Y. Shigeta)
throughout the South Primorye region. The In the upper part of the Lazurnaya Bay For-
lower portion, consisting mainly of sandstonemation and the overlying Zhitkov Formation,
and conglomerate of the Lazurnaya Bay Forammonoids are mainly preserved in gravity-
mation, represents a shallow marine facieBow deposits such as turbidites and slump de-
above the storm wave-base. This sequence p®sits. In contrast, background deposits repre-
overlain by the Zhitkov Formation, consistingsented by laminated mudstone are almost bar-
of laminated sandy mudstone and mudstonen of megafossils.
with intercalations of sandstone, which sug- Ammonoids in particular are abundant in
gests an offshore facies deposited in a dedpe Pne-grained muddy sandstone beds, which
anoxic basin. Such a Pning-upward sequenae sporadically intercalated in the laminated
is characteristic of deposits in the Triassic sednudstone (Figs. 8D10). These sandstone beds
imentary OUssuri BasinO. lack a coarse-grained portion, and their sedi-

Regardless of lithological uniformity, datum mentary features resemble the upper half of a
planes of fossil zones obviously extend acrosBouma sequence. They are interpreted as dis-
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Fig. 23. 1, Vertical proble exhibiting ammonoid mode of occurrence in fossiliferous turbidic Pne sandstone bed
(AB1011) in upper part of Lazurunaya Bay Formation. Light-colored elliptical sections represent sparry
calcite-blled septate portions Gfyronites subdharmusiparisova 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 proble exhibiting bivalve mode of occurrence in fossiliferous turbidic Pne 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 Pne-grained
turbiditic sandstone bed.

tal turbidites, whose density is much lowerthe other within the Pne-grained turbiditic
than that of coarser-grained proximal tursandstone bed from the bottom to the top (Fig.
bidites (Reineck & Singh, 1973). 23.2). This occurrence is attributable to hydro-
Fig. 23 illustrate a vertical proble of the fos-dynamic sorting, which occurs during deposi-
siliferous turbidite beds that at AB1011 andion of the turbidites, and is caused by differ-
AB1014. Ammonoid shells are well-preservedences in shell density (Maeda & Seilacher,
aligned parallel to the bedding plane, and ar&996). Thickly-shelled bivalves have a shell
mainly accumulated in the middle part of adensity of 2.0 g/crhor higher. In contrast, the
low-density turbidite (Fig. 23.1). Some evendensity of empty ammonoid shells remains
exhibit a geopetal strucuture. around 1.1P1.2g/cineven though they are
On the other hand, bivalve shells, which ardully waterlogged (Maeda, 1987, 1999; Maeda
also abundant in the Pne-grained sandstorg Seilacher, 1996).
beds, exhibit different taphonomic features. The scarcity of ammonoids in the surround-
Compared with ammonoids, bivalve shells aring mudstone (back ground) suggests that they
accumulated in a jumbled mass, one on top afere not indigenous to the slope-basin envi-
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Fig. 24. Schematic paleoenvironmental proble 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 Pne 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 orimonoid faunas from the Abrek Bay area are
gin. The majority of ammonoids from theseclearly endemic, these faunal groups do con-
formations probably lived at shallower depthstain a few species that are common to other
and after death, their empty shells were transealms. For instance, the occurrence of the late
ported from their biotope to the anoxic basinGrieshachian ammonoidWardieoceras cf.
Boor by gravity Bows, most likely low-density wordiei (Spath) certainly indicates a relation-
turbidites (Fig. 24). Unlike the resultant severeship with the Boreal realm, given that this
damage expected from high-density gravityaxon is common in Greenland and Arctic
Bows such as slump deposits, turbulence witfGanada. Likewise, the early Dienerian fauna
in low-density turubidites caused minimalincludes Ambitoides fuliginatugTozer) gen.
damage to ammonoid shells during transpornov., which also occurs in northeastern British
Therefore, their shells were well preservedColumbia, as well adroptychites alteram-
even though they were of allochthonous ori-monoides(Krafft) and Clypeoceras spitiense
gin. (Krafft), both of which are known from the
Northwest Himalayan area. These ammonoids
Aspects of ammonoid faunagby Y. Shigeta) suggest relationships with the Eastern Pantha-
Even though most members of the Grieskassic and Tethyan realms, respectively.
bachian, Dienerian and early Smithian am- Brayardet al. (2008) recently discussed the
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paleobiogeography of Smithian ammonoidgshe microcontinents. If Lower Triassic am-
from South Primorye and concluded that thenonoids had a long interval of planktic life
fauna exhibits strong afpnities at the generiafter hatching, they likely would have shown a
level with South China. However, earlypandemic distribution much like the con-
Smithian faunas in South Primorye and Soutbdonts. Their restricted habitat along with a
China contain many endemic genera ancelatively short planktonic stage may have
species and they actually share very few concombined to cause endemism in Early Triassic
mon species (Kiparisova, 1961; Zakharovammonoids.
1968; Brayard & Bucher, 2008; BrYhwiler
et al, 2008). This fact suggests that theHolocrinus species from the early Smithian
ammonoid fauna of South Primorye exhibitgby T. Oji)
only a very weak relationship with South Assuming the ammonoid based age assign-
China during the early Smithian. ment is correct, the existence Hblocrinus
Present-day East Asia was formed by thavithin the early SmithiarClypeoceras timo-
collision and amalgamation of several microrensebeds represents the oldest known occur-
continental blocks, which were located at theence of this taxon in the world. Prior to this
interface between the Panthalassic and Tethyaiiscovery, the oldest occurrenceHdlocrinus
Oceans during the Early Triassic period. Soutbp. was in the late Smithia@Glyptophiceras
China, which is part of the Yangtze (SouthaequicostatusZone of the Hiraiso Formation
China) Craton, was located at the paleoequén northeast Japan (Nakazawa al, 1994,
tor, and South Primorye was probably situateashiyama & Oji, 2004; BrYhwileet al,
in the middle northern paleolatitudes of the2007). Spathian age#iolocrinus columnals
Northeast China Block (Fig. 1). and other skeletal fragments are common in
As discussed earlier, ammonoids lived onlythe upper Thaynes Formation and the Virgin
in the shallower environment above the stornhimestone Member of the Moenkopi Forma-
wave base due to the anoxic conditionstion of the western United States (Shubert &
thought to be so prevalent in deeper wateBottjer, 1995; Shubertt al, 1992; Baumiller
during the Early Triassic period (Fig. 24). Am-& Hagdorn, 1995)Holocrinus also has been
monoids had a nektobenthic mode of life simifreported from the Spathian member of the
lar to recentNautilus (e.g., Scott, 1940; Tan- Werfen Formation in the Dolomites of north-
abe, 1979; Cecca, 1992; Westermann, 1996&rn Italy (Baumiller & Hagdorn, 1995;
but their migration between microcontinentsTwitchett, 1999).
may have been severely restricted by the sur- Holocrinusis regarded as the brst post-Pale-
rounding oxygen-poor deeper waters (Wignalbzoic articulate crinoid (Twitchett & Oji,
& Twitchett, 2002). 2005) and its hiogeographic distribution ap-
For many benthic gastropods and bivalvesparently indicates that the recovery of crinoids
the duration of the planktonic stage is a veryollowing the Permian-Triassic (P/Tr) mass ex-
important factor controlling the extent of theirtinction was earlier in the western Panthalassa
geographical distribution (Jablonski & Lutz,represented by sections in Japan and South
1980, 1983; Scheltema, 1971). Most amPrimorye, than in the eastern Panthalass
monoids had a planktic life after hatching, bufwestern USA) and western Tethys (southern
its duration is still obscure (Landmaat al, Europe). This difference in recovery patterns
1996). In contrast with ammonoids, conodontsvith respect to biogeographic areas is similar
from the Abrek Bay area include many panfor certain other benthic animals, such as ich-
demic species. They had a nektonic mode afofossils (Twitchett, 2006).
life and may have swum the oceans between
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Fig. 25. Columnar section showing detailed occurrence of grypoceratid nautiloids in the Abrek Bay section.

Recovery of nautiloids in the Early Triassic outer whorls, and sub-central siphunle posi-
(by Y. Shigeta) tion; 2) Gy. praevolutugKiparisova), distin-
As with most other organisms, the nau-guished by a gyroconic shell throughout on-
tiloids underwent a major biotic crisis duringtogeny and near-ventral siphuncle position; 3)
the Permian-Triassic (P/Tr) transition. Unfor-Xiaohenautilus abrekensiShigeta and Za-
tunately, the fossil record for this interval is farkharov sp. nov., characterized by a moderately
from complete and has been poorly underewlute shell and near-ventral siphuncle posi-
stood. However, recent discoveries in thaion; 4) Menuthionautilus evolutusp. nov.,
Abrek Bay area provide an important key foiwith a moderately evolute shell and siphuncle
understanding their recovery during the Earljyocated next to venter; and 1. korzchi
Triassic. Kiparisova, with a very involute shell and si-
The following bve species, belonging tophuncle located next to venter (Fig. 25).
three genera of nautilids, have been found in Gy. popovimore closely resembles early In-
succession in Induan (Greiesbachain and Dduan members oGrypocerasfrom the Hi-
enerian) deposits in the Abrek Bay area: ljnalayan area (Griesbach, 1880; Diener, 1897),
Gyronautilus popovBhigeta and Zakharov sp. and it seems best to considgy. popovito be
nov.,, with evolute inner whorls, gyroconican offshoot of an early Induan species of
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Fig. 26. Paleogeographical distribution of Induan aged grypoceratid nautiloids (Griesbach, 1880; Diener, 1897;
Kummel, 1953a, b; Nakazawa & Dickins, 1985; Xu, 1988;d¥lal, 2007). Map base after Fig. 1.

Grypoceras Gy. popovi differs from Gy. area suggest that this survivor again developed
praevolutushy its evolute inner whorls, but diverse shell forms and siphuncle positions
both species probably belong to the same evedfter the P/Tr mass extinction. Induan aged
lutionary lineage.Gy. praevolutusand X. Grypoceratids have been described from
abrekensisboth have a near-ventral siphuncleldaho, the Salt Range, Spiti and South China
position, and if this morphological variable is(Fig. 26), and their biogeographic distribution
considered as diagnostic in regard to phylogeshows that they diversibed in the western Pan-
netic relationships, theX. abrekensisvould thalassa and Tethys areas. In contrast, the nau-
likely be an offshoot ofSy. praevolutusThe tilid families Tainoceratidae and Liroceratidae
shell form ofM. evolutusis very similar toX. also crossed the P/Tr boundary, but they devel-
abrekensis but its siphuncle position is the oped in the Boreal realm during the Early Tri-
same as that oM. korzchi M. korzch likely  assic (Sobolev, 1989, 1994).
ewlved from X. abrekensisvia M. evolutus Gyronautilusis the only known uncoiled
Thus, the bve species from the Abrek Bay secrautilid genus that lived during the Mesozoic
tion may belong to the same evolutionary lineand Cenozoic eras. During extinction periods,
age within the Grypoceratidae. it has been shown that many ammonoids,
The Grypoceratidae, long recognized as ongnder intense environmental stress, were af-
of the more successful nautiloid families,fected by a drastic simplipcation of their shell
Bourished during the Permian and developegeometory. Guex (2006) observed that a
diverse shell forms and siphuncle positiongprocess termed OproteromorphosisO can result
(Kummel, 1953a). However, most familyin relatively tightly coiled ammonoids giving
members became extinct during the P/Tr trarrise to highly evolute forms or uncoiled het-
sition, and only one genus, an ancestor afromorphs. The appearance @fronautilus
Grypoceras survived (Kummel, 1953a). just after the P/Tr mass extinction seems to
Grypocerasis characterized by a moderatelyagree with this hypothesis, and its evolution-
involute shell and a central siphuncle, andry clock may have been reinitialized by ex-
Grypoceratid nautiloids from the Abrek Baytreme 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
(Yanget al, 1983; Lu & Chen, 1986), 4: Southwest China (Editorial Group on Fossil Lamellibranchiata of China,
1976; Gan & Yin, 1978), 5: Siberia (Kurushin, 1992; Dagysl, 1996), 6: Greenland (Spath, 1930, 1935), and
South Primorye (Bittner, 1899b; Kiparisova, 1938; added species in this paper *).

Area

Species

Palaeonucula goldfusgiAlberti) — — — _ _
Palaeonucula oviformigEck) — — — — _
Palaeoneil® prinadaeKiparisova — _ — _ _
Palaeoneilo elliptica praecursaiFrech) — — — _
Palaeoneilo ledaeformiKiparisova — — — — _ _
Nuculanasp. nov. (Kiparisova) — — — - _
Nuculana skorochodKiparisova) — — — — -
Nuculanaaff. becki(Philippi) — — — — — _
ModiolugO sp. indet.* — _ _ _ _ _
Promyalina schamaragBittner) — — — — _
Promyalina putiatinensigKiparisova) — — — —
Promyalinaaff. blasingeri(Philippi) — — — — _ -
Pteria ussuricgKiparisova) — — — _ _
Bakevellia(Neobakevellid) exporrecta(Lepsius) — — — —
Bakevellia(Neobakevellid) exporrecta linearigGordon) — — — _ _ _
Bakevellia(Neobakevelli@) mytiloides(Schlotheim) — — — — — -
Bakevelli& sp. indet.* — — — _ _ _
Eumorphotis iwanowBittner — — . _
Eumorphotis maritim&iparisova — — — — —
Eumorphotis multiformig¢s.|.) Bittner —

Clarai aurita (Hauer) _ _ _ o
Claraia stacheBittner* — — _

Claraia cf. tridentinaBittner — — — — — _
Crittendenia australaisaticéKrumbeck) — — — — — _
Crittendeniaaff. decidengBittner) — — — _
Leptochondria bittner{Kiparisova) — _ _
Leptochondria minimés.1.) (Kiparisova) -
Entolium microtiswittenburg — — _ -
Entolioidessp. indet.* — — _ - _
Scythentolium ussuricBittner) — _ _ _ _
Pecterd affsojalis Wittenburg — - _ - _
CEtheripecte@amuricus(Bittner) — — — — _ _
Chlamy® cryshtofowichKiparisova — — _ _ _
Chlamy$ aff.duronicusWittenburg — — — — — _
Chlamyssp. indet. Kiparisova — — — — _ _
CamptonectedwittenbergiKiparisova — — — — _ _
Unionites fassaens{@Vvissmann) — — —
Unionites fassaensis bre\(Bittner) — — — —
Unionites canalensigCatullo) — _ _
Unionitesalff. borealisSpath — — — — -
Neoschizodusf. laevigatus(Ziethen) — —
Neoschizodus laevigatus ovalRhilippi) ? — — — — —
Neoschizodusf. ovatus(Goldfuss) — — — — — _
Neoschizodusx. gr. orbicularis (Bronn) — — — — — _
Trigonodus orientaliBittner — — _ _ _ _
Myoconchaaff. goldfussiDunker — — - — - _
Myoconcha plan&iparisova — — — _ _ _
Myoconchasp. indet.* — — — _ - _
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Table 1 Continued.

Area

Species

Triaphorusaff. multiformisKiparisova — — i _ _ _
Ochotomya sp. indet.* — — — — _ .
Peribositria abrekensi¢Kiparisova) — — — — _ -
Peribositria mimer(Orberg) — — — — _
Peribositria aff. tenuissimgBshm) — — — — _
Peribositria sp. indet. — — — _ . _

Nos. of common or closely allied species to South Primorye fauri8 7 14 12 8 4

Brief note on the bivalve fauna of South much difference between these faunas due to
Primorye (by K. Nakazawa) the preponderance of cosmopolitan species
Bittner (1899b) and Kiparisova (1938) de-during the Early Triassic.
scribed nearly bfty species of bivalves from All evidence indicates that the South Pri-
the Lower Triassic of South Primorye, and oumorye fauna is more similar to those of Japan
study has resulted in an additional six specieand China than to the Boreal faunas of Siberia
Table 1 exhibits a list of bivalve species fromand Greenland. Many Boreal taxa that are ei-
South Primorye as well as common or closelyher common or related to those of South Pri-
related species from other areas. morye include rather widely distributed
Two Triassic bivalve faunas are recognizedpecies belonging té&cumorphotis Claraia,
in Japan. Both are in southwest Japan and itynionites Neoschizodusand Leptochondria
clude the Maizuru fauna of the Maizuru ZonePeribositria from South Primorye exhibits a
(Nakazawa, 1961) and the accreted limestor@oreal afbnity, but the typical Boreal genus
fauna from the Kamura Limestone (KambeAtomodesméaas not been found in South Pri-
1963). The former occurs in a clastic rock famorye.
cies, which probably was deposited near shore, Based on the number of South Primorye
whereas the Kamura Limestone, of oceanispecies that are either common or intimately
origin, was primarily formed in a low latitudi- related, the Maizuru fauna contains nearly the
nal warm sea and then migrated northwardame number as that of China. Furthermore,
and accreted in its present position. During theshen considering the fact that the Maizuru
Early Triassic, there is not much difference beZone is far narrower and smaller in areal ex-
tween the two faunas, but by Late Triassi¢dent and contains a somewhat lesser number of
time, the Upper Triassic oceanic limestonepecies than China, one must conclude that the
fauna is more characteristic of a low latitudi-South Primorye fauna is more intimately relat-
nal Tethyan setting, while the Maizuru fauna ied to the Maizura fauna than to the Chinese
more similar to faunas of South Primorye andauna. This conclusion is supported by the
Siberia (Nakazawa, 1991). The fauna of souttstructural-geological continuity between the
west China belongs to the Yangtze Cratorinner Side of southwest Japan, which includes
whereas the Quinghai fauna of northwesthe Maizuru Zone and that of South Primorye
China belongs to the Sino-Korea Craton (YangKojima et al, 2000; Ishiwatari & Tsujimori,
et al, 1983; Lu & Chen, 1986). There is not2003).
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Systematic Paleontology Triassic (Olenekian) of Paris Bay, Russian
Island, in South Primorye, Russia.
Material examinedThree specimens, NSM

. L ) PM23100D23102, from AB1022.
Systematic descriptions basically follow the Description Moderately expanding ortho-
classibcation established by Sweet (1964) fo(fonic shell with 4D5 degree adoral angle of ex-
orthocerids, Kummel (1964) for nautilids, and

. _pansion and circular whorl cross-section. Juve-
Tozer (1981, 1994) for ceratitids. Morphologl-n”e shell ornamented with network lirae con-

cal terms are those used in the Treatise on “gisting of bne longitudinal ridges and bne
vertebrate Paleontology (Moore, 1957, 1964)transverse lirae, while larger shells exhibit Pne

quantlbers.zser:j :IO desI(?rlbe tT]e size and Zhl‘jlﬁ)gnsverse lirae. Centrally located siphuncle
of ammonoid shells replicate that proposed by cylindrical connecting ring, and short, or-

Matsumoto (1954, p. 246) and modibed b¥hochoanitic septal neck. Suture simple and
Haggart (1989, Table 8.1).

Abbreviations for shell dimensiand
shell diameter; U umbilical diameter; H

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

straight. Cameral deposits not observed.
Occurrence Described specimens from

i ) AB1022 within the Clypeoceras timorense

whorl _he|_ght; w who_rI \_N'dth' ) Zone (early Early Olenekianearly Smithian)
Institution abbreviations NSM National in the main part of the Zhitkov Formation,

Museum of Nature and Science, TOkyO;Abrek Bay area, South Primorye. This species

,CGM Central Research Geological Prospectyccyrs abundantly in Olenekian deposits at
ing Museum (CNIGR Museum), St. Peters

g ) ‘many localities in South Primorye (Kiparisova,
burg; DVGI Far Eastern Geological Institute, 1961)

Vladivostok; GSC Geological Survey of
Canada, Ottawa; GSIGeological Survey of
India, Kolkata.

Discussion Trematoceras subcampanile
(Kiparisova, 1954) is morphologically very
close toT. campanile(Mojsisovics, 1882, p.
291), T. vulgare Schastlivtceva, (1981, p. 77),
T. ciarum Schastlivtceva, (1986, p. 125) and
borealeSchastliviceva, (1986, p. 125), but dif-
4 fers in that its juvenile shell is ornamented

with network lirae. It differs fronT. mangish-

lakenseSchastlivtceva, (1981, p. 79) amdin-
Type speciesOrthoceras elegandYnster, SperatumSchastliviceva, (1988, p. 67) by its

Class Cephalopoda Leach, 1817
Order Orthocerida Kuhn, 1940
Superfamily Orthoceratoidea MOCoy, 184
Family Orthoceratidae MOCoy, 1844

GenusTrematocera€ichwald, 1851

1841. smaller angle of shell expansion.
Trematoceras subcampanile Order Nautilida Agassiz, 1847
(Kiparisova, 1954) Superfamily Trigonoceratoidea Hyatt, 1884
Fig. 27 Family Grypoceratidae Hyatt, 1900
) : o ) GenusGyronautilusZakharov and
Orthocerassp. indet. ex affcampanileMojsisovics. Di- .
ener, 1895, p. 10, pl. 4, bg. 5. Shigeta, 2000
Orthoceras subcampabil€iparisova, 1954, p. 20, pl. 11,
bgs. 1, 2. Type species Syringoceras praevolutum

Trematoceras subcampaniléKiparisova). Kiparisova, ~Kiparisova, 1961.

1961, p. 14, pl. 1, Pgs. 1, 2. Discussion Gyronautiluswas placed within

Holotype CGM 596, Pgured by Diener the family Grypoceratidae because of its
(1895, p. 10, pl. 4, bg. 5), from the Lowerlattened venter and its suture, which displays
distinct ventral and lateral lobes (Zakharov &
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Fig. 27. Trematoceras subcampanil€iparisova, 1954 from AB1022. 1, NSM PM23100,1.0. 2, NSM
PM23101, 1.0.3, NSM PM23102, 2.0.

Shigeta, 2000). Shimansky (1962) recognizettom AB1008; paratype, NSM PM23103,
four subfamilies within the family Grypocer- from AB1008.
atidae: Domatoceratinae, Grypoceratinae, Sy- Diagnosis Gyronautiluswith evolute inner
ringonautilinae and Clymenonautilinae. Za-whorls and gyroconic outer whorls.
kharov and Shigeta (2000) proposed an addi- Etymology Named for Alexander M. Popov,
tional subfamily Gyronautilinae, and placedwho collected the specimens.
Gyronautilusin it. Description Gyroconic shell characterized
by ewlute inner whorls, subquadratic to sub-
Gyronautilus popoviShigeta and Zakharov trapezoidal whorl section, broadly rounded to
Sp. nov. subtabulate venter, rounded ventral shoulders,
Figs. 28, 29 fairly concave dorsum and nearly parallel to
slightly convex Ranks with maximum whorl
Type specimengdolotype, NSM PM23104, width just above umbilical shoulder. Umbili-
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Fig. 28. Gyronautilus popovEhigeta and Zakharov sp. nov. from AB1008. 1D4, NSM PM23103, parat@te,
5B8, NSM PM23104, holotype,1.0. White arrows indicate position of the embryonic constriction.

cus exhibits moderately high, vertical wall1961, p. 25) by its evolute inner whorls, but
with rounded shoulders and fairly smallboth species probably belong to the same evo-
(2b3mm) umbilical perforation. Embryoniclutionary lineage.

shell 7.5 mm in length and consists of one half Among the previously described Early Ind-
whorl. Body chamber length unknown. Si-uan (Griesbachian) specie§y. popovisp.
phuncle located at two thirds of whorl heightnov. more closely resemblé¢autilus quad-
Ornamentation consists of sinuous growthiangulusvar. brahmanicusGriesbach (1880, p.
lines with deep, U-shaped hyponomic sinus 0i04) (assigned t&rypocerasHyatt, 1883 by
venter. Suture simple with shallow ventral lobeKummel in 1953a) from the Himalayan area,

and shallow, wide lateral lobe. in terms of whorl cross-section, siphuncle po-
Measurementémm): sition, ornamentation and suture lin&y.
Specimen no. D U H W UDWH popovisp. nov. is somewhat similar tdau-

Egm Emggigg i?'g 12'; 2:'2 2:'03 8'2288 g'ggtilus brahmanicusvar. hexagonalis Diener
' ' ' ' ' 77 (1897, p. 11) from the Early Induan (Gries-

Occurrence Described specimens from bachian) of the Himalayan area, but differs in
AB1008 within the Lytophiceras sp. Zone whorl cross-section. It seems best to consider
(Early Induan Griesbachian) in the middle Gy. popovisp. nov. to be an offshoot of a
part of the Lazurnaya Bay Formation, Abrekspecies of the early Induan gertsig/poceras
Bay area, South Primorye. such agGr. brahmanicum

Discussion Gyronautilus popovisp. nov.
differs from Gy. praevolutus (Kiparisova,
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Fig. 29. Suture line of Gyronautilus popovi Fig. 30. Suture line ofGyronautilus praevolutus
Shigeta and Zakharov sp. nov., NSM (Kiparisova, 1961), NSM PM23105, from
PM23104, holotype, from AB1008, at H AB1010, at H 33 mm. V: venter, D: dorsum.
17 mm.

Gyronautilus praevolutugKiparisova, 1961) AB1010 within the Gyronites subdharmus
Figs. 30D35 Zone (late Early Induanlate Griesbachian) in

Syringoceras praevoluturdiparisova, 1961, p. 25, pl. 4, the upper part of the Lazurnaya Bay Forma-

bg. 2, text-bg. 26. tion, Abrek Bay area, South Primorye.
Gyronautilus praevolutus(Kiparisova). Zakharov and Discussion Gyronautilus praevolutus
Shigeta, 2000, p. 232, bgs. 2D4. (Kiparisova, 1961) differs fromGy. popovisp.
nov. in that its shell is gyroconic throughout

Holotype CGM 12/5504, bgured b
P 9 yontogeny.

Kiparisova (1961, p. 25, pl. 4, bg. 2), from the Kipari 1961 &vri
Lower Triassic (Olenekian?) in the Abrek Bay Iparisova. ( ) prgpose yr!ngoceras
praevolutumon the basis of a single small

area in South Primorye, Russia. . i .
Material examinedThree specimens, NSM specimen (Fig. 31.1931.3) collected in 1948

PM16132, 23105, 23106, from AB1010. bél'\" :: T;'fc_’”‘z‘r: f’:g“ th Lower TA“If‘hSS'C )
Description Gyroconic shell distinguished (Olenekian®) in the Abrek Bay area. oug

by subguadratic whorl section, broadly round_the exact locality and horizon of the specimen

ed to subtabulate venter, rounded ventra‘l'lVere not documented, Zakharov and Shigeta

shoulders, slightly concave dorsum and nearl I\acl)g)lalgtelg fo:r;d attlsrgte splecm?_(:n, ES?‘A
parallel to slightly convex Banks. Umbilicus (Fig. 35), at the type locality, whic

characterized by moderately high, subverticafclhﬁy gjentli)etzlj "’}s' pr:atlalv?lutumTheg/ car(ha-
wall with rounded shoulders and small'""y ©€SCMoe its shell features throughout

(4b6 mm) umbilical perforation. EmbryonicontOgeny' anfderoposeQ)(;rona_LFEIus as" a q
shell 11.3mm in length, exogastrically curved'®W genus of Grypoceratidae. They collecte

and consists of one half whorl. Body chambe?he specimen irom a horizon represented by

represents about 130j in spiral length. Orna’—A‘Blo10 in the Lazurnaya Bay Formation, and

mentation consists of sinuous growth "neénterpreted its occurrence as Early Olenekian,

with deep, U-shaped hyponomic sinus on Vent_)ased on previous biostratigraphical work by
akharov and Popov (1999). However, the

ter. Siphuncle located near venter at one b n ¢ ABL010 i lated with th
of whorl height. Suture simple with shallow orizon o IS now correlated with the

ventral lobe, shallow, wide lateral lobe anajate Early Induan (late Griesbachian).
deep dorsal lobe.

Measurementémm): GenusXiaohenautilusXu, 1988
Specimen no. D U H W  U/D W/H
NSM PM16132 926 31.5 415 37.1 034 089 Ilype speciesXiaohenautilus sinensiXu,
NSM PM23106 135.0 48.0 540 55.0 0.36 1.02 1988.
NSM PM23105 B 300 355 30.3 D 0.85

Occurrence Described specimens from
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Fig. 31. Gyronautilus praevolutugKiparisova, 1961). 13, CGM 12/5504, holotypd.,.0. 4B7, NSM PM23105,
from AB1010, 1.0.

Fig. 32. Gyronautilus praevolutuéKiparisova, 1961), NSM PM23106, from AB1010. 1©2.0. 10b12, 1.0.
White arrows indicate position of the embryonic constriction.
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Fig. 35. Gyronautilus praevolutufiparisova, 1961). 1b4, NSM PM16132, from AB101@,0.



Lower Triassic System in the Abrek Bay area, South Primorye 53

Xiaohenautilus abrekensiShigeta and
Zakharov sp. nov.
Figs. 36D42

Type specimengiolotype, NSM PM23110,
from AB1011; paratypes, thirteen specimens
NSM PM2310823109, 2311823120, from Fig. 36. Suture line oKiaohenautilus abrekensis
AB1011. Shigeta and Zakharov sp. nov.,, NSM

Diagnosis Moderately evoluteXiaohenau- gg"riiql“' paratype, from AB1011, at H
tilus with a subquadratic to subtrapezoidal '
whorl section and delicate network lirae.

Etymology Named after Abrek Bay Occurrence Described specimens from
(Strelok Strait) in South Primorye. AB1011, within the Gyronites subdharmus

Description Moderately evolute, thickly Zone (late Early Induanlate Griesbachian) in
discoidal shell with subquadratic to subtrapethe upper part of the Lazurnaya Bay Forma-
zoidal whorl section, broadly rounded ventertion, Abrek Bay area, South Primorye.
rounded ventral shoulders and nearly parallel Discussion Xiaohenautilus abrekensisp.
Ranks with maximum whorl width just abovenov can be easily distinguished frofn sinen-
umbilical shoulder. Umbilicus characterizedsis Xu (1988, p. 439) by its more evolute coil-
by moderately high, vertical wall with roundeding, and fromX. huananensisXu (1988, p.
shoulders and fairly small (2D4 mm) umbilicak#39) by its subquadratic to subtrapezoidal
perforation. Embryonic shell about 8 mm inwhorl section.
length and consists of one half whorl. Body This species bears some resemblandgyto
chamber represents about 130j in spiralonautilus praevolutugKiparisova, 1961) in
length. Shell ornamented with delicate netits near-ventral siphuncle position and whorl
work lirae consisting of very bPne spiral lirae asross-section. Other early Induan Grypocer-
well as Pne, sinuous growth lines with deepatids, such asGrypoceras brahmanicum
U-shaped hyponomic sinus on venter. Siphur(Griesbach, 1880) any. popovisp. nov.,
cle located near venter at one bfth of whorhave a sub-central siphuncle position. If si-
height. Suture simple with shallow ventral lobephuncle position is considered to be diagnostic
and shallow, wide lateral lobe. Attachmentin regard to phylogenetic relationships, thén
scars, visible on f3anks in front of last septumabrekensissp. nov. would likely be an offshoot
exhibit a tongue-shaped outline (Fig. 37.5). of Gy. praevolutus

Measurementémmn): An attachment scar observed on a specimen
Specimen no. b U H W UDWH ofX. abrekensisp. nov. (NSM PM23107, Fig.
NSM PM23110* 47.0 114 243 19.8 0.24 081 37 5) js equivalent to the mantle myoadhesive
NSMPM23107 617 16.8 30.7 254 0.27 0.83 band, which is the anterior edge of the bean-
NSMPM23108 83 B 44 43 B 09 )
NSM PM23109 49.7 130 236 181 026 0g2 Shaped attachment area of the cepﬁahc retrac-
NSM PM23111 60.8 14.7 30.6 25.8 0.24 0.84 tor muscle in recenfNautilus LinnZ, 1758
NSM PM23112 654 17.7 29.8 250 0.27 0.84 (Mutvei et al, 1993; Doguzhaeva & Mutvei,
NSMPM23113 507 130 256 B 026 B 1996; Mutvei & Doguzhaeva, 1997; Isaji
NSMPM23114 54.2 131 26.4 238 024 0.90 gt 4| 2002). The cephalic retractor muscles,
NSM PM23115 61.2 150 295 240 0.25 0.81 . . )
NSM PM23116 665 16.8 320 272 025 o.gs epresenting the most massive musclesan-
NSM PM23117 77.6 17.9 400 33.5 0.23 0.g4 lilus, serve to retract the body and assist in lo-
NSM PM23118 65.0 15.8 32.2 26.5 0.24 0.82 comotion. Because the tongue-shaped outline
* Measurements taken at last septum. of the attachment scar closely resembles that
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Fig. 37. Xiaohenautilus abrekensghigeta and Zakharov sp. nov. 15, NSM PM23107, paratype, from AB1011,
1.0. Black arrow indicates position of last preserved septum.

Fig. 38. Xiaohenautilus abrekensghigeta and Zakharov sp. nov. from AB1011. 1b4, NSM PM23114, paratype,
1.0. 5B7, NSM PM23115, paratypel.0. 8911, NSM PM23116, paratypel.0.
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Fig. 39. Xiaohenautilus abrekensghigeta and Zakharov sp. nov. from AB1011. 13, NSM PM23108, paratype,
2.0. 4b6, NSM PM23109, paratypel.0. 7910, NSM PM23110, holotypel.0. Black arrows indicate po-
sition of last preserved septum.
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Fig. 40. Xiaohenautilus abrekensghigeta and Zakharov sp. nov. from AB1011. 1D4, NSM PM23117, paratype,
1.0. 5D6, NSM PM23118, paratypel.0. Black arrows indicate position of last preserved septum.
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Fig. 41. Xiaohenautilus abrekensghigeta and Zakharov sp. nov. from AB1011. 14, NSM PM23111, paratype,
1.0. 5B6, NSM PM23112, paratypel.0. 7D8, NSM PM23113, paratypel.0. Black arrows indicate po-
sition of last preserved septum.

of Nautilus the soft part morphology oX. that the shell shape and sutureMénuthio-
abrekensissp. nov. was probably similar. Simi- nautilusclearly place it in the Grypoceratidae,
lar attachment scars have also been reportesid that it displays close afpbnities with the
on the Middle Triassic nautiloiGermanonau- Late Paleozoid®omatoceraHyatt, 1891 and
tilus Mojsisovics, 1902 (Klug & Lehmkuhl, Triassic GrypocerasHyatt, 1883. Shimansky
2004). (1962) included the genus in the subfamily
Domatoceratinae. However, its delicate
network lirae ornamentation and marginal
siphuncle position indicate afPnities with
Type speciesNautilus (Menuthionautilup  XiaohenautilusXu, 1988,SyringocerasHyatt,
keislingeriCollignon, 1933. 1894 andSyringonautilusMojsisovics, 1902.
Discussion Kummel (1953a, b) pointed out Although it is unclear to which subfamily

GenusMenuthionautilus Collignon, 1933



Lower Triassic System in the Abrek Bay area, South Primorye 59

Fig. 42. Median sections ofiaohenautilus abrekensiBhigeta and Zakharov sp. nov. from AB1011. 1, NSM
PM23119, paratype, 2.0. 2, NSM PM23120, paratype2.0.

Xiaohenautilushould be assigned, Shimanskydratic whorl section with maximum whorl
(1962) placed the latter two genera within thevidth occurring at one third of distance across
subfamily Syringonautilinae.Menuthionau- Rank from umbilicus. Umbilicus narrow and
tilus most likely developed from th&iaohe- deep with well rounded shoulders, and fairly
nautilus- Syringonautilinae lineage. small (2B3 mm) umbilical perforation. Embry-
onic shell about 8 mm in length and consists of
Menuthionautilus korzchiKiparisova, 1960 one half whorl. Body chamber equivalent to
Figs. 43D46, 48 about 110j in spiral length. Ornamentation
includes delicate network lirae consisting of
Pne, dense spiral lirae and Pne, sinuous
growth lines as well as a deep, U-shaped hypo-
Holotype ' CGM  6/5504, bgured by nomic sinus on venter. Siphuncle located next
Kiparisova (1960, p. 136, pl. 33, Pg. 1), fromy yenter. Suture simple with shallow ventral
the Lower Triassic (InduanFlemingite® | pe and shallow, wide lateral lobe.
beds) in the Abrek Bay area in South Measurement@nmn:
Primorye, Russia. Specimen no. D U H W UD WH
Material examined Six specimens, NSM NSMPM23121 123 26 65 62 021 0.95
PM23121, 2312323127, from AB1013, andSMPM23122 239 5.2 128 122 022 0.95
one specimen, NSM PM23122, from AB1014,NSMPM23123* 395 3.1 226 186 008 082

Description Very involute shell character- NSMPM231247 46.2 3.1 289 252 0.07 087
P y NSM PM23125* 565 3.0 372 H 0.05 D

ized by rapidly expanding whorl height, broad-ygy pm23126+ 591 2.0 340 31.2 003 091
ly rounded venter, rounded ventral shoulderssm PM23127 69.8 4.0 401 37.2 0.06 0.93
and broadly convex Ranks forming a subqua- * Measurements taken at last septum.

Menuthionautilus korzcHiparisova, 1960, p. 136, pl. 33,
Pg. 1; Kiparisova, 1961, p. 18, pl. 2, bg. 2.
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Fig. 43. Menuthionautilus korzchKiparisova, 1960 from AB1013. 1b4, NSM PM231231.0. 57, NSM
PM23124, 1.0. Black arrow indicates position of last preserved septum.

Fig. 44. Menuthionautilus korzchKiparisova, 1960 from AB1013. 14, NSM PM23125].0. 5B8, NSM
PM23126, 1.0.
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Fig. 45. Menuthionautilus korzchKiparisova, 1960. 1b4, NSM PM23127, from AB1013,.0. Black arrows
indicate position of last preserved septum.
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Fig. 46. Menuthionautilus korzctKiparisova, 1960. 1D5, NSM PM23121, from AB1012.0. 6, Median sec-
tion, NSM PM23122, from AB1014, 2.0. 7, Apical part of NSM PM23122,10.0.

Fig. 47. Menuthionautilus evolutuShigeta and Zakharov sp. nov. 1D4, NSM PM23128, holotype, from AB1012,
1.0.
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Fig. 48. Suture line oMenuthionautilus korzchi

Kiparisova, 1960, NSM PM23127, from . 9 s i M hi i |
AB1013, at H 31 mm. Fig. 49. Suture line oMenuthionautilus evolutus

Shigeta and Zakharov sp. nov., NSM
PM23128, holotype, from AB1012, at
H 26mm.

Occurrence Described specimens from
AB1013 within the Ambitoides fuliginatus
Zone and from AB1014 within th€lypeo- ical perforation. Embryonic shell about 7 mm
ceras spitiens®bedO, both early Late Induain length and consists of one half whorl. Body
(early Dienerian) in the basal part of thechamber not preserved. Shell ornamentation
Zhitkov Formation, Abrek Bay area, Southnot preserved. Siphuncle located next to ven-
Primorye. ter. Suture simple with shallow ventral lobe,
Discussion  Menuthionautilus  korzchi and shallow, wide lateral lobe.
Kiparisova 1960 differs fromM. kieslineri Measurementénm):
Collignon (1933, p. 164) by its more inRatedSpecimen no. b U H W UD WH
shell, and bears some resemblancXitwhe- NSMPM23128  51.0 116 260 233 0.23 0.90
nautilus abrekensisp. nov. with regard to its  Occurrence Described specimen from
delicate network lirae ornamentation and maraB1012 within the Ambitoides fuliginatus
ginal siphuncle position. Although Kummel zone (early Late Induanearly Dienerian) in
(1953a, b) believed that it descended fido*  the uppermost part of the Lazurnaya Bay For-

matocerasHyatt, 1891 orGrypocerasHyatt, mation, Abrek Bay area, South Primorye.
1883, we now considévlenuthionautiluso be  piscussion Menuthionautilus evolutusp.

an offshoot oXiaohenautilusXu, 1988. nov. is easily distinguished from. korzchi
Kiparisova (1960, p. 136) anhl. kieslineri
Menuthionautilus evolutusShigeta and Collignon (1933, p. 164) by its evolute coiling.
Zakharov sp. nov. The moderately evolute shell is very similar to
Figs. 47, 49 Xiaohenautilus abrekensgp. nov. X. sinensis
Xu (1988, p. 439) anK. huananensisXu
Holotype NSM PM23128, from AB1012. (1988, p. 439) of late Early Induan (late Gries-
Diagnosis Moderately evoluteMenuthio- bachian) age. We considétenuthionautilus

nautiluswith subquadratic whorl section. to be an offshoot dkiaohenautilus<u, 1988.
Etymology Species name refers to its
ewlute coiling. Order Ceratitida, Hyatt, 1884

Description Moderately evolute shell char-  Superfamily Xenodiscoidea Frech, 1902
acterized by broadly rounded venter, rounded  Family Xenodiscidae Frech, 1902
ventral shoulders and broadly convex Ranks  GenusTompophicerasopov, 1961
forming a subquadratic whorl section. Umbili- Type species Tompophiceras fastigatum
cus with moderately high, vertical wall with Popov, 1961.
rounded shoulders, and small (35 mm) umbil-
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Tompophicerasp. indet. Anakashmirites schamarengiakharov (1968,
Fig. 50.7950.8 p. 104).
Diagnosis Moderately evolute shell with
Material examined NSM PM23129 from subquadratic whorl section, subtabulate to low,
AB1007. arched venter, nearly parallel to slightly con-
Description Very evolute serpenticone with vex Ranks, variable constrictions and ceratitic
sub-elliptical whorl section, broadly roundedsuture line.
venter, rounded ventral shoulders and convex Etymology Named after Shamara Bay, Us-
Ranks with maximum whorl width at mid- sury Gulf, in South Primorye.
Rank. Umbilicus wide with moderately high, Occurrence Lower part of the Lower
oblique wall and rounded shoulders. Orna©Olenekian (lower Smithian) in South Pri-
mentation consists of distinct, convex ribs arismorye, Russia.
ing on umbilical shoulder, becoming more Discusion Shamaraitesgen. nov. differs
prominent on mid-Bank and fading on ventrafrom other representatives of Xenoceltitidae

shoulder. Suture not visible. such asPseudoceltitesHyatt, 1900, Kash-
Measurementémmn): mirites Diener, 1913 ,AnakashmiritesSpath,
Specimen no. b U H W UD WH 1930, andEukashmiriteskummel, 1969, by

NSMPM23129 340 177 86 B 052 B the presence of distinct constrictions and the

Occurrence Described Specimen from absence of diStant, radial ribs. This new genUS

AB1007 within the Lytophiceras sp. Zone IS close in shape and ornamentatiorKesh-
(Early Induan Griesbachian) in the middle Mirites varianusChao (1959, p. 279), the type
part of the Lazurnaya Bay Formation, AbrekSPecies ofHebeisenitesBrayard and Bucher,
Bay area, South Primorye. 2008, andJinyaceras bellumBrayard and
Discussion Even though the present speci-Bucher (2008, p. 31), but it has a well-devel-
men is fragmental, its distinctive featuresoped ceratitic suture with a large Pprst lateral
enable us to assign it with reasonable contsaddle and reduced second lateral lobe (Za-
dence to the gend®mpophicerasHowever, a kharov, 1968, bg. 26).
debnitive species assignment cannot be made.
Zakharov (Zakharov & Rybalka, 1987, p. Shamaraites schamarens{Zakharov, 1968)
33) describedGlyptophiceras(Glyptophicera} Figs. 50.1950.4, 51
ussuriensdrom the early Induan of South Pri- anakashmirites schamarensiskharov, 1968, p. 104, pl.
morye, but upon re-examination, its ornamen- 20, bg. 3, text-bg. 26b, c.
tation and shell shape justify its assignment to
the genusHypophiceras Trumpy, 1969 or
TompophicerasThis species differs from our
specimen by its prominent ribs.

Holotype DVGI 211/801, bgured by Za-
kharov (1968, p. 104, pl. 20, bg. 3), from the
lower part of the Lower OlenekiarHéden-
stroemia bosphorensiZone) on the western
coast of Ussuri Gulf, near Tri Kamnya Cape,

Family Xenoceltitidae Spath, 1930 in South Primorye, Russia.
GenusShamaraitesShigeta and Zakharov Material examined NSM PM23130, from
gen. nov. AB1021.

Description Moderately evolute shell with
Type speciesAnakashmirites schamarensissubquadratic whorl section, subtabulate venter,
Zakharov, 1968. angular ventral shoulders and nearly parallel to
Composition of the genudwo speciesDi-  slightly convex RBanks. Umbilicus moderately
narites latiplicatusDiener (1895, p. 11) and wide, with moderately high, subvertical wall



66

Yasunari Shigetet al.(eds.)

Fig. 50. 1Db4Shamaraites schamarengigakharov, 1968) gen. nov., NSM PM23130, from AB1021,0. 5B6,
Ussuridiscus varah&Diener, 1895) gen. nov., NSM PM23135, from AB1004,.0. 7B8Tompophicerasp.
indet., NSM PM23129, from AB1007, 1.0. 9P11Lytophiceras(?) sp. indet. 9, NSM PM23132, from
AB1004, 1.0.10B11, NSM PM23133, from AB10091.0. 12b15Wadieocerascf. wordiei (Spath, 1930),
NSM PM23134, from AB1010, 1.0. 16D19,ytophicerassp. indet., NSM PM23131, from AB10071.0.



Lower Triassic System in the Abrek Bay area, South Primorye 67

Lytophicerassp. indet.
Fig. 50.16950.19

Material examinedNSM PM23131, part of
an outer whorl, from AB1007.
Description Moderately involute, discoidal
) ) ) ) shell with rounded venter, nearly parallel
Fig. 51. Suture line Shamaraites schamarensis Ranks and umbilicus with low, oblique wall
(Zakharov, 1968) gen. nov., NSM PM23130, !
from AB1021, at H 8 mm. and rounded shoulders. Shell surface either
smooth or ornamentated with Pne growth
lines. Suture ceratitic with deep, weakly in-
dented lateral lobes.
and rounded shoulders. Ornamentation con- Measurementémm):
sists of distinct, prorsiradiate constrictions,Specimen no. b U H W UD WH
which form small plications on body chambeNSM PM23131* = ®  ® 281 140 B 0.50
and nearly disappear on venter. Suture ceratitid//é3surements atlast sepwm.
with wide ventral lobe, divided by a median Occurrence Described specimen from
saddle into two short branches with a few denaB1007 within the Lytophiceras sp. Zone
ticulations at each base. First lateral saddligEarly Induan Griesbachian) in the middle
higher than second saddle and third saddleart of the Lazurnaya Bay Formation, Abrek
lower. First lateral lobe deep, wide with manyBay area, South Primorye.

denticulations at base, and second lateral lobe Discussion The described specimen possi-

about one-half depth of Prst lobe. bly represents a portion of an outer whorl of
Measurementemm): Lytophiceras eusakuntalgZakharov, 1987, p.
Specimen no. b U H W UD WH 35) which displays the same shell shape.

NSMPM23130 298 114 101 83 038 082 hyopever, the fragmental nature of the speci-

Occurrence Described specimen from men precludes a debnitive assignment.
AB1021 within the Clypeoceras timorense Waterhouse (1994) assigndgtophiceras
Zone (early Early Olenekiarearly Smithian) eusakuntala to Himophiceras Waterhouse,
in the main part of the Zhitkov Formation,1994, but we reject this synonymy because
Abrek Bay area, South Primorye. This speciek. eusakuntaladiffers from all species of
also occurs in theledenstroemia bosphorensisHimophicerasby its gently rounded umbilical
Zone along the western coast of Ussuri Gulfwall, which is one of the diagnostic features of
near Tri Kamnya Cape, South Primorye (Zalytophiceras
kharov, 1968; Markevich & Zakharov, 2004).

Discussion Shamaraites schamarengiza- Lytophicerask® sp. indet.
kharov, 1968) differs fron®. latiplicata (Di- Fig. 50.9950.11
ener, 1895, p. 12) by its subtabulate venter and
angular ventral shoulders. Material examined NSM PM23132 from

AB1004, and NSM PM23133 from AB1009.
Superfamily Meekoceratoidea Waagen, 1895Specimens poorly preserved.
Family Ophiceratidae Arthaber, 1911 Description Moderately evolute shell with
GenusLytophycerasSpath, 1930 rounded venter, rounded ventral shoulders,
gently convex Banks and moderately wide um-
Type speciesOphiceras chamund®iener, bilicus with low, oblique wall and rounded
1897. shoulders. Shell surface smooth. Suture not
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visible.
Measurementemmn):
Specimen no. D U H W U/D W/H

NSM PM23132 20.6 7.7 8.0 b 037 b
NSM PM23133 211 86 7.2 6.6 041 0.92

Occurrence Described specimens from
AB1004, AB1009 within thd ytophicerassp. Fig. 52. Suture line oWadieocerascf. wordiei
Z0ne (Early Induan Griesbachian) in the (Spath, 1930), NSM PM23134, from AB1010,
lower and middle parts of the Lazurnaya Bay atH 9.5mm.
Formation, Abrek Bay area, South Primorye.

Discussion The uncertain assignment of
these specimens tgtophicerasis based only

L . . Specimen no. D U H W U/D W/H
on their similar morphology to Ophiceratidae. P

NSM PM23134 355 109 150 93 0.31 0.62

GenusWordieocerasSpath, 1930 Occurrence Described specimen from
AB1010 within the lowerGyronites subdhar-

Type species Vishnuites wordiei Spath, MusZone (late Early Induanlate Griesbachi-

1930. an) in upper part of the Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.
Wordieocerasf. wordiei (Spath, 1930) Wardieoceras wordieis also known from beds
Figs. 50.12D50.15, 52 of late Griesbachian age in Greenland (Spath,

_ . 1931, 1935) and Arctic Canada (Tozer, 1994).
cf. Vishnuites wordieiSpath, 1930, p. 31, pl. 2, bg. 11; . . .
Spath, 1935, p. 41, pl. 4, bg. 5, pl. 12, bg. 2. . Discussion Although thg present spef:lrpen
of. Wardieoceras wordie{Spath). Tozer, 1994, p. 58, pl. 5, IS ornamented with conspicuous constrictions,
bgs. 1D3, pl. 6, bgs. 103, pl. 7, bgs. 1P4, text-Pg. 8its shell morphology enables us to identify it
with reasonable conbdence Wé&rdieoceras
wordiei (Spath, 1930, p. 31). It is close Y4
Description Moderately evolute, fairly aﬁ.. wordiei and W. nghogensLs (both de-
compressed shell with subrectangular whor?Crlbed by .Zakharov & Mu " Mt al, 2007,
. 862), which are characterized by a narrowly

section, subacute venter, rounded ventr .
_ rounded venter and rounded venter, respective-
shoulders and nearly parallel to slightly con-

vex Ranks with maximum whorl width just ly, but differs from them by its subacute venter

- . and more involute shell.
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 bne, sinuous growth Iine%.
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 on
half of prst lobe.
Measurementémm):

Material examined NSM PM23134, from
AB1010.

GenusVishnuitesDiener, 1897

Type specie XenaspiqVishnuite$ pralamb-
aDiener, 1897.

Vishnuites? sp. indet.
Figs. 53, 54

Material examined NSM PM23136 from
2B1014.

Description Moderately evolute, fairly
compressed shell with acutely keeled venter
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Fig. 53. Vishnuite® sp. indet. 14, NSM PM23136, from AB1014.0.

Family Meekoceratidae Waagen, 1895
GenusUssuridiscusShigeta and Zakharuv
gen. nov.

Type speciesMeekoceragKingiteg varaha
Diener, 1895.
Composition of the genuslype species
only.
Fig. 54. Suture lines oMMshnuite® sp. indet., Diagnosis Slender, very mV,O_IUIG Sh,e” with
NSM PM23136, from AB1014. 1, at tabulate venter, narrow umbilicus with over-
H 4mm.2,atH 3mm. hanging umbilical wall and ceratitic suture
line.
Etymology Named after Ussuri Gulf in

South Primorye and the Latin ward: discus,
and convex Zanks with maximum whorl widthmeaning disk.

at mid-Bank. Moderately wide umbilicus with  occurrence Throughout much of the mid-
low, near vertical wall and rounded shouldersg|e |nduan in South Primorye, Russia.
Ornamentation consists only of weak, radial pjscussion Ussuridiscusgen. nov. can be

folds. Suture goniatitic with prst lateral saddlexasily distinguished fronKhangsaria \Water-
lower, narrower than second saddle, and thirdoyse, 1994MesokantoaWaterhouse, 1994,
saddle lower than Prst and second. First laterghq HubeitocerasWaterhouse, 1994, by its
lobe deep, wide, and second lateral lobe aboydhylate venter and overhanging umbilical

two third depth of Prst lobe. wall. It bears some resemblanceRadioceras
Measurementgmm): Waterhouse, 1996&ymatites\Waagen, 1895,
Specimen no. D U H W U/D W/H

and KoninckitesWaagen, 1895 in terms of its
involute shell and tabulate venter, but differs

Occurrence Described specimen from from them by its overhanging umbilical wall.
Clypeoceras spitiens®bedO (AB1014, LateZhaojinkoceras Waterhouse, 1994 is very
Induan Dienerian) in the lower part of the close to this new genus, but its venter is con-
Zhitkov Formation, Abrek Bay area, Southcave.

NSM PM23136 109 35 46 3.2 032 0.70

Primorye.
Discussion The assignment of the speci- Ussuridiscus varahgdDiener, 1895)
men to Vishnuitesis uncertain, and is based Figs. 50.5D50.6, 55D57

Only 0r_1 the Slm"amy of its morphOIOgy with MeekoceragKingiteg varahaDiener, 1895, p. 52, pl. 1,
Vishnuites bg. 2.
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Fig. 56. Ussuridiscus varahgDiener, 1895) gen. nov. 1D17, from AB1011. 14, NSM PM23144). 5b7,
NSM PM23145, 1.0. 811, NSM PM23146,1.0. 12D13, NSM PM23147,1.0. 14D17, NSM PM23148,
1.0. 1825, from AB1013. 18D21, NSM PM23149.,0. 22D25, NSM PM23150,1.0.

Fig. 55. Ussuridiscus varahgDiener, 1895) gen. nov. from AB1010. 12, NSM PM2313%,0. 3b5, NSM
PM23138, 1.0. 6B8, NSM PM23139,1.0. 912, NSM PM23140,1.0. 1315, NSM PM23141,1.0.
16019, NSM PM23142,1.0. 2023, NSM PM23143,1.0.
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Koninckites varahaDiener). Zakharov, 1968, p. 91, pl.
17, bgs. 4, 5, text-pg. 20b.

Hubeitoceras(?) wangi Zakharov and Mu in Mt al,
2007, p. 871, bgs. 13.17D13.19, 15.2D15.5.

Koninckite®© cf.timorense(Wanner). BrYhwileret al,
2008, p. 1165, pl. 3, bgs. 1b4, pl. 4, bgs. 1D2.

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

Material examined NSM PM23135, from
AB1009, seven specimens, NSM PM231371
23143, from AB1010, bve specimens, NSN
PM23144P23148, from AB1011, and twao
specimens, NSM PM23149, 23150, from
AB1013.

Description Very involute, very com-
pressed platycone with subrectangular whoi
section, distinctively tabulate to subtabulate
venter, rather abruptly rounded ventral shoul
ders and Rat to slightly convex Ranks witt
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. Ornamentatiol
consists of bne, sinuous, slightly prorsiradiatt
growth lines as well as low radial folds, which
are pronounced on inner Rank. Suture ceratiti
with wide ventral lobe divided by fairly high

median saddle into two deep branches with _
few denticulations at their bases. First Iatera}{lSM PM23147

Fig. 57. Suture lines ofUssuridiscus varaha
(Diener, 1895) gen. nov. 1, NSM PM23143,
from AB1010, at H 16 mm. 2, NSM PM23139,
from AB1010, at H 12mm. 3, NSM PM23148,
from AB1011, at H 15mm. 4, NSM PM23147,
from AB1011, at H 14 mm. 5, NSM PM23149,

from AB1013, at H 9mm.

36.4 3.0 19.9

saddle lower than second lateral saddle, angsm pm23148 402 4.0 209
third saddle lower than brst and second. Firsism PmM23149 29.8 4.9 144
lateral lobe deep and wide with many denticuNSM PM23150  41.8 4.7 21.6

lations at base. Some auxiliary elements pres- Occurrence Described specimens from

ent on adumbilical Bank.

Measurementémmn):
Specimen no. D U H W U/D W/H

7.1
8.6
6.5
8.0

0.08
0.10
0.16
0.16

0.36
0.41
0.45
0.37

AB1009 within thelLytophicerassp. Zone, and
from AB1010, AB1011 within theGyronites

NSM PM23137 156 21 7.9 32 0413 041 subdharmugone in the middle t.o upper parts
NSM PM23138 244 4.9 114 55 020 o0.4g Of the Lazurnaya Bay Formation, and from
NSM PM23139 29.4 4.0 150 54 0.14 0.36 AB1013 within the Ambitoides fuliginatus

NSM PM23140 321 32 171 B 0.10
NSM PM23141 316 20 174 6.5 0.06
NSM PM23142 546 7.0 284 120 0.13
NSM PM23143 279 26 152 6.0 0.09
NSM PM23144 494 85 25.0 122 0.17
NSM PM23145 34.2 46 177 7.4 0.13
NSM PM23146 33.0 6.6 153 6.5 0.20

b Zone in the lowest part of the Zhitkov Forma-
037 tion, Abrek Bay area, South Primorye. Thus,
0_'35 in this particular area, the species ranges from
049 late Early Induan (late Griesbhachian) to early
0.42 Late Induan (early Dienerian). It also occurs
0.42 abundantly in th&yronites subdharmugone
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on the western coast of Ussuri Gulf, betweel
Seryj Cape and Nerpa Rock, South Primory:
(Zakharov, 1968; Markevich & Zakharov,
2004).

Discussion Ussuridiscus varaha(Diener,
1895) differs from specimens identibped a:s
Meekoceras varah®iener by Diener (1897,
p. 143) and Kraft and Diener (1909, p. 17) by
its Rat BRanks and overhanging umbilical wall.
Aside from its ceratitic suture, it appears to be
morphologically very close to the specimen
identiped asAspidites vidarbhaDiener by
Kraft and Diener (1909, p. 63, pl. 5, bg. 1).
Hubeitoceras (?) wangi Zakharov and Mu  gg 58 Gyronitessp. indet. from AB1013. 104,
(2007, p. 871) andKoninckite® cftimorense NSM PM23173, 1.0. 598, NSM PM23174,
(Wanner) by BrYhwileet al. (2008, p. 1165) 10.
are also very close in appearance with regai
to their tabulate venters, nearly Rat Ranks and
strong auxiliary suture elements, and in al
likelihood, are probably conspecibc.

According to Diener (1895), he collected
the holotype from Paris Bay on Russian Islanc
South Primorye. Since sediments of Olenekia
and Anisian age are well exposed along thi
seacoast, Zalfharov (1968) naturally assume fig. 59. Suture line ofSyronite sp. indet., NSM
the holotypeGs collection horizon to be @ PM23174, from AB1013, at H8 mm.
Olenekian age. However, there has never bes
a report of this ammonoidOs occurrence at tr
particular locality other than DienerOs in 1895.
This species frequently occurs in the Induan of Gyronitessp. indet.
South Primorye, but no Induan strata have Figs. 58, 59

been found in the type locality (Markevich & Material examined Two specimens, NSM
Zakharov, 2004), and the preservation of th%m23173 23174 from AB1013 '

holotype is very similar to that of specimens L

Description Moderately evolute, com-
from Induan strata exposed along the western . .
. ressed shell with rectangular whorl section,
coast of Ussuri Gulf. Taken together, these,. .. .
_ distinctively tabulate venter, angular ventral
facts strongly suggest that Diener made a . .
error when recording the source of the t g’ oulders, and slightly convex Ranks with

specimen 9 yp maximum whorl width on inner Bank. Umbili-

P ' cal width moderate to fairly narrow with low,
near vertical wall and rounded shoulders. Shell
ornamentation consists of weak radial folds as
well as Pne, 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

GenusGyronitesWaagen, 1895

Type speciesGyronites frequensNVaagen,
1895.
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Fig. 60. Gyronites subdharmuKiparisova, 1961 from AB1010. 1B4, NSM PM231511.0. 598, NSM
PM23152, 1.0.9D12, NSM PM23153,1.0. 1316, NSM PM23154,1.0. 17919, NSM PM23155,1.0.
20D23, NSM PM23156, 1.0. 24b27, NSM PM23157,1.0. 28D31, NSM PM23158,1.0. 32Db35, NSM
PM23159, 1.0.36D39, NSM PM23160,1.0. 4043, NSM PM23161,1.0. 44b47, NSM PM23162,1.0.



Lower Triassic System in the Abrek Bay area, South Primorye

Fig. 61. Gyronites subdharmugiparisova, 1961 from AB1011l. 1b4, NSM PM231631.0. 58, NSM
PM23164, 1.0.9P12, NSM PM23165,1.0. 1316, NSM PM23166,1.0. 17920, NSM PM23167,1.0.
21D24, NSM PM23168, 1.0. 25B28, NSM PM23169,1.0. 2932, NSM PM23170,1.0. 3336, NSM

PM23171, 1.0.37D40, NSM PM23172,1.0.
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saddle even lower. First lateral lobe deep anfilom fairly strong to very weak. Suture cer-
wide with many denticulations at base. Secondtitic with ventral lobe divided by median sad-
lateral lobe about one half depth of brst lobe. dle into two short branches. First lateral saddle
Measurementémm): lower than second saddle, and third saddle
Specimen no. D U H W UD WH |ower yet. First lateral lobe deep, and wide
NSMPM23173 186 56 7.3 44 030 060 yjth many denticulations at base, and second
NSMPMz3lra 283 63 132 B 022 lateral lobe about one-half depth of brst lobe.
Occurrence Described specimens from Measurementémm):
AB1013 within the Ambitoides fuliginatus Specimen no. b U H W UD WH
Zone (early Late Induanearly Dienerian) in NSMPM23151 209 80 7.1 54 038 076

. . NSMPM23152 205 86 7.0 44 042 0.63
the lowest part of the Zhitkov Formation,\ cvi pm23153 200 78 74 52 039 0.70

Abrek Bay area, South Primorye. NSM PM23154 170 68 6.1 4.6 040 0.75
Discussion The described specimens mayNsm PM23156 224 9.1 86 58 0.41 0.67
simply be juvenileGyronitesshells. Although NSMPM23157 29.7 124 9.7 7.0 042 0.72

they are somewhat similar @Gyronites fre- NSMPM23158 161 63 62 43 039 0.69

.. NSMPM23159 235 91 81 58 039 0.72
quensWaagen (1895, p. 292), no dePnitve gy oyosisy 161 65 57 44 040 077

species assignment can be made. NSM PM23161 25.6 100 95 6.3 0.39 0.66
NSM PM23162 175 7.2 62 42 041 0.68

Gyronites subdharmugiparisova, 1961 NSM PM23163 28.0 118 9.7 6.9 042 0.71
Figs. 60D62 NSM PM23164 174 76 55 45 0.44 0.82

NSM PM23165 26.5 10.8 9.2 58 0.41 0.63

Gyronites(?) subdharmusiparisova, 1961, p. 64, pl. 11, NSM PM23166 17.4 7.5 59 4.4 0.43 0.75

Pgs. 3D5, text-bg. 23. NSM PM23167 28.0 123 89 7.0 044 0.77
Gyronites subdharmuisiparisova. Zakharov, 1968, p. 60, NSM PM23168 23.7 98 80 54 041 0.68
pl. 6, Pgs. 1D4, text-Pg. 12a. NSM PM23169 255 118 7.7 56 046 0.73
Gyronites frequendVaagen. BrYhwileet al, 2008, p. NSM PM23170 282 123 90 7.0 0.44 0.78
1168, pl. 5, bgs. 78 NSM PM23171 51.1 212 163 121 0.41 0.74

NSM PM23172 244 9. 7 5 41 0.
Holotype CGM 54/5504, bgured by s 3 99 8 29 0 068

Kiparisova (1961, p. 64, pl. 11, bg. 3), from Occurrence Described specimens from
the Lower Triassic (InduanFlemingite® AB1010, AB1011 within theGyronites subd-
beds) in the Abrek Bay area in South PriharmusZone (late Early Induanlate Gries-
morye, Russia. bachian) in the middle and upper parts of the
Material examined Twelve specimens, Lazurnaya Bay Formation, Abrek Bay area,
NSM PM23151D23162, from AB1010, andSouth Primorye. This species is frequently
ten specimens, NSM PM23163D23172, frorfound in Induan strata on the western coast of
AB1011. Ussuri Gulf between Seryj Cape and Nerpa
Description Evolute, fairly compressed Rock, South Primorye (Zakharov, 1968;
shell with subrectangular whorl section, dis-Markevich & Zakharov, 2004).
tinctively tabulate venter, angular ventral Discussion Gyronites subdharmuKipariso-
shoulders and slightly convex 3anks with maxva, 1961 is easily distinguished fro@. fre-
imum whorl width on inner Bank. Umbilicus quensWaagen (1895, p. 292) by its more evo-
fairly wide with low, near vertical wall and lute coiling and near vertical umbilical wall.
rounded shoulders. Ornamentation consists dhe specimens described by BrYhwiler
slightly rusiradiate to rectiradiate, distant foldset al. (2008, p. 1168) are more evolute tHan
arising on umbilical shoulder and fading awayfrequensg and they correspond well witB.
on ventral shoulder. Folds more prominensubdharmus Although the radial ribs ofc.
near umbilical shoulder, but vary in strengthsubdharmusre much weaker, its evolute shell
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GenusAmbitoidesShigeta and Zakharov
gen. nov.

Type species Ambites fuliginatusTozer,
1994,

Composition of the genu$wo speciesAm-
bites fuliginatusTozer, 1994 andAmbitoides
orientalissp. nowv.

Diagnosis Discoidal, fairly involute shell
with tabulate venter, narrow umbilicus,
smooth Ranks and ceratitic suture line.

Etymology From Ambitesand the Greek
sufpx: -oides.

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

Discussion Ambitoidesgen. nov. is mor-
phologically very close tcAmbitesWaagen,

_ _ _ 1895, but its suture is ceratitic in contrast to

Fig. 62. Suture lines ofGyronites subdharmus L . .
Kiparisova, 1961. 1, NSM PM23159, from the sub-goniatitic suture typical @émbites
AB1010, at H 7.6mm. 2, NSM PM23157, RadiocerasWVaterhouse, 1996a is close to this
from AB1010, at H7.0mm. 3, NSM genus with its tabulate venter and ceratitic su-

PM23167, fom AB1011, at HE.Smm. 4, ture line, but its shell is very involute with a
NSM PM23172, from AB1011, at H5.5 mm. ! = y
very narrow umbilicus.

and tabulate venter invite comparison of shell ~ Ambitoides fuliginatus(Tozer, 1994)
morphology withPleurogyronites krafftTozer Figs. 63, 64

(1994, p. 66)G. plicosusWaagen (1895’_ P- Ambites fuliginatu§ozer, 1994, p. 67, pl. 13, bgs. 4, 5, pl.
298),G. rotusWaagen (1895, p. 300F. radi- 14 pg g, text-bg. 15.

ans Waagen (1895, p. 302)Danubites

planidorsatusDiener (1897, p. 34), and. Holotype GSC 28123, bgured by Tozer
rigidus Diener (1897, p. 36), as well as speci(1994, p. 67, pl. 14, bg. 8), from the Lower
mens identibed a¥enodiscus radianéWaa- Triassic (Dienerian, Proptychites candidus
gen),X. cf. plicosus(Waagen)X. rotula(Waa-  zone) of the Grayling Formation, near Tucho-
gen) by Kraft and Diener (1909, pl. 23, Pg. 4 River, British Columbia, Canada.

pl. 25, bgs. 1b4) andenodiscoidesp. indet.  \aterial examined Four specimens, NSM
by BrYhwileret al. (2008, p. 1158). It also is p\M23175923178, from AB1012, two speci-
morphologically very close t&. nangaensis mens, NSM PM23179, 23180, from AB1013.
Waagen (1895, p. 297) ai@l plicatilis Waa-  pescription Fairly involute, very com-
gen (1985, p. 315), which were assigned tgressed shell with rectangular whorl section,
Wangyikangiaby Waterhouse (1996a), but its gistinctively tabulate venter, angular ventral
saddles do not exhibit subphylloid characterisshoulders and nearly parallel to slightly con-
tics. Meekoceras dubiurrafft (1909, p. 50), yex Ranks. Narrow to moderately narrow um-
which is the lectotype oHimocerasWater- pjjicus with low, oblique wall and rounded
house, 19964, is also close in appearance, K{foulders. Ornamentation consists of bne,
it has a steep, high umbilical walll. slightly sinuous, prorsiradiate growth lines and
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Fig. 63. Ambitoides fuliginatugTozer, 1994) gen. nov. 114, from AB1012. 14, NSM PM23118). 56,
NSM PM23176, 1.0. 7D9, NSM PM23177,1.0. 10b14, NSM PM23178,1.0. 15B22, from AB1013.
15D18, NSM PM23179, 1.0. 19922, NSM PM23180,1.0.
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Fig. 64. Suture line of Ambitoides fuliginatus
(Tozer, 1994) gen. nov., NSM PM23180, from
AB1013, atH 15mm.

low, radial folds becoming prominent on mid-

Banks of body chamber. Suture ceratitic witt

long denticulate suspensive lobe. Ventral lob

divided by median saddle into two short Fig- 65. Suture lines ofAmbitoides orientalis

b h ith f denticulati t | Shigeta and Zakharov gen. nov. sp. nov. from
ranches with a few denticulations at eac AB1014. 1, NSM PM23190, paratype, at

base. First lateral saddle lower than secon 22mm. 2, NSM PM23189, paratype, at

saddle and third saddle even lower. First later: 17mm. 3, NSM PM23188, holotype, at

lobe deep, wide with many denticulations a gmm 4, NSM PM23183, paratype, at

base, and second lateral lobe about two thirc

depth of prst lobe.

Measurementémn):
Specimen no. DU H W UDWH  aAmpitoides orientalisShigeta and Zakharov
NSM PM23175 38.6 4.4 192 7.9 011 041
NSM PM23176 32.0 58 155 6.3 0.8 041 Sp- nov.

NSM PM23177 37.7 58 186 7.3 0.15 0.39 Figs. 65067
NSM PM23178 20.6 3.7 10.0 46 0.18
NSM PM23179 32.8 6.8 151 64 021

IITITT

832 ? Ambites fuliginatu§ozer, 1994, p. 67, pl. 13, bg. 7.

Occurrence Described specimens from Type specimendiolotype, NSM PM23188,
AB1012, AB1013 within théAmbitoides fulig- from AB1014; paratypes, nine specimens,
inatusZone (early Late Induanearly Diener- NSM PM23181D23187, 23189, 23190, from
ian) in the uppermost part of the LazurnayaAB1014.

Bay Formation and lowest part of the Zhitkov Diagnosis Ambitoideswith narrow, subtab-
Formation, Abrek Bay area, South Primoryeulate venter, vertical umbilical wall, abruptly
This species also occurs in tioptychites rounded umbilical shoulder, Pne spiral lirae on
candidusZone (early Dienerian) in northeast-shell surface and ceratitic suture line.

ern British Columbia, Canada (Tozer, 1994).  Etymology From the Latin word: orientalis,

Discussion Morphologically, Ambitoides meaning oriental.
fuliginatus (Tozer, 1994) is very close #m- Description Fairly involute, very com-
bites discusVaagen (1895, p. 152A. magun- pressed shell with subrectangular whorl sec-
milicatus Waagen (1895, p. 154) aril fer- tion, narrow subtabulate venter, subangular
ruginus Tozer (1994, p. 67), but its suture isventral shoulders, and slightly convex Ranks
debnitely ceratitic. It is also somewhat similawith maximum whorl width near mid-RBank.
to QMeekocera® hodgsoniDiener (1897, p. Narrow to fairly narrow umbilicus with mod-
133), but its venter is distinctively more tabu-erately high, vertical wall and abruptly round-
late and its whorls are not as compressed.  ed shoulders. Ornamentation consists of very
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Fig. 66. Ambitoides orientalisShigeta and Zakharov gen. nov. sp. nov. from AB1014. 13, NSM PM23181,
paratype, 1.0. 4b7, NSM PM23182, paratypel.0. 8911, NSM PM23183, paratypel.0. 12D15, NSM
PM23184, patratype, 1.0. 16019, NSM PM23185, paratypel.0. 20023, NSM PM23186, paratypel.O.
24P27, NSM PM23187, paratypel.0.
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Fig. 67. Ambitoides orientaliShigeta and Zakharov gen. nov. sp. nov. from AB1014. 1b4, NSM PM23188, holo-
type, 1.0.5D8, NSM PM23189, paratypel.0. 9912, NSM PM23190, paratypel.O.
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Pne spiral lirae and slightly sinuous, prorsirawith tabulate venter, fairly narrow umbilicus,
diate growth lines as well as low, radial folds,overhanging umbilical wall, abruptly rounded
which become more prominent on body chamumbilical shoulder and ceratitic suture line.
ber. Suture ceratitic with long denticulate sus- Etymology Named after Abrek Bay in
pensive lobe, and wide ventral lobe divided bysouth Primorye.

median saddle into two branches with many Occurrence Lower part of the Lower
denticulations at each base. First lateral sadd@lenekian (lower Smithian) in South Pri-
lower than second saddle and third saddle evenorye, Russia.

lower. First lateral lobe deep, wide with many DiscussionAbrekitesgen. nov. is easily dis-
denticulations at base, and second lateral lolisguished fromAmbites Waagen, 1895 and

about two thirds depth of brst lobe. Ambitoidesgen. nov. by its overhanging um-
Measurementemmn): bilical wall and from Sisupalia Waterhouse,
Specimen no. b U H W UD WH 1996b by its ceratitic suture line.

NSM PM23181 208 3.3 11.0 55 0.16 0.50

NSM PM23182 419 80 203 9.6 0.19 047 . . .
NSM PM23183 290 52 142 63 0418 044 Abrekites editusShigeta and Zakharov sp. nov.

NSM PM23184 395 7.1 19.0 8.6 0.18 045 Figs. 68, 69.1969.12

NSM PM23185 31.6 58 150 7.5 0.18 0.50 :

NSM PM23186 354 67 172 90 019 o0s2 PE specimens-olotype, NSM PM23_193’
NSM PM23187 405 6.7 207 9.2 017 044 TOM AB1021; paratypes, two specimens,
NSM PM23188 49.8 9.1 240 119 0.18 050 NSM PM23191, 23192, from AB1021.

NSM PM23189 57.9 14.4 26.8 14.3 025 053 Diagnosis Abrekiteswith raised umbilical

NSM PM23190 50.8 12.8 233 11.7 0.25 0.50 shoulders and low radial folds on inner Ranks.

Occurrence: Described specimens from Etymology Species name refers to its Oris-
Clypeoceras spitiens®bed® (AB1014, earlyingo umbilical shoulder, from the Latin word:
Late Induan early Dienerian) in the lower €ditus, meaning rising.

part of the Zhitkov Formation, Abrek Bay Description Eairly involute, very com-
area, South Primorye. pressed shell with rectangular whorl section,

Discussion Ambitoides orientalissp. nov. tabulate venter, subangular ventral shoulders

differs from Ambites discusVaagen (1895, p. and slightly convex Ranks with maximum
152), A. magunmilicatusWaagen (1895, p. thickness at mid-Bank. Umbilicus fairly nar-
154) andA. ferruginus(Tozer 1994, p. 67) by row with moderately high, overhanging wall
its serrated lateral lobes, and differs fronfiNd raised, abruptly rounded shoulders. Orna-
Ambitoides fuliginatugTozer 1994, p. 67) by mentation consists of low radial folds on inner
its vertical umbilical wall. One of Tozeredd@nks as well as bne, slightly sinuous, prorsir-
paratypes oA. fuliginatus(Tozer 1994, pl. 13, adiate growth lines. Suture ceratitic with long
bg. 7) has a very narrow, subtabulate ventefenticulate suspensive lobe, and wide ventral
radial folds and Pne spiral lirae, and is proba®P€ divided by low median saddle into two

bly quite similar toAmbitoides orientalis wide branches with many denticulations at
each base. First lateral saddle lower than sec-

GenusAbrekitesShigeta and Zakharov ond saddle, and third saddle wide, but even

gen. nov. lower. First lateral lobe deep, wide with many
denticulations at base, and second lateral lobe
Type specieshbrekites editusp. nov. about two thirds depth of brst lobe.

Composition of the genusfwo species,  Measurementgmmy:

Abrekites editusp. nov. and\. planussp. nov. Specimen no. D u o H W UD WH
p- : P P- " NSMPM23191 282 3.4 127 54 0.12 0.43

Diagnosis Discoidal, fairly involute shell \gypm23192 322 63 159 65 020 041
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Fig. 68. 1D12Abrekites editusShigeta and Zakharov gen. nov. sp. nov. from AB1021. 14, NSM PM23191,
paratype, 1.0. 58, NSM PM23192, paratypel.0. 912, NSM PM23193, holotype,1.0. 13D16,
Abrekites planushigeta and Zakharov gen. nov. sp. nov., NSM PM23194, holotype, from AB1QZ1,
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Fig. 70. Suture line ofAbrekites planusShigeta
and Zakharov gen. nov. sp. nov, NSM

Fig. 69. Suture lines oAbrekites editusShigeta PM23194, holotype, from AB1021, at H
and Zakharov gen. nov. sp. nov. from AB1021. 29 mm.
1, NSM PM23193, holotype, at 1 mm. 2,
NSM PM23192, paratype, at HL4 mm.

Bank. Umbilicus fairly narrow with moderate-
ly high, overhanging wall and abruptly round-
ed shoulders. Ornamentation consists of low,
radial ribs on mid-Rank as well as bPne, slightly
Occurrence Described specimen from sinuous, prorsiradiate growth lines. Inner
AB1021 within the Clypeoceras timorense f3anks smooth. Suture ceratitic with long den-
Zone (early Early Olenekiarearly Smithian) ticulate suspensive lobe and wide ventral lobe
of the main part of the Zhitkov Formation, divided by low median saddle into two wide
Abrek Bay area, South Primorye. branches with many denticulations at each
Discussion Abrekites editusp_ nov. is very base. First lateral saddle lower than second
close to the juvenile shell éfrctoceras striga- saddle, and third saddle even lower. First later-
tus Brayard and Bucher (2008, p. 52, pl. 252l lobe deep, wide with many denticulations at
bg. 2) in that it has raised umbilical shoulder§ase, and second lateral lobe about two thirds
and radial folds, but the latter has very noticedepth of Prst lobe.
able strigation on its Ranks, a subtabulate to Measurementgmm:

broadly rounded venter, and a typical Arcto-SPecimen no. b U H W UD WH
) . NSM PM23194 62.8 11.4 30.7 154 0.18 0.50
ceratidae suture line.

NSM PM23193 49.0 105 225 108 0.21 0.48

Occurrence Described specimen from

Abrekites planusShigeta and Zakharov AB1021 within the Clypeoceras timorense
Sp. nov. Zone (early Early Olenekianearly Smithian)

Figs. 69.13D69.16, 70 of the main part of the Zhitkov Formation,

rolope NS Puz31ss, from Agiozs, ATLILISE I IIENE
Diagnosis Abrekiteswith Bat, smooth inner ) P P- '

Ranks, non-raised umbilical shoulders an(?aSIIy d|st_|ngwsheq _from\. editussp. nov. by
L . its non-raised umbilical shoulder and smooth,
weak radial ribs near mid-Rank.

Etymology Species name refers to its Bat,[z’at inner Banks.

inner RBank, from the Latin word: planus,
meaning Rat.

Description Fairly involute, very com-
pressed shell with rectangular whorl section,
tabulate venter, subangular ventral shoulders,
Bat inner Ranks and slightly convex outer
Banks with maximum whorl width at mid- nov.

Family Prionitidae Hyatt, 1900
GenusRadioprionitesShigeta and Zakharov
gen. nov.

Type speciesRadioprionites abrekenssp.
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Composition of the genudhree species,
Meekoceras borealdiener, 1895,M. sub-
cristatum Kiparisova, 1947, andRadioprion-
ites abrekensisp. nov.

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

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

Occurrence Lower part of the Lower

Olenekian (lower Smithian) in South Pri-
morye, Russia. Fig. 71. Suture lines oRadioprionites abrekensis

Di . Radi L . Shigeta and Zakharov gen. nov. sp. nov. from
ISCUSSION a IOpI’IOﬂItes gen. nov. Is AB1025. 1, NSM PM23197, paratype, at H

close to some representativesMéekocerati- 16.5mm. 2, NSM PM23195, holotype, at H

dae such asmbitesWaagen, 1895Ambitoides 16.0mm. 3, NSM PM23198, paratype, at H

gen. nov. ancRadiocerasWaterhouse, 1996a, 13.5mm.

but differs by its prominent radiaffolds.

Jolinkia Waterhouse, 1996b an&isupalia

Waterhouse, 1996b are similar and have radidfom tabulate with very sharp angular shoul-

folds, but the former has a concave, narrowlers on juvenile whorls to subtabulate with

venter and the latter has a goniatitic suture linesubangular to abruptly rounded shoulders on
This new genus is assigned to the Prionitimature whorls. Umbilicus narrow with moder-

dae based on the tabulate venter and vestely high, vertical wall and rounded shoul-

sharp ventral shoulders on its juvenile whorlsglers. Ornamentation consists of distant, low,

as well as a long, denticulate suspensive lobeadial folds that arise on umbilical shoulder,

It can be easily distinguished frofemiprion- develop great intensity near mid-Rank and dis-

ites Spath, 1929, by its prominent radial folds. appear near venter, as well as Pne, slightly sin-

uous, prorsiradiate growth lines. Suture cer-

Radioprionites abrekensiShigeta and atitic with long denticulate suspensive lobe,
Zakharov sp. nowv. and wide ventral lobe divided by low median
Figs. 71973 saddle into two wide branches with many den-

Prionitesaff. tuberculatusWaagen, 1895. Zakharov, 1968, ticulations at each base. First lateral saddle
p. 125, pl. 23, bgs. 4, 5. lower, narrower than second saddle, and third

. saddle wide, but even lower. First lateral lobe

Type specimengiolotype, NSM PM23195, geep, wide with many denticulations at base,

from AB1025; paratypes, seven specimensyng second lateral lobe about two thirds depth

NSM PM23196D23202, from AB1025. of brst lobe.

Diagnosis As for the genus. Measurementémm:

Etymology Named after Abrek Bay in specimen no. D U H W UD WH
South Primorye. NSM PM23195 48.0 85 23.0 13.0 0.18 057

Description Fa”"y invo'utE, Very com- NSM PM23196 27.0 40 13.3 7.5 0.15 0.56
pressed shell characterized by slightly conveRSM PM23197 345 63 164 9.4 018 0.57
) ) . ) NSM PM23198 40.3 6.0 20.5 11.1 0.15 054

Ranks with maximum whorl width on inner

. : °' NSM PM23199 27.0 3.9 130 7.8 0.14 0.60
Rank at one third whorl height. Venter varieSysm pm23201 415 5.7 21.0 105 014 050
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Fig. 72. Radioprionites abrekensBhigeta and Zakharov gen. nov. sp. nov. from AB1025. 1b4, NSM PM23196,
paratype, 1.0. 57, NSM PM23197, paratypel.0. 8D11, NSM PM23198, paratypel.0. 12D13, NSM
PM23199, paratype, 1.0. 14, NSM PM23200, paratype,1.0. 15917, NSM PM23201, paratypel.O.

18b21, NSM PM23195, holotype 1.0.
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Fig. 73. Radioprionites abrekersiShigeta and Zakharov gen. nov. sp. nov. 13, NSM PM23202, paratype, from
AB1025, 1.0.

NSM PM23202 66.8 104 33.0 17.4 0.16 0.53 Hemiprionitessp. indet.

Occurrence Described specimens froRa- Fig. 74

dioprionites abrekensi®bedO (AB1025, lower
Early Olenekian lower Smithian) in the main
part of the Zhitkov Formation, Abrek Bay A81026j ) ) )

area, South Primorye. This species also occurs Description Fairly involute, very com-

in beds of Early Olenekian age on the easterwessed shell with rectangular whorl section,
coast of Ussuri Gulf, near Golyj Cape Kom- distinctively tabulate venter, very sharp, angu-

Pikho-Sakho Cape) and Yuzhnorechensk Ia.r ventrgl shoulders ar?d sli.ghtly convex Ba}rlks

lage, South Primorye (Zakharov, 1968) with maximum whorl width Jg;t aboye umbili-
Discussion Radioprionites abrekensisp. cal shoulders. Narrow umbilicus with moder-

nov. differs fromMeekoceras boreal®iener ately high, vertical wall and abruptly rounded

(1895, p. 49) and. subcristatunKiparisova shoulders. Ornamentation consists of Pne,
(1947, p. 150) by its narrower third Saddle_slightly sinuous, prorsiradiate growth lines,
The specimens assigned Ruionites aff. tu- and radial folds, which are very pronounced
berculatusWaagen by Zakharov (1968, p. 125.°N Banks. .

pl. 23, bgs. 4, 5) and herein synonymized wit%pz/(':ﬁnaesnunr:mente;m)_ o w o

R. abrekensisare identical with respect to NSM PM23203 195 3.0 100 60 015 060

whorl morphology and ornamentation.

Material examined NSM PM23203 from

Occurrence Described specimen froBal-
GenusHemiprionitesSpath, 1929 haeceras balhaens®bedO (AB1026, middle
Early Olenekian middle Smithian) in the
Type speciesGoniodiscus typusVaagen, Main part of the Zhitkov Formation, Abrek
1895. Bay area, South Primorye.
Discussion It is possible that the described
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Fig. 74. Hemiprionitessp. indet. 1D4, NSM PM23203, from AB102&.0.

specimen is actually a juvenile shell ofgitidae.
Hemiprionites dunajensisZakharov, 1968,
which displays a similar shell shape. However, UssuriRemingites abrekensBhigeta and
no dePnitive assignment can be made. Zakharov sp. nov.
Figs. 75, 77, 78
Family Flemingitidae Hyatt, 1900
GenusUssuriBemingitesShigeta and
Zakharov gen. nov.

Type specimengdolotype, NSM PM23208,
from AB1016; paratypes, nine specimens,
NSM PM2320423207, 2320823213, from
AB1016.

Diagnosis UssuriRemingitewith bne spi-
ral lirae on outer Ranks and prominent radial
folds.

Etymology Named after Abrek Bay in

Type speciesUssurilemingites primorensis
Sp. nov.

Composition of the genu$wo speciesUs-
suriBemingites primorensisp. nov. anduU.
abrekensisp. nov. .

Diagnosis Very compressed, fairly evolute South Primorye.

. Description Fairly evolute, very com-
shell with subtabulate to narrowly rounded P . y y
. pressed shell with tabulate to subtabulate ven-
venter, moderately narrow umbilicus, low to

: . . ter, subangular or abruptly rounded ventral
moderately high umbilical wall, radial . .
o . shoulders and slightly convex 3anks with max-
folds,and ceratitic suture line. . . . )
Etvmoloqy Genus name refers to Ussuri|mum whorl width at mid-Rank. Fairly narrow
ymology umbilicus with moderately high, slightly

Gulf in South Primorye anBlemingites .
4 g . oblique wall and rounded shoulders. Orna-
Occurrence Upper Induan (Dienerian) to . : -
. mentation consists of bne spiral lirae on outer
lower part of the Lower Olenekian (lower . . .
Smithian) in South Primorye, Russia Ranks as well as prominent, slightly sinuous,
ye, radial folds. Suture ceratitic with subphylloid

Discussion Ussgrlrslemlngltegen. nov. dif- saddles and wide ventral lobe divided by low,
fers fromAnaRemingite&Kummel and Steele, . . . .
wide median saddle into two branches with

1962 andRohillites Waterhouse, 1996b, by its many denticulations at each base. First lateral

more involute c_mlmg and narrower umb|I|cus,Saddle lower than second saddle, and third
and fromGalfettitesBrayard and Bucher, 2008 . .
saddle even lower. First lateral lobe deep, wide

A iKipari 1 i - . .
andAnaxenaspiKiparisova, 1956, by its sub with many denticulations at base, and second

tabulate venter. Its ceratitic suture line Charaﬁéteral lobe about two thirds depth of Prst lobe

terized by subphylloid saddles, in ConjunC“oZSuspensive lobe long with many denticula-

with spiral lirae ornamentation and radial ribs_
o . . __tions.
justify assignment of this genus to the Flemin-
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Fig. 75. Suture lines of UssuriBemingites
abrekensisShigeta and Zakharov gen. nov. sp.
nov. from AB1016. 1B2, NSM PM23208, holo-
type. 1, at H 18 mm. 2, at H 16 mm. 3, NSM
PM23210, paratype, at HL2 mm.

Measurementémm):
Specimen no. D U H W U/D W/H
NSM PM23204 37.7 8.2 17.7 9.1 0.22 0.51
NSM PM23205 57.6 13.5 245 123 0.23 050 Fig. 76. Suture lines ofUssuriBemingites pri-

NSM PM23206 56.1 164 241 9.7 0.29 0.40 moriensisShigeta and Zakharov gen. nov. sp.
NSM PM23207 39.8 10.8 18.3 105 027 0.57 nov. from AB1021. 193, NSM PM23214, holo-
NSM PM23208 550 13.0 249 128 024 051 typez- 1 atH 352““- 2, ;;2H632mm- 3, at
NSM PM23209 540 16.2 21.8 100 0.30 0.46 : ngm g' msm EMzszisl 22:2352’ Z:
NSMPM23210 37.7 9.2 161 86 024 053 H 31mm. 6. NSM PM23219. paratype. at
Occurrence Described specimens from H 15mm.
Paranorites varianZone (AB1016, Late Ind-
uan Dienerian) in the lower main part of the
Zhitkov Formation, Abrek Bay area, South _
Primorye. low, radial folds.
Discussion UssuriRemingites abrekensip. Etymology Named after Primorye.

nov. exhibits some afbnities wiBleurambites Description Fairly evolute, very com-
frechi Tozer (1994, p. 68), but is easily distin-Pressed shell with elliptical whorl section and
guished by its more involute coiling, narrowerdently convex Ranks with maximum whorl

umbilicus, subphylioid saddles and serratedidth at mid-Bank. Subtabulate venter with
ventral lobe. ventral shoulders varying from abruptly

rounded on juvenile whorls to more gently

UssuriRemingites primoriensiShigeta and ~ rounded on larger specimens. Fairly narrow to
Zakharov sp. nov. moderately wide umbilicus with low to moder-
Figs. 76, 79981 ately high, vertical to slightly oblique wall,

. and rounded shoulders. Ornamentation con-
Type specimensiolotype, NSM PM23214, sists of weak, low, radial folds as well as bne,

from AB1021; paratypes, six specimens, NSMyjightly sinuous, prorsiradiate growth lines.
PM23215923220, from AB1021. Suture ceratitic with wide ventral lobe divided
Diagnosis Ussuriemingiteswith weak, py wide median saddle into two small branch-
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Fig. 78. UssuriBemingites abrekensBhigeta and Zakharov gen. nov. sp. nov. from AB1016. 1Db4, NSM
PM23209, paratype, 1.0. 568, NSM PM23210, paratypel.0. 9910, NSM PM23211, paratypel.0. 11,
NSM PM23212, paratype, 1.0. 12, NSM PM23213, paratype1.0.

Fig. 77. UssuriBemingites abrekensBhigeta and Zakharov gen. nov. sp. nov. from AB1016. 1Db4, NSM
PM23204, paratye, 1.0. 507, NSM PM23205, parartpel.0. 8011, NSM PM23206, paratypel.O.
12D14, NSM PM23207, paratypel.0. 15018, NSM PM23208, holotypel.O.
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Fig. 79. UssuriBemingites primoriensiShigeta and Zakharov gen. nov. sp. nov. from AB1021. 1b4, NSM
PM23215, paratype, 1.0. 568, NSM PM23216, paratypel.0.
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Fig. 80. UssuriBemingites primoriensiShigeta and Zakharov gen. nov. sp. nov. from AB1021. 1b4, NSM
PM23217, paratype, 1.0. 57, NSM PM23218, paratypel.O.

93



94

Yasunari Shigetet al.(eds.)

Fig. 81. UssuriBemingites primoriensiShigeta and Zakharov gen. nov. sp. nov. from AB1021. 14, NSM
PM23219, paratype, 1.0. 596, NSM PM23220, paratypel.0. 7D8, NSM PM23214, holotype.0.
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es with a few denticulations at each base. Fir:
lateral saddle lower than second saddle, an
third saddle even lower and asymmetrical
First lateral lobe deep, narrow with denticula-
tions at base, and second lateral lobe abo
two thirds depth of brst lobe.

Measurementemm):
Specimen no. D U H W U/D W/H
NSM PM23214 123.0 41.0 485 254 033 052 Fig. 82. Suture lines oBalhaeceras balhaense
NSM PM23215 44.0 12.0 19.8 10.0 0.27 0.51 Shigeta and Zakharov gen. nov. sp. nov., NSM
NSM PM23216 86.5 27.8 33.3 179 0.32 0.54 PM23221, holotype, from AB1026. 1, at
NSM PM23217 75.7 239 294 155 0.32 0.53 H 13mm. 2, at H 8mm.

NSM PM23218 83.6 29.1 31.7 143 0.35 045
NSM PM23219 346 9.1 160 7.5 0.26 0.47

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

1895 of the Meekoceratidae, but its subphyl-
loid saddles justify its assignment to the
Flemingitidae. It differs fronRohillitesWater-
house, 1996b by the absence of strigation,
Discussion UssuriRemingites primoriensis from Anaf3.em|n.g|t§Kummel and Steele, 1962
sp. nov. is easily distinguished fromy. andg§sur|8em|ng|tegen. nov, by its very low
abrekensissp. nov. by its weak, low, radial umb|I|c_aI wall and parallel Banks, and from
folds and lack of Pne spiral lirae. Galfettites Brayard and Bucher, 2008 and
AnaxenaspisKiparisova, 1956, by its tabulate

GenusBalhaecerasShigeta and Zakharov ~ VENter:

gen. nov. )
Balhaeceras balhaens8higeta and Zakharov

Sp. nov.

Type species Balhaeceras balhaenssp.
Figs. 82, 83.1D83.4

nov.
Composition of the genuslype species Prionolobus subevolvensgakharov, 1968, p. 70, pl. 7,
only. bgs. 7D9.

Diagnosis Very compressed, fairly evolute Holotype NSM PM23221, from AB1026.
shell with tabulate venter, fairly narrow um- Diagnosis As for the genl;s.

bilicus with very low, vertical umbilical wall Etymology Named after the ancient king-
and ceratitic suture line with subphylloid sad-dom of Balhae (A.D. 698D926).
dles. Description Fairly evolute, very com-

Etymology Named after the ancient king- 5 eqseq shell with subrectangular whorl sec-
dom of Balhae (A.D. 698D926), which ocCuyjon tapylate to weakly concave venter, suban-

pied the southern parts of Manchuria and Prig o ventral shoulders and Rat Ranks with
morye, and the northern part of the Koreany,yimym whorl width at two thirds of whorl
peninsula. . height. Umbilicus fairly narrow with very low,
Occurrence Middle part of the Lower eqical wall and narrowly rounded shoulders.
Olenekian (middle Smithian) in South Pri- 5.namentation consists only of weak, low, ra-
morye, Russia. _ dial folds. Suture ceratitic with subphylloid
Discussion Balhaecerasgen. nov. is mor- gaqqjes, and wide ventral lobe divided by me-
phologically close toPrionolobus Waagen,  ian saddle into two branches with denticula-
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Fig. 83. 1b4Balhaeceras balhaensghigeta and Zakharov gen. nov. sp. nov., NSM PM23221, holotype, from
AB1026, 1.0. 5B9Rohillites laevisShigeta and Zakharov sp. nov. from AB1021. 596, NSM PM23222,
paratype, 1.0. 7D9, NSM PM23223, holotypel.0.

tions at each base. First lateral saddle lowdsay area, South Primorye.

than second saddle, and third saddle even Discussion A specimen collected from
lower, and asymmetrical. First lateral lobeEarly Olenekian strata on the western coast
wide, deep with many denticulations at basepf Ussuri Gulf, near Tri Kamnya Cape, and
and second lateral lobe nearly equal in size tdesignated by Zakharov (1968, p. 70) as the
prst lobe. A few auxiliary elements present otolotype ofPrionolobus subevolvenss very

adumbilical 3ank. close toBalhaeceras balhaensgp. nov., but
Measurementemmn): differs by its slightly convex Ranks (maximum
Specimen no. D U H W UD WH thickness at mid Rank) and wider umbilicus.

NSM PM23221  30.5 9.2 135 4.2 030 031 t|jkely belongs either to the gendmalemin-

Occurrence Described specimen frolal-  gites Kummel and Steele, 1962, Bohillites
haeceras balhaens®bed® (AB1026, middle Waterhouse, 1996b. Three specimens, collect-
Early Olenekian middle Smithian) in the ed from the eastern coast of Ussuri Gulf, near

main part of the Zhitkov Formation, Abrek Golyj Cape and illustrated by Zakhrov (1968,
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pl. 7, bgs. 7D9) as paratypedPaubevolvens
share many similarities witB. balhaensesp.
nov. including a very low, vertical umbilical
wall and narrowly rounded shoulders, anc
they are likely conspecibc.

GenusRohillites Waterhous, 1996b

Type speciesFlemingites rohilla Diener,
1897.

Rohillites laevisShigeta and Zakharov sp. nov. Fig. 84. Suture lines oRohillites laevisShigeta

Figs. 83.5D83.9, 84 and Zakharov sp. nov. from AB1021. 1, NSM
PM23222, paratype, at HOmm. 2, NSM
Type specimendiolotype, NSM PM23223, PM23223, holotype, at H10 mm.
from AB1021; paratype, NSM PM23222,
from AB1021.

Diagnosis Rohillites with narrow tabulate

venter, very low umbilical wall, spiral lirae re- j; the main part of the Zhitkov Formation
stricted to outer Bank, and without other nopprek Bay area, South Primorye.

ticeable ornamentation. . Discussion Rohillites laevissp. nov. is easily
Etymology From the Latin word: laevis, gistinguished from other species Rbhillites
meaning smooth in reference to the absence gfich asR. rohilla (Diener, 1897, p. 93)R.
marked _rib_s and folds. bruehwileri Brayard and Bucher (2008, p. 46),
Description Very evolute, very compressed 54 R. sobolevBrayard and Bucher (2008, p.
shell with narrow, tabulate venter, angular VeNz7), by the absence of conspicuous ribs and
tral shoulders and slightly convex Banks withygigs. It is clearly distinguished frorGalfet-
maximum whorl width at two thirds of whorl tites simplicitatisBrayard and Bucher (2008,
height. Fairly wide umbilicus with very low p. 48) by its tabulate venter, and frasssuri-
wall and narrowly rounded shoulders. OmaBemingites primorensisp. nov. by its more
mentation consists of spiral lirae restricted tQ\g|ute whorls and the presence of spiral lirae
outer Bank as well as Pne, radial growth linegp, its outer Ranks. Although the holotype of
Suture ceratitic with subphylloid saddles, angyionolobus subevolvengakharov (1968, p.
wide ventral lobe divided by median saddle;o) probably could be assigned to either
into two branches with denticulations at eadAnaBemingitesKummel and Steele. 1962 or
base. First lateral saddle lower and narrowgggpijlites Waterhouse, 1996b, it also could be

than second saddle, and third saddle lower a%nsidered as very close Rohillites laevis
narrower than second. First lateral lobe deegp_ nov., except for its lack of spiral lirae.

wide with many denticulations at base, and
second lateral lobe shallower than Prst lobe.  GenusPalacokazakhstanite2akharov. 1978
Measurementémm):

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

NSM PM23223 497 202 161 6.8 041 042 Type speciesWyomingites ussuriensiga-

kharov, 1968.
Occurrence Described specimens from Discussion Palaeokazakhstanitesvas ini-
AB1021 within the Clypeoceras timorense tially placed within the Sibiritidae by Za-
Zone (early Early Olenekiarearly Smithian) kharov (1978), and then later assigned to the
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Meekoceratidae by Tozer (1981) and Shevyre
(1986). Waterhouse (1996b) commented that
appears to belong to the xenodiscids. We b
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 evolutionar
lineage or they may even be congeneric.

Palaeokazakhstanites ussuriensis Fig. 85. Suture lines oPalaeokazakhstanites us-

(zakharov, 1978) suriensis(Zakharov, 1968). 1, NSM PM23232,
Figs. 85, 86 from AB1022, at H 6 mm. 2, NSM PM23231,
from AB1022, at H 4mm. 3, NSM PM23227,
Wyomingites ussuriensigakharov, 1968, p. 64, pl. 6, bgs. from AB1021, at H 3mm. 4, NSM PM23225,
6D9, text-pg. 12c. from AB1021, at H 3mm.

Holotype DVGI 10/801 bgured by Za-
kharov (1968, p. 64, pl. 6, bg. 6), from the
lower part of the Lower OlenekianHéden- Measurementémn):
stroemia bosphorensigone) on the western Specimen no. D U H W UD WH
coast of Ussuri Gulf, near Tri Kamnya Cape iNSMPM23224 98 3.7 37 26 038 0.70
South Primorye, Russia. NSM PM23225 12.8 4.6 48 3.4 036 0.71

. . . NSM PM23226 9.8 34 38 30 0.35 0.79
Material examinedSeven specimens, NSM \ q\i pv23227 112 41 39 30 037 077
PM23224D23230, from AB1021, four speCinsmpmz3zes 186 6.9 68 51 037 0.75
mens, NSM PM232FR3234, from AB1022. NSM PM23231 119 51 49 3.8 043 0.78

Description Very small, moderately evo- NSMPM23232 148 49 60 48 0.33 080
lute, fairly compressed shell with elliptical NSMPM23233 10738 45 31 036 069

. NSM PM23234 202 7.7 7.5 55 0.38 0.73

whorl section, narrow, subtabulate venter, an-
gular to abruptly rounded ventral shoulders Occurrence Described specimens from
and gently convex Ranks with maximum whorlAB1021, AB1022 within theClypeoceras tim-
width at mid-Rank. Moderately wide umbili- orense Zone (early Early Olenekiarearly
cus with moderately high, slightly oblique wall Smithian) in the main part of the Zhitkov For-
and rounded shoulders. Ornamentation cormation, Abrek Bay area, South Primorye. This
sists of pPne spiral lirae on outer Ranks, as wedipecies also occurs in theledenstroemia
as irregularly spaced, slightly sinuous, prorsirbosphorensisZone on the western coast of
adiate or rursiradiate ribs, which become veryssuri Gulf, near Tri Kamnya Cape, South
faint on inner Ranks and disappear on ventr@rimorye (Zakharov, 1968; Markevich &
shoulders. Suture ceratitic with wide ventralZakharov, 2004).
lobe divided by low median saddle into two Discussion Palaeokazakhstanites ussurien-
branches. First lateral saddle equal to secorgis (Zakharov, 1968) is very similar to
saddle, but third saddle lower. First lateral lob&ohillites bruehwileri Brayard and Bucher
deep, wide with many denticulation at base(2008, p. 46), but the maximum shell size of
and second lateral lobe about one-half deptach species appears to be quite different. All
of prst lobe. specimens oP. ussuriensifound thus far are
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Fig. 86. Palaeokazakhstanites ussurien§fakharov, 1968). 1D28, from AB1021. 1b4, NSM PM2322U5.
5b8, NSM PM23225, 1.5. 9b12, NSM PM23226, 1.5. 13Db16, NSM PM23227,1.5. 17920, NSM
PM23228, 1.5.21D24, NSM PM23229,1.5. 25D28, NSM PM23230,1.5. 29D44, from AB1022. 29D32,
NSM PM23231, 1.5.33D36, NSM PM23232,1.5. 3740, NSM PM23233,1.5. 4144, NSM PM23234,

15.
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less than 3cm in diameter, whereas of the si
illustrated specimens @&. bruehwilerj all are

larger than 3cm and two are nearly 6 ¢cm in di
ameter. These two species may, in fact, be co
specibc, but this cannot be conbrmed withot
a thorough statistical analysis, which would re:

quire many additional specimens. Fig. 87. Suture line ofEuBemingites prynadai
(Kiparisova, 1947), NSM PM23235, from
GenusEuRemingitesSpath, 1934 AB1027, atH 55mm.

Type speciesFlemingites guyerdetiformis
Welter, 1922.

EuRemingites prynadafKiparisova, 1947b) denticulations at each base. First lateral saddle
Figs. 87990 lower than second saddle, and third saddle
Flemingites prynadakiparisova, 1947b, p. 135, pl. 29, bg. even Iower: FII’S_t lateral lobe deep, wide with
1, pl. 30, bg. 1, text-pg. 18; Kiparisova, 1954, p. 18Many denticulations at base, and second lateral
pl. 8, bg. 1; Kiparisova, 1961, p. 76, pl. 15, bg. 1, textlobe about one-half depth of brst lobe.

pg. 36. Measurementénm):
? EuRemingites tsotengengihao, 1959, p. 209, pl. 5, Specimen no. D U H W U/D W/H
pgs. 1D2, text-pg. 14. NSM PM23235 165.0 52.0 60.0 49.0 0.32 0.77

EufRemingitessp. indet. Zakharov, 1968, p. 88, pl. 16, bg. 3.
EuRemingites prynaddKiparisova). Zakharov, 1997, pl. ~ Occurrence Described specimens from
1, bg. 6. Arctoceras subhydaspi®bedO (AB1027, mid-
Holotype CGM 71/5504 bgured by dIe_EarIy Olenekian Middle Smithign) in the
Kiparisova (1947b, p. 135, pl. 29, bg. 1, pl. 3o/man part of the Zhitkov Formation, Abrek
' ' ' ' Bay area, South Primorye. This species also

pg. 1), from the Lower Triassic (Olenekian, ) . .
S occurs in theHedenstroemia bosphorensis
Flemingitesbeds) on the western coast of Us- .
. . . .Zone, on the western coast of Ussuri Gulf,
suri Gulf, near Tri Kamnya Cape in South Pri- . .
. near Tri Kamnya Cape, and in the Yuzh-

morye, Russia.

Material examined NSM PM23235, from norechensk grea, South Primorye (Zakharov,
AB1027 1968; Markevich & Zakharov, 2004).

Description Moderately evolute, fairly Discussion Although the present specimen

. o is somewhat deformed and is missing about
large shell with arched venter, indistinct ven- . _ o

one-third of its whorls, its distinctive features
tral shoulders and gently convex Ranks form-

. o . . . enable us to identify it without doubt &su-
ing an elliptical whorl section with maximum Remingit rvnadai
whorl width at mid-Bank. Umbilicus moder- emingites prynada

ately wide with moderately high, vertical wall This Species apparently differs frof or
. ratus (White, 1879, p. 116) by possessing a
and rounded shoulders. Ornamentation con- . . .
reater number of spiral ridges, but in order

sists of rather weak, slightly rursiradiate rib i ) . _
: S for this to be considered as diagnostic, one
as well as conspicuous, dense strigation cover- . . e A
ust debne the intraspecibc variation of stri-

ing entire shell. Spiral ridges number about 2 . . .
Ing ent pira’ ricg . N gate ridge density for a sufbcient number of

between umbilical shoulder and mid-line of . . .
L : specimens of both speciek. tsotengensis

venter. Suture ceratitic with subphylloid sad- ) .
. o Chao (1959, p. 209) is very close to this

dles, and wide ventral lobe divided by narrow,S ecies. and in fact. mav be Conspecipe
high median saddle into two branches W|thp ' - may P '



Lower Triassic System in the Abrek Bay area, South Primorye 101

Fig. 88. EufRemingites prynad&Kiparisova, 1947), NSM PM23235, from AB10271.0.
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Fig. 89. EuBemingites prynadéKiparisova, 1947). 192, NSM PM23235, from AB1021,.0.
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Fig. 90. EuBemingites prynadéKiparisova, 1947), NSM PM23235, from AB10271.0.
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Family Proptychidae Waagen, 1895
GenusDunedinitesTozer, 1963

Type species Dunedinites pinguisTozer,

1963.
Dunedinites magnumbilicatus
(Kiparisova, 1961)
Figs. 91, 92.1992.4
Fig. 91. Suture lines obunedinites magnumbili-
Prosphingites magnumbilicatusiparisova, 1961, p. 114, catus (Kiparisova, 1961), NSM PM23236,
pl. 25, bg. 4, text-Pg. 78. from AB1010. 1, at H 9mm. 2, at H 6 mm.

Holotype CGM/121/5504, bgured by

Kiparisova (1961, p. 114, pl. 25, bg. 4), fromg yhyileret al, 2008, p. 1175), which they
the Lower Triassic (Olenekian?) in the Abrekassigned ténotocerasbut differs by its verti-

Bay area in South Primorye, Russia. cal umbilical wall. It exhibits some afPnities
Material examined NSM PM23236, from yith Anotoceras nalgDiener, 1897, p. 54) of
AB1010. the family Otoceratidae Hyatt, 1900 (Anoto-

Description Moderately involute, SOMe- ceratidae Waterhouse, 1994), but can be easily
V‘{hat globular shelll with very depressed, seMigjstinguished by its circular venter and abrupt-
circular whorl section, and convex Ranks gradry rounded umbilical shoulder.

ually converging to a circular venter from 1pe holotype was collected by N. K. Tri-

abruptly rounded umbilical shoulder. Moder-fonova in 1948 from the dark-grey, Pne-

ately wide, deep umbilicus with high, verticalgained, calcareous sandstone in the Abrek
wall. Shell ornamentation consists of Verygay section, and Kiparisova (1961) believed
bne, forward projected plications on bodynat this particular horizon was of Olenekian
chamber as well as very Pne, growth lines. Suge However, this sandstone is typical of the
ture ceratitic with narrow saddles, and wideUIOIOer part of the Lazurnaya Bay Formation
ventral lobe divided by narrow median Sadd'?lnduan), and it is highly probable that the

into two. branches with denticulations at eacrp]omtype was actually collected from this hori-
base. First lateral saddle nearly equal to s€gyn as was our specimen.

ond saddle, and third saddle lower. First lateral

lobe deep, narrow with many denticulations at GenusBukkenitesTozer. 1994

base, and second lateral lobe nearly equal to

prst lobe. Type species Bukkenites nitidusTozer,
Measurementemmn): 1994,

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

NSM PM23236 30.0 115 9.0 21.0 0.38 233 ) )
Bukkenites sp. indet.

Occurrence: Described specimen from Figs. 92.5D92.6, 93
AB1010 within the lowerGyronites subdhar- ) )
musZone (late Early Induanlate Griesbachi- Material examined NSM PM23237 from
an) in the upper part of the Lazurnaya BayA‘BlOOSj , o , )
Formation, Abrek Bay area, South Primorye. Description Fr?,urly involute shell with ellip-
tical whorl section, rounded venter, rounded

Discussion Dunedinites magnumbilicatus i
(Kiaparisova, 1961) is very close B pinguis ventral shoulders and slightly convex Ranks
' with maximum whorl width near umbilicus.

Tozer (1963, p. 23), and tD. subtabulatus
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Fig. 92. 1P4,Dunedinites magnumbilicatugiparisova, 1961), NSM PM23236, from AB1010,1.0. 5P6.
Bukkenite® sp. indet.,, NSM PM23237, from AB1008,1.0. 7D12Pseudoproptychites hiemal{®iener,
1895). 7B8, NSM PM23238, from AB10091.0. 9912, NSM PM23239, from AB10101.0.



106 Yasunari Shigetet al. (eds.)

Fig. 94. Suture line of Pseudoproptychites

Fig. 93. Suture line ofBukkenite8 sp. indet., hiemalis(Diener, 1895), NSM PM23240, from
NSM PM23237, from AB1008, at H19 mm. AB1010, at H 22 mm.

Umbilicus fairly narrow with moderately high,

vertical wall and rounded shoulders. Shell orp. 93), is CGM 40/596, original of Diener
namentation not preserved. Suture ceratiti€l895, p. 34, pl. 2, bg. 6) from the Induan of
with denticulate suspensive lobe, but with ndhe Shamara Bay area, along the western coast
discrete auxiliary lobe. First lateral saddleof Ussuri Gulf in South Primorye, Russia.

lower than second saddle, and third saddle Material examined NSM PM23238, from
ewven lower. First lateral lobe deep, wide withAB1009, two specimens, NSM PM23239,
denticulations at base, and second lateral lol28240, from AB1010.

two thirds depth of brst lobe. Description Fairly involute, fairly com-
Measurementemmn): pressed shell (outer whorls) with arched ven-
Specimen no. D U H W UD WH ter, indistinct ventral shoulders and slightly

NSM PM23237  19.3 4.9 9.2 6.6 025 072 conyex Banks with maximum whorl width at

Occurrence Described specimen  from mid-Bank. Whorl section varies from ellipti-
AB1008 within the Lytophiceras sp. Zone cal for outer whorls to ovoid for involute inner
(Early Induan Griesbachian) in the middle Whorls. Fairly narrow, deep umbilicus with

part of the Lazurnaya Bay Formation, Abrekvery high, vertical wall on inner whorls, and
Bay area, South Primorye. moderately high, gently inclined wall with

Discussion The assignment of this frag- broadly rounded shoulder on outer whorls.
mental specimen t@ukkenitesis uncertain Shell surface smooth with very bne, prorsira-
and is based only on the similarity of its mor-diate, nearly straight growth lines. Suture cer-
phology and suture with the Proptychitidae. atitic with somewhat differentiated auxiliaries.

Lateral saddles high, narrow and slanted

GenusPseudoproptychiteBando, 1981 slightly toward umbilicus. First lateral lobe

wide, deep with many denticulations at base,

Type species Proptychites scheibleriDi- and second lateral lobe about two thirds depth
ener, 1897. of prst lobe.

Measurementénm):
Specimen no. D U H W U/D W/H
NSM PM23239 56.2 13.3 27.3 18.1 0.24 0.66
NSM PM23240 65.2 12.8 335 21.0 0.20 0.63

Pseudoproptychites hiemal{®iener, 1895)
Figs. 92.7D92.12, 94, 95

Proptychites hiemali®iener, 1895, p. 34, pl. 2, bgs. 2, 4, . .
pp)ll 5. bg. 4 P P 9 Occurrence Described specimens from

Proptychites hiemalisZakharov, 1968, p. 93, pl. 17, bgs. AB1009 within the Lytophiceras sp. Zone
6, 7, text-bgure 20c. (Early Induan Griesbachian), and AB1010
within the lowerGyronites subdharmufone

Lectotype Designated by Zakharov (1968’(Iate Early Induan late Griesbachian) in the
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middle to upper part of the Lazurnaya Bay
Formation, Abrek Bay area, South Primorye.
Discussion Larger specimens are somewha
similar to ProptychitesWaagen, 1895, but the
globular whorl section of its juvenile stage,
and its slender lateral saddles and strongl
denticulated lateral lobes justify the assign:
ment of this species t®seudoproptychites
This species is close t@ scheibleri(Diener,
1897, p. 79), but differs in having fairly com-
pressed whorls at later growth stages. Th
specimen identibed aBroptychites hiemalis
by Z_akharov_(_l968’ p. 93, pl. 17, Dgs_. 6.7) ha Fig. 96. Suture lines dPachyproptychites otocer-
a wider umbilicus than the type specimens an atoides(Diener, 1895) from AB1011. 1, NSM

our specimens as well, but it is probably con PM23242, at H 34mm. 2, NSM PM23241, at
specibc H 25mm. 3, NSM PM23241, at HL5 mm.

GenusPachyproptychitesDiener, 1916

hanging.
Type speciesProptychites otoceratoidds3i-
ener, 1895. Pachyproptychites otoceratoides
Discussion Vavilov and Zakharov (1976) (Diener, 1895)
suspected that the holotype Bfoptychites Figs. 96, 97

otoceratoidediener (1895, p. 36) was aCtl"al'Proptychites otoceratoiddsiener, 1895, p. 36, pl. 3, Pg. 2.
ly a poorly preserved specimen Aifctoceras — pachyproptychites otoceratoidéBiener). Diener, 1916, p.
Hyatt, 1900. HoweverPachyproptychitesis 101.

quite different fromArctocerasin shell shape Proptychites abrekensi€iparisova, 1961, p. 100, pl. 19,
and suture line, and rRechyproptychitedike Pg. 2, text-Pg. 61.

forms have been discovered among the poorly Holotype CGM 43/596, bgured by Diener
preserved specimens ofrctoceras Thus, (1895, p. 36, pl. 3, Pg. 2) from the Lower Tri-
Pachyproptychitegs probably a valid genus. It assic of the Paris Bay area of Russian Island,
is very close toBukkenitesTozer, 1994, but South Primorye, Russia.

differs by having an auxiliary lobe similar to  Material examined Two specimens, NSM
Proptychitesiaagen, 1895. PM23241, 23242, from AB1011.

Spath (1934) considered the funnel-shaped Description Very involute, fairly com-
umbilicus of Pachyproptychitesto be a highly pressed shell with whorl section characterized
signibcant component of its diagnosis. Howevby swollen dorsum, and Ranks tapering to a
er, most of the holotypeGs umbilicus is olrounded venter with indistinct shoulders. Max-
scured by matrix. Judging from the umbilicalimum whorl width occurs on umbilical shoul-
edge or shoulder that is visible in one smalijers. Narrow umbilicus with high, overhang-
area, the umbilical wall appears to be overing wall and abruptly rounded shoulders. Or-

Fig. 97. Pachyproptychites otoceratoidg®iener, 1895) from AB1011. 1b5, NSM PM232411.0. 6D9, NSM
PM23242, 1.0.
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namentation consists of very weak spiral lira¢

as well as bne, sinuous prorsiradiate growt

lines. Suture ceratitic with wide ventral lobe

divided by narrow, high median saddle into

two branches with denticulations at each bast

Lateral saddles high and slightly slanted to

ward umbilicus. First lateral lobe wide, deep

with many denticulations at base, and secon F9- ?ﬂ%m%‘g:r(f(r;me loggg)"p%csh&esp ngg‘g
lateral lobe about two thirds depth of brst lobe from AB1013, at H 24 mm. ’
Suspensive lobe includes discrete auxilian

lobe.

Measurementemmn):

Specimen no. D U H W U/D W/H . .
NSM PM23241 51.3 10.6 23.8 21.2 021 0.89 Suggest that Diener may have been mistaken

NSM PM23242 73.7 11.0 359 29.0 0.15 0.81 when recording the locality that yieldédoto-

. . ceratoides
Occurrence Described specimens from

AB1011 within the uppeGyronites subdhar-
musZone (late Early Induanlate Griesbachi-
an) in the upper part of Lazurnaya Bay Forma-
tion, Abrek Bay area, South Primorye.

Discussion Proptychites abrekensisde-
scribed by Kiparisova (1961, p. 100) from Ind-
uan strata of the Abrek Bay area, has a she
shape and suture line that is similar to
Pachyproptychites otoceratoideand it almost Koninckites alterammonoiddsrafft, 1909, p. 70, pl. 16,
certainly is conspecibc. Aspi;)i?ess- iyrazs.suﬂrafft 1909, p. 58, PI. 8, bg. 1

The holotype ofP. otoceratoides(Diener ’ e e
1985, p. 36) was supposedly collected from Lectotype Specimen designated by Water-
Paris Bay on Russian Island, South Primoryehouse (1996a, p. 67), is GSI 9451, original of
where Olenekian and Anisian strata are wekKrafft (1909, p. 70, pl. 16, bg. 1) from the
exposed along the seacoast. However, as Va@Meekocera® beds one mile north of Lilang,
ilov and Zakharov (1976) have already pointe®piti area, northwest Himalayan region.
out, there have been no specimendabto- Material examinedThree specimens, NSM
ceratoidescollected from this area other thanPM23243D23245, from AB1013.
by Diener (1895). Although this species does Description Very involute, very com-
occur in the Induan of the Abrek Bay area, Inpressed shell with elliptical whorl section,
duan strata have not been found in the type l@arched venter, rounded ventral shoulders and
cality area (Zakharov, 1968; Markevich & Za-slightly convex RBanks with maximum whorl
kharov, 2004). The preservation of the holowidth on inner Bank at one fourth of whorl
type is very similar to that of specimens founcheight. Narrow, deep umbilicus with high, ver-
in Induan deposits along the western coast aical or overhanging wall and rounded shoul-
Ussuri Gulf. These inconsistencies certainhders. Ornamentation consists of very weak spi-

GenusProptychitesWaagen, 1895

Type species Ceratites lawrencianusde
Koninck, 1863.

hDroptychites alterammonoidg¥rafft, 1909)
Figs. 98, 99

Fig. 99. Proptychites alterammonoidd&rafft, 1909) from AB1013. 1b4, NSM PM232431.0. 5b8, NSM
PM23244, 1.0.9D12, NSM PM23245,1.0.
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ral lirae on outer Rank of juvenile shell as well GenusParanoritesWaagen, 1895

as bne, sinuous growth lines. Suture ceratitic

with wide ventral lobe divided by median Type speciesParanorites ambiensidVaa-
saddle into two branches with denticulations agen, 1895.

each base. Lateral saddles high and slightly

slanted toward umbilicus. First lateral lobe Paranorites variangWaagen, 1895)
wide, deep with many denticulations at base, Figs. 1000102

and second lateral lobe about two thirds deptﬂeekoceras varian§Vaagen, 1895, p. 247, pl. 29, pgs.
of brst lobe. Suspensive lobe includes discrete ops.

auxiliary lobe. _
Measurementénmn): Lectotype Designated by Waterhouse

Specimen no. D U H W ubp wH (1996a, p.45), is GSI 7170, original of Waa-
NSM PM23243 65.6 6.0 37.8 19.4 0.09 051 gen (1895, p. 247, pl. 29, bg. 2) from the
NSM PM23244 432 53 233 140 0.12 060 [ower Ceratite Limestone of the Salt Range.
NSM PM23245 = 25.2 39 137 80 015 058  \aterial examinedThree specimens, NSM
Occurrence Described specimens from PM23246D23248, from AB1016, one speci-
AB1013 within the Ambitoides fuliginatus men, NSM PM23250, from AB1019
Zone (early Late Induanearly Dienerian) in ~ Description Moderately involute, very
the lowest part of the Zhitkov Formation,compressed shell with subrectangular whorl
Abrek Bay area, South Primorye. This specie§ection, subtabulate venter, rounded ventral
also occurs in theMzekocera® beds of the shoulders and parallel Ranks with weak curva-
northwest Himalayan region (Krafft, 1909),ture at mid-Bank. Umbilicus fairly narrow
which is correlated with the Late Induan (Di-With moderately high, vertical wall and round-
enerian) (Waterhouse, 2002). ed shoulders. Ornamentation consists of very
Discussion Proptychites alterammonoides weak radial folds as well as bne, sinuous pror-
is very close to several slender, very involutsiradiate growth lines. Suture ceratitic with
species oProptychitesbut differs by the posi- Prst lateral saddle lower, narrower than second
tion of maximum whorl width, which for this Saddle, and second lateral saddle slightly slant-
species, is at one fourth of whorl height versu8d toward umbilicus. First lateral lobe wide,
a mid-Bank position foP. khoorensisWaagen deep with many denticulations at base, and
(1895, p. 176)P. trilobatus Waagen (1895, p. second lateral lobe about two thirds depth of
178), andP. subgrandisGuex (1978, p. 108), Prst lobe. Suspensive lobe includes discrete
and an umbilical shoulder position fBrold- ~ auxiliary lobe.
hamianusWaagen (1895, p. 166R tenuis-  Measurementgmm):
triatum (Krafft, 1909, p. 34)P. markhamiDi- Zg‘?\;"g‘&;g@ 39D0 sLés 2(')"7 1\3’6 UéDZZWC/)H51
ener (1897, p. 75) ani chuluensisWater- oy pvosoa7 420 89 223 108 021 0.48
house (1996a, p. 68p. abundansWaterhouse nswv pm23248  77.3 15.6 37.9 17.9 0.20 0.47
(19964, p. 67) is similar in regard to itS posiNSM PM23250 108.1 235 50.1 28.6 0.22 0.57
tion of maximum whorl width, but it has thick-

er whorls. Although one of the illustrated . .
specimens oﬂspid?tes crassugrafft (1909 Paranorites varians Zone (AB1016 ~ and
' . AB1019, Late Induan Dienerian) in the main

. 58, PI. 8, bg. 1, GSI 9406) was drawn with . .
P . g . ) art of the Zhitkov Formation, Abrek Bay
rather thick whorls, it is actually more slende . : .
. _ . . area, South Primorye. This species also occurs
and is very much similar to this species. More i .
. - . in the Lower Ceratite Limestone of the Salt
than likely, it is conspecibc.

Range (Waagen, 1895).

Occurrence Described specimens from
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Fig 100. Paranorites variangWaagen, 1895) from AB1016. 12, NSM PM23247,0. 3b6, NSM PM23248,
1.0.
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Fig. 101. Paranorites variangWaagen, 1895). 1b4, NSM PM23246, from AB1016,0. 506, NSM PM23250,
from AB1019, 1.0.
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Fig. 103. Suture lines oKummeli& sp. indet.,
NSM PM23249, from AB1019. 1, at H41

Fig. 102. Suture lines ofParanorites varians mm. 2, at H 34 mm.

(Waagen, 1895) from AB1016. 1, NSM
PM23248, at H 21 mm. 2, NSM PM23247, at
H 21 mm.

ed ventral shoulders. Flanks convex with max-

Discussion Although the opposite side of imum whorl width varying from mid-Bank to
the holotype (GSI 7170) is partly weatheredne third of whorl height. Fairly narrow um-
away, it is apparent from WaagenOs handbilicus with moderately high, vertical wall and
drawn illustration (1895, pl. 29, Pg. 2) that therounded shoulders. Ornamentation consists of
specimen was reconstructed with its whorlveak radial folds only on middle growth stage
section much too wide (W/H0.65). The actu- as well as Pne, sinuous, fairly rusiradiate
al comparison of whorl width and height isgrowth lines. Suture ceratitic with moderately
given as 0.53 (Waagen, 1895, p. 249), which ideveloped auxiliaries, and wide ventral lobe
very similar to our described specimens. divided by median saddle into two branches

This species was originally described asvith denticulations at each base. First lateral
Meekoceraddyatt, 1879 by Waagen (1895, p.saddle highest, second saddle slanted slightly
247), but the slender, moderately involute shetoward umbilicus, and third saddle lower. First
with its subtabulate venter and vertical umbili{ateral lobe wide, deep with many denticula-
cal wall leads us to assign this specieBam- tions at base, and second lateral lobe about
norites as already suggested by Waterhousevo thirds depth of brst lobe.

(19964, p. 44). Measurementémm):
Specimen no. D U H W U/D W/H
GenusKummeliaWaterhouse. 1996a NSM PM23249 106.8 30.3 43.6 31.6 0.28 0.72

. _ Occurrence Described specimens from
Type speciesParanorites kummelBando, pgranorites variansZone (AB1019, late Late
1981. Induan late Dienerian) in the main part of the

Zhitkov Formation, Abrek Bay area, South
Kummelia? sp. indet. Primorye.

Figs. 103D105 Discussion The assignment of the speci-

Material examined NSM PM23249 from Men toKummeliais uncertain, and it based
AB1019. only on the similarity of its morphology with

Description Quite large, moderately invo- Kummelia It is very close t&ummelia kum-
lute, fairly compressed shell with elliptical Meli (Bando, 1981, p. 155), which is the type
whorl section and rounded venter with roundSPecies of the genus, but differs by its wider



Yasunari Shigetet al. (eds.)

116

‘0"BYZECNd INSN ‘€GT "6TOTEY WOl 12pul “ds @lpwiwny 0T "6



Lower Triassic System in the Abrek Bay area, South Primorye 117

Fig. 105. Kummeli& sp. indet., NSM PM23249, from AB10191.0.

venter and the presence of radial folds on the Arctoceras septentrional@iener, 1895)

middle growth stage. Figs. 106, 107
. ) MeekoceragKoninckite$ septentrionaleDiener, 1895, p.
Family Arctoceratidae Arthaber, 1911 53, pl. 1, Pg. 1.
GenusArctocerasHyatt, 1900 Discoproptychites septentrionaligDiener). Kiparisova,
1956, p. 77.

Type speciesCeratites polarisl\/lojisisovics, Proptychites(Discoproptychitep septentrionale(Diener).
1886 Kiparisova, 1961, p. 103, pl. 23, bPgs. 1b4, text-bgs.

63D65.
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Submeekoceras ussurieri§parisova, 1961, p. 73, pl. 14,
Pg. 1, text-bPg. 34.

Proptychites(DiscoproptychitesprynadaiBurij, 1962, p.
87, pl. 3, Pgs. 1, 2, text-bg. 5.

Arctoceras septentrionaléDiener). Zakharov, 1968, p. 75,
pl. 8, Pg. 4, pl. 9, bgs. 1, 2, pl. 10, bgs. 1D4, text-b¢
14.

Arctocerasaff. septentrionaléDiener). Zakharov, 1968, p.

78, pl. 11, bgs. 1, 2, pl. 12, bg. 1.
Fig. 106. Suture line ofirctoceras septentrionale

Holotype CGM 71/596, bgured by Diener (Diener, 1895), NSM PM23252, from
(1895, p. 53, pl. 1, bg. 1), from the Lower Tri- AB1022, atH 10mm.
assic of Ajax Bay on Russian Island, Soutt
Primorye, Russia.

Material examined Two specimens, NSM the Zhitkov Formation, Abrek Bay area, South
PM23251, 23252, from AB1022, one speciPrimorye. This species also occurs frequently
men, NSM PM23253, from AB1024, two spec-in the lower part of th©wenites koeneone
imens, NSM PM23254, 23255, from AB1025. and theHedenstroemia bosphorenst®ne of

Description Fairly involute, fairly com- South Primorye (Zakharov, 1968; Markevich
pressed shell with elliptical whorl section,& Zakharov, 2004).
arched venter, indistinct ventral shoulders, and DiscussionArctoceras septentrionale the
slightly convex Ranks with maximum whorl type species obiscoproptychiteKiparisova,
width at mid-Bank. Narrow umbilicus with 1956, but the genus was later synonymized
moderately high, vertical wall and abruptlyWith Arctocerasby Zakharov (1978), Tozer
rounded or subangular shoulders. Ornament41981) and Shevyrev (1986). Later, Water-
tion consists of very weak spiral lirae on outefouse (1996a, p. 88) indicated that the sutures,
Ranks as well as weak radial folds and pnés represented by Kiparisova (1956) and Di-
sinuous prorsiradiate growth lines. Suture ceener (1895), exhibit a well-developed second
atitic with wide ventral lobe divided by medi- lateral lobe with many strong denticulations,
an saddle into two branches with denticulatiotinlike the constricted paucidenticulate second
at each base. First lateral saddle higher thdateral lobe of typicahrctoceras and suggest-
second saddle, and third saddle lower. First lagd thatDiscoproptychitess not the same as
eral lobe deep, wide with many strong denticuArctoceras However, Kummel (1961) illus-
lations at base, and second lateral lobe shalloWated the suture line of several specimens of
er than prst lobe with few denticulations. SusA. tuberculatum(Smith, 1932), and each su-
pensive lobe includes discrete auxiliary lobe. ture includes a well-developed second lateral

Measurementgmn): lobe very much like the bgures in Kiparisova
Specimen no. D U H W UD wH (1956) and Diener (1895). Therefore, the sug-
NSMPM23251 202 5.0 93 6.4 0.25 0.69 gestion of Waterhouse (1996a) must be rejected.
NSM PM23252  27.0 6.3 130 93 023 072  gyphmeekoceras ussurieriéiparisova (1961,
NSMPM23253 -~ 45.2 7.5 23.7 133 0.17 0.6 p. 73) andProptychites (Discoproptychites

NSM PM23254 421 7.5 202 120 0.18 0.59 S )
NSM PM23255 662 114 348 B 017 p PrynadaiBurij (1962, p. 87), which were both

Occurrence Described specimens from collected from Golyj Cape (Kom-Pikho-
AB1022, AB1024 within theClypeoceras tim- Sakho Cape), South Primorye, are very close
orense Zone and from AB1025 within the 0 adult specimens oA. septentrionalg(Di-
Radioprionites abrekensi®bedO, early Early €ner) and are probably conspecibc.

Olenekian (early Smithian) in the main part of
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Fig. 107. Arctoceras septentrionaléDiener, 1895). 14, NSM PM23251, from AB10221.0. 5B8, NSM
PM23252, from AB1022, 1.0. 9912, NSM PM23253, from AB10241.0. 13D16, NSM PM23254, from
AB1025, 1.0.17, NSM PM23255, from AB1025,1.0.
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Arctoceras subhydaspiKiparisova, 1961)
Figs. 108D112

Paranorites subhydaspiKiparisova, 1961, p. 89, pl. 18,
bg. 1, text-pg. 48.

Paranorites labogensiZharnikova, 1962, p. 85, pl. 2, bg.
1, text-bPg. 4.

Arctoceras labogese (Zharnikova). Zakharov, 1968, p. 78,
pl. 12, bgs. 2, 3, text-bgs. 15a, 16abd.

Holotype CGM 84/5504, bgured by Fig. 198. _Suture line ofArctoceras subhydaspis
Kiparisova (1961, p. 89, pl. 18, bg. 1), from XKB'E%rZ'??V;’Hl??glm)hNSM PM23256, from
the Lower Triassic of the Abrek Bay area in
South Primorye.

Material examined Three speciems, NSM
PM23256D23258, from AB1027.

Description Fairly large, moderately evo- 1968; Markevich & Zakharov, 2004).
lute shell with ovoid whorl section, rounded Discussion Arctoceras subhydaspisvas
venter, rounded ventral shoulders and convexriginally described ag?aranorites Waagen,
Ranks with maximum whorl width at mid- 1895 by Kiparisova (1961), but its umbilical
Rank. Umbilicus moderately wide with moder-tuberculation justipes its assignment to the
ately high, vertical wall and abruptly roundedgenusArctoceras It is very similar toA. labo-
shoulders with prominent tubercles. Ornamengense (Zharnikova, 1962, p. 85) from the
tation consists of weak radial folds on juvenileLower Olenekian of South Primorye, but
whorls and distant, radial, sinuous, fold-likeZharnikova (1962) maintained that the rib
ribs on adult whorls as well as clearly visiblestrength is different on the adult shell of each
very Pne, sinuous, prorsiradiate growth linespecies. However, this difference is barely per-
and very weak spiral lirae on outer Banks. Suseptible and is probably due to intraspecibc
ture ceratitic with wide ventral lobe divided byvariation. Therefore,A. labogenseis syn-
median saddle into two branches with mangnymized withA. subhydaspisn the basis of
denticulations at each base. First lateral saddibeir similar shell morphology.
higher than second saddle, and third saddle This species is very close # tubercula-
even lower. First lateral lobe deep, wide withtum (Smith, 1932, p. 62), but differs by its
many strong denticulations at base, and secomdder umbilicus.A. gigasTozer (1994, p. 75)
lateral lobe shallower than brst lobe. Suspens also close, but is more evolute.

sive lobe includes discrete auxiliary lobe. The juvenile shell oA. subhydaspis very
Measurementemmn): similar to A. septentrionalgDiener, 1895, p.
Specimen no. D U H W UD WH 53), which is always found stratigraphicaly

E:m Engggs’ g g Zg-? ig-g g 8-22 below it (Markevich & Zakharov, 2004), and
NSM PM23258  175.0 6356 670 434 036 065 thus, poth sp_emes probably belong to the same
ewlutionary lineage.

Occurrence Described specimens from
Arctoceras subhydasp@bedO (AB 1027, mid- Family Clypeoceratidae Waterhouse, 1996a

dle Early Olenekian middle Smithian) in the GenusClypeocerassmith, 1913
main part of the Zhitkov Formation, Abrek
Bay area, South Primoryé. subhydaspifre- Type speciesAspidites superbudVaagen,

quently occurs above therctoceras septentri- 1895.
onale Zone in South Primorye (Zakharov,
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Fig. 109. Arctoceras subhydaspi&iparisova, 1961) from AB1027. 1D3, NSM PM232561.0. 4D5, NSM
PM23257, 1.0.
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Fig. 110. Arctoceras subhydasp{Kiparisova, 1961), NSM PM23258, from AB10270.9.
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Fig. 111. Arctoceras subhydasp{Kiparisova, 1961). 192, NSM PM23258, from AB1021D.9.
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Fig. 112. Arctoceras subhydasp{Kiparisova, 1961), NSM PM23258, from AB10270.9.
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Fig. 113. Clypeoceras spitieng&rafft, 1909). 1D4, NSM PM23259, from AB10141.0.

Clypeoceras spitienggrafft, 1909)
Figs. 113, 114

Aspidites spitiensiKrafft, 1909, p. 54, pl. 4, bgs. 4, 5, pl.
16, bgs. 3D8.

Clypeoceras spitiens@rafft). Waterhouse, 1996a, p. 50,
pl. 2, bgs. 21, 22, text-Pg. 4j.

Lectotype DeSignatEd by Waterhouse Fig. 114. Suture line ofClypeoceras spitiense
(1996a, p. 50), GSI 9391, original of Krafft (Krafft, 1909), NSM PM23259, from AB1014,
(1909, p. 54, pl. 4, bg. 4) from th&1&eko- atH 21mm.
cera®) beds, bve miles south of Ensa, Spi
area, northwest Himalayan region.

Material examined NSM PM23259, from  Measurementgmm:
AB1014. Specimen no. D U H W UD WH

o . NSM PM23259 47.1 0.6 29.7 12.0 0.01 0.40
Description \ery involute, very com-

pressed shell, with narrow tabulate venter, an- Occurrence Described specimen from
gular ventral shoulders and gently convexClypeoceras spitiens®bedO (AB1014, early
Ranks with maximum whorl width at mid- Late Induan early Dienerian) in the lower
Bank. Very narrow, nearly occluded umbilicuspart of the Zhitkov Formation, Abrek Bay
with low, oblique wall and rounded shouldersarea, South Primorye. This species also occurs
Ornamentation consists of weak radial foldsn the Meekocera® beds of the northwest Hi-
on inner Bank and Pne, sinuous prorsiradiat@alayan region (Krafft, 1909), which is corre-
growth lines. Suture ceratitic with wide ventrallatable with the Upper Induan (Dienerian)
lobe divided by median saddle into two(Waterhouse, 2002).

branches with many denticulations at each Discussion Although the described speci-
base. Lateral saddles elongated, and seconten shares a similar shell morphology with
saddle slanted slightly toward umbilicus. Firsthe lectotype ofClypeoceras spitiensgrafft,
lateral lobe deep, wide with many denticulas1909), there are a few differences in their
tions at base, and second lateral lobe abosgtiture lines. The Pbrst lateral saddle of our
two thirds depth of brst lobe. Suspensive lobepecimen is more slender than that of the lec-
includes numerous, poorly differentiated auxtotype (Krafft, 1909, pl. 4, bg. 4c), and the
iliaries. second lateral saddle is slanted slightly toward
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the umbilicus. However, Krafft (1909) illus-

trated very similar saddles for other specimen
of C. spitiensge.g., GSI 9457, pl. 16, bg. 7).
Therefore, it seems reasonable that we identil
our specimen aS. spitiense

Clypeoceras timorens@Vanner, 1911)
Figs. 115D124

Meekoceras timorend&anner, 1911, p. 185, pl. 6, bgs. 2,
3,pl. 7, bgs. 5, 6, text-bPg. 2; Welter, 1922, p. 129.

Koninckites timoresis(Wanner). Spath, 1934, p. 156;
Kiparisova, 1947b, p. 136, pl. 29, Pg. 4, pl. 30, Pg. 2
text-Pg. 20; Kiparisova, 1961, p. 82, pl. 16, bgs. 2b4
6, text-Pgs. 39D42; Zakharov, 1968, p. 89, pl. 17, bg:
1D3, text-pg. 20a.

Lectotype Designated by Spath (1934, p.
156), is original of Wanner (1911, p. 185, pl.
6, bg. 2) from the Meekocera® beds of
Nifoekoko, Timor.

Material examined Eighteen specimens,
NSM PM23260D22277, from AB1021, one
specimen, NSM PM23278, from AB1022,
three specimens, NSM PM23279D23281, fror

(Wanner,

Description Fairly large, very involute,

1911) from AB1021.

very compressed shell with narrow, highly H 15mm.

variable (concave, bicarinate or tabulate) ven

ter with angular shoulders on juvenile whorls,
becoming subtabulate with abruptly roundedism Pm23260
shoulders on mature whorls. Flanks gentlyNSM PM23261
convex with maximum width at mid-Bank. Ezm ngigg
Narrow umblllcu_s with moderately high, verti- NSM PM23264
cal or overhanging wall and abruptly roundedysy pm23z2es
shoulders. Ornamentation consists of weak ratsm Pm23266
dial folds as well as Pne, sinuous prorsiradiat§SM PM23267
growth lines. Suture ceratitic with wide ventral NSM PM23268
lobe divided by median saddle into two">M PM23269
. . . NSM PM23270
branches with many denticulations at bas€q\; py2za71
First lateral saddle subphylloid and smalletfygy ppm23272
than second saddle. First lateral lobe narrowysm Pm23273
deep with many denticulations at base, anySM PM23274
second lateral lobe about two thirds depth ofSM PM23275
prst lobe. Suspensive lobe includes numerou%swI PM23276
. . L 5M PM23277
well differentiated auxiliaries. NSM PM23278

Measurementemm): NSM PM23279
Specimen no. D U H W UD W/H NSMPM23280

14.2
21.2
20.1
18.6
24.0
30.3
315
26.0
45.0
44.1
47.8
51.2
50.0
91.2
29.8
63.9

112.0
28.3
56.5
54.1
66.5

1.9
2.4
2.4
2.2
2.2
3.4
2.6
2.0
55
4.6
4.9
5.6
5.5
13.8
2.9
7.0
17.2
2.6
4.9
5.2
5.7

7.9
114
11.5
10.4
13.4
16.7
17.2
14.5
23.0
23.7
25.6
27.0
254
43.8
16.5
34.4
52.3
15.2
30.0
29.2
35.8

3.9
4.3
4.9
4.9
6.1
7.7
7.9
6.4
10.0
11.7
12.4
11.5
14.0
22.3
6.5
17.0
27.5
6.2
11.2
12.0
135

Fig. 115. Suture lines oflypeoceras timorense

1, NSM

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

PM23270, at H 26 mm. 2, NSM PM23269, at
AB1024. H 24mm. 3, NSM PM23269, at HL6 mm.
4, NSM PM23271, at H20mm. 5, NSM
PM23265, at H 18 mm. 6, NSM PM23274, at

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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Fig. 116. Clypeoceras timorens¢Wanner, 1911) from AB1021. 14, NSM PM232601.0. 5b8, NSM
PM23261, 1.0.9P12, NSM PM23262,1.0. 1316, NSM PM23263,1.0. 17920, NSM PM23264,1.0.
21D24, NSM PM23265, 1.0. 25b28, NSM PM23266,1.0. 29932, NSM PM23267,1.0. 33D36, NSM

PM23268, 1.0
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Fig. 117. Clypeoceras timorens¢Wanner, 1911) from AB1021. 14, NSM PM232691.0. 5b8, NSM
PM23270, 1.0.9D12, NSM PM23271,1.0.

Fig. 118. Clypeoceras timorens¢Wanner, 1911) from AB1021. 14, NSM PM232721.0. 5B8, NSM
PM23273, 1.0.
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Fig. 119. Clypeoceras timorens¢Wanner, 1911) from AB1021. 14, NSM PM232741.0. 5b6, NSM
PM23275, 1.0. 7B8, NSM PM23276,1.0.
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Fig. 120. Clypeoceras timorens¢Wanner, 1911) from AB1021. 14, NSM PM232771.0. 56, NSM
PM23275, 1.0. 7B8, NSM PM23276,1.0.
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Fig. 122. Clypeoceras timoreng®Vanner, 1911), NSM PM23281, from AB10240.9.

Fig. 121. Clypeoceras timorenséWanner, 1911). 14, NSM PM23278, from AB10221.0. 57, NSM
PM23279, from AB1024, 1.0. 8910, NSM PM23280, from AB10241.0.
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Fig. 123. Clypeoceras timoreng®Vanner, 1911). 12, NSM PM23281, from AB1024,9.
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Fig. 124. Clypeoceras timorenggVanner, 1911), NSM PM23281, from AB10240.9.



136 Yasunari Shigetet al. (eds.)

Fig. 125. Prosphingitoidessp. indet. 1D4, NSM PM23282, from AB10271.5. 58, NSM PM23283, from
AB1022, 1.5.9BD12, NSM PM23284, from AB10221.5.

NSM PM23281 142.0 19.0 77.3 35.0 0.13 0.45 Clypeoceras timorensis very close toC.

Occurrence Described specimens from gnsanun(Krafft, 1909, p. 56), but differs by

AB1021 AB1022 and AB1024 within the 'S high, vertical or overhanging umbilical
Clypeoceras timorenseZone (early Early wall. C. spitiensgKrafft, 1909, p. 54) is also

Olenekian early Smithian) of the main part very close, but its umbilicus is very narrow or
of the Zhitkov Formation, Abrek Bay area nearly occluded. This species exhibits some

South Primorye. This species is abundant iﬁimilarities towaliceras aemuluﬁrayard and
the Hedenstroemia bosphorensi®ne on the Bycher (2008, p. 38) arkoninckites I|ngyuer.1-
western coast of Ussuri Gulf, near Tri KamnyaSIS Chao (1_959’ p. 220) from SOUth_ China,
Cape, South Primorye (Zakharov, 1968,b_°th of Whlch are probably conspecibc, but
Markevich & Zakharov, 2004), and in thed'ffers by its narrow venter.
Meekocera® beds of Timor (Wanner, 1911;
Spath, 1934), which are correlatable with the
early Early Olenekian (early Smithian).
Discussion Spath (1934, p. 156) changed ) o o
the generic assignment of this species from Type .speC|es Prosphingites austinHyatt
MeekoceradHyatt, 1879 toKoninckitesWaa- and Smith, 1905.
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 gen@ypeoceras Material examined:Two specimens, NSM

Family Paranannitidae Spath, 1930
GenusProsphingitoidesShevyrev, 1995

Prosphingitoidessp. indet
Figs. 125, 126
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Fig. 126. Suture line ofProsphingitoides sp.
indet., NSM PM23283, from AB1022, at
H 5mm.

PM23283, 23284, from AB1022, one speci- Fig. 127. Suture lines of Parahedenstroemia

kiparisovae Shigeta and Zakharov sp. nov.

men, NS.M_ PM2328,2’ from AB1027. from AB1014. 1, NSM PM23285, holotype, at

Description Very involute, very depressed H 41mm. 2, NSM PM23286, paratype, at
shell with semicircular whorl section and con- H 15mm.

vex RBanks gradually converging to an archec
venter from abruptly rounded umbilical shoul-
ders. Fairly narrow, deep umbilicus with high,
vertical wall. Ornamentation consists only of
very weak, prorsiradiate constrictions and bPne
growth lines. Suture ceratitic with ventral lobe Type speciesHedenstroemia acutirafft,
divided by median saddle into two brancheigog_

with denticulations at each base. First lateral

saddle higher than second saddle, and thirqDarahedenstroemia kiparisovaghigeta and
saddle lower than second saddle. First lateral Zakharov sp. nov.

lobe deep, wide with many denticulations at

Superfamily Sageceratoidea Hyatt, 1884
Family Hedenstroemiidae
GenusParahedenstroemi&path, 1934

. Figs. 127, 128
base, and second lateral lobe about two thirds
depth of prst lobe. Type specimenddolotype, NSM PM23285,
Measurement@mm: from AB1014; paratypes, three specimens,
Specimen no. D U H W UD wH NSMPM23286D23288, from AB1014.

NSMPM23282 154 4.6 6.9 133 030 193 Diagnosis Parahedenstroemiawith acute
NSMPM23283 141 36 53 115 025 217 yanter gt juvenile stage, becoming narrowly
NSM PM23284 154 39 65 B 025 .
rounded at mature stage, narrow umbilicus and
Occurrence Described specimens from ceratitic suture with adventitious and numer-
AB1022 within the Clypeoceras timorense ous well-individualized auxiliary elements.
Zone and from theArctoceras subhydaspis Etymology Named for L. D. Kiparisova,
Obed® (AB1027), early to middle Earlyvho energetically studied the Triassic fauna of
Olenekian (early to middle Smithian) in theSouth Primorye.
main part of the Zhitkov Formation, Abrek Description Very involute, very com-
Bay area, South Primorye. pressed shell with somewhat oxyconic whorl
Discussion It is entirely possible that our section, acute venter at juvenile stage, becom-
specimens represent the juvenile whorls oihg narrowly rounded at mature stage, and
Prosphingites ovalisKiparisova (1960, p. gently convex Ranks with maximum width at
137), which was synonymized wittrosphin- mid-ank. Umbilicus narrow with moderately
gitoides austin{Hyatt and Smith, 1905, p. 72) high, oblique wall and rounded shoulders.
by Shevyrev (1995). However, no debnitive asShell surface smooth with bne, sinuous pror-
signment can be made. siradiate growth lines. Suture ceratitic with
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Fig. 128. Parahedenstroemia kiparisove@higeta and Zakharov sp. nov. from AB1014. 1B4, NSM PM23286,
paratype, 1.0. 598, NSM PM23287, paratypel.0. 9910, NSM PM23288, paratypel.0. 11D14, NSM
PM23285, holotype, 1.0.
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Fig. 129. Pseudosageceras multilobatudoetling, 1905. 14, NSM PM23289, from AB10241.0. 5, NSM
PM23290, from AB1022, 1.0. 6B9, NSM PM23291, from AB10221.0.

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

Measurementemm):
Specimen no. D U H W U/D W/H
NSM PM23285 745 8.7 406 16.2 0.12 0.40
NSM PM23286 25.6 25 138 6.6 0.10 0.48

NSM PM23287
NSM PM23288

164 12 9.0 35
407 26 213 79

0.07
0.06

0.39

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

assign it to the genuBarahedenstroemialt

~ differs from other representatives Barahe-

Occurrence Described specimens

from denstroemissuch asP. acuta (Krafft, 1909, p.

Clypeoceras spitiens®©bedO (AB1014, early157) andP. conspiciendaZakharov (1968, p.
Late Induan early Dienerian) in the lower part 57), by its umbilicus, which is neither occlud-
of the Zhitkov Formation, Abrek Bay area,ed nor extremely narrow. Since both species

South Primorye.

are of early Early Olenekian (early Smitian)

Discussion The acute venter and hedenstroage, our new species is the oldest representa-
mitid suture line of this species enable us ttive of Parahedenstroemia
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GenusPseudosagecerd3iener, 1895 28) described a$’seudosagecerasp. indet
from the Early Triassic of the Shamara Bay
Type species Pseudosagecerasp. indet. area, South Primorye is only a partial

Diener, 1895. phargmocone, but it displays the same shell
shape and suture &seudosageceras multilo-
Pseudosageceras multilobatum batumNoetling, and it is probably conspecibc.
Noetling, 1905 P. multilobatumis one of the most cosmopoli-
Figs. 129, 130 tan species of the Early Triassic.

Pseudosagecera®p. indet. Diener, 1895, p. 28, pl. 1, bg. 8. .

Pseudosageceras multilobatuNoetling, 1905a, p. 181, Scaphopods(by Y. Shigeta)
pls. 19D27; Noetling, 1905b, pl. 23, bg. 4, pl. 25, bg. Systematic descriptions basically follow the
1, pl. 26, bg. 3; Krafft and Diener, 1909, p. 145, pl.classibcation by Palmer (1974), Skelton and
21, Pg. 5; Slm'th' 1932, p. 87v| pl. 4, bgs. 1‘?3' Pl Benton (1993), and Steiner and Kabat (2001).
bgs. 1D6, pl. 25, bgs. 7D16, pl. 60, bg. 32, pl. 63, Pgs. A . .
196; Collignon, 1933, p. 56, pl. 11, bg. 2: Spath Abb.reV|at'|0ns for shell dmensmris shell
1934, p. 54, text-Pg. 6a; Kiparosova, 1947, p. 127, pll.ength" D. diameter qf E.mte”or aperturg.
25, bgs. 3, 4; Chao, 1959, p. 183, pl. 1, bgs. 9, 12; Institution abbreviations NSM National

Kummel and Steele, 1962, p. 701, pl. 102, bgs. 1, Museum of Nature and Science, Tokyo.
Hada, 1966, pl. 4, bg. 6; Kummel and Erben, 1968,

p. 112, pl. 19, bg. 9; Shevyrey, 1968, p. 79, pl. 1, bgs. Class Scaphopoda Bronn. 1862
1, 2; Weitschat and Lehmann, 1978, p. 95, pl. 10, bg. '

2; Tozer, 1994, p. 83, pl. 18, bg. 1, text-bg. 17; Bra- O.rder De_nta“OIq_a Palmer, 1974
yard and Bucher, 2008, p. 70, pl. 37, bgs. 1D5. Family Laevidentaliidae Palmer, 1974

_ GenusLaevidentaliumCossmann, 1888
Lectotype Designated by Spath (1934, p.

54), is original of Noetling (1905a, p. 181, pl. Type species Dentalium incertum De-
19, bg. 1, pl. 24, bg. 12) from the CeratiteshayeS’ 1825.
Marls of Salt Range, Pakistan.
Material examined One specimen, NSM ) ) )
PM23289, from AB1024, two specimens, Laevidentaliun® sp. indet.
NSM PM23290, 23291, from AB1022. Fig. 131

Description Very involute, very compressed ) )
oxycone with very narrow, bicarinate venter Material examined NSM PM23344 from

and weakly convex Ranks, convergent fronf\B1014, and NSM PM23345 from AB1016.

occluded umbilicus to venter. Surface smooth D€scription Shell slender, tapering, moder-

without ornamentation. Suture line ceratiticatEIV curved, with circular cross section. Shell

with many adventitious elements. LatergiV@l!l thin to moderately thick. Ornamentation

lobes tribed, other lobes bibed. consists of oblique, circular annulations of
Measurement@nmn): various strength as well as Pne growth lines.
Specimen no. D U H W WH Internal mould smooth.
NSM PM23289 30.2 0.0 187 6.2 0.33 Measurementénm):
NSM PM23291 43.8 0.0 28.0 10.0 0.36 Specimen no. L D
NSM PM23344 12.4 21
Occurrence Described specimens from ysy pm23345 9.6 14

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

Occurrence Described specimens from
AB1014 within the Clypeoceras spitiense

ObedO (early Late Induagarly Dienerian)
and from AB1016 within th&aranorites vari-
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the glossary of malacological terms by Arnold
(1965).

Abbreviations for shell dimensiang-or
bellerophontids (according to Yochelson,
1960): L length, W width, T thickness; all
others: H shell height; D shell diameter.

Institution abbreviation NSM National
Museum of Nature and Science, Tokyo.

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

GenusWarthia Waagen, 1880

Type speciesWarthia brevisinuataWaagen,
1880.

Warthia zakharoviKaim sp. nowv.
Figs. 132D134

Type specimenddolotype, NSM PM23322;
four paratypes, NSM PM23323D23326, all
from AB1016.

- _ _ _ Diagnosis Warthia with wide shell in com-
19. ;ﬁnlé . ;j:"ﬁg::a:grfoﬁ?' 2"”,\?3'/' ;M 2';22"5, parison to its thickness and weakly depressed
from AB1016. Scale bar2 mm. 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-

ans Zone (Late InduanDienerian) in the .
zone weakly depressed. Umbilicus absent.

Zhitkov Formation, Abrek Bay area, South

Primorye. _ | szﬂcﬁisnunrimenteﬂn)_l_ . ]

Discussion The assignment of the speci-y\gy pmo23z22 103 101 .
mens tolLaevidentaliumis uncertain and is NsM PM23323 108 10.0 77
based only on the similarity of their morpholo-NSM PM23324 14.3 12.7 112
gy with Laevidentalium The described speci- NSM PM23325 14.5 10.8 9.8
mens are somewhat similarltobangtoupoen- Eim mggg;g 12-(2) 12.11 171.?
sis Stiller (2001, p. 620) from the Upper <\ pm23330 e o e

Anisian of Qingyan, South-western China.
Occurrence Type specimens from AB1016

Gastropods(by A. Kaim) within the Paranorites variangZone (Late Ind-
Systematic descriptions basically follow theuan Dienerian) in the lower main part of the
classibcation by Bouchett al. (2005). Mor- Zhitokv Formation, Abrek Bay area, South
phological terms are those used in the Treatig&fimorye, where this species locally forms a
on Invertebrate Paleontology (Cox, 1960) angoquina composed mostly &arthia shells.
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Fig. 132. \Warthia zakharovKaim sp. nov. from AB1016. 15, NSM PM23323, paratype. 6©12, NSM PM23322,
holotype. All SEM images.
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Fig. 133. Warthia zakharoviKaim sp. nov. from AB1016. 1D4, NSM PM23324, paratype. 509, NSM PM23325,
paratype. 10D14, NSM PM23322, holotype. 15019, NSM PM23323, paratype. 20023, NSM PM23326,
paratype. All light images by Y. Shigeta.
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Fig. 134. Warthia zakharoviKaim sp. nov. 1D4, NSM PM23330, from AB1021. 509, NSM PM23329, from
AB1008. 10D13, NSM PM23327, from AB1004. 14D17, NSM PM23328, from AB1004. All light images by
Y. Shigeta.
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Fig. 135. Bellerophon abrekensisaim sp. nov. from AB1010. 1D6, 10, NSM PM23332, paratype. 7D9, 11D12,
NSM PM23333, paratype. All SEM images.
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Fig. 136. Bellerophon abrekensi&aim sp. nov. from AB1010. 1B4, NSM PM23331, holotype. 57, NSM
PM23343, inner mould. 8, NSM PM23334, paratype. 9910, NSM PM23333, paratype. 11, NSM PM23332,
paratype. 12, NSM PM23335, paratype. All light images by Y. Shigeta.

Additional specimens from AB1004, AB1008, selenizone. Poorly preserved shells of the pu-
and AB1021. Two specimens, (NSM PM23327tative euphemitid bellerophontiEuphemites
and PM23328) from AB1004 (Early Induan guizhouensi®an, 1982 from the Lower Trias-
Griesbachian), are poorly preserved and tentaic of China are much more compressed as is
tively assigned to\N. zakharovi Fossiliferous also the case of the poorly constituted genus
horizon at AB1008 (Early InduanGries- Stachella (for discussion see Yochelson &
bachian) yielded only a single specimen, NSMHongfu, 1985).

PM23329. The largest shell, NSM PM23330,

came from AB1021 within theClypeoceras Family Bellerophontidae McCoy, 1852

timorenseZone (early Early Olenekianearly GenusBellerophonMontfort, 1808
Smithian).
Discussion Warthia zakharovisp. nov. dif- Type speciesBellerophon vasulitedviont-

fers from other species of the genus in havinfprt, 1808.
a strongly globular shell and weakly depressed
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Bellerophon abrekensi&aim sp. nov. which was later indentibed a3&llerophon
Figs. 135, 136 asiaticu® by Kiparisova (1947a). | agree with
Bellerophonsp. indet. Bittner, 1899b, p. 28, pl. 4, Dgs.YOCh6|son and Hongfu (1985) that specimens
26D28. discussed by Bittner (1899b) and Kiparisova
non Bellerophon asiaticugVirth, 1936, p. 441, bg. 14: 7a, (1947a) are not conspecibc wRetispira asi-
b. atica (Wirth, 1936), a species based on poorly

Bellerophon asiaticuVirth. Kiparisova 1947a, p. 121, pl. preserved material from Sichuan Province of
24, Pgs. 6. 7. China. Yochelson and Hongfu (1985) based
Type specimengdolotype, NSM PM23331; their concept of this species on a new material
four paratypes, NSM PM23332D23335, alfrom Guizhou Province of China, which clear-
from AB1010. ly displays spiral ornamentation that is diag-
Diagnosis Bellerophorwith well developed nostic of the genuRetispira | could not con-
collabral ornamentation on adults composeé®rm such ornamentation on any of the well
of sets of thicker ribs with numerous, smallepreserved specimens from Abrek Bay, and
intercalated ribs. Selenizone slightly elevatedtherefore, | retained the genBsllerophonfor
Moderately thick inductura well developed onB. abrekensisOn the other hand I concur with
adult specimens. No spiral ornamentation.  the opinion of Yochelson and Hongfu (1985)
Etymology After type locality. that the specimens from Far East Russia could
Description Shell strongly globular, wider be synonimized withB. panxianensisYu in
than long. Shell ornamented with collabraWang and Xi (1980). | examined a latex cast
ribs bent posteriorly towards selenizone. Irof the holotype of the latter species and it is
adults, ribs differentiated into sets of stronge¢learly an anomphalous form, while.
and weaker ribs. Selenizone long and slightlabrekensissp. nov. has a well developed um-
elevated. Umbilicus well developed, but parbilicus.
tially obscured in adults by well developed in-
ductura extending over the parietal region of Order Vetigastropoda Salvini-Plawen, 1980

aperture. Superfamily Trochonematoidea Zittel, 1895
Measurementémmn): Family Lophospiridae Wenz, 1938

Specimen no. L w T GenusWorthenia de Koninck, 1883

NSM PM23331 16.3 17.7 11.8

Occurrence Type specimens from AB1010 Type specieslurbo tabulatuConrad, 1835.
within the Gyronites subdharmugone (late
Early Induan late Griesbachian) in the upper Wortheniasp. indet.
part of the Lazurnaya Bay Formation, where Fg. 137
this species is relatively common. Additional
specimens with rather imperfect preservation Material examined Single specimen NSM
from AB1012 (one specimen, NSM PM23336)PM23340 from AB1010.
and AB1013 (three specimens, NSM PM23337- Description Shell turbiniform, small-sized
23339). Fossiliferous horizons at AB1012 an@nd slightly higher than wide. Ornamentation
AB1013 are within théAmbitoides fuliginatus consists of bve spiral cords. Two cords located
Zone (early Late Induanearly Dienerian). at the upper portion of the lateral Bank and
Discussion Bellerophon abrekensisp. nov. three others at the lower portion, including
is seemingly conspecibc witBéllerophorsp. also a cord situated at the base demarcation.
indet® sensu Bittner (1899b) from the Lowelnterspace between both sets of cords is rela-

Triassic of South Primorye, Far East Russidively wide and slightly concave. Protoconch,
selenizone, aperture, and umbilical area not
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Fig. 137. Wortheniasp. indet. from AB1010. 1D4, NSM PM23340. All SEM images.

preserved on available specimen. Diagnosis Chartronella with strong spiral

Measurementémm): keel and subsidiary sutural and basal cords.
Specimen no. H D H/D Shell is additionally ornamented by weaker
NSM PM23340 400 343 1.17

spiral ribs on the interspaces between the

Occurrence Described specimen from cords and medial keel.
AB1010 within the Gyronites subdharmus Etymology In honor of Haruyoshi Maeda.
Zone (late Early Induanlate Griesbachian) in ~ Description Shell turbiniform, small-sized
the upper part of the Lazurnaya Bay Forma@nd clearly higher than wide. Ornamentation
tion, Abrek Bay area, South Primorye. consists of strong medial keel and subsidiary

Discussion The described specimen is sim-SPiral cords at the suture and base demarca-
ilar to Worthenia windowblindensiBatten and tion, respectively. Additional Pne spiral ribs
Stokes, 1986 from the Lower Triassic SinbadgPpear on lateral Bank on interspaces between
Limestone, Utah, USA. The latter species hagords and medial keel. On fourth whorl of the
a slightly different cord arrangement with theholotype, there are three spiral ribs between
widest cord interspace in the upper portion ofutural cord and medial keel and one spiral rib
the lateral Rank. Having at hand only a singl®€tween keel and basal cord. Aperture and
specimen of imperfect preservation, | decidegmbilical area not preserved on available spec-
to leave the species from Abrek Bay in opefmens.

nomenclature. Measurementgmm):
Specimen no. H D H/D

NSM PM23341 6.67 4.86 1.37

Superfamily Trochoidea RaPnesque, 1815 NSM PM23342 577 4.46 1.9

Family Paraturbinidae Cossmann, 1916
GenusChartronellaCossmann, 1902 Occurrence Type specimens from AB1014
within the Clypeoceras spitiens®bedO (early

Type speciesChartronella digoniataCos- Late Induan early Dienerian) in the lower

mann, 1902. part of the Zhitkov Formation, Abrek Bay
area, South Primorye.
Chartronella maedaKaim sp. nov. Discussion Chartronella maedaisp. nov.
Fig. 138 differs from the type of the gen digoniata

Cossmann, 1902 by having only one strong

Type Specimem$-|0|otypE, NSM PM23341; keel, while the latter Species has two keels.
paratype, NSM PM23342, both from AB1014.(see e.g., Gr¥ndel 1997; NYtzel 20@5)uni-
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Fig. 138. Chartronella maedaiKaim sp. nov. from AB1014. 1B2, NSM PM23342, paratype. 36, NSM
PM23341, holotype. All SEM images.

costataBatten and Stokes, 1986 has only a Trachyspiridae gen. et sp. indet.
medial keel and no sutural and basal co@is. Fig. 139

paginaBatten and Stokes, 1986 has axial or-

nament, a feature lacking @. maedai More- Material examined Three protoconchs,

over,C. maedahas well developed Pne spiralNSM PM23292D23294, from AB1014.

ribs, which are absent in the aforementioned Description Protoconch is turbiniform in
species. Similar to, or even conspecibc ishape and consists of about three whorls.
Chartronella sp. indet. of Batten and StokesWhorls are convex and rapidly expanding cov-
(1986) from the Sinbad Limestone, Utahering majority of spire. Initial whorl smooth
USA, which also has a medial keel and twavhile remaining whorls ornamented by sinu-
cords, but no bne spiral ribs are visible on theoidal axial ribs with sinus at periphery.
single specimens from Batten and Stoke3eleconch unknown.

(1986). However, this absence may be preser- Measurementémm):

vational bias. Specimen no. H D H/D
NSM PM23292 0.71 0.67 1.06
Order Neritimorpha Koken, 1896 Occurrence Described specimens from

Superfamily Neritoidea Rabnesque, 1815 Clypeoceras spitiens®bedO (AB1014, early
Family Trachyspiridae NYtzel, ydla, Yancey, |ate Induan early Dienerian) in the lower
and Anderson, 2007 part of the Zhitkov Formation, Abrek Bay
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Fig. 139. Trachyspiridae gen. et sp. indet. from AB1014. 1, 4, NSM PM23292. 2, 5, NSM PM23293. 3, 6, NSM
PM23294. All SEM images.

area, South Primorye. whorl. Teleoconch starts with collabral ter-
Discussion The trachysprid protoconchs race-like ornamentation.

from Abrek Bay are very similar to the Penn- Etymology After type locality and -opsis

sylvanian trachyspirid protoconchs illustratedcommon ending in neritimorphs.

by NYtzelet al. (2007). The only difference is  Occurrence Upper part of the Lower Indu-

the absence of a faint spiral pattern on than (Upper Griesbachian) to Upper Induan (Di-

specimens from Abrek Bay, which is clearlyenerian) in South Primorye, Russia, and the

visible on the Pennsylvanian specimens. ThiSmithian (Early Triassic) of Utah and Nevada,

absence, however, might result from the poorddSA (Batten & Stokes, 1986).

preservation of the Triassic shells. Discussion The protoconch morphology of

Abrekopsisseems to be intermediate between

Family Neritidae RabPnesque, 1815 the naticopsid type (see e.g., NYteelal,
GenusAbrekopsiskaim gen. nov. 2007) and the characteristic neritoid type.

Type species Naticopsis (Naticopsiy de- Abrekopsis depressispiry8atten and

pressispirugBatten and Stokes, 1986). Stokes, 1986)
Composition of the genuslype species Fig 1’40
only. '

Diagnosis Naticopsid- or neritid-like shell Naticopsis(Naticopsi$ depresispirusBatten and Stokes,

with short protoconch having a wide initial 1986, p. 12, bgs. 11D13.

Fig. 140. Abrekopsis depressispir{8atten and Stokes, 1986) gen. nov. 13, NSM PM23302, from AB1016.
4Pb6, NSM PM23303, from AB1016. 79, NSM PM23295, from AB1010. 10D11, NSM PM23297, from
AB1014. 12Db14, NSM PM23298, from AB1014. 1516, NSM PM23296, from AB1013. 1D6, light images by
Y. Shigeta; 716 SEM images.
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Holotype AMNH 42975, bgured by Batten fully supported because juveniles have not yet
and Stokes (1986, p. 12, bg. 11) from théeen reported from the Sinbad Limestone.
Lower Triassic (Spathian) of the Virgin Lime-

stone at Blue Diamond Mine, Nevada, USA. Order Caenogastropoda Cox, 1960
Material examined NSM PM23295, from  Superfamily Acteoninoidea Cossmann, 1895
AB1010, NSM PM23296, from AB1013, bve Family Soleniscidae Knight, 1931

specimens, NSM PM23297D23301, from GenusStrobeusde Koninck, 1881

AB1014, and six specimens, NSM PM23302b

23307, from AB1016. Type speciesStrobeus ventricosuge Kon-
Description Neritoid shell with Rattened inck, 1881.

upper whorl surface. Every succeeding whorl

embraces majority of spire. Protococh slightly Strobeus shigetasp. nov.

more than one whorl with initial part wide and Fig. 141

Rattened. Protoconch not ornamented apart

from a faint granular pattern. Teleoconch Type specimengiolotype, NSM PM23308,

starts with collabral terrace-like ornamentatiorfrom AB1013; paratypes, NSM PM2309,

and faint spiral pattern. Later on, shells ar310, from AB1014.

smooth apart from prosocline growth lines. Diagnosis Strobeuswith faint axial lirae,

Early whorls have weakly incised suturebulbous Prst whorl and strongly globular shell

which later becomes indistinct. Umbilicus ab-outline.

sent. Aperture D-shaped. No teeth or inductura Etymology In honor of Yasunari Shigeta,

visible on available material. who collected the type specimens.

Measurementémmn): Description Shell strongly globular with
Specimen no. H D H/D sutures covered by thin layer of following
NSM PM23302 7.70 8.93 0.86

whorl. Protoconch paucispiral, beginning with

bulbous embryonic whorl. Demarcation be-
Occurrence Described specimens from tween protoconch not clearly visible, but prob-

AB1010 within the Gyronites subdharmus ably expressed by enhanced prosocline growth

Zone in the upper part of the Lazurnaya Bayine after 1.592.0 whorls. Teleoconch with rap-

Formation, and from AB1013 within tham- idly expanding whorls and ornamented with

bitoides fuliginatusZone, from AB1014 with- faint prosocline, apparently collabral axial

in the Clypeoceras spitiens®bedO, and fromlirae. Aperture and umbilicus not visible on

AB1016 within theParanorites variansZone, available specimens.

all from the Zhitokv Formation, Abrek Bay Measurement@mm):

area, South Primorye. Thus, in this particulaPpecimen no. H D H/D

area, the species ranges from late Early Indudfp™ PM23308 1.49 105 142

(late Griesbachian) to Late Induan (Diener-NSM PM23309 183 148 123

NSM PM23310 0.76 0.63 1.21

ian). Also known from Smithian of Utah and

Spathian of Nevada (both Early Triassic), Occurrence Described specimens from

USA (Batten & Stokes 1986). AB1013 within the Ambitoides fuliginatus
Discussion The adult specimens éfbrekop- Zone and from AB1014 within th€lypeo-

sis depressispirugBatten and Stokes, 1986)ceras spitiens®©bedO, both of early Late Indu-

from the Abrek Bay area are very similar todn (early Dienerian) age in the lower part of

the paratypes from the Smithian of the Sinbathe Zhitkov Formation, Abrek Bay area, South

Limestone of Utah (Batten & Stokes 1986).Primorye.

Unfortunately, this identibcation cannot be Discussion Strobeus shigetasp. nov. dif-

NSM PM23303 7.17 8.12 0.88
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Fig. 141. Strobeus shigetafaim sp. nov. 1, 4, 6, 9, NSM PM23308, holotype, from AB1013. 2, NSM PM23309,
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 Superfamily Zygopleuroidea Wenz, 1938
axial ornamentation. It remains uncertain if Family Zygopleuridae Wenz, 1938

the species from the Smithian Sinbad Lime- Subfamily Coelostylininae Cossmann 1909
stone of Utah identibed by Batten and Stokes GenusCoelostylinaKittl, 1894

(1986, p. 29) as. cf. paludinaeformis(Hall,

1858) is conspecibc witB. shigetaisp. nov., Type species Melania conica MYnster,
since it is not that well preserved and no ornat841.

mentation is reported. While the Abrek Bay

specimens are debnitely juveniles, the more Coelostylinasp. indet.

elongated nature of the American specimens Fig. 142

may represent adolescence or maturity. A sim-

ilar type of collabral ornamentation is ob- Material examined Four specimens, NSM
served by Yoo (1988) in a CarboniferousPM23311D23314, from AB1010.

soleniscid from Australia. Description High spired and elongated
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Fig. 142. Coelostylinasp. indet. from AB1010. 1, 5, NSM PM23311. 2, NSM PM23312. 3, NSM PM23313. 4,
NSM PM23314. All SEM images.

shells with moderately expanding whorls. Ini-ter preserved juvenile shells.

tial three whorls more rounded and more in-

Rated than remaining ones. Sutures weakly to GenusOmphaloptychavzon Ammon, 1893
moderately incised. There is a sector of the

shell on the fourth whorl with enhanced Type speciesChemnitzia nota¥on Ammon,
opisthocyrtic growth lines, which may be a de-1878.

marcation between protoconch and teleo-

conch. Otherwise, the teleoconch is smoothOmphaloptycha hormolireBatten and Stokes,

Aperture and umbilicus could not be observed. 1986

Measurementémm): Fig. 143
Specimen no. H D H/D .
NSM PM23311 417 1.75 238 Omphaloptycha hormolir8atten and Stokes, 1986, p. 26,
NSM PM23312 3.57 164 217 Pgs. 41D43.
NSM PM23313 2.50 12z 204 Holotype AMNH 43010, bgured by Batten
NSM PM23314 4.17 1.83 2.28

and Stokes (1986, p. 26, bg. 41) from the

Occurrence Described specimens from Lower Triassic (Smithian) of the Sinbad Lime-
AB1010 within the Gyronites subdharmus stone at locality AMNH 3026, Utah, USA.

Zone (late Early Induanlate Griesbachian) in ~ Material examined One specimen, NSM
the upper part of the Lazurnaya FormationPM23315, from AB1011, six specimens, NSM
Abrek Bay area, South Primorye. PM23316D23321, from AB1014.

Discussion This species is similar to Description Shell moderately high-spired
CCoelostylina species bO sensu Batten andith moderately incised sutures and moderate-
Stokes (1986, p. 25). The imperfect preservdy inf3ated whorls. Two earliest whorls almost
tion of both forms persuades me to leave thesmooth apart from some Pne granular sculp-
in open nomenclature. The smooth earlyure. Next two whorls ornamented with ortho-
whorls of the shells from Abrek Bay suggestline to weakly opisthocyrtic axial ribs. Ap-
that this species may not belong to the zyggeroximately 60 ribs per whorl. At height of
pleurids, but rather to the pseudomelaniidsabout 0.8 mm, ribs disappear, which may indi-
This, however, should be substantiated by betate end of protoconch. No other clear demar-
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Fig. 143. Omphaloptycha hormolireBatten 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; 213 SEM images.
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cation visible on the specimens at hand. TeledMuseum of Nature and Science, Tokyo.
conch whorls smooth apart from growth lines,

which are weakly opisthocyrtic on whorl pe- Class Bivalvia LinnZ, 1758

riphery. Whorls expand at similar rate apart (Buonanni, 1681)

from last whorl of largest specimen, which is  Subclass Pteriomorphia Beurlen, 1944

much more expanded. Aperture and umbilicus Order Mytiloida Ferussac, 1822

could not be observed. Superfamily Mytilacea RabPnesque, 1815
Measurementemm): Family Mytilidae Rabnesque, 1815

Specimen no. H D H/D Subfamily Modiolinae Keen, 1958

NSM PM23315 15.30 11.38 1.34 GenusModiolus Lamarck, 1799

NSM PM23316 5.00 3.00 1.67

NSM PM23317 3.85 1.92 0.50 ) ) ) L s

NSM PM23318 278 172 161 Type speciesMytilus modiolud.innZ, 1758.

Occurrence Described specimens from
AB1011 within the Gyronites subdharmus
Zone (late Early Induanlate Griesbachian) in
the upper part of the Lazurnaya Formation,
and from AB1014 within th€lypeoceras spi-
tienseObedO (early Late Induagarly Diener-
ian) in the lower part of the Zhitkov Forma-
tion, Abrek Bay area, South Primorye.

Discussion Species ofOmphaloptychaare
generally difbcult to classify due to the sim-
plicity of shell morphology. The material from
Abrek Bay is similar to the Smithia@. hor-

ModiolusO sp. indet.
Fig. 144.1

Material examined One specimen, NSM
PM23363, from AB1010.

Description Shell small, elongate, modio-
liform and inRated. 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-

molira described by Batten and Stokes (1986 grodorsal margin nearly straight or feebly
rched. Posterior margin broadly rounded,

from the Sinbad Limestone in Utah, USA, in . )

. o forming an abrupt curvature with ventral mar-
having a generally similar gross morphology in. Oblique, rounded ridge runs from umbo
and lirate protoconch. Th&®mphaloptycha gn. que, g

to posteroventral edge. Shell surface entirel
from the Abrek Bay area may represent a new P 9 y

. . . . anamented with faint concentric lines. Weak
species; however, a detailed comparison wit

. L radial costae parallel to oblique ridge, vanish-
the type material 0®. hormolira is necessary . L
. . . 7 _ing toward anterior side and weakened on an-
to substantiate this assumption. The Americ

a
Lo . . peroventral area. Inner structures unknown.
species is rather poorly illustratedbespecially

Measurementémm:

conce_rnlng its early_/ whorIstv_h|ch |mpede%pecimen o, H L WL  Remarks
meaningful taxonomical comparisons. NSM PM23363 71 116 061 RV

Bivalves(by T. Kumagae and K. Nakazawa) ~ Occurrence Described = specimen  from

Systematic classipcation is primarily based*B1010 in the lowerGyronites subdharmus
on Moore (1969). Zone (late Early Induanlate Griesbachian) in

Abbreviations for shell dimensian®V the upper part of the Lazurnaya Bay Forma-

right valve; LV left valve; H valve height; tion. Abrek Bay area, South Primorye.
L valve length; puU pre-umbonal length: Discussion Although the present specimen

Lh hinge length;a; angle between hinge is similar to Modiolus s.I. in external shell
line and growth axis. morphology (modioliform), it cannot be as-

Institution abbreviations NSM National Signed to it with certainty because its shell sur-
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face is clearly ornamented with both radiaNSM PM23375 228 175 131 56 art.

and concentric sculptures. Modioline bivalveg incomplete shell, **internal mold, art.: articulated
generally have only concentric costae with"®"®

minor exceptions (e.g., Rece@eukensiaor Occurrence Described specimens from
Devonian Phthonia in Moore, 1969). Even AB1010 in the lowerGyronites subdharmus
though its internal characters could not b&one (late Early Induanlate Griesbachian),
conbPrmed, it is tentatively placedModiolus  and from AB1012 in theéAmbitoides fuligina-

tus Zone (early Late Induanearly Dienerian)

Order Pterioida Newell, 1965 in the upper part of the Lazurnaya Bay Forma-

Suborder Pteriina Newell, 1965 tion, Abrek Bay area, South Primorye. This
Superfamily Ambonychiacea S. A. Miller,  species also occurs in ti@&yronites subdhar-

1877 musZone on the western coast of Ussuri Gulf

Family Myalinidae Frech, 1891 and in the Artyom area, South Primorye (Bit-

GenusPromyalinaKittl, 1904 tner, 1899b; Markevich & Zakharov, 2004), as

well as in the Lower Triassic of Northeastern
Type speciesPromyalina hindiKittl, 1904.  Siberia, Russia (Vozin & Tikhomirova, 1964;
Dagyset al, 1996).
Promyalina schamaraéBittner, 1899) Discussion The specimens from the Lazur-
Fig. 144.2D144.3 naya Bay Formation of the Abrek Bay area are
Myalina schamaraeBittner, 1899b, p. 19, pl. 4, bgs. undoubtedly conspecibc with BittnerOs speci-
20D25; Vozin and Tikhomirova, 1964, p. 22, pl. 10,men (Bittner, 1899b, p. 19, pl. 4, bgs. 20D25).
pgs. 6D8. This species characteristically possesses a con-
Promyalina schamaragBittner). Dagys and Kurushin, yex anterior margin and as such, is distin-
1985, p. 62, pl. 11, bgs. 2B7; Kurushin and Tre jisheq from other Early TriassRromyaling
uschelev in Dagyst al, 1996, p. 29, pl. 4, bgs. . . . . .
16019, namely, P. putiatinensis(Kiparisova),P. kochi
(Spath), andP. groenlandica Newell. Even
Type Not designated in Bittner (1899b) orthough the Siberian specimens have been syn-
in other previous studies. onymized with P. schamarae (Vozin &
Material examined One specimen, NSM Tikhomirova, 1964; Dagys & Kurushin, 1985;
PM23373, from AB1010, three SpeCimenSDagyset a|_‘ 1996), some of them can be dis-
NSM PM23374D23376, from AB1012. tinguished fromP. schamaraeby their shorter
Description Shell small, equivalve, myalin- hejght and more rounded shell shape and they
iform, subround to subquadrate in outlinecould be separated as a subspecies.
(H/L ratio about 1.2) and moderately inf3ated.
Umbo small, terminal and prosogyrate. Pos-promyalina putiatinensigKiparisova, 1938)
terodorsal margin straight, forming an angle of Fig. 144.4D144.5
55 with growth axis. Posterior margin forms ) )
an angle of about 140; with posterodOrsal\/lyalllr;a;\gtustaBenecke. Bittner, 1899b, p. 17, pl. 4, bgs.
margin, rounded and passing to broadly archegajina putiatinensisiparisova, 1938, p. 261, pl. 6, Pgs.
ventral margin. Surface nearly smooth, except 10012; Newell and Kummel 1942, p. 957, pl. 3, bgs.
for irregular faint concentric lamellae. Inner 9, 10.

surface smooth. Promyalina putiatensigKiparisova). Ciriacks, 1963, p.
75, pl. 16, bgs. 1D5.
Measurementemmn): > pl. 16, bgs. 185. .
Specimen no H L HL a Remarks Promyalina putiatinensis(Kiparisova). Gan and Yin,
. i . -
NSM PM23373 243 219 111 B L+ 1978, p. 315, pl. 110, Pg. 4; Yin and Yin in Yaely

NSM PM23374 235 248 D 54  art* al., 1983, p. 168, pl. 22, Pgs. 14, 15.
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Syntype Specimens bgured by KiparisovaCiriacks, 1963) and the Lower Triassic of
(1938, p. 261. Pl. 6, bgs. 10, 12) as holotyp&uizhou and Qinghai Provinces, China (Gan
from the Lower Triassic of the Putiatin Island& Yin, 1978; Yanget al, 1983).

in South Primorye, Russia. Discussion The angle between the hinge
Material examined Two specimens, NSM line and growth axisd) of the bgured speci-
PM23377, 23378, from AB1004. mens is about 68j. Based on illustrations in

Description Shell small, inequilateral, sub- previous studies, and as pointed out by
quadrate or myaliniform, prosocline, higherKiparisova (1938, p. 292), this angle is rather
than long (H/L 1.6) and weakly in3ated. variable as demonstrated by the following
Umbo small, terminal, and prosogyrate. Posspecimens: South Primorye: 55D70j, China:
terodorsal margin straight, about three fourth§0D60j, and USA: 60D65;.
as long as shell length, forming an angle of

about 68 with growth axis. Posterior margin Superfamily Pteriacea Gray, 1847

slightly convex, forming a rounded posteroven- Family Pteriidae Gray, 1847

tral margin. Anterior margin long, nearly GenusPteria Scopoli, 1777

straight or weakly arcuate and partly depressed

near umbo. Type speciedMiytilus hirundoLinnZ, 1758.
Measurementemmn):

Specimen no. H L H/L aj Remarks Pteria ussurica(Kiparisova, 1938)

NSM PM23377 21.7 13.2 164 65 Rv**
NSM PM23378 249 16.1 155 70 RVv**
** internal mold. Gervilleia cf. exporrectalLepsius. Bittner, 1899b, p. 15,
pl. 3, Pgs. 1D6 not 7D16.

Occurrence Described specimens  from ogepilieia aff. exporrectalepsius. Spath, 1930, p. 48, pl.
AB1004 in theLytophicerassp. Zone (early 10, bg. 11a, b; pl. 12, bg. 4.
Induan Griesbachian) in the lower part of theGervillella aff. exporrecta(Lepsius). Spath, 1935, p. 69,
Lazurnaya Bay Formation, Abrek Bay area, P22 Pg.9abc.
South Primorye. This species also occurs irC"Bervnlla usssuricaKiparisova, 1938, p. 241, pl. 6, Pgs.

: . o 5B8; Newell and Kummel, 1942, p. 959.

the Lower Triassic of Putiatin Island, S':'UthAvicula usssurica(Kiparisova). Kiparisova and Krishto-
Primorye (Bittner, 1899b; Kiparisova, 1938),  fovich, 1954, p. 10, pl. 1, bgs. 15, 16, 18.
the Lingula Zone (Lower Triassic) of the Din- ) L
woody Formation, Wyoming and Idaho, West- Syntype Specimens bgured by Kiparisova

ern-Central USA (Newell & Kummel, 1942; (1938, p. 241. P1. 6, Pgs. 5, 6, 8; Pgs. 5, 6 are

Fig. 144.6D144.8

Fig. 144. 1, ®odiolug) sp. indet., NSM PM23363, from AB1010, right valve,5. 2D3Promyalina schama-
rae (Bittner, 1899), NSM PM23375, from AB1012, internal mold of articulated valves (2: right valve, 3: left
valve). 4b5Promyalina putiatinensigKiparisova, 1938) from AB1004. 4, NSM PM23377, internal mold of
right valve, 1.25. 5, NSM PM23378, internal mold of right valvel.0. 6DB8Pteria ussurica(Kiparisova,
1938). 6, NSM PM23380, from AB1010, incomplete left valv®.5. 7, NSM PM23384, from AB1014, left
valve, 2.5. 8, NSM PM23383, from AB1014, incomplete left valvel.5. 9,Bakevelli& sp. indet., NSM
PM23346, from AB1021, internal mold of right valve2.5. 10b13Claraia stacheBittner, 1901. 10, NSM
PM23347, from AB1007, incomplete left valve1.25. 11, NSM PM23349, from AB1007, incomplete left
valve, 2.5. 12, NSM PM23350, from AB1010, fragmental valv&.5. 13, NSM PM23351, from AB1012,
shell concentration, 0.8. 14 Entolioidessp. indet., NSM PM23352, from AB1014, right valve2.5. 15D16,
Leptochondria minimgKiparisova, 1938). 15, NSM PM23359, from AB1010, left valve&.5. 16, NSM
PM23353, from AB1014, right valve, 3.5. 17,Eumorphotis multiformigBittner, 1899), NSM PM23357,
from AB1014, left valve, 0.8. 18D20,Trigonodus orientalisBittner, 1899 from AB1021. 18, NSM
PM23419, incomplete right valve,1.5. 19, NSM PM23417, right valve,1.8. 20, NSM PM23418, right
valve, 1.8.
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photographs taken from BittnerOs originalshe upper Dinwoody Formation in Wyoming
corresponding to bgs. 2, 3) as holotype, fromnd ldaho, Western-Central USA (Newell &
the Lower Triassic of the Shamara River, westkummel, 1942; Ciriacks, 1963).
ern coast of Ussuri Gulf, South Primorye, Discussion The present species was brst
Russia. described a&ervilleia cf. exporrectalepsius,
Material examinedThree specimens, NSM 1878 by Bittner (1899b), but Kiparisova
PM23379D23381, from AB1010, one speci{1938) later erected a separate speGesyil-
men, NSM PM23382, from AB1013, threelia ussurica for some of the specimens. After-
specimens, NSM PM23383D23385, fronward, Kiparisova and Krishtofovich (1954)
AB1014. conbrmed a single ligament groove in the liga-
Description Shell small, inequilateral, ment area and emended the specicdvasila
oblique, bialate, and moderately convex( Pteria) ussurica Ozaki and Shikama
Umbo narrowly rounded, elevated above hingé1954) reported the occurrence G@krvilleia
line, subterminal and slightly prosogyrate.cf. exporrectafrom the Eumorphotis multi-
Hinge line straight, forming an angle of aboutfformisbearing limestone in Gunma Prefecture,
40; with growth axis. Anterior auricle small Central Japan. Nakazawa (1959) claribed the
and demarcated from body. Posterior auricleharacteristics of this taxonOs hinge and con-
elongate, pointed, and separated by shallowrmed that the Japanese specimens belong to
depression from main body of valve. VentralPteria as is the case for the specimens from
margin gently arched. Coarse, regular concersouth Primorye. The Japanese species, which
tric ribs on Rank and irregular faint lamellaewas separated as subspedtesssurica yabei

on wings. Inner surface smooth. is almost identical td”. ussurica but can be
Measurementémmn): distinguished from the latter by the wider
Specimen no. H L HIL aj Remarks  angle between its umbonal ridge and hinge

NSMPM23379 6.5 116 0.56 38 RV™  margin and the more robust shape of its main
NSMPM23380 97 109 B 47 LV

NSM PM23381 69 81 085 40 LV body. The species is now known from various
NSM PM23382 55 44 126 D v+ Pparts of Southwest Japan (Nakazawa, 1971;

NSM PM23383 104 157 B 37 LV Kambe, 1963). Another species relatedPto
NSM PM23384 88 114 077 40 LV ussuricawas described from South China as a
* imcomplete shell, ** internal mold. new subspecie$, ussurica variabilishy Chen

Occurrence Described specimens range2nd Lan (in EGFLC, 1976). It differs from
from AB1010 in the loweGyronites subdhar- ussuricaby the presence of weak radial striae
musZone (late Early Induanlate Griesbachi- 1N the umbonal area.
an) in the upper part of the Lazurnaya Bay
Formation to AB1014 in th&€lypeoceras spi- Family Bakeveliidae King, 1850
tienseObedO (early Late Induagarly Diener- GenusBakevelliaKing, 1848
ian) in the lower part of the Zhitkov Forma- .
tion, Abrek Bay area, South Primorye. This 1YP€ SpeciesAvicula antiquavon MYnster
species is also reported from the Lower Triash Goldfuss, 1836.
sic of the Shamara River and Russian Island,

South Primorye (Bittner, 1899b; Kiparisova, Bakevellie? sp. indet.
1938) as well as the Lower Triassic of Green- Fig. 144.9
land, where it occurs wit@tocera® andOph-

iceras (Spath, 1930). The species is also com- Material examined One specimen, NSM
mon in theClaraia zone (Lower Triassic) of PM23346, from AB1021.
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Description Shell small in size, narrow, Hayden, 1864
pteriiform, prosocline, inequilateral, bialate,  Subfamily Aviculopectininae Meek and
and moderately inBated. Umbo medium-sized, Hayden, 1864
slightly protruding above hinge margin, termi- GenusClaraia Bittner, 1901a

nal and orthogyrate. Hinge margin straight,
terior auricle small and short. Posterior auriclgya,er, 1850.
narrow, prolonged posteriorly and sharply

pointed and separated by depression from Claraia stacheBittner, 1901
valve body. Internal structures unknown. Fig. 144.10D144.13
Measurementémmn):
Specimen no. H L HL aj Remarks PseudomonotigClaraia) stachei Bittner, 1901a, p. 587
NSM PM23346 6.1 134 045 34 RV (no bgure); Kiparisova, 1947, p. 96, pl. 13, bgs. 6, 8,
10, 14.

**internal mold.
Claraia stacheBittner. Spath, 1930, p. 46, pl. 9, bg. 1, pl.

Occurrence Described specimen from 10, bg. 5a, b; Newell and Kummel, 1942, p. 955, pl.
AB1021 in theClypeoceras timorens&one 3, Pgs. 5D8; Tozer, 1961, p. 97, pl. 28, bgs. 1, 2; Ciri-
(early Early Olenekianearly Smithian) of the acks, 1963, p. 79, pl. 15, Pgs. 1b3; Vozin and

. . Tikhomirova, 1964, p. 10, pl. 1, bgs. 13, 14; Vu Khuc
Zhitkov Formation, Abrek Bay area, South .\ knucet al, 1965, p. 23, pl. 1, bgs. 183; Chen

Primorye. in EGFLC, 1976, p. 197, pl. 31, bgs. 28, 29; pl. 33,
Discussion Judging from its external shape,  bg. 30; Dang, Trinh Tho and Vu Khuc in Vu Kheic

the present specimen is considered as assigna- al., 1991, p. 54, pl. 4, bgs. 7D11; Kurushin and Tr-
ble to either of the pteriacean gend®sgria or uschelev in Dagyst al, 1996, p. 38, pl. 4, bgs. 10,
Bakevellia Since its internal characters cannot - 1°n9et al. 2006, p. 44, pl. 3, bg. 5; Komatsu
O al.,, 2008, p. 121, text-pg. 2.9.
be observed, it is difbcult to choose the correct
genus with any degree of certainty. Although Type Not designated in Bittner (1901a) or
the specimen externally appears to be relatdd other previous studies.
to Pteria ussurica(Kiparisova) orP. ussurica ~ Material examinedThree specimens, NSM
yabeiNakazawa, it differs by its weaker con-PM23347D23349, from AB1007, one speci-
centric ornament and less robust main body. Imen, NSM PM23350, from AB1010, one
addition, the specimen is also characterized pecimen, NSM PM23351, from AB1012.
its acutely protruded triangular anterior auri- Description Shell medium-sized, suborbic-
cle, prolonged posterior auricle, and obliqueylar. Left valve feebly inBated, prosocline and
slender body. The consideration of thesgoncentrically folded. Umbo small, slightly
points brings to attention two other speciesprotruded above hinge margin and orthogy-
which are thought to be relateBakevellia rate. Auricles not developed. Surface of shell
acutauritaYin and Yin (in Yanget al, 1983, ornamented with numerous, Pne radial costae
p. 137, pl. 13, bgs 17D23) described from thend irregular, weak concentric plicae. Right
lower Anisian of Qinghai, Northwest China, valve almost Rat, concentrically folded and or-
and Pteria sturi (Bittner) described in Allasi- namented with irregular radial costae. Dorsal
naz (1966, p. 652, pl. 42, bgs. 4D8) from theargin straight. Anterior auricle small, and
Carnian of Lombardia, ltaly. After comparing subquadrate. Byssal notch narrow, debouching
the proximity of the present specimen with thénward.
locality and age of these two species, we ques- Occurrence Described specimens range
tionably assign it the genBakevellia from AB1007 in theLytophicerassp. Zone
(early Induan Griesbachian) to AB1012 in
Family Aviculopectinidae Meek and the Ambitoides fuliginatusZone (early Late
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Induan early Dienerian) in the middle to Type Not designated in Bittner (1899b) or
upper parts of the Lazurnaya Bay Formationin other previous studies.

Abrek Bay area, South Primorye. This species Material examinedThree specimens, NSM
also ranges from the upp@typtophicerasbed PM23355D23357, from AB1014.

to the Proptychitesbed of the Cape Stosch Description Shell (left valve) medium-
section (Lower Triassic), Greenland (Spathsized, subcircular, orthocline, higher than long,
1930). It also has been reported from the folsubinequilateral, and well inRated. Umbo
lowing localities: Lingula and Claraia zones large, prominent, obtuse, located at subanteri-
of the Dinwoody Formation (Lower Triassic), or to middle of shell and slightly prosogyrate.
Wyoming Idaho and Montana, Western-CenPosterior end nearly straight. Ventral margin
tral USA (Newell & Kummel, 1942; Ciriacks, well rounded. Hinge margin almost straight.
1963), Induan of Western Verkhoyansk, SakhaAnterior auricle narrow, subtrigonal and dis-
Northeastern Russsia (Vozin & Tikhomirova,tinctly delimited from body of valve by sulca-
1964), Lower Triassic of the Pamirs, Centration. Posterior wing larger and not clearly de-
Asia and Armenia, Western Asia (Kiparisova,Pned from body. Shell surface ornamented
1947), Lower Triassic (jJ distributed in Yun- with numerous radial sculptures increasing in
nan and Hunan Province (EGFLC, 1976) antiumber with growth by insertion. Single sec-
the Yinkeng Formation (Induan), Chaohuondary rib intercalated between primary ribs
Anhui Province, South China (Tongt al, and higher order riblets between primary and
2006), and Induan of Vietnam (Vu Khetal, secondary ribs (1-3-3-2-3-3-1). Growth lines

1965, 1991; Komatset al, 2008). Pne and weak.
Measurementémm:
L. Specimen no. H L H/L  Remarks
GenusEumorphotisBittner, 1901a NSM PM23355  26.6 219 121 L+
NSM PM23356  26.6 211+ P Lv*

NSM PM23357 375 25.5 1.47 Lv

Type speciesPseudmonotis tellerBittner,
* incomplete shell.

1898.
Occurrence Described specimens from
Eumorphotis multiformis(Bittner, 1899)  AB1014 in the Clypeoceras spitiens®bedO
Fig. 144.17 (early Late Induanearly Dienerian) in the
Pseudomonotis multiformiBittner, 1899b, p. 10, pl. 2, lower part of the Zhitokv Formation, Abrek
bgs. 11D22. Bay area, South Primorye. The species also
Pseudomonotis (Eumorphotiy multiformis  Bittner. ~ occurs in the Lower Triassic of Russian and
Ogilvie Gordon, 1927, p. 22, pl. 2, Pg. 11; Spathpytiatin Islands, South Primorye (Bittner,
1935, p. 74, pl. 22, Pg. 8; Kiparisova, 1938, p. 2249899 Kiparisova, 1938), as well as in the
zéjl’a':fjc'ottasr'a?:;i’jEjlazé:f:t';m (ncluding YT ower Triassic of the following additional lo-
Eumorphotis multiformisBittner. Newell and Kummel, Ccalities: upper Werfen Formation, Dolomites,
1942, p. 957, pl. 2, bgs. 10, 11; Ciriacks, 1963, p. 77taly (Ogilvie Gordon, 1927), upp@phiceras
pl. 15, bgs. 13D15; Kambe, 1963, p. 38, pl. 1, bghed, Greenland (Spath, 1930, 1935), Central
i S e T ors R, an (kv o 1960
Dgs. 34, 3’5; Dang, Trinh Th’0 and ’VS. Khuc; |pn Vu Spitzbergen, N(,)rway (Frebold, }939.)larala
Khucet al, 1991, p. 56, pl. 5, bgs. 12D14; Nakazaw#ON€ Of the Dinwoody Formation in Idaho,
etal, 1981, p. 142, pl. 1, bgs. 12, 13, pl. 2, bg. 2. Montana and Utah, Western-Central USA
Eumorphotis multiformis shionosawendichikawa and (Newell & Kummel, 1942; Ciriacks, 1963),
Yabe, 1955, p. 5, pl. 2, bgs. 1D15; Kambe, 1963, [Guizhou and Fujian Province, South China
40, pl. 2, Pg. 8. (EGFLC, 1976), Kurotaki, Shionosawa and
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Kamura limestones, Japan (Ichikawa & Yabefolds in combination with undulating radials
1955; Kambe, 1963; Nakazawa, 1971), andhis species should be regarded as a legitimate
Vietnam (Vu Khueet al, 1991). subspecieskE. multiformis hongshuichuanen-
Discussion The ornamentation oEumor- sis Zhang (1979), described from Qinghai
photis multiformisis quite variable and is de- Province, North China, is distinguished from
scribed and ordered according to the numbeE. multiformiss.s. by its large, circular shape,
sequence and strength of its radial ribs as welregular radial ribs and weak concentric
as the mode of its concentric sculpturesculpture, but more material must be scruti-
Kiparisova (1938) distinguished three varietiesized to validate these differences.
based on different types of ornamentation;
namely, E. multiformis vars. regularaecosta
rudaecostaandrara. The brst variety is char-
acterised by regularly arranged radial ribs of ) . ,
the 1st to 3rd or 4th systems. Varietdae- TyPe speciesPecten(Leptochondria aeoli-
costais distinguished by coarser, less numerQUSaner’ 1891.
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 ordersRecten(Leptochondrig) ex aff.alberti Goldfuss. Bittner,
and its radials exhibit the following formula at ~ 1899b, p. 6, pl. 2, bgs. 1, 2, 4D10, 137, 14?
the lower margin: 1-2-2-2-2-2-2-1 or 1_3_3_3_?Pecten albertiiGoldfuss. Philippi, 1903, p. 50, pl. 4, Pg. 8.

. ?Pseudomonotisf. iwanowiBittner. Yehara, 1928, p. 170,
2-3-3-3-1. As noted by Bittner (1899b) and bl. 16, bgs. 13, 14.

Kiparisova (1938) this taxon exhibits many in-pecten(velopectep minimusKiparisova, 1938, p. 246, pl.
termediate forms, which lead us to suggest 4, bgs. 10, 12a, b, pl. 5, bgs. 1D6; Kiparisova and Kr-
that the three varieties, with their different  ishtofovich, 1954, p. 12, pl. 3, bgs. 3D7.

forms of sculpture, simply represent a Very_eptochondrié minima (Kiparisova). Nakazawa, 1961, p.
wide range of intraspecibc variation. Further- 260, pl. 12, Pgs. 16, 17.

. . . Eopecten minimugKiparisova). Kambe, 1963, p. 47, pl.
more,E. multiformiss.s. cannot be clearly dis- 5, bgs. 17D21.

tinguished fromE. multiformisvar. regularae- | eptochondria minima(Kiparisova). Kurushin and Tr-
costg and these specimens should be grouped uschelev in Dagyst al, 1996, p. 40, pl. 7, bgs. 7, 8.
together asregularaecosta The described

specimens should also be placed wittggu- (1938, p. 246, pl. 5, bg. 5), from the Lower

laraecosta L . . .
. . L Triassic on Russian Island (Karpinsky Bay) in
In South China three additional varieties or, (Karpinsky Bay)

. -~ ~South Primorye, Russia.
subspecies are proposed; namdly, multi-

. . ) ) Material examined Two specimens, NSM
formis fasciculiformisGan and Yin (1978)F. 153358 23359, from AB1010, three speci-
multiformis dissimilicostataGan and Yin

. . . mens, NSM PM23353, 23360, 23361, from
(1978), andE. multiformis reticulataChen .
. . - - AB1014, one specimen, NSM PM23362, from
(1976).E. multiformis fasciculiformigxhibits

. - AB1021.
a rara form of ornamentation an&. multi-

. . . . Description Shell small in size, subcircular,
formis reticulatacannot be distinguished from _ . . .
; ... acline, equilateral and height nearly equal to
the regularaecostaform. E. multiformis dis-

- o length. Left valve weakly inRated. Umbo
similicostataexhibits areguraraecostastyle of ; .

. . small, slightly protruded, obtuse, lying near
ornamentation, but it is somewhat obscured on . g .
. ) middle of hinge margin and orthogyrate.
both lateral sides of the shell by its sculpture,

. . o ._Hinge margin straight, and about three-fourths
which consists of very distinctive concentric

GenusLeptochondriaBittner, 1891

Leptochondria minima(Kiparisova, 1938)
Fig. 144.15D144.16

Holotype Specimen bgured by Kiparisova
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of shell in length. Anterior and posterior auri-Province, Western China (EGFLC, 1976),
cles obtusely trigonal, small and indistinctlyChernokhrebetnaya River, Krasnoyarsk (east
delimited from body. Dorsal edge straight.Taymyr) and the Kengdey River, Sakha,
Ventral margin circular. Surface ornamentedNortheastern Russsia (Daggtsal, 1996)
with bne radial ribs and faint concentric lines, Discussion Kiparisova (1938) recognized
except for both auricles. Right valve feeblytwo varieties of the species, namelyepto-
convex or almost Rat. Umbo small, obtuse andhondria minimavars. laevis and reticulatus
situated near middle of straight hinge marginThe former is characterized by a nearly
Small posterior auricle delimited from body ofsmooth shell surface and the latter by a cancel-
shell by sulcation. Anterior auricle obtuse withlate sculpture created by relatively distinct ra-
a narrow subauricular notch. Posterior auriclelial costae and regularly arranged concentric
trigonal, smaller than anterior auricle. Shellsculpture. They are linked with minimas.s.
surface smooth. by gradational forms, which represent infra-
Measurementemmn): specibc variation. Wittenburg (1909) reported
Specimen no. H L Lh HL Lh/Remarks Pecten ( Leptochondriq albertii var. vir-
NSM PM23353 6.1 4.7 3.2 131 068 RV ggjansisfrom the Lower Triassic of the Salt
NSMPM23358 = 50 4.7 4.0 106 08 LV Range, Pakistan. This taxon is characterised
NSM PM23359 6.9 7.2 4.4 096 061 LV o X o
NSM PM23360 6.8 62 4.6 109 074 Lv+ Dy numerous radial ribs and is very similar to
NSMPM23361 48 41 H 118 b Lv Leptochondria ex aff. alberti of Bittner
NSMPM23362 57 58 27+098 D LV (1899b) ( L. minimaKipariosva, 1938). Wit-
* incomplete shell. tenburg (1909) identibed the South Primorye
Occurrence Described specimens rar,ge‘species as vasibirica without making a clear
from AB1010 in the loweyronites subdhar- distinction between varsirgalensisandsibir-
musZone (late Early Induanlate Griesbachi- ica. L. albertii var. sibirica is herein treated as
an) in the upper part of the Lazurnaya Baj" invalid name. Nakazawa (1981) described
Formation to AB1021 in th€lypeoceras tim- L. minimafrom Kashmir of India, and a Pak-
orense Zone (early Early Olenekiarearly istani-Japanese Research Group (1985) report-
Smithian) of the Zhitkov Formation, Abrek ed it from the Salt Range. However, these taxa
Bay area, South Primorye. Although thisere later reassigned th. virgalensis by
species is primarily a Lower Triassic taxon, itNakasawa (1996)L. virgalensisdiffers from
does occur in the Middle Triassic upper'—- minimaby its slightly larger size, more nu-
Muschelkalk of Austria (Philippi, 1903). It Merous radial ribs and a slightly higher shell.
also occurs in the following additional Lower Furthermore, the somewhat stronger radial
Triassic localities: Shamara River and RussiafPs of L. virgalensisare arranged in wider in-
Island, South Primorye (Bittner, 1899b;ervals.
Kiparisova, 1938), as well as from the Lower Kiparisova (1938) reassigned a specimen,
Triassic of the following additional localities: ©riginally described aBecten(\Velopecteh cf.
upper Muschelkalk, Austria (Philippi, 1903), &lbertii in Frech (1907, p. 35, pl. 4, Pg. 8)
Werfen Formation (Central Dolomites), South{Tom the Werfen Beds of Hungary, t@pto-
ern Alps, ltaly (Frech, 1907), Taho limestonechondria minima but the specimen can be dis-
Ehime Prefecture (Yehara, 1928), Kurotakfinguished fromL. minimaby its strong but
limestone, Kochi Prefecture, Narawara Formal€ss numerous radial ribs. The other European
tion, Kyoto Prefecture (Nakazawa, 1961,species also need further examination. The
1971), Kamura limestone, Miyazaki Prefec-SPecimens bgured by Chen (in EGFLC, 1976,

ture, southwest Japan (Kambe, 1963), Qingh& 159, pl. 29, Pgs. 1B3) differ frdmminima
by their differentiated and stronger radial orna-
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ments. E. tenuistriatum rotundun{p. 209, pl. 34,
bgs. 35D39). The last taxon exhibits distinct
Family Entoliidae Korobkov, 1960 numerous radial rib€. discites latunyin and
GenusEntolioidesAllasinaz, 1972 Yin (in Yanget al, 1983: p. 146, pl. 15. pbgs.

15D18), reported from the Middle Triassic of

Koken, 1892. differentiated numerous radial ribs similar to
E. discites microtisbgured in Chen (1976).
Entolioidessp. indet. Except for E. discites the other three sub-

Fig. 144.14 species should undoubtedly be assignefrto

tolioides Nakazawa (1961) noted the presence

Material examined Two specimens, NSM of obsolete radial ribs ifE. cf. discitessp. b
PM23352, 23354, from AB1014. (p. 254, pl. 12, bgs. 3B4) from the Maizuru

Description Shell small in size, suborbicu- Z0n€ of Japan. This species is similar to
lar, equilateral, higher than long and slightlyE- discitesdescribed by Chen (in EGFLC,
inRated. Umbo small, sharply pointed, situated976)- These two species possibly should be
at middle of hinge margin and orthogyrate@SSignEd t&ntolioides An examination of the
Antero- and posterodorsal margins near|>';ndividual variation ofE. discitesis needed,
straight. Ventral end rounded. Shell surfacince these two species exhibit forms that are
nearly smooth, but ornamented with numerouéltérmediate betweerkntolium and Ento-
bne, sharp concentric lines and broad low cofi®ides

centric folds in addition to 10D15 wide, feeble,

sized, rectangular, trigonal and ornamented Order Unionoida Stoliczka, 1871
with bne riblets, well debned from disc. Superfamily Unionacea Fleming, 1828
Measurementémm): ?Family Pachycardiidae Cox, 1961
Specimen no. H L H/IL  Remarks GenusTrigonodusSandberger in Alberti,

NSMPM23352 95 84 114  RV* 1864

* incomplete shell.

Occurrence Described specimens from Type speciesTrigonodus sandbergerAl-
AB1014 in theClypeoceras spitiens®bedO berti, 1864.
(early Late Induanearly Dienerian) in the
lower part of the Zhitkov Formation, Abrek
Bay area, South Primorye.

Discussion As noted by Allasinaz (1972), S
Entoloides s distngushed fromEniolum T8 Y 0 20 T,
Meek, 1865, by its distinct radial I’IbS.. Slnce- g 2 bgs. 1, 2. 1P ' P Poat Pl
the shell surface of the present specimens is
ornamented with feeble, but distinct radial Type Not designated in Bittner (1899b) or
ribs, they can be placed withiintolioides in other previous studies.
Chen (in EGFLC, 1976) described several en- Material examined Five specimens, NSM
toliid species with weak radial costae orPM23415D23419, from AB1021.
threads; that is, Lower Triassi€ntolium Description Shell small, moderately inf3at-
discites(p. 208, pl. 34, bgs. 7, &, discites €d, subquadrate to elongately ovate (H/L ratio
microtis (Pgs. 12, 13), and Upper Triassicabout 0.6), equivalve and inequilateral. Umbo

small, subterminal and prosogyrate. Umbonal

Trigonodus orientalisBittner, 1899
Fig. 144.18D144.20
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ridge feeble, rounded, and running to pos- 1899, p. 23, pl. 3, bgs. 34D38; Ogilvie Gordon,
teroventral end. Anterodorsal margin recur- 1927.p.28,pl. 2, Pg. 28.

vate. Anterior end short and rounded. Pos'\-/'yact:;ess iini';"ns'&atu"o)' Bittner, 1901, p. 85, pl. 9,

terodorsal margin straight, almost parallel tqlxnodontphora canalensifCatullo). Frech, 1904, p. 10,
broadly arcuate ventral margin. Posterior end text-bg. 15: Matsushita, 1926, pl. 8, bg. 12; Ozaki
gently arched and slightly truncated. Surface and Shikama, 1954, p. 44, text-bg. 4; Kambe, 1963,
smooth, ornamented with Pne concentric lines. P- 48, pl. 5, bgs. 24, 25.

Measurementemmn): Pleuromya canalensigatullo). Frech, 1907, p. 40, pl. 7,
Specimen no. H L  HL Remarks Pg. 2. _ _
NSM PM23415 6.5 9.5 0.68 Y, Homomya canalensig€atullo). Leonardi, 1935, p. 35, pl.
NSM PM23416 7.1  11.8  0.60 RV 1, Pgs. 13015.
NSM PM23417 95 14.1 0.67 RV Unionites canalensigCatullo). Yabe, 1956, p. 287, pl. 16,
NSM PM23418 9.4 145 0.65 RV bgs. 12a, b; Ciriacks, 1963, p. 81, pl. 16, bgs. 11, 12;
NSM PM23419 1i 9 19.9 0-60 RV Nakazawa, 1971, p. 126, pl. 24, bgs. 14a, b, 15;

Nakazaweet al, 1981, p. 143, pl. 2, bgs. 6D8; Yin
Occurrence Described specimens from  and Yin in Yanget al, 1983, p. 136, pl. 13, Pg. 3;
AB1021 in theClypeoceras timorensZone Neri and Posenato, 1985, p. 94, pl. 2, Pg. 8.
(early Early Olenekianearly Smithian) of the Type Details unknown.
Zhitkov Formation, Abrek Bay area, South pMaterial examined Four specimens, NSM
Primorye.Trigonodus orientalisvas originally  ppM23420923423, from AB1010, one speci-
described by Bittner (1899b) based on a specinen, NSM PM23424, from AB1021.
men from the Lower Triassic of Paris Bay, Description Shell small in size, gently in-
Russian Island, South Primorye. Kiparisovgyated, elongately ovate (H/L ratio about 0.5),
(1938) also reported the species from th@quivalve and inequilateral. Umbo large, ele-
Lower Triassic of Russian Island. vated from dorsal margin, orthogyrate and lo-
Discussion Judging from the illustrations, cated at about two-bfths of valve length from
the specimen originally described by Bittneranterior end. Umbonal ridge somewhat elevat-
(1899b) exhibits dimensional ratios of H/L ed, but rounded. Anterodorsal margin recur-
0.71 and EU/L 0.26, whereas the ratios foryate. Posterodorsal margin long, almost
KiparisovaOs (1938) two specimens are H/L strajght. Anterior margin well rounded. Lunule
0.65, 0.73 and pU/L0.26, 0.25. Accordingly, narrow, deep. Escutcheon narrow. Posterior
the described specimens are slightly longehargin nearly straight, sub-truncated, and
(H/L around 0.64) and their umbo is moreforming an angle of 70j with broadly arched
anteriorly located (pU/L around 0.17). These yentral margin. Surface ornamented with nu-
differences may simply reect intraspeciP¢nerous faint concentric striae.
variation. Measurementémn):
Specimen no. H L H/L pU pU/L Remarks
NSM PM23420 17.3 327+ D 104 D RV
NSM PM23421 127 242 052 9.0 037 LV

NSM PM23422 15.2 304 0.50 12.0 039 LV
NSM PM23423 14.3 30.8 0.46 12.7 0.41 RV

GenusUnionitesWissmann, 1841

Type speciedJnionites muenstekivVissman,

1841. NSM PM23424 15.6 28.8 0.54 9.3 032 RV
* incomplete shell.
Unionites canalensigCatullo, 1848) Occurrence Described specimens from

Fig. 145.1D145.4 AB1010 in the lowerGyronites subdharmus
Zone (late Early Induanlate Griesbachian) in
upper part of the Lazurnaya Bay Formation,
and from AB1021 in theClypeoceras timo-

Tellina canalensisCatullo, 1848, p. 56, pl. 4, bg. 4 (not
seen).
Anodontophora(Myaciteg canalensis(Catullo). Bittner,
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rense Zone (early Early Olenekiarearly Unionites fassaensi§Wissmann, 1841)

Smithian) of the Zhitkov Formation, Abrek Fig. 145.5D145.9

3""3( area, South Prlmoryunlgnltes canalen- Myacites fassaensigvissmann, 1841, p. 9, pl. 16, bg.

sisis also reported from various other Lower = 5,pc: curioni, 1856, p. 320, pl. 6, bg. 1.

Triassic localities as follows: Shamara Riveranoplophora fassaensigVissmann). Frech, 1907, p. 40,

South Primorye, Russia (Bittner, 1899b), pl. 7, bg. 3abf.

Bakony region Hungary (Bittner 1901b-Anodontophora(Myacites) fassaensis(Wissmann). Bit-

Frech 1904) Werfen Formation. Dolomites tner, 1899b, p. 22, pl. 3, bgs. 28D33; Ogilvie Gordon,
’ ' ) o ' 1927, p. 27, pl. 1, bg. 25.

Italy (Fr.eCh’ 1907; lelVIe Gordon, 1927’Myacites (Anodontophora  fassaensis Wissmann.

Leonardi, 1935; Neri & Posenato, 1985),  Arthaber, 1906, p. 257, pl. 34. bg. 10.

Claraia zone of the Dinwoody Formation, Pleuromya fassaensiéWissmann). Assmann, 1915, p.

Wyoming and Montana, Western-Central USA 631, pl. 36, bg. 8a, b.

(Ciriacks, 1963), Central Alborz Range, [ranHomomya fassaensfg/issmann). Bender, 1921, p. 55, pl.

- . 1, bg. 6abc, pl.2, bgs. 6D9; Leonardi, 1935, p. 32, pl.
(Nakazawaet al, 1981), Qilian Mountain, 1 pgs 5 6 P 9 P P

Qinghai Province, Northwest China (Yaeg Anodontophora fassaeng/issmann). Matsushita, 1926,
al.,, 1983), and Miyazaki, Kochi and Gunma  pl. 8, bg. 11; Hsu, 1936037, p. 317, pl. 1, bgs. 15, 16;

Prefectures, Japan (Matsushita, 1926; Ozaki & Newell and Kummel, 1942, p. 958, pl. 2, Pg. 13;

Shikama, 1954: Yabe, 1956; Kambe, 1963; Yabe, 1956, p. 286, pl. 16, Pgs. 8D11; Kambe, 1963,
. 50, pl. 5, bgs. 28D32, pl. 6, bgs. 1, 2; Vu Khuc in
Nakazawa, 1971). P
a .a a a., 9 ) L Vu Khucet al, 1965, p. 26, pl. 2, bgs. 14, 15.
Discussion Unionites is a very common Myophoria aff. laevigata(Ziethen). Matsushita, 1926, pl.

Lower Triassic bivalve in South Primorye, and g pg. 14.
Bittner (1899b) described two speciesAuf-  Unionites fassaensi@Vissmann). Ciriacks, 1963, p. 82,
odontphora( Unioniteg, namely,U. canalen- pl. 16, Pg. 13; Nakazawa, 1971, p. 127, pl. 25, bgs.
sis and U. fassaensisU. canalensisis distin- 1D4; Chen, Ma and Zhang, 1974, p. 326, pl. 174, bgs.
. . . 2, 3, 7; Gan and Yin, 1978, p. 371, pl. 122, bg. 5;
guished fromU. fassaensidy its more elon- Nakazawzet al, 1981, p. 144, pl. 2, bgs. 11,12 Yin
gated and subquadrangular shape, and its more 4nq vin in Yanget al, 1983, p. 135, pl. 13, bgs. 1,2;
developed umbonal ridge, which runs from the  pang, Trinh Tho and Vu Khuc in Vu Khuet al,
umbo to the posteroventral extremity. Aléb, 1991, p. 81, pl. 5, bgs. 19, 20; Kurushin and Tr-

canalensiss generally larger thab. fassaen- uschelev in Dagyst al, 1996, p. 68, pl. 4, Pgs. 20, 21.

sis Ichikawa and Yabe (in Yabe, 1956, p. 284, Type Not designated in Wissmann (1841)
pl. 16, bPgs. 1D7) proposed a new variety, o in other previous studies.

canalensis var. bittneri, from a limestone  pgaterial examined Nine specimens, NSM
block in the Kwanto Massif of East Japan. ltp\23425p23433, from AB1010, bve speci-
differs from U. canalensisof South Primorye mens NSM PM23434D23438. from AB1012,

by its less elongate outline and more anteriofng two specimens, NSM PM23439923440,
position of the umbo. This species also eXfom AB1014.

hibits intermediate forms betweeh canalen-  pescription Shell small in size, moderately

sis and U. fassaensisAmong the specimens jnprated, trigonally ovate (H/L ratio about 0.7),
described by Bittner (1899b), Ichikawa andaquivalve and inequilateral. Umbo small,
Yabe (Yabe, 1956) assigned some specime@fightly prosogyrate, located at about two-
(pl. 3, Pgs. 34D36) 0. canalensisvar. bit-  pfhs of valve length from front. Anterodorsal
tneri. Nakazawa (1971), however, treated thignargin  somewhat recurvate. Posterodorsal
variety as intraspecibPc variation, after examinmargin straight or slightly convex. Anterior

ing illustrations of the species reported frommargin well rounded. Lunule narrow. Posterior
various parts of the world. margin nearly straight, sub-truncated, forming
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an angle of 80j with arched ventral margin.Dienerian). The species also occurs in the
Posterior ridge weakly elevated. Escutcheohower Triassic on the western coast of Ussuri
narrow. Surface of main body ornamented>ulf, Shamara River and Askold Island, South
with Pne concentric growth lines. Entire innePrimorye (Bittner, 1899b; Kiparisova, 1938).

margin smooth. It also has been reported from various other

Measurementemmn): Lower Triassic localities as follows: Olenek
Specimenno.  H L H/L pU Pull Remarks and Indigirka Rivers, Siberia, Russia (Dagys
Ezm Enggz 1?1-2 188'1 2'77; ?e’;.?s %'4356 ';\\// al., 1996), Werfen Formation, Dolomites, Italy
NSM PM23427 9_'6 13:7 0_'70 4_'9 0:35 RV (Curioni, 1856; Arthaber, 1906; Frech, 1907;
NSM PM23428 105 154 068 7.9 051 Lv+ Odgilvie Gordon, 1927; Leonardi, 193%)laraia
NSM PM23429 12.1 20.3 0.60 7.4 036 Rv* zone of the Dinwoody Formation, Wyoming,
NSM PM23430 13.0 18.7 0.69 7.8 042 LV Western-Central USA (Newell & Kummel,
NSMPM23431 6.4 9.2 069 29 032 LV  1942; Ciriacks, 1963), Central Alborz Range,
Ezm gm;gzgi li; 12‘3+0'gg 4;’ 0':;8 FLQ\\//* Iran (Nakazawaet al, 1981), Olenekian of
NSM PM23434 12.1 161 076 7.1 044 Ly Vietnam (Vu Khucet al, 1965, 1991), Qing-
NSM PM23435 11.7 165 0.71 8.0 0.48 RV* hai, Zhejiang and Guizou Provinces, China
NSM PM23436 12.8 19.7 0.65 7.1 0.36 Lv* (Hsu, 1936D37; Chen, Ma & Zhang, 1974;
NSM PM23437 11.7 16.9 0.69 7.8 046 LV* Gan & Yin, 1978; Yanget al, 1983), and
Ezm m;g;‘ig 13-; 22&0';0 Z‘Z 0-;3 T://:* Miyazaki, Kochi and Gunma Prefectures,
o o ' Japan (Matsushita, 1926; Yabe, 1956; Kambe,

incomplete shell, ** internal mold.
1963; Nakazawa, 1971).

Occurrence Described specimens from Discussion The species differs frotdnion-
AB1010 in the lowerGyronites subdharmus jtes canalensigCatullo) by its shorter length,
Zone, and from AB1012 in thémbitoides |ess prominent beak and more centrally locat-
fuliginatus Zone in the upper part of the ed umbo. The H/L ratio is less than 0.7, but
Lazurnaya Bay Formation, and from AB1014that of the subspecied, fassaensisar. brevis
in the Clypeoceras spitiengébedO in the lower (Bittner, 1901b), is about 0.75. The described
part of the Zhitkov Formation, Abrek Bay specimens are quite similar td. fassaensis
area, South Primorye. Thus, in this particula(s.s.) in shell form and for all practical purpos-
area, the species ranges from late Early Induass, are identical with it.

(late Griesbachian) to early Late Induan (early

Fig. 145. 1Bb4Unionites canalensi€Catullo, 1848). 1, NSM PM23421, from AB1010, left valve,.25.2, NSM
PM23422, from AB1010, left valve, 1.0. 3, NSM PM23420, from AB1010, incomplete right valvd,.0. 4,
NSM PM23424, from AB1021, right valve,1.0. 5D9Unionites fassaensi®issmann, 1841) from AB1010.

5, NSM PM23431, left valve, 2.5. 6, NSM PM23432, right valve,2.5. 7, NSM PM23430, incomplete left
valve, 1.25.8, NSM PM23427, right valve,1.8. 9, NSM PM23426, right valve,1.25. 10D15\eoschizo-
duscf. laevigatug(Ziethen, 1830). 1012, NSM PM23367, from AB1021, right valve, dorsal view, incomplete
left valve, 1.8. 13, NSM PM23366, from AB1021, incomplete left valvel,.0. 14, NSM PM23365, from
AB1021, internal mold of right valve, 1.8. 15, NSM PM23364, from AB1010, internal mold of left valve,
1.25. 16B17Neoschizodusf. ovatus (Goldfuss, 1838) from AB1013. 16, NSM PM23371, right valve,
1.8. 17, NSM PM23372, incomplete left valve of immature individu&,5. 18D25Triaphorusaff. multi-
formis Kiparisova, 1966 from AB1021. 18, NSM PM23413, right valvel.25. 19, NSM PM23391, right
valve, 1.25. 20, NSM PM23409, right valve,1.8. 21, NSM PM23414, right valve, 1.8. 22, NSM
PM23390, right valve, 1.25. 23, NSM PM23392, right valve,1.8. 24, NSM PM23412, right valve,1.8.
25, NSM PM23411, left valve, 1.8. 26,Myoconchasp. indet., NSM PM23386, from AB1010, incomplete
left valve, 2.5. 27D280chotomy@ sp. indet., NSM PM23441, from AB1010, Rank view and anterior view
of imcomplete left valve, 2.5.



Lower Triassic System in the Abrek Bay area, South Primorye 169



170 Yasunari Shigetet al. (eds.)

Order Trigonioida Dall, 1889 front of myophoric buttress. Posterior adductor
Superfamily Trigoniacea Lamarck, 1819 scar circular, lying at posterodosal margin.
Family Myophoriidae Bronn, 1849 Pallial line entire. Dentition myophorian type.

GenusNeoschizodussiebel, 1855 Measurementénm):
Specimen no. H L H/L  Remarks

. . NSM PM23364 14.6 17.7 0.82 Lv**
Type specied.yrodon laevigatunGoldfuss, | cvipm23zes 139 134 104 Ry
1837. NSM PM23366  17.3  21.9 D LV
NSM PM23367 10.8 13.9 0.78 art.
Neoschizodugf. laevigatus(Ziethen, 1830) NSMPM23368 155+ 16.3 b LV
Fig. 145.10D145.15 NSM PM23369 18.0 16.5 b Lv*
NSM PM23370 10.6 13.1 0.81 RV**
Myophoriacf. laevigataAlberti. Bittner, 1899b, p. 19, pl. *incomplete shell, **internal mold, art.: articulated
3, bgs. 17D23, 25 (not 24, 26). shells.
cf. Trigonia laevigataZiethen, 1830, p. 94, pl. 71, bgs. 2,
6 (not seen). Occurrence Described specimens from
cf. Lyrodon laevigatun{Ziethen). Goldfuss, 1837, p. 107, AB1010 in the lowerGyronites subdharmus
pl. 135, Pg. 12 (not seen). Zone (late Early Induanlate Griesbachian) in
cf. Myophoria laevigataZiethen). Philippi , 1903, p. 53, the upper part of the Lazurnaya Bay Formation

ilé 5. Pg. 9, b; Ciriacks, 1963, p. 82, pl. 16. Pgs. 18and from AB1021 in theClypeoceras timo-

¢f. Neoschizodus laevigatu@iethen). Kiparisova, 1972, '€nse Zone (early Early Olenekianearly
p. 91, pl. 12, bg. 11; Newell and Boyd, 1975, p. 1425mithian) of the Zhitkov Formation, Abrek
text-Pg. 82; Dang and Vu Chau in Vu Khaetal, Bay area, South Primorye. The specimens de-
1991, p. 89, pl. 11, Pg. 17; Kurushin and Truschelescribed by Bittner (1899b) are from the Lower
in Dagyset al, 1996, p. 71, pl. 9, bgs. 14, 15. Triassic of Paris Bay, Russian Island.

cf. Myophoria (Neoschizodyslaevigata (Ziethen). Chen . . . . _
in EGFLC, 1976, p. 40, pl. 20, bgs. 196, Discussion Neoschizodus laevigatusrigi-

cf. Neoschizodusf. laevigatus(Ziethen). Nakazawa, 1960, Nally described from the Muschelkalk of Ger-
p. 10, pl. 6, bgs. 21D32; Neri and Posenato, 1988nany, is a cosmopolitan species and as such,
p. 95, pl. 2, Pg. 1. occurs in various forms, which exhibit slightly

Material examined:One specimen, NSM different features in the shape of its shell as

PM23364, from AB1010, and six specimensY"e" as its posterior ridge. Bittner (1899b)
NSM PM23365D23370. from AB1021. noted these slight variations in the specimens
’ from South Primorye. Among the specimens

Description Shell small, equivalve, moder- ) _
rl§>gured asdvlyophoriacf. laevigatus the large

ately inRated, trigonally subobate, longer tha

high (H/L ratio about 0.8) and inequilateral.SPEcimens (pl. 3, bgs. 17, 18) are clearly dis-

Umbo small, prominent, sharply rounded, Or_tinguished from those in Pgs. 24 and 26,

thogyrate or somewhat opisthogyrate. umWwhich exhibit a low indistinct posterior ridge,

bonal ridge elevated and subangular to roundt "elatively low-inclined posterior area and a
ed. Anterodorsal margin recurvate. AnteriofVell rounded ventral margin. The former is re-

margin rounded, passing to widely arched Ver,_ated to typicalN. laevigatus and the latter is

tral margin. Lunule narrow. Posterodorsal marSimilar to N. ovatus (Goldfuss), whereas the

gin straight. Posterior margin truncated. Pos§maller specimens (Pgs. 19921, 23, 25), which

teroventral edge subangulated. Posterior ardlgve a distinct posterlor rldg.e and well ro_und—
slightly concave. Flank evenly convex gs-€d ventral margin, are considered to be inter-

cutcheon wide, surface smooth and concentr€diate. The described specimens in the pres-

cally striated. Entire inner margin smooth An-Ent article also exhibit characteristics of the

terior adductor muscle scar oval, situated WO forms mentioned above. The specimens
shown in Fig. 145.10D145.15 are of khéae-
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vigatus (s.s.) type, while those in Fig. (early Late Induanearly Dienerian) in the
145.16D145.17 are of theovatustype. Com- lowest part of the Zhitkov Formation, Abrek
pared with specimens df. laevigatusfrom Bay area, South Primorye. The species also
Germany (e.g., Newell & Boyd, 1975, p. 142,0ccurs in the Lower Triassic of Russian and
Pg, 82ADPD), the South Primorye specimenButiatin Islands (Bittner, 1899b; Kiparisova,
differ by their more rounded posterior ridge1938)

and more rounded posteroventral corner. The Discussion As mentioned above, the pres-
intermediate smaller samples of Bittnerent species is distinguished fro¥eoschizodus
(1899Db) are tentatively assignedNocf. laevi- laevigatus(s.s.) by its more rounded posterior
gatus but additional material is needed to perfidge and more circular shell outline. It is sim-
mit a more certain assignment. ilar to N. ovatus(e.g., Leonardi, 1935, p. 41,
pl. 1, bg. 29; Farsan, 1972, p. 180, pl. 46, bgs.
2, 3). Myophoria laevigatusar. ovalis, illus-
trated by Kiparisova (1938), is probably con-

specibc with the present species.
Myophoriacf. laevigataAlberti. Bittner, 1899b, p. 19, pl.

Neoschizodugf. ovatus (Goldfuss, 1838)
Fig. 145.16D145.17

3. Pgs. 24, 26. . L Subclass Heterodonta Neumayr, 1884
Myophoria laevigatavar. ovalis Philippi? Kiparisova, .

1938, p. 219, pl. 1, bg. 20 (no description). Order Veneroida H. Adams and
cf. Lyrodon ovatunGoldfuss, 1838, p. 197, pl. 135, bg. 11 A. Adams, 1856

(not seen). Superfamily Carditacea Fleming, 1820

cf. Neoschizodus ovatugoldfuss). Neri and Posenato,  Family Permophoridae van de Poel, 1959
1985, p. 96, pl. 2, Pgs. 11, 12; Dang, Trinh Tho and g, ytamily Permophorinae van de Poel, 1959

Vu Khuc in Vu Khucet al, 1991, p. 89, pl. 6, bg. 1. . .
cf. NeoschizoduglLeviconcha ovatus(Goldfuss). Farsan, GenusTrlaphorus Marwick, 1953

1972, p. 180, pl. 46, bgs. 2, 3.

cf. Myophoria ovatgGoldfuss). Leonardi, 1935, p. 41, pl. ) ]
1, bg. 29. Type species Pleurophorus zelandicus

. . . Trechmann, 1918.
Material examined Two specimens, NSM

PM23371, 23372, from AB1013.

Description Shell small in size, weakly in-
Rated, subquadrate to trigonally oval and in-
equilateral. Umbo small and orthogyrate. Um_aff. Triaphorus multiformisKiparisova, in Kiparisovaet
bonal ridge broadly rounded. Anterodorsal a'." 1966, p. 73"p" 31, Pgs. 5D9. .

. . . aff. Triaphorus multiformis Kurushin and Truschelev in

margin recurvate. Anterior margin rounded, Dagyset al, 1996, p. 73, pl. 29, bg. 9.
passing to broad curvature of ventral margin. _ _ .
Posterior margin truncated. Posteroventral Material examinedThree specimens, NSM
margin well rounded. Posterior area slightlyPM23387D23389, from AB1010, twenty-four

concave. Surface smooth, ornamented witAPecimens, NSM PM23390D23413, from

Triaphorus aff. multiformis Kiparisova, 1966
Fig. 145.18D145.25

bne concentric lines. AB1021, and one specimen, NSM PM23414,
Measurementémn: from AB1022.

Specimen no. H L H/L Remarks Description Shell small in size, moderately

NSM PM23371 9.3 140  0.67 RV inBated, transversely suboval, somewhat

NSM PM23372 7.6 80 095 LV extended posteriorly (H/L ratio about 0.5),

* . . .
incomplete shell. equivalve and inequilateral. Umbo small, nearly

Occurrence Described specimens fromterminal and prosogyrate. Subangular to
AB1013 in the Ambitoides fuliginatusZone rounded ridge running from umbo to pos-
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teroventral edge. Anterodorsal margin shortult to ascertain their generic position with full
and depressed. Anterior margin short and naconbdence. However, the external features of
rowly rounded. Posterodorsal margin slightlythe present specimens are quite similafrie
convex. Lunule narrow and deep. Posterioaphorus multiformisfrom the Upper Triassic
margin nearly straight or gently arched andtrata of Siberia. For these reasons, they are
truncated obliquely. Ventral margin slightly herein assigned t@riaphorus The described
curved. Surface ornamented with irregular Pngpecimens differ fronT. multiformis by their
concentric lines. Weak radial ribs on posteriosmaller size and slightly less elongate form.
area. Inner structures unknown.

Measurementémm): Subfamily Myoconchinae Newell, 1957

Specimenno. H L HL pU pUL Remarks  GenusMyoconchald.de C. Sowerby, 1824
NSM PM23387 8.0 156 051 34 022 RV
NSM PM23388 5.2 10.0 052 1.7 017 LV
NSM PM23389 5.2 109 048 3.0 028 RV
NSM PM23390 10.3 21.7 047 2.6 012 Lv Sowerby, 1824.
NSM PM23391 11.8 27.0 044 26 009 RV*

Type speciesMyoconcha crassal. de C.

NSM PM23392 8.7 151 0.57 1.8 0.12 RV Myoconchasp. indet.

NSM PM23393 8.3 17.2 0.49 2.8 0.17 LVv* Fig. 145.26

NSM PM23394 7.9 14.0 057 22 015 RV

NSM PM23395 9.2 162 P 35 P Lv Material examined NSM PM23386, from

NSM PM23396 8.7 148 b 19 b Lv* AB1010.

NSMPM23397°10.0 19.1 052 3.4 018 RV Description Shell small, moderately in3at-
NSM PM23398 4.9 93 053 16 017 LV

NSM PM23399 103 131+ B 39 B iy ed and transversely subquadrgte (H/L ratio
NSM PM23400 49 88 055 24 028 Ly« about0.6). Umbo small, subterminal and pros-
NSM PM23401 7.7 152+ B 20 D Lv+ ogyrate. Anterior end short, narrowly rounded
NSM PM23402 6.6 128+ B 09 B RV and concentrically striated. Posterodorsal mar-
NSMPM23403 4.9 9.3 0.53 06 006 RV gin nearly straight. Posterior end gently arched
NSMPM23404 10.1 "14.7-0.69 2.6 017 V" " 9hy  subtruncated. Ventral margin nearl

NSM PM23405 6.3 11.9 053 2.1 0.18 RV , ' ) 9 y
NSM PM23406 46 7.2 064 11 015 RV sFralght. Orn.amented postgrlorly by coarse, ra-
NSM PM23407 8.2 169 048 2.7 o016 Lv+ dial ribs, which together with concentric lines,

NSM PM23408 3.4 7.2 047 14 0.19 form a reticulate pattern. Internal structures

NSM PM23409 6.0 14.0 043 21 0.15 *unknown.
NSM PM23410 7.3 141 052 14 0.10 * Measurementemm):

Specimen no. H L H/L Remarks
NSM PM23412 9.6 16.7 058 19 0.11 NSM PM23386 7.3 115 0.64 LV

NSM PM23413 8.3 18.1 0.46 3.0 0.17
NSM PM23414 6.5 131 050 2.3 0.17
* incomplete shell.

Lv
RV
RV
NSM PM23411 7.8 143 055 15 011 LV
RV
RV
RV

Occurrence Described specimen from
AB1010 in the lowerGyronites subdharmus

Occurrence Described specimens from Zone (late Early Induanlate Griesbachian) in
AB1010 in the lowerGyronites subdharmus upper part of the Lazurnaya Bay Formation,
Zone (late Early Induanlate Griesbachian) in Abrek Bay area, South Primorye.
upper part of the Lazurnaya Bay Formation, Discussion Since the internal characters
and from AB1021 and AB1022 in ti@ypeo- Cannot be observed, it is difpcult to identify
ceras timorens&one (early Early Olenekian the present specimen with certainty. The elon-
early Smithian) of the Zhitkov Formation, 9ate, posteriorly expanded shape and subter-
Abrek Bay area, South Primorye. minal umbo remind one of several different

Discussion Since the internal structures oftaxa; namely, the PermiarNetschajewia
the specimens cannot be observed, it is difp@kovlev, the Triassic Curionia Rossi
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Ronchetti, the Lower JurassikalenteraMar-  shape is reasonably presumed to be orbicular.
wick and the Permian?-Jurasdityoconcha If we disregard its Lower Triassic stratigraphi-
J. de C. Sowerby. Among theddyoconcha cal origin and instead consider just its gibbous,
is more closely related to the present specimestrongly incurved umbo and the general shape
by its developed radial ornament. Regardingf its left valve, the specimen could then be as-
this point the Permian taxorStutchburia signable to either the Jurassic-Cretaceous
Etheridge is also similar to the described sped®uchiaRouillieror or the Middle-Upper Trias-
imen, but differs by its subquadrangle shapesic OchotomyaPolubotko or the Devonian-Tri-
Modiolug) sp. indet. (this paper) is also ornaassicMegalodonJ. de C. SowerbyBuchiahas
mented with radial ribs, but differs by its sinuat-inequivalve shells consisting of a strongly con-
ed ventral margin and its more delicate radials. vex left valve and a nearly Rat right valve. In
contrast, Ochotomya and Megalodon have
Subclass Anomalodesmata Dall, 1889  equivalve shells. Unfortunately, only one valve

Order Phoradomyoida Newell, 1965 (left) is at hand, and its generic position cannot
Superfamily Phoradomyacea Gary, 1847 be ascertained with certainty. It is tentatively
Family Ceratomyidae Arkell, 1934 referred toOchotomyabased on its distribu-
GenusOchotomyaPolubotko, 1966 tion in Upper (and probably Lower and Middle)

Triassic strata in Northeast Asia, South Pri-
Type species Ochotomya anyuensidol- Morye, Japan, North America and other areas

ubotkoin Kiparisovaet al, 1966. (Polubotko in Kiparisovat al, 1996, p. 196).
Ochotomy# sp. indet. Brachiopods(by A. M. Popov)
Fig. 145.27D145.28 Early Triassic brachiopods are generally

rare and sparse worldwide (Dagys, 1993; Chen

Material examined NSM PM23441, from €t al, 2005). They have been sporadically re-
AB1010. ported from the Himalayas (Bittner, 1899a,
Description Shell small, thin, gibbous, Sunet al, 1981; Chen, 1983; Ager & Sun,
strongly inRated and orbicular. Umbo large1988), North America (Girty, 1927; Newell &
obtuse, elevated above dorsal margin, prosogiimmel, 1942; Hoover, 1979), Greenland
rate and slightly incoiled. Anterior, posterior(Frebold, 1939), Russian Far East (Bittner,
and ventral margins well rounded. Surfacd899b, Dagys, 1965), North Caucasus,

smooth, ornamented with Pne concentric linedl@ngyshlak and Balkans (Dagys, 1974), and

Internal structures unknown. South China (Chen & Sh|, 1999, Chen al.,
Measurementgmn: 2002, 2005).

Specimen no. H L H/IL  Remarks One of the most abundant and best-pre-

NSM PM23441 9.5 7.0+ b Lv* served Early Triassic brachiopod faunas in the

* incomplete shell. world has been reported from the Lower Trias-

Occurrence Described specimen  from sic successions in South Primorye. Some of
AB1010 in the lowerGyronites subdharmus these brachiopods have been described by pre-
Zone (late Early Induanlate Griesbachian) in Vious authors (Bittner, 1899b; Dagys, 1965,

upper part of the Lazurnaya Bay Formation1974). More recently, | also found consider-
Abrek Bay area, South Primorye. ably rich brachiopods from the Lower Triassic

Discussion Approximately one-third of the Seduences of the Abrek Bay area, South Pri-

present specimenOs posterior portion has beBRrYe. These newly found brachiopods are
broken off, but based on growth lines, itgenerally very small and include inarticulated
and articulated forma. They are described as
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below. Material examined Six specimens, DVGI
A number brachiopod taxa, found out re-2052/28D30, 41D43, from AB1005, two speci-
cently together withAbrekia sulcataDagys mens, DVGI 2052/26, 40, from AB1006,
(?Piarorhynchella sp.nov., Wellerellidae gen. seven specimens, DVGI2052/27, 34D39, from
et sp. nov. A, Wellerellidae gen. et sp. nov. BAB1008, which are ventral and dorsal valves,
Pontisiinae gen. et sp. nov., ?Rhynchonellidapartly represented by molds or cores with shell
gen. et sp. nov.), are resulted and bgured féragments.
fuller characteristic of the given assemblage.  Description Large shells for genus (see
Systematic classibcations follow the revisedneasurements below); elongately oval in out-
versions of the Treatise on Invertebrate Paldine; anterior and posterior margins rounded,;
ontology. Part H. Brachiopoda (Kaesler ed.side borders subparallel; posterior parts of
2000, 2002). both valves moderately elevated along median
Abbreviations for shell dimensianls shell longitudinal line, with two slopes gradually
length; Lv ventral valve length; Lddorsal down to lateral margins. Shell surface general-
valve length; W shell width; T shell thick- ly smooth except for concentric delicate
ness. growth lines. Dorsal interior paired muscular
Institution abbreviations CGM Central scars weakly impressed. Ventral interior with a
Research Geological Prospecting Museurpair of foremost adductor scars positioned
(CNIGR Museum), St. Petersburg; DVGFar near anterior end of median elevation, extend-
Eastern Geological Institute, Vladivostok;ing anterior-laterally; both external and inter-
IGIG Institute of Geology and Geophysics,nal oblique muscle scars conspicuous.

Novosibirsk. Occurrence The Lytophiceras sp. Zone
(Early Induan Griesbachian) of the middle
Subphylum Linguliformea Williamst al, part of the Lazurnaya Bay Formation of
1996 AB1005, AB1006 and AB1008, Abrek Bay
Class Lingulata Goryansky and Popov, 1985area, South Primorye. This species also occurs
Order Lingulida Waagen, 1885 in the Induan of Idaho, western USA and
Superfamily Linguloidea Menke, 1828 Olenekian? of Mangyshlak, Kazakhstan.
Family Lingulidae Menke, 1828 Measurementémm):
Genuslingula Bruguiere, 1797 Specimen no. L W L/W
DVGI 2052/27 7.0 4.6 1.52
DVGI 2052/34 4.9 3.8 1.29
Type species Lingula anatina Lamarck, pyva| 2052/35 4.9 28 1.75
1801. DVGI 2052/36 8.5 7.4 1.15
DVGI 2052/37 6.6 35 1.89
DVGI 2052/38 36 1.3 2.77
Lingula borealisBittner, 1899 DVGI 2052/39 4.1 25 1.64
Fig. 146.5D146.6 DVGI 2052/26 10.0 5.3 1.87
DVGI 2052/40 5.0 2.2 2.27

Lingula borealisBittner, 1899b, p. 25, pl. 4, Pgs. 1D?;DVGI 2052/29 6.5 35 1.86
Moisseiev, 1947, p. 64, pl. 6, Pgs. 5D7; Kiparisovay, /| 50e5/28 ' ' !

9.0 4.1 2.20

1954, p. 9, pl. 1, Pgs. 3D5; Dagys, 1965, p. 10, pl. bval 2052130 4.3 2.8 1.54

Pgs. 1b4. DVGI 2052/41 55 2.2 2.50
Lectotype CGM 221/103, bgured by Bit- PV6!2052/42 6.0 27 22

tner (1899b, p. 25, PI. 4, bg. 1) and designate%/GI 2052/43 78 > 13

by Dagys (1965, p. 10, pl. 1, Pg. 2), from the Discussion: Lingulahas long been regarded
Lower Triassic in the Paris Bay area of Russas a living fossil as the genus has undergone
ian Island, South Primorye, Russia. little morphological changes since its origina-
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Fig. 146. 14, 7b&rbiculoideasp. indet., 1, DVGI 2052/31, from AB1006, dorsal valve exterid3,0. 2,
DVGI 2052/32, from AB1008, dorsal valve interior3.0. 3, DVGI 2052/63, from AB1008, dorsal valve exte-
rior, 3.0. 4, DVGI 2052/55, from AB1006, dorsal valve interioB.0. 7, DVGI 2052/56, from AB1006, dor-
sal valve interior, 3.0. 8, DVGI 2052/29, from AB1006, ventral valve exterioB.0. 5D6Lingula borealis
Bittner, 1899. 5, DVGI 2052/54, from AB1008, dorsal valve exteri®,0. 6, DVGI 2052/26, from AB1007,
ventral valve exterior, 3.0.

tion in Early Palaeozoic (Rudwick, 1970).occurred earlier in Early Triassic. Consequent-
However, several recent studies reveal that tHg, | assign tentatively these Primoryan speci-
pre-Cretaceous specimens previously ascribadens taLingulawith question mark.
to Lingula may represent various genera, for The described specimens agree with Bit-
example, the Carboniferous-Cretacedirsgu- tnerOs (1899b) description for the species. The
laria Biernat and Emig, 1993, the Early Per-South Primorye species also approaches exter-
mian SemilingulaPopov (in Egorov & Popov, nally Lingula keupere&Zenker (1834, p. 394,
1990) and the Late PermidrunoglossaXu pl. 5, b), from which the BittnerOs species is
and Xie, 1985. The convincing fossil recorddistinguished by its more convex valves and
of Lingula are conbned in the post-Jurassidess curved growth lines at anterior margins.
strata (Holmer & Popov, 2000; Emig, 2003).
As such, the pre-Cretaceolmgula requires Superfamily Discinoidea Gray, 1840
further studies and revisions. Family Discinidae Gray, 1840

Although their generic assignment remains  GenusOrbiculoidead®Orbigny, 1847
problematic due to poorly preserved material,
lingulids, as disaster taxa, were extremely Type speciesOrbicula forbessiDavidson,
abundant in the aftermath of the end-Permiafggg
mass extinction worldwide (i.e., Broglio Lori-
ga, 1968; Rowell, 1970; Broglio Lorigat al, ) ) )
1980; Liao, 1980; Rodland & Bottjer, 2001). Orbiculoideasp. indet.
In particular, the well-illustrated study by Fig. 146.19146.4, 146.7D146.8
Broglio Loriga (1968) exhibit&ingula tenuis-

sima Bronn, 1837 (Bronn, 1850D1851) from Material examinedThree specimens, DVGI.
the lowest Triassic of Dolomites, northern2022/31, 33, 44, from AB1004, four speci-

Italy bears comparable internal features witﬁ“ens’ DVGI 2052/54b57, from AB1005, one
those ofLingula anatinaLamarck, 1801, Type specimen , DVGI 2052/58, from AB1006, ten

species of the genus, from the Recent Ocearecimens, DVGI _ 2052/32, 45953, from
This fact indicates that trueingula may have AB1007, bve specimens, DVGI 2052/59D63,
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from 1008, which are ventral and dorsathe Abrek Bay area, South Primorye. This
valves, partly represented by molds or corespecies also occurs in the Induan in Idaho and
with fragments of shell. Olenekian? in Mangyshlak.

Description Shell large, up to 14mm in  Discussion The distinctive features of the
length and 11 mm in width; oval to subcircularspecimens enable to assign them with reason-
in outline. Both valves sculptured with bneable conbdence to the gen@biculoidea
concentrically arranged growth lines. VentraHowever, a debnitive species assignment can-
median groove narrow, but distinct. Dorsainot be made. The described specimens more
valve Rattened posteriorly with small, but disclosely resemble specimen identiped @s

tinctive beak extending posteriorly. sibirica Moisseiev (1947, p. 65) by Dagys
Measurementémmn): (1965, p. 16) from Carnian of Pronchishhev

Specimen no. L w H Lw Range, North-Eastern Siberia, but differs from

DVGI2052/33 107 7.5 25 143 jt phy signipcantly lesser inRation of ventral

DVGI 2052/31 13.8 107 5.0 1.29 ve

DVGI 2052/44 5.7 4.0 25 1.42 valve.

DVGI 2052/45 4.0 4.0 1.0 1.00

DVGI 2052/32 8.6 5.7 2.0 1.51 Subphylum Rhynchonelliformea

DVGI 2052/46 6.8 6.0 13 113 Class Chileata Williamet al, 1996

DVGI 2052/47 87 36 10 103 Order Rhynchonellida Kuhn, 1949

DVGI 2052/48 5 6.7 22 1.12 Superfamily Rhynchonelloidea dOOrbigny,

DVGI 2052/49 45 4.5 1.3 1.00

DVGI 2052/50 2.3 2.1 0.5 1.10 1847 N

DVGI 2052/51 35 6.5 15 054 Family Rhynchonellidae dOOrbigny, 1847

DVGI 2052/52 5.4 4.2 2.0 1.29 Subfamily Piarorhynchiinae Shi and Grant,

DVGI 2052/53 4.2 4.3 0.8 0.98 1993

DVGI 2052/54 5.4 5.1 1.6 1.06 GenusAbrekia Dagys, 1974

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 Type specieshbrekia sulcatdDagys, 1974.

DVGI 2052/58 3.6 3.7 1.3 0.97

DVGI 2052/59 11.0 86 20 128

DVGI 2052/60 66 56 19 118 Abrekia sulcataDagys, 1974

DVGI 2052/61 5.6 3.5 0.9 1.60 Figs. 147.1D147.24, 148, 149

DVGI 2052/62 7.6 9.0 25 084 )
Abrekia sulcataDagys, 1974, p. 99, pl. 31, bgs. 3, 4; text-

Occurrence The Lytophiceras sp. Zone Pg. 64.
(Griesbachian, Early Induan) of the middle Holotype IGIG 394/40, bgured by Dagys

Lazurnaya Bay Formation at ABlOO4,(1974' p. 99, pl. 31, bg. 3), from the Lower
AB1005, AB1006, AB1007, and AB1008 of

Fig. 147. 1Bb24Abrekia sulcataDagys, 1974. 1b4, DVGI 2052/18, from AB10083.0. 58, DVGI 2052/16,
from AB1008, 3.0. 912, DVGI 2052/15, from AB10083.0. 13D16, DVGI 2052/5, from AB10083.0.
17D20, DVGI 2052/2, from AB1022,3.0. 21D24, DVGI 2052/1, from AB10083.0. 2528, ?Rhynchonell-
idae gen. et sp. nov.,, DVGI 2052/7, from AB1008.0. 2932, Piarorhynchellasp. nov., DVGI 2052/10,
from AB1008, 3.0. 33b36, Wellerellidae gen. et sp. nov. A, DVGI 2052/12, from AB10G8). 37D40,
Wellerellidae gen. et sp. nov. B, DVGI 2052/4, from AB1008.0. 41D48, Pontisiinae gen. et sp. nov., from
AB1008, 3.0. 41b44, DVGI 2052/3. 45D48, 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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Fig. 148. Holotype ofAbrekia sulcataDagys, 1974, IGIG 390/40, from the Induan in the Abrek Bay aréa,
(after Dagys, 1974, pl. 31, bg. 3). 1, ventral valve view. 2, dorsal valve view. 3, anterior commissure view. 4,
lateral view.

Fig. 149. Serial sections dfbrekia sulcateaDagys, 1974, IGIG 390/45, from the Induan in the Abrek Bay area
(after Dagys, 1974, textbFig. 64). By arabic number are shown intervals between adjacent sections.
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Triassic (Induan) in the Abrek Bay area inbVGI 2052/5 6.7 6.2 7.5 3.6
South Primorye, Russia. DVGI 2052/15 5.7 52 6.3 3.6
Material examined Five specimens, DVGI DVGI 2052/16 51 475 68 27
DVGI 2052/18 49 47 64 2.9

2052/1, 5, 15, 16, 18, from AB1008, and one
specimen, DVGI 2052/2, from AB1022. Occurrence The Lytophiceras sp. Zone
Description Shells small in sizes (see(Griesbachian, Early Induan) of the middle
measurements below); outline subpentagondlazurnaya Bay Formation at AB1008 and the
transversely ovate to rounded, wider than lon§lypeoceras timorensgone (early Smithian,
in adults, but shell width equating or smallerearly Early Olenekian) of the main part of the
than length in juveniles; equibiconvex in pro-Zhitkov Formation at AB1022, Abrek Bay
Ple; hingeline straight, shorter than greatesirea, South Primorye.
shell width positioning at midlength of shell; DiscussionDagys (1974) illustrated several
anterior commissure sulcate. External surfaceelatively Rat, mature specimens to represent
generally smooth, except for tiny, but distincthis new genusAbrekia which is therefore
concentric growth lines. considered to be conbned to these Rat, wider
Ventral valve evenly convex with greatesthan long shells. In fact, our new collections
convexity anterior to umbo; umbo roundedfrom the topotype locality show thdtbrekia
convex, gradually to lateral margins; beaksulcatamay include morphologically more di-
small, weakly incurved, beyond hingeline;verse specimens in terms of shell length, width
foramen submesothyrid, circular in outline,and thickness. Our measurements show that
0.2D0.5 mm in diameter; ventral valve medialjuveniles often have relatively Rat valves and
ly convex to form poorly debPned median foldJonger than wide outlines, while adults possess
conbned to middle and posterior parts of theelatively inl3ated valves and wider than long
shell; a broad median sulcus occurring neaputlines. The present species differs clearly
anterior margins. Dorsal valve moderatelyfrom Abrekig? procreatrix (Bittner, 1899a, p.
convex; beak small, indistinct; median fold9), another common species in the Lower Tri-
consisting of two distinct costae, originatingassic of Himalayas, in having distinct median
anterior to beak, extending to anterior margroove/sulcus on the dorsal valve.
gins; intercostal space forming a narrow, but In addition, Chen and Shi (2002, p. 154) es-
distinct median groove, originating anterior totablished Meishanorhynchiafrom the Gries-
beak, slightly broadening near anterior marginpachian (Early Induan) of the Meishan section,
one median costa intercalating between tw&outh China. These authors inferred that their
fold costae, but conbned to anterior part ofiew genus could be ancestor Abrekia in
shell. External costae rounded in cross sectiotight of morphological evolutionary lineages
one costa in ventral median sulcus, threand fossil horizons of both genera. It is true
costae on dorsal median fold, and 1D3 cost#faat both genera share similar internal fea-
on each Rank. tures, a distinct dorsal median sulcus and vari-
Ventral interior dental plates short, conver-ously developed costae. These incipient costae
gent toward ventral Roor. Dorsal septa low, buof Meishanorhynchiaappear to be primitive
distinct, extending to a half of valve length;characters ofAbrekia which possesses dis-
hinge plates rather broad, subhorizontal; crurtinct, rounded costae on both valves. Accord-
long, raduliferlike, Rattening distally (Fig. 149). ingly, | agree with Cheet al. (2002) that the

Measurementémm): South Chinese genus may have given rise to
Specimen no. Lv Ld w T Abrekiain late Griesbachian, not Dienerian as
DVGI 2052/1 4.65 4.3 4.65 2.3 suggested by these authors.

DVGI 2052/2 4.3 3.9 4.6 1.9
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Fig. 150. Holocrinussp. 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. Qji) case of Isocrinus.
The systematic description below basically
follows the classibcation by Rasmussen
(1978).
Institution abbreviations UMUT Univer-
sity Museum, University of Tokyo.

Holocrinus sp. indet.
Fig. 150

Material examined Six columnals, UMUT
L ) ME30044D30049, two cirrals, UMUT
Class Crinoidea Miller, 1821 ME3005Q 30051, all from AB1022. They
Order !socrlnldg $|verts-Doreck, 1952 were contained in a Pne-grained, calcareous
Family I—_iolocnmdae Jaekel, 1918_ turbiditic sandstone. Specimens were removed
GenusHolocrinus Wachsmuth and Springer, from the rocks by dissolving the calcareous
1886 cement and disintegrate the rock by acetic
acid, then were hand-picked using a binocular
Type species Encrinus beyrichi Picard, microscope after sieving and washing.
1883. Description Columnals small, ranging from
Remarks Holocrinus possesses pentagonalp.690.8 mm. Cross section of columnals pen-
coloumnals with Pve petals surrounded byagonal to stellate in outline. Probably due to
crenulations on the articulation facet, the patabrasion, ornamentation disappeared during
tern common to the gentsocrinus However, transportation, only central canal recognized
Holocrinusis distinguished fromsocrinusby  on the articular facet, and no other conspicu-
having elongated high basals, which are vergys features observable. Some columnals
low and usually separated on the surface in the



Lower Triassic System in the Abrek Bay area, South Primorye 181

show faint radial furrows, and weak embay-1981). The author basically adopted the supra-
ment in the petaloid area (ligamentary beld)generic classibcation proposed by Sweet
Cirrals approximately 0.7 mm in diameter, ag1988) herein.
large as columnals. Cirrals rounded in outline. Institution abbreviation MPC Micropale-
On the articular facet, there is fulcral ridgeontology Collection, National Museum of Na-
with two prominent tubercle-like protrusionsture and Science, Tokyo.
near the both ends.
Occurrence Described specimens from Order Prioniodinida Sweet, 1988
AB1022 within the Clypeoceras timorense Family Ellisoniidae Clark, 1972
Zone (early Early Olenekianearly Smithian) GenusFoliella Budurov and Pantic, 1973
in the main part of the Zhitkov Formation,
Abrek Bay area, South Primorye. Type species Poygnathus —gardenae
Discussion These columnals and cirrals gtaesche, 1964.
show common characteristics found in most of
the taxa of Isocrinida. However, reliably as-
signedisocrinushas never been reported from
the early Triassic. Thus it would be safe to as-
sign these columnals and cirrals to the genu®lygnathus gardenaBtaesche, 1964, p. 286, pl. 30, bgs.
Holocrinus However, poor state of preserva-  3P6.

tion (surface abrasion on the articular facetfone”a gardenae(Staesche). Budurov and Pantic, 1973,
p. 52, pl. 1, bgs. 19D20.

prOhlblt from assigning these to any partICUIa'I':oliella gardenae(Staesche), morphotypes A, B, Kolar-

species. Jurkovsek and Jurkovsek, 1996, p. 8, pl. 1, bPgs. 1b4,
Remark The size of the columnals and cir-  pl. 2, pgs. 193, pl. 3, bg. 3.

rals from the Abrek Bay area are similar, botlPlatyvillosusaff. gardenae(Staesche). Buryi, 1979, p. 67,

in the range of 0.600.8 mm. Usually columnals P17, Pg. 1.

of the order Isocrinida are much Iarger tharI]:urnishius wangcangensiBai and Tian, in Tiaret al,

S 1983, p. 355, pl. 95, bgs. 13D14.

the cirri, which are components of appendages

to the column (stalk). Thus, the size of the Material examined MPC6646, from

cirri is much larger than the usual columnalsAB1025-1.

in this case, if compared with the present Occurrence Studied specimen from AB1025

small sized columnals. This is probably due tavithin the Neospathodusex gr. waageniN.

size sorting of crinoid skeletal componentspovaehollandia&Zone with theRadioprionites

during transportation in a turbidity current. Ifabrekenss ObedO (early Early Olenekian

this interpretation is right, there were original-early Smithian) in the main part of the Zhitkov

ly different sized individuals ofHolocrinus Formation, Abrek Bay area, South Primorye.

and other larger columnals may be found in Foliella gardenaewas Prst described from

Foliella gardenag(Staesche, 1964)
Fig. 155.12

other localities near the present horizon. the Upper Campiller Formation (Smithian),
South Tirol, Austria. The species was also re-
Conodonts(by H. Igo) ported from the Smithian in South Primorye

The orientation of elements is now largely(Buryi, 1979) and the Iska Valley of Slovenia
modibed by intensive analyses of multiele{Kolar-Jurkovsek & Jurkovsek, 1996)ur-
ment reconstruction of conodont animals (e.gnishius wangcangensiBai and Tian assigna-
Purnellet al, 2000). All of the specimens de- ble to this species occurs in the Smithian strata
scribed herein are discrete P elements; henoé Sichuan, China (Tiaet al, 1983).
the author applies traditional usage of orienta- RemarksThis species is a pastiniplanate el-
tion terms proposed by Sweet (in Clakal, ement characterized by an arrow-headed plate
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with a sharply pointed posterior end. The origspecies is restricted to tiNe waageni waageni
inal Alpine specimens have a rounded subeBubzone of the Chaohu Section, Anhui
lipsoidal plate, but the plate of the present onBrovince, China (Zhaet al, 2007).
exhibits a different outline. The shape of denti- Remarks The fragmentary specimen illus-
cles and their arrangement are similar eactnated herein resembles SweetOs specimen in
other but denticles of the present one are feweharacteristic denticulation and the shape of
in number. The described Slovenian specimersade. The original one has a long cusp that is
by Kolar-Jurkovsek and Jurkovsek (1996) argwice the length of other denticles. The present
similar to the present specimen. specimen retaines only the basal portion of
cusp that does not permit further comparison.
GenusEllisonia MYller, 1956 Identibcation is tentative.
Family Gondolellidae LindstrSm, 1970
Subfamily Neogondolellinae Hirsh, 1994
GenusBorinella Budurov and Sudar, 1994

Type speciesllisonia triassicaMYller, 1956.

Ellisonia? cf. peculiaris (Sweet, 1970)
Fig. 152.22 Type species Neogondolella buurensis

cf. Neospathodus peculiarBweet, 1970a, p. 255, pl. 5, bg. Dagis, 1984.
19; Birkenmajor and Trammer, 1975, pl. 1, Pg. 8;
Wang, 1978, p. 224, pl. 1, bgs. 1D3, 15; Baml, . .
1983, p. 379, pl. 96, bg. 5: Beyers and Orchard, 1991’Bormella cf. nepalensigKozur and Mostler,
pl. 5, bg. 9. 1976)

. . Fig. 152.25D152.26
Material examined MPC6612, from
AB1021-P2. cf. Gondolella nepalensi&ozur and Mostler, 1976, p. 9,
pl. 1, bgs. 1D6.

rren imen from AB1021 within
Occurrence Specime 0 0 t cf. Neospathodus labiatuSoel, 1977, p. 1093, pl. 1, bgs.

the lower part of théleospathodusx gr. waa- 3011,
geni-N. novaehollandiagZzone with theClypeo-  cf. Neospathodus nepalengi€ozur and Mostler). Matsu-
ceras timorens&one (early Early Olenekian da, 1982, p. 93, pl. 4, bgs. 1D7.

early Smithian) in the main part of the Zhitkovcf. Neogondolella nepalens{&ozur and.MostIer). Dagis,
Formation, Abrek Bay area, South Primorye. ?82'1&56' pl. 1, bgs. 1D3; Dagis, 1984, p. 6, pl. 1,
. . . gs. .
_Sweet (1970a) desc.rlbed. this Species froryf. Borinella nepalensigKozur and Mostler). Orchard,
his Zone 5 (upper DieneriaNeospathodus 2007a, pl. 1, bgs. 1, 2.
cristagalli Zone) in the Mittiwali Member of ) ) )
the Mianwali Formation. Birkenmajor and Material examined Two  specimens,

Trammer (1975) reported this species togethdPC6615, 6616, from AB1016-P1. _
with N. dieneri Sweet andN. svalbardensis  Occurrence Specimens from AB1016 with-

Trammer ( N. pakistanensisSweet) from in the Neospathodus dieneN. pakistanensis

Hornsund, South Spitsbergen. Wang (19785°"€ with theParanorites variansZone (Late

and Tianet al.(1983) recorded the joint occur- Nduan Dienerian) in the lower main part of
rence of this species aridl pakistanensisn the Zhitkov Formation, Abrek Bay area, South

the Lower Triassic formations in Shaanxi and "'morye.

Tibet. Beyers and Orchard (1991) bgured a Borinella nepalensis yields from  the

poorly preserved specimen from Fauna 4 (Dif'émingites Beds (MO3B12C) of the Mikin

enerian) of the Cache Creek Complex, Britisformation Muth, Spiti. The beds should be the

Columbia, Canada. The occurrence of thigPPermost Dienerian (Krystyst al, 2007).
Orchard (2007a) further noted that this species
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appeared in late Dienerian and its range exthe Zhitkov Formation, Abrek Bay area, South
tended into early Smithian in pelagic environPrimorye.
ments. Staesche(s original ones were recorded from
Remarks Denticles are mostly broken andthe middle part of the OCampiller SchichtenO
the surface of narrow platform is more or lesen South Tirol (Staesche, 1964; Budurov &
attrited. The present specimens are similar tBantic, 1973). Goel (1977) described this
Orchard®s (2007a) bgured one in developmesgtecies from the Dienerian limestone exposed
of platform and denticulation. at Khar in the Spiti Valley, India. Orchard
(2007a), however, pointed out that the strati-
GenusEurygnathodusStaesche, 1964 graphi.c levels of GoelGOs .speci.mens could be
Smithian rather than Dienerian. Matsuda
(1984) collected this species from beds imme-
diately below the brst appearanceNbfwaa-
geni Sweet in Kashmir. KoikeOs (1988)
Platyvillosus costatusccurred abundantly in
the Smithian part of the Taho Limestone in
Shikoku, Japan. Wang and Cao (1981) and
Eurygnathodus costatuStaesche, 1964, p. 269, pl. 28, Wang and Zhong (1994) announced the occur-
bgs. 1D6; Budurov and Pantic, 1973, p. 51, pl. 1, Pgpence of this species and similar onEaryg-
1D15. nathodus paracostatu the upper Dienerian
Platyvillosus costatu§Staesche). Goel, 1977, p. 1098, pl.. . . .
2. bgs. 15D21: Wang and Cao, 1981, p. 371, pl. én Lichuan, Hubei and other regions of South
bgs. 1D4, 28, 29; Koike, 1982, p. 44, pl. 5, bgs. 1D§:h|na The above-mentioned records suggest
Matsuda, 1984, p. 128, pl. 6, bgs. 6D10; Duan, 198that E. costatuspersisted in Dienerian to
pl. 3, Pg. 4; Koike, 1988, pl. 1, bg. 1D57, pl. 2, PgsSmithian and did not range into Spathian.
1B37; Wang and Zhong, 1994, p. 404, pl. 1, Pgs. 15, Remarks The element collected from
23, o . _
Platyvillosus paracostatugvang and Cao, 1981, p. 371, AB]'(_):L(S_-P:L is sinistral with S!Ightly concave
pl. 2, bgs. 9D10. line in right edge of the anterior part of plat-
form. Ridged denticles in a posterior half of
Material ~examined MPC6613, from he platform are discontinuous. The other ele-
AB1016-P1, MPC6614, from AB1021-P2.  ment from AB1021-P2 is dexitral one with a
Description Two dextral and sinistral seg- convex proble in right side of a posterior half
miniplanate elements; outline of platformgs the platform. This type is similar Buryg-
slender blade-like with narrowly rounded posmathodus paracostatu@Vang and Cao, 1981)
terior and sharply pointed anterior ends; lengtfy, platform shape and complete ridges of den-
0.50 and 0.52mm; width 0.16 to 0.21 mMi;jcles. According to Orchard (20074, para-
giving length to width ratio 2.5 to 3.1; and ¢costatusis a precursor oE. costatughat oc-
upper surface of platform transversed by 1tyrs in higher levels thak. paracostatusn
rows of ridged denticles. Hubei. On the contrary, the stratigraphic posi-
Occurrence Described specimens from tion of E. paracostatudike element occupies
AB1016 within theNeospathodus dieneN.  the higher level than that of typical costatus
pakistanensione with theParanorites vari- i, the present Abrek Bay section. Koike
ansZone (early Late Induanearly Dienerian) (1982) pointed out that these features are in-
and from AB1021 within theN. ex gr. iraspecibc variation in his numerous speci-
waageniN. novaehollandiaeZone with the ens ofPlatyvillosus costatugrom the Taho
Clypeoceras timorenseZone (early Early |imestone in Shikoku, JapaB. paracostatus
Olenekian early Smithian) in the main part of jg probably conspecibc with. costatus

Type species Eurygnathodus costatus
Staesche, 1964.

Eurygnathodus costatuStaesche, 1964
Fig. 152.23D152.24
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GenusNeogondolellaBender and Stoppel, Ped are rare and poorly preserved. General
1965 outline and denticulation, however, are identi-
cal to those of many previously described

Type species Gondolella mombergensis SPecimens.
Tatge, 1956.

GenusNeospathodudMosher, 1968

Neogondolella carinatgClark, 1959)
Fig. 151.19151.3 Type species Spathognathodus cristagalli

Gondolella carinataClark, 1959, p. 308, pl. 44, bgs. Huckriede, 1958.
15D19; Matsuda, 1984, p. 119, pl. 1, bgs. 1D11, pl. 2,
Pgs. 1, 3D5. Neospathodus concavizhao and Orchard,

Neogondolella carinatgClark). Sweet, 1970b, p. 240, pl. 2007
3, bgs. 1D17, 24, 26, 27; McTavish, 1973, p. 288, pl. _

2, bg. 13; Wang and Wang, 1976, p. 409, pl. 5, bgs. Fig. 154.13

6?9; Buryi, 1979, p. 66, pl. 9, Pg. 5, pl. 17, Dg',z'Neospathodus concavidhao and Orchard, in Zhaat al,
Tian et al, 1983, p. 368, pl. 80, bgs. 8D9; Dagis, 2007, p. 35, pl. 1, bgs. 1A, B, C; Orchard and
1984, p. 5, pl. 1, bg.13; Cao and Wang, 1993, p. 256, Krystyn, 2007, bg. 4

pl. 54, bgs. 7, 11, pl. 55, bg. 10; Orchard and ' '

Krystyn, 1998, p. 358, pl. 4, bgs. 9, 11, 16, 17, 20. Material examined MPC6637, from

Material examined MPC6572, from AB1022-2.

AB1008-1b, MPC6573, from AB1010-P2, Occurrence The' specimen is recovered
MPC6574, from AB1012-2. from AB1022 within the lower part of the

Occurrence lllustrated specimens rangeNeOSpathOdueX gr.waageniN. novaehollan-

from AB1008 to AB1012 within théleogon- diae Zone with the Clypeoceras timor_ense
dolella carinata Zone with thelLytophiceras _Zone(early_ Early Olenekian garly Sm|th|a|j)
sp. Zone (Early InduanGriesbachian), they- in the main part of the 'Zh|tk0v Formation,
ronites subdharmugone (late Early Induan Abrek Bay area, S‘,’“‘h P”,mor?’e- o
late Griesbachian), and thembitoides fuligi- The range of this species in the Pingding-

natus Zone (early Late Induan early Diener- shan Section is restricted to the waaageni

ian) in the middle to upper part of the Lazur_eowaagenBubzone and the lowermost part of

naya Bay Formation, Abrek Bay area, Soutilihe N. waageni waagen_|SL_1bzone (M(_)4—_10
Primorye. lower part of theFlemingites-Eul3emingites

The range of this worldwide species is theZone). This implies thg Ipwest O!enekia.n.
Griesbachian to the lower part of Smithian Remarks The description and illustration of
(Orchard & Krystyn, 1998) this species were originally given by Zhao and

Remarks Unfortunately, specimens identi- Orchard (in Zhacet al, 2007). Orchard and

Fig. 151. 1Bb3.Neogondolella carinata(Clark, 1959). 1, MPC6672, from AB1008-1b. 2, MPC6573, from
AB1010-P2. 3, MPC6574, from AB1012-2. 4Beospathodusf. cristagalli (Huckriede, 1958) from
AB1014-1. 4, MPC6575. 5, MPC6576. 6DMgspathodus dienerBweet, 1970 from AB1014-1 (6D9),
AB1014-P1 (10D16). 6, MPC6577. 7, MPC6578. 8, MPC6579. 9, MPC6580. 10, MPC6581. 11, MPC6582.
1213, MPC6583. 14, MPC6584. 15, MPC6585. 16, MPC658a\Nddspathodusp. A, MPC6587, from
AB1014-P1. 18b26Neospathodus pakistanessiSweet, 1970 from AB1014-P1. 18, MPC6588. 19,
MPC6589. 20021, MPC6590. 22, MPC6591. 23D24, MPC6592. 25, MPC6593. 26, MPC6594.
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Krystyn (2007), however, illustrated the other  Sweet, 1970b, p. 249, pl. 1, bPgs. 1, 4; McTavish,
type of this species that bears 13 denticles on 1973.p. 293, pl. 2, Pgs.3, 6; Buryi, 1979, p. 52, pl. 7,
strongly arched blade. The present specimen "9: /i \Wang and Cao, 1981, pl. 2, Pgs. 24, 25; Mat-

.. . . suda, 1982, p. 90, pl. 2, bgs. 1D11; Koike, 1982, p.
resembles the Spiti specicmen in number of 37, pl. 6, bgs. 1521, 28, 29; Tianal, 1983, p.

denticles. 376, bg. 3; Dagis, 1984, p. 27, pl. 6, bgs. 4D7; Buryi,
1989, p. 26, pl. 1, bg.1; Beyers and Orchard, 1991,
pl. 5, Pg. 4; Wang and Zhong, 1994, p. 400, pl. 1, bg.

Neospathodusf. cristagalli (Huckriede, 18: Buryi, 1997, pl. 1, bg. 9; Zhao and Orchard (in
1958) Zhaoet al, 2007), p. 35, pl. 1, bgs. 12B, 9A, B, C,
Fig. 151.4b151.5 11A, B, C; Orchard and Krystyn, 2007, bgs. 3, 6, 7.

cf. Spathognathodus cristagaliuckriede, 1958, p. 161, Material examined Four specimens,
pl. 10, bgs. 14, 15. _ MPC6577D6580, from AB1014-1, six speci-
cf. Neospathodus cristagaHuckriede). Sweet, 1970a, p. mens. MPC6581D6586. from AB1014-P1. two

246, pl. 1, bgs. 14, 15; Matsuda, 1982, p. 92, pl. 3, .
specimens, MPC6602, 6603, from AB1016-

bgs. 1b12.
cf. multielement apparatuséseospathodusf. cristagalli P1.
(Sweet). Orchard, 2005, p. 88, text-bg. 14. Description Thin segminate elements, 0.35

Many other synonyms of this species are eliminated hereintg 0.50 mm long and 0.33 to 0.38mm high,
Material examined Two specimens, length to height ratio 0.9 to 1.5. Denticles 6 to

MPC6575, 6576, from AB1014-1. 10 in number, average 8, discrete in upper

Occurrence Specimens from AB1014 with- half, pointed, reclined to erect, height gradual-
in the lower part of théleospathodus dieneri ly decreases toward anterior. Terminal cusp
N. pakistanensisZone with theClypeoceras slightly higher or shorter than other denticles.
spitiense bed (early Late Induanearly Basal margin straight or slightly arched in an-
Dienerian) in the lower part of the Zhitkov terior portion, upturned in posterior one-third

Formation, Abrek Bay area, South Primorye. of unit. Basal cavity large, subrounded or oval
This species and its morphotypes are knowfround deep pit. . .

from the Dienerian and Smithian associated Occurrence Described ~specimens  from

with N. dieneriSweet elsewhere. AB1014 and AB1016 within the lower part of

RemarksDenticles are suberect and stought"® Neospathodus dieneN. pakistanensis
in the present specimens. Their tips are mosltfone with the Clypeoceras  spitiens®©bedO

lacking but probably discreted. Identipcatiol€@ry late Induanearly Dienerian) and the
is reserved in the future research. lower part of theParanorites variansZone

(late Induan Dienerian) in the lower part of
) the Zhitkov Formation, Abrek Bay area, South
Neospathodus dienefsweet, 1970 Primorye.
Figs. 151.6D151.16, 152.89152.9 N. dieneri is a well-known species in the
Neospathodus dieneBweet, 1970a, p. 9, pl. 1, bg. 17; upper Dienerian to Smithian strata elsewhere.

Fig. 152. 1B7, 10013, 20bRlkeospathaodus pakistanenSiweet, 1970. 1D2, MPC6595, 6596, from AB1016-1.
3b6, MPC6597, 6598, 6599, 6600, from AB1016-P1. 7, MPC6601, from AB1021-P2. 10D12, MPC6604,
fused elements, from AB1019-1. 13, MPC6605, from AB1019-1. 20D21, MPC 6611, from AB1021-P2. 8D9,
Neospathodus dieneBiweet, 1970 from AB1016-P1. 8, MPC6602. 9, MPC6603. 14d®@spathodusx gr.
waageni Sweet, 1970 from AB1021-P2. 14D15, MPC6606. 16, MPC6607. 17, MPC6608. 18, MPC6609. 19,
MPC6610. 22Fllisonia? cf. peculiaris (Sweet, 1970), MPC6612, from AB1021-P2. 23ERdrygnathodus
costatusStaesche, 1964. 23, MPC6613, from AB1016-P1. 24, MPC6614, from AB1021-P2. B6E2€l)a
cf. nepalensigKozur and Mostle, 1976) from AB1016-P1. 25, MPC6615. 26, MPC6616.
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The N. dieneri Zone corresponds to the strati- 1, 2; Tianet al, 1983, p. 379, pl. 93, Pg. 9; Duan,
graphic interval including Bed 20 to Bed 24 of ~ 1987, pl. 3, bg. 1; Beyers and Orchard, 1991, pl. 5,
the Yinkeng Formation (uppermost Induan) at P9 7 ©Orchard, 2007b, Pgs. 16B18.
the West Pingdingshan Section in Chaohu, Material examined Twelve specimens,
China (Zhaoet al, 2007). The occurrence of MPC6623D6626, 663306635, 6638D6642, from
three morphotypes of. dieneri is recorded AB1022-2, one specimen, MPC6645, from
also in Pakistan, Guryul Ravine Section inAB1024-1, two specimens, MPC6643, 6644,
Kashmir, Lalung Section in Spiti, the Lockerfrom AB1025-1.
and Kockatea shale of Western Australia, Description Blade-like large elements 0.73
South Primorye, and various localities into 1.30 mm, average 0.93mm in length; 0.43
South China, Malaysia, and many others (e.gto 0.62 mm, average 0.53 in height; length to
Sweet, 1970; McTavish, 1973; Buryi, 1979;height ratio 1.6 to 2.3, average 1.7 in 15 speci-
Matsuda, 1982; Koike, 1982; Tiat al, 1983; mens. Upper edge of elements arched to
Wang & Zhong, 1994; Orchard & Krystyn, straight or more or less tapers anteriorly; base
2007). essentially straight. Denticles robust, high,
RemarksZhao and Orchard (in Zhaa al, erect to reclined posteriorly, sharply pointed,
2007) introduced three morphotypes in thisused in a lower half, discrete in upper part,
Neospathodus dieneriSpecimens illustrated end at sharply pointed tip; numbers 10 to 17,
in Fig. 151.6D151.10, 151.12 in this paper argerage 14; 2 to 3 posterior and anterior denti-
similar to their Morphotype 1 characterized bycles shorter than others. Cusp slightly longer
a higher and broader terminal cusp than othehan other denticles, situated above basal cavi-
denticles. Specimens from AB1014 (MPC6580ty. Lateral face of base bears straight rib be-
6584, 6585 in Fig. 151.9, 151.14, 151.15) areomes strong posteriorly in large specimens.
identical with their Morphotype 2 having pos-Platform Range on Ranks of element at poste-
teriorly inclined and almost the same sizedior end conspicuously developed in some
denticles. Two specimens from AB1016large specimens. Lateral process with fused
(MPC6602, 6603 in Fig. 152.8, 152.9) exhabitlenticles appears on lateral face near posterior
a characteristic feature in a shorter and broa@énd and surface of basal cup. In some aberrant
er cusp compared with other denticles. Theser pathologic specimens, lateral process
specimens resemble Morphotype 3 debned liytanched posterior-lateral and forms Y-shaped

Zhao and Orchard (op. cit.). basal cavity in lower view. Basal cavity in
most of specimens large, rounded to elliptical
Neospathodus novaehollandiddcTavish, ~ 1N lower view with deep pit. Deep furrow
1973 extended to anterior end of base.

Figs. 153.8D153.14, 154.79154.11, 155.1p155.11  Oceurrence Described Specim.en.s range
from AB1022 to AB1025 within the

Neospathodus novaehollandidécTavish, 1973, p. 294, Neospathoduex gr Waageni-N novaehollan-
bgs. 4, 5, 14, 16D23; Goel, 1977, p. 1091, pl. 1, bga,. ) ) ) )
iae Zone with the Clypeoceras timorense

Fig. 153. 1Bb7,Neospathodus pakistanesisBweet, 1970 from AB1022-2. 1, MPC6617. 2, MPC6618. 3,
MPC6619. 4b5, MPC6620. 6, MPC6621. 7, MPC6622. 8R&dspathodus novaehollandidécTavish,
1973 from AB1022-2. 899, MPC6623. 10D11, MPC6624. 12, MPC6625. 1314, MPC6626.



Lower Triassic System in the Abrek Bay area, South Primorye 189



190 Yasunari Shigetet al. (eds.)

Zone and Radioprionites abrekersi ObedO clude.
(early Early Olenekianearly Smithian) in the

Bay area, South Primorye. Figs. 151.18D151.26, 152.19152.7, 152.10D0152.13,
This species is originally described from the 152.200152.21, 153.1D153.7, 154.19154.6
Locker shale (Smithian) of Western AustIariaNeospathodus palistanessBueet, 1670a, p. 254, pl. 1
(McTavish, 1973). Goel (_1977) r_eported t_he Pgs. 16. 17; McTavish, 1973‘, p. 295: pl. 1, I;gs. 1,‘2;
abundant occurrence of this species associated Buryi, 1979, p. 57, pl. 9, bg. 2, pl. 18, bg. 5; Wang
with N. dieneri Sweet in the Khar Section of and Cao, 1981, p. 367, pl. 2, bg. 27; Dagis, 1982, p.
Spiti. Matsuda (1983) regarded this species 57, pl. 1, bg. 4; Matsuda, 1983, p. 87, pl. 1, bgs. 1D5;
with a synonym ofN. pakistanensisSweet Dagis, 1984, p. 26, pl. 5, bgs. 9011, pl. 12, Pg. 6;
from the Guryul Ravine in Kashmir. Beyers ~ BeYers and Orchard, 1991, pl. 5, Pg. 2; Cao and
. . Wang, 1993, p. 260, pl. 58, bg. 14; Wang and Zhong,
and Orchard (1991) reported this species from 1994, p. 401, pl. 1, bg. 16, 24 Buryi, 1997, pl. 2, bg.
Fauna 6 (Smithian) contained in the Cache o orchard, 2007b, bgs. 19, 20, 23D26. Orchard and
Creek Complex, south-central British Colum-  Krystyn, 2007, bgs. 19, 20.
bia. Orchard (2007b) and Orchard andVeospathodus svalbardensiammer, in Birkenmajer,
Krystyn (2007) pointed out thal. novaehol- and Trammer, 1975, p. 306, pl. 1, Pgs. 507, pl. 2,
landiae occurs in association witN. pakista- Pgs. 107.
nensisin Bed 13A-1 and Bed 13A-2 of IOB  Material examined Seven specimens,
strata in Mud, Spiti. MPC6588b6594, from AB1014-P1, two speci-
Remarks Many specimens identibed to thismens, MPC6595, 9596, from AB1016-1,
species exhabit considerable variations a®ur specimens, MPC6597D6600, from
already pointed out by McTavish (1973) andAB1016-P1, two specimens, MPC6604, 6605,
other previous authors. General conbguratiofftom AB1019-1, two specimens, MPC6601,
of denticles, large and stout elements, and a$611 from AB1021-P2, eleven specimens,
most straight basal margin enable the author MdPC6617D6622, 6627D6631, from AB1022-2,
distinguish from the similar species, suciNas one specimen, MPC6632, from AB1022-3.
pakistanensisThe author follows McTavishOs Description Laterally compressed blade-
oppinion thatN. pakistanensiss the progeni- shaped elements 0.55mm to 0.83mm long,
tor of N. novaehollandiae average 0.71mm; 0.31mm to 0.49 mm high,
Several large specimens at hand shoaerage 0.41mm in 20 samples. Ratio of
extreme development of lateral process antkngth to height 1.5 to 2.3, average 1.73 in 20
the surface of RBare of basal cavity. There ardividuals. Upper edge of element gently
possibilities that the specimens may belong tarched, highest point located posterior one-
a new species, but the author tentativeljorth; lower edge generally straight or weakly
assigned them with pathologic and/or aberrargurved upward in anterior most part; posterior
ones ofN. novaehollandiaen this study. Fur- part of lower margin downcurved or slightly
ther consideration, however, is required to condeRected upward. Lateral rib prominent, par-

Fig. 154. 1P6Neospathodus pakistaness$weet, 1970 from AB1022-2 (1BD5), AB1022-3 (6). 1, MPC6627. 2,
MPC6628. 3, MPC6629. 4, MPC6630. 5, MPC6631. 6, MPC6632. T@bspathodus novaehollandikie-
Tavish, 1973 from AB1022-2. 78, MPC6633. 9, MPC6634. 10b11, MPC6635, aberrant or pathologic ele-
ment. 12,Neospathodusaff. posterolongatusZzhao and Orchard 2007, MPC6636, from AB1022-2. 13,
Neospathodus concavidao and Orchard, 2007 MPC6637, from AB1022-2.
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ticularly in posterior part. Denticles laterally the species is one of the excellent indicators of
Rattend, triangular with sharp tip, slightly re-latest Dienerian age.
clined posteriorly or erect, fused in lower base, Remarks N. pakistanensisxhabits consid-
discrete in upper half; number of denticles 12Zrable morphological variations in size, gener-
to 14. Cusp slightly longer than other dential lateral proble, the shape of basal cavity, and
cles, with 2 to 3 shorter denticles above postazumbers of denticles (e.g., Matsuda, 1983).
rior basal cup. Basal cavity subrounded, spatuFhe present specimens examined also exhabit
late, with deep pit, and distinct furrow extend-similar broad variations mentioned above. The
ed anteriorly. elements from AB1014 and AB1016 are
Occurrence Described specimens rangeslightly shorter in length, and denticles are
from AB1014 to AB1022 within the fewer in number compared with those from
Neospathodus dieneN. pakistanensiand the AB1022.
Neospathodusx gr.waagniN. novaehollan-
Qiae Zones with theCIypeocgras §pitiense Neospathodusff. posterolongatugZhao and
ObedO.(early Igte Induagarly Dienerian), Fhe Orchard, 2007
Paranorites variansZone (late InduanDi-
enerian), and th€lypeoceras timorenséone
(early Early Olenekianearly Smithian) in the 2f"- Ni"Sp""tth;’ld“2508;’5tef°3'2”9'°|‘mfag asndzgf‘;haédf (i)”r
Zhitokov Formation, Abrek Bay area, South ih:r(;,ezoo;b, Dg’s.p]:D6.’ PL L Pos. 2A, B, &
Primorye.
This species is originally described from Material examined MPC6636, from
West Pakistan and dePnes Mgakistanensis AB1022-2.
Zone (Zone 6) in the Mittiwali Member of the Occurrence The specimen from AB1022
Mianwali Formation (Sweet, 1970b). The zonewithin the lower part of theNeospathodus
overlies immediately above thd. cristagalli  ex gr.waageni-N. novaehollandiagZone with
Zone and ends the base of tNe waageni the Clypeoceras timorensgone (early Early
Zone. The species is also known to occur iflenekian early Smithian) in the main part of
South Primorye (Buryi, 1979), Siberia (Dagisthe Zhitkov Formation, Abrek Bay area, South
1982, 1984), Idaho (Paull, 1988), Cache CreeRrimorye.
in British Columbia (Beyers & Orchard,1991), N. posterolongatusccurs in theN. waageni
and other loclities in the North American Con-waageni Subzone of the Yinkeng Formation in
tinent. Recent investigations by OrchardChaohu sections, and the species is one of the
(2007a) and Orchard and Krystyn (2007), anéhdex species of the basal Olenekian (Zhao
Krystyn et al.(2007) claribed the range of thiset al, 2007).
species starts from Bed 12 and ends at Bed Remarks General proble of the present
13A-2 in theFlemingitesbeds in Spiti. Thus specimen is somewhat similar to this species
the range oN. pakistanensistraddles the Di- that has recently been proposed as a new to
enerian-Smithian boundary (IOB); howeverscience from the Yinkeng Formation in Chao-

Fig. 154.12

Fig. 155. 1P11Neospathodus novaehollandideTavish, 1971 from AB1022-2 (1D7), AB1025-1 (8D11). 12,
MPC6638. 3, MPC6639. 4, MPC6640. 5, MPC6641. 6D7, MPC6642, aberrant or pathologic elements. 8,
MPC6643. 9D10, MPC6644. 11, MPC6645. HRaliella gardenae (Staesche, 1964), MPC6646, from
AB1025-1.
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hu. The present specimen, however, has more 11, 12; McTavish, 1973, p. 300, pl. 2, bgs. 11, 22,
numbers of fused denticles than those of the 25P28; Mosher, 1973, p. 172, pl. 20, Pg.5; Wang and

~ . . . . Wang, 1976, p. 411, pl. 3, bgs. 4b7, 17; Goel, 1977,
latter. Th hor resent identibcation i
atte e authorGs present identibcation is p. 1094, pl. 2, bgs. 1P4; Solien, 1979, p. 304, pl. 3,

tentative. Pg. 9; Buryi, 1979, p. 56, pl. 7, bgs. 8, 9; Wang and
Cao, 1981, pl. 2, bg. 26; Koike, 1982, p. 39, pl. 6,
bgs. 26, 27; Matsuda, 1983, p. 88, pl. 1, bgs. 6D10,

Neospathodus spitiensisoel, 1977 ol. 2. bgs. 1D7: Dagis, 1984, p. 24, pl. 7, bgs. 1510,

Fig. 156.19156.6, 156.219156.22 pl. 8, bgs. 1b7; Duan, 1987, pl. 2, bg. 7; Cao and
Neospathodus spitiensBoel, 1977, p. 1094, pl. 1, bgs. Wang, 1993, p. 261, pl. 56, Pgs. 5, 11; Wang and
14D18; Tiaret al, 1983, p. 379, pl. 98, bg. 13. Zhong, 1994, p. 402, pl. 1, bgs. 12, 13; Buryi, 1997,
pl. 1, bg. 7.
Material examined Seven specimens, Neospathodus waageni waag@vieet. Zhao and Orchard,
MPC6647D6652, 6664, from AB1025-1. in Zhaoet al, 2007, p. 36, pl. 1, Pgs. 10A, B.

Occurrence Described specimens from Neospathodus waageni eowaagéiao and Orchard, in
Zhaoet al, 2007, p. 36, pl. 1, bgs. 5A, B.

AB]fOZS within theNe_OSp.athOdueX 9“ W_aa- ? Neospathodus pingdingshanengisao and Orchard, in
geniN. novaehollandiaavith the Radioprion- Zhaoet al, 2007, p. 36, pl. 1, bgs. 4A, B, C.
ites abrekensi®©bedO (early Early Olenekian

early Smithian) in the main part of the Zhitkoy Material ~examined Five specimens,
Formation, Abrek Bay area, South Primorye. MPC6656, 66596662, from AB1024-1, bve

The holotype and illustrated paratypesNof specimens, MPC6653D6655, 6657, 6658, from

spitiensiscame from the Smithian strata atA51025f1-_
Khar in Spiti (Goel, 1977). This species also Description Eleme'nts 0.43mm to 0.85 mm,
occurs in Bed 15 at Muth in Spiti and Bed 2¢2€rage 0.62mm in length; 0.31mm to

of West Pingdingshan both of which include?-4>Mm, average 0.37mm in height; ratio of

typical succession of the Induan-Olenekiad€ndth to height 1.4B2.2, average 1.5 in 11
Boundary strata (e.g., Orchard & Krystyn,SPEcimens. General proble of element arcuate,
2007). highest point situates at posterior half to near

Remarks The specimens examined are simPosterior margin. Lower margin of element
ilar to the original specimens from Spiti. The@lmost straight to slightly undulated, posterior
present ones differ in number of denticlesPart upturned in some specimens. Denticles
more or less higher elements, and shorter po@Umber 10 to 12, upturned, suberect to re-

terior process than those of Spiti specimens. Clinéd posterioly, with pointed tip, discrete in
upper part and fused in lower half. Cusp bears

] 2 small denticles at posterior end, slightly
Neospathodugx gr.waageni Sweet, 1970 ohger or shorter than other denticles. Lateral

Figs. 152.14D152.19, 156.7D156.19 rib parallel to margin and more or less
Neospathodus waagefiweet, 1970b, p. 260, pl. 1, bgs. Swollen. Platform Bange developed on Ranks

Fig. 156. 1B6, 21b22eospathodus spitiensiSoel, 1977 from AB1025-1. 1, MPC6647. 2, MPC6648. 3,
MPC6649. 4, MPC6650. 5, MPC6651. 6, MPC6652. 2122, MPC6664. N&d$hathodusx gr.waageni
Sweet, 1970 from AB1025-1 (7D13), AB1024-1 (14D19). 7, MPC6653. 8, MPC6654. 9, MPC6655. 10D11,
MPC6656. 12D13, MPC6657. 14D15, MPC6658. 16, MPC6659. 17, MPC6660. 18, MPC6661. 19, MPC6662.
20, Neospathodusp. B, MPC6663, from AB1025-1.
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of posterior end; cusp bears short laterdbwer posteriormost denticles that are abruptly
process in some specimens. Basal cavity largemaller/lower than those to the anterior. This
rounded, and with deep pit. feature is diagnostic in Morphotype 4.
Occurrence Described specimens range
from AB1021 to AB1025 within the
Neospathodusx gr.waageniN. novaehollan-
diae Zone with theClypeoceras timorensand
Radioprionites abrekersiObedO (early Early Material
OIeneIgan early Smlthlan) in the main part of AB1014-P1.
the Zhitkov Formation, Abrek Bay area, South
Primorye.
N. waageni is a well-known species
throughout the world. This species is subdivid

ed intowaageni eowaagenmwaagzni waagen Late Induan early Dienerian) in the lower

andposterolongatuﬁZhao&Qrchard, ip Zhao part of the Zhitkov Formation, Abrek Bay
et al, 2007) based on the rich materials fro”brea South Primorye

the Pingdingshan Section. Furthermore, Or-
chard and Krystyn (2007) distinguished sixe
morphotypes oN. ex gr.waageni from mate-

Neospathodusp. A
Fig. 151.17

examined MPC6587, from

Occurrence Figured specimen from
AB1014 within the lower part of the
Neospathodus dieneN. pakistanensisZzone

with the Clypeoceras spitiens®©bedO (early

Remarks A fragmentary small segminate
lement with straight basal margin bears pos-
teriorly curved 6 denticles. This unidentibed

rial collecte.d from .the Muth Section in ,S_p't"species is similar tdNeospathodus waageni
These studies clarify that. ex gr.waageni is Sweet (s.l.), but identibcation is postponded.

a variable species, however, their moropho-
types and several allied new species range the
entire part of the Smithian (ower division of Neospathodusp. B
Olenekian) elsewhere. Fig. 156.20

RemarksThe specimens exhibit broad vari-
ation as pointed out by previous authors. Mat- Material ~ examined MPC6663, from
suda (1983) separated this species into thréd31025-1.
types. Orchard and Krystyn (2007) proposed Occurrence This specimen from AB1025
six morphotypes in Spiti specimens. In theVithin the Neospathodusex gr. waagenkN.
present specimens, four morphotypes hof NovaehollandiaZone with theRadioprionites
waageni are present that correspond with thejbrekenss ObedO (early Early Olenekian
Morphotypes 1, 2, 3, and 4. Specimens nunfarly Smithian) in the main part of the Zhitkov
bered MPC6606 (Fig. 152.14) and MPCe66d-ormation, Abrek Bay area, South Primorye.
(Fig. 156.17) have a similar Range observed in Remarks A segminate element has 10 den-
Morphotype 1. Specimens MPC6607-661dicles, which are stout, posteriorly inclined,
(Fig. 152.16D152.19) have slightly reclined@nd uneven in size. This unidentiPed species
subequal denticles forming an arcuate cresflay bglong to the group dieospathodus
This type ofN. waageni corresponds with the Waageni.
holotype of this specie$y. waageni waageni
The specimen MPS6655 (Fig. 156.9) has ug-hondrichthyans (by H. Yamagishi)
right denticles, straight basal margin, and up- Systematic descriptions basically follow
turned at both ends. These features recogniz&fPpetta (1987) and Dufbn and Ward (1995).
in N. waageni eowaagenZhao and Orchard. Morphological terms follow Cappetta (1987)
Specimens MPC6658 (Fig. 156.14, 156_15§1nd Johnet al. (1997), and micromorphologi-
and MPC6662 (Fig. 156.19) have two smalf@l terms follow Cuny and Benton (1999). All
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specimens described in this paper are reposit- Superfamily Hybodontoidea Owen, 1849

ed in the University Museum of the University Family Acrodontidae Casier, 1959
of Tokyo (UMUT). GenusAcrodusAgassiz, 1837
Class Chondrichthyes Huxley, 1880 Type speciesAcrodus gaillardoti Agassiz,

Subclass Elasmobranchii Bonaparte, 1838 1g37.
Cohort Euselachii Hay, 1902

Acroduscf. cuneocostatus€uny, Rieppel and
Euselachii order, fam., gen., et sp. indet. Sander, 2001

Fig. 157.5 Fig. 157.1D157.4

Material obtained Sixteen placoid scales, \aterial examined Two teeth, UMUT
UMUT  MV29694D29709, from AB1025D \v29710029711, from AB1024-1, a frag-

1, twenty-four placoid scales, UMUT mented tooth, UMUT MV29751, from
MV29727D29750, from AB1024-1, thirteenag1022-3, one tooth, UMUT MV29766, from
placoid scales, UMUT MV29753D29765,AB1022-2, one tooth, UMUT MV29776, from
from AB1022-3, pve placoid scales, UMUT AB1021-P2, two fragmented teeth, UMUT
MV29771D29775, from AB1022-2, fourty- Mv29865029866, from AB1016-1, two frag-
four placoid scales, UMUT MV29783D29826,mented teeth, UMUT MV29940D29941, from
from AB1021-P2, thirty-bve placoid scales,AB1016-P1, and one tooth, UMUT MV29992,
UMUT MV29830D29864, from AB1019-1, from AB1014-P1.

sixty placoid scales, UMUT MV29880B pescription Crown mesiodistally planar

29939, from AB1016-1, fourty placoid scalesyithout obvious cusps. Crown has obvious oc-
UMUT MV29943D29982, from AB1016-P1, cjysal crest and transverse ridges, with oc-

nine placoid scales, UMUT MV29983D29991 ¢jysa| crest and longitudinal shoulder ridges at
from AB1014-P5, eight placoid scales, UMUTnearIy same height. Root high and thin.
MV29996E)30003, from AB].014'P1, and one Occurrence Described Specimens range

placoid scale, UMUT MV30004, from fom AB1014 within the Clypeoceras spi-
AB1012-2. tienseObedO (early Late Induagarly Diener-
Occurrence Described specimens rangejan) to AB1024 within theClypeoceras timo-
from AB1012 within theAmbitoides fuligina- ense Zone (early Early Olenekiarearly
tus Zone (early Late Induanearly Dienerian) Smithian) of the Zhitkov Formation, Abrek
in the uppermost part of the Lazurnaya Ba)Bay area, South Primorye.
Formation to AB1025 within th&kadioprion-  pjiscussion Several specimens lack their
ites abrekensi ObedO (early Early Olenekian (gots and/or they have been abraded, but they
early Smithian) in the main part of the Zhitkovyq retain an obvious occlusal ridge on their
Formation, Abrek Bay area, South Primorye. crowns and part of the transverse lines on their
Discussion A total of 255 placoid scales shoylders. These teeth are similarAtrodus
were recovered from the Abrek section. In thes. cuneocostatuCuny, Rieppel and Sander
present study, these scales are not subjected(p)()l, Anisian, Fossil Hill Member, Favret
morphological description and taxonomicalpormation, Nevada) in terms of morphology,
identibcation, but instead are treated as SUByt their size range is quite different (holotype
plemental data to simply verify the presence of 4.3 mm long mesio-distally and maximum
sharks. 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 AB1025-1 Lissodugf. cristatusDelsate & Dufpn tooth
UMUT MV29693 1 AB1025-1 Pdyacrodussp. indet. tooth
UMUT MV29694D29709 16 AB1025-1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29710D29711 2 AB1024-1 Acroduscf. cuneocostatu€uny, Rieppel & Sander teeth
UMUT MV29712D29714 3 AB1024-1 Hybodussp. indet. teeth
UMUT MV29715D29717 3 AB1024-1 Lissodu<f. cristatusDelsate & Dufbn teeth
UMUT MV29718D29726 9 AB1024-1 Pdyacrodussp. indet. teeth
UMUT MV29727D29750 24  AB1024-1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29751 1 AB1022-3 Acroduscf. cuneocostatu€uny, Rieppel & Sander fragmented tooth
UMUT MV29752 1 AB1022-3 Pdyacrodussp. indet. fragmented tooth
UMUT MV29753D29765 13  AB1022-3 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29766 1 AB1022-2 Acroduscf. cuneocostatu€uny, Rieppel & Sander tooth
UMUT MV29767D29769 3 AB1022-2 Lissodu<. cristatusDelsate & DufPn teeth
UMUT MV29770 1 AB1022-2 Euselachii order, fam., gen., et sp. indet. tooth
UMUT MV29771D29775 5 AB1022-2 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29776 1 AB1021-P2 Acroduscf. cuneocostatu€uny, Rieppel & Sander tooth
UMUT MV29777 1 AB1021-P2 Hybodussp. indet. tooth
UMUT MV29778D29780 3 AB1021-P24.issodu<. cristatusDelsate & Dufbn teeth
UMUT MV29781D29782 2 AB1021-PZPdyacrodussp. indet. teeth
UMUT MV29783D29826 44  AB1021-P2 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29827D29828 2 AB1019-1 Lissodus. cristatusDelsate & DufPn fragmented teeth
UMUT MV29829 1 AB1019-1 Pdyacrodussp. indet. fragmented tooth
UMUT MV29830D29864 35 AB1019-1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29865D29866 2  AB1016-1 Acroduscf. cuneocostatu€uny, Rieppel & Sander fragmented teeth
UMUT MV29867 1 AB1016-1 Hybodussp. indet. fragmented tooth
UMUT MV29868D29879 12 AB1016-1 Euselachii order, fam., gen., et sp. indet. fragmented teeth
UMUT MV29880D29939 60 AB1016-1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29940D29941 2 AB1016-P1Acroduscf. cuneocostatu€uny, Rieppel & Sander fragmented teeth
UMUT MV29942 1 AB1016-P1 Lissodusf. cristatusDelsate & Dufpn fragmented tooth
UMUT MV29943D29982 40 AB1016-P1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29983D29991 9 AB1014-P5 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV29992 1 AB1014-P1 Acroduscf. cuneocostatu€uny, Rieppel & Sander tooth
UMUT MV29993D29995 3 AB1014-PMHybodussp. indet. fragmented teeth
UMUT MV29996D30003 8 AB1014-P1 Euselachii order, fam., gen., et sp. indet. placoid scales
UMUT MV30004 1 AB1012-2 Euselachii order, fam., gen., et sp. indet. placoid scale

Fig. 157.

Elasmobranch remains from the Abrek Bay section. 1D4, Tedttrazfuscf. cuneocostatu€uny,

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, TootlHgbodussp. 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), 0.01 mm (7).
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1mm). They are also similar #. cf. spitzber- from AB1014 within the Clypeoceras spi-
gensisHulke (1873) from the Vardebukta For-tienseObedO (early Late Induagarly Diener-
mation, Lower Triassic (Dienerian), Hornsundian) to AB1024 within theClypeoceras timo-
area, Hyrnefjellet Mt., South Spitzbergen as ilvense Zone (early Early Olenekiarearly

lustrated in Blzajowski (2004). Smithian) of the Zhitkov Formation, Abrek
Bay area, South Primorye.

Family Hybodontidae Owen, 1846 Discussion Frequently, the teeth of the

GenusHybodusAgassiz, 1837 genus Hybodus and those of primitive

neoselachians can not be easily divided based
Type speciesHybodus reticulatus(Agas- ©n their gross morphology (Reif, 1973, 1977
siz), 1837. 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 Pbred enameloid), which is con-
sidered to be one of the synapomorphic char-

'acters of neoselachians (Maisey, 1982). There-

UMUT Mv29777, from AB1021-P2, one fore, these particular teeth are regarded as be-
fragmented tooth, UMUT MV29867, from longing to the genuslybodus

AB1016-1, and three fragmented teeth, UMUT
MV29993D29995, from AB1014-P1. Family Polyacrodontidae Glikman, 1964

Description Crown with cusps nqt well GenusLissodusBrough, 1935
separated, notches between cusps fail to reach

the level of root, cusps vertical or slightly lin-

gually inclined and between one and bve pairs

of lateral cusps with cutting edges well devel—1 ’

oped. Crown bears relatively faint striae,

which may bifurcate near base of labial crown Lissoduscf. cristatusDelsate and Dufbn,

shoulder. Anterolateral teeth with high, point- 1999

ed cusps, presumed lateral teeth with distally Fig. 158.19158.2

inclined cusps and posterolateral teeth

mesiodistally elongate with principal cusp and Material examined One tooth, UMUT

low lateral cusps. Root arcuate, root labial facé1V29692, from AB1025-1, two teeth,

shallow and Rat perforated by regular row ofJMUT MV29715D29716, and fragmented

foramina, and basal face R3at to concave. Lirtooth, UMUT MV29717, from AB1024-1,

gual face convex and lingually displaced, prethree teeth, UMUT MV29767D29769, from

senting some foramina. Root vascularisatiodAB1022-2, three teeth, UMUT MV29778D

anaulacorhize. 29780, from AB1021-P2, two fragmented
Occurrence Described specimens rangeteeth, UMUT MV29827D29828, from AB1019-

Hybodussp. indet.
Fig. 157.6D157.7

Material examined Three teeth, UMUT
MV29712D29714, from AB1024-1, one tooth

Type speciesHybodus AfricanugBroom),

Fig. 158. Elasmobranch remains from the Abrek Bay section. 1, 2, Todtissafduscf. cristatusDelsate and
Dufbn, 1999, UMUT MV29778 from AB1021-P2. 1, labial view. 2, occlusal view. 3D6, Tetyaicrodus
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 bafd mm.
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1, and one fragmented tooth, UMUTtooth, UMUT MV29829, from AB1019-1.
MV29942, from AB1016-P1. Description Teeth strongly to slightly arcu-
Description Crown with obvious labial peg ate mesio-distally with rather high, pyramidal
and low principal cusp, and smooth surfac@rincipal cusp, more than 4 pair of blunt later-
with almost no striae, due probably to the efal cusps or transverse ridges, and well-devel-
fects of abrasion. Most specimens lack theioped lingual peg. Ornamentation nearly the
root because they were not preserved. same in labial and lingual faces of crown,
Occurrence Described specimens rangeaside from having a lingual peg. Root shallow
from AB1016 within theParanorites varians with pores in labial and lingual root face.
Zone (Late InduanDienerian) to AB1025  Occurrence Described specimens range from
within the Radioprionites abrekersi ObedO AB1019 within theParanorites variansZone
(early Early Olenekianearly Smithian) in the (Late Induan Dienerian) to AB1025 within
Zhitkov Formation, Abrek Bay area, Souththe Radioprionites abrekersi ObedO (early
Primorye. Early Olenekian early Smithian) in the
Discussion Most specimens lack their root Zhitkov Formation, Abrek Bay area, South
and/or have been abraded, but they retain d@rimorye.
obvious labial peg on their crowns. These Discussion Poyacrodus specimens from
teeth are similar thiissodus cristatuPelsate the Abrek section resembkolyacrodus con-
and Dufbn (1999, Middle Triassic, Uppertraries Johnset al. (1997) from the Ladinian
Muschelkalk, Moersdorf, Grand Duchy ofand Carnian of Canada aRdoucheriCuny et
Luxembourg and the Upper Muschelkalk ofal. (2001) from the Anisian of North-Western
Dalhenheim, Bas-Rhin, France), andL.toan- Nevada in their overall morphology. They
gulatus (Stensi§, 1921) from the Vardebuktashare a developed lingual peg and an orna-
Formation, Lower Triassic (Dienerianfjorn- mented circumferential rim. Abrek specimens
sund area, Hyrnefjellet Mt., South Spitzbergeriffer from P. bucheriin having a more point-
as illustrated in Bldejwski (2004)The Abrek ed, higher main cusp, lateral cusplets and a
teeth are very similar to these specimens bglear occlusal ridge? contrariesteeth have a
way of their outline and by having a smooth,more elongate shape and stronger ornamenta-
unornamented crown, but differ in lacking antion than the Abrek specimens.
accessory cusplet.

Concluding remarks
(by. Y. Shigeta, Y. D. Zakharov, H. Maeda and
A. M. Popov)

GenusPolyacrodusJaekel, 1889

Type speciesHybodus polycyphugAgas- . L L
siz), 1837. The Japanese-Russian Joint investigation of

a Lower Triassic section in the Abrek Bay area

has resulted in a detailed analysis of its stratig-

Polyacrodussp. indet. raphy as well as an extensive description of its

Fg. 158.30158.6 various faunal successions. Even though the

section was withdrawn from consideration as a

Material examined One tooth, UMUT Ggsp candidate for the /O boundary due to
MV29693, from AB1025-1, nine teeth, pagnetostratigraphy problems (remagnetiza-
UMUT MV29718D29726, from AB1024-1, one jon), our studies not only have resulted in the
fragmented tooth, UMUT MV29752, from ggiaplishment of a biostratigraphic framework,
AB1022-3, two teeth, UMUT MV29781D p ;i they also have contributed to a better un-

29782, from AB1021-P2, and one fragmente@jerstanding of global environmental change
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and the dynamics of the biotic recovery fol-(Vladivostok), and Central Research Geologi-
lowing the Permian-Triassic mass extinctioncal Prospecting Museum (St. Petersburg) for
Several modern disciplines, such as stable-ist&indly providing him the opportunity to exam-
tope stratigraphy, radioisotopic analysis andhe type and coparative specimens of Early
sedimentary facies analysis, have been utilizetriassic ammonoidand nautiloids. Thanks are
to broaden the knowledge of the Triassic oéxtended to J. F. Jenks (Utah) for his helpful
South Primorye, but much work still remainssuggestions and improvement of the English
to be done. Therefore, it is anticipated thatext.
future efforts by the joint research team will This study was Pnancially supported by
result in even further signibcant contributions.JSPS Fellowships for research in NIS coun-
tries in 1998, Grant-in-Aid for Scientibc
Research from JSPS (nos. 13740302 and
17540447), Overseas Research Fellowship of
We are very grateful to Academician A. I.the Ministry of Education, Culture, Sports,
Khanchuk, Director of Far Eastern GeologicaScience and Technology of Japan in
Institute, Vladivostok, for his supervision of 20032004, and grants of the National Muse-
this research program, and to all personnel afm of Nature and Science in 200602008 to V.
the Institute for their kind help and cooperaShigeta, the Sasagawa Scientibc Research
tion throughout the Peld survey. We also thanksrant from the Japan Science Society (Project
W. Weitschat (University ofHamburg), H. No. 20-720M) to T. Kumagae, and RFBR
Bucher (University of ZYrich), S. Z. Shen (Nan-grant (No. 09-05-98524-R_vostok_a) to Y. D.
jing Institute of Geology and Palaeontology), Z.Zakharov. A. KaimOs work is a part of a project
Q. Chen (West Australia University), A. NYtzelcarried out under the auspices of a Humboldt
(Bayerische Staatssammlung fYr PalSontologkellowship and it is partially Pnanced by the
und Geologie), T. Koike (Professor Emeritus)nstitute of Paleobiology, Polish Academy of
Yokohama National University), M. J. OrchardSciences. This study is a contribution to the
(Geological Survey of Canada), N. GoudedGCP 572 project OPermian-Triassic Ecosys-
mand (University of ZYrich), T. Komatsu (Ku-temsO.
mamoto University), K. Ichikawa (Professor
Emeritus, Osaka City University), B. N.
Shurygin (Institute of Oil and Gas Geology,
N9VOSibirSk)’ M. Hautmann  (University of sils. 5 vols.1420 pp., suppl. Imprimerie de Petit-
ZYrich), Y. Tominaga (Kanazawa University), pierre, Neufchatel. '
W. Schatz (University 9f Luzern), and T. En-ager, D. V. & D. L. Sun, 1988. Distribution of Mesozoic
geser (Freie UniversitSt Berlin) for their help brachiopods on the northern and southern shores
during the course of this study in various of Tethys.Palaeontologia Cathayana: 23D51.
ways. We also thank M. Shigeoka for her helpb\lberti, F ”(ed.'), .1864.T.berblick Yoer die .Trias mit
with modal and chemical analyses and heavy BerYcksichtigung ihres Vorkommens in den Alpen.
. . 352 pp. J. G. Cotta, Stuttgart.
mineral separations, and T. Watanabe (Iatﬁllasinaz, A., 1966. Il Trias in Lombardia (studi geologici
Professor of Hokkaido University) for provid- e paleontologici). XVIII, La fauna a Lamelli-
ing sand samples from the Amur River. Y. branchi dello Julico (Carnico medidivista ltal-
Shigeta are indebted to the Geological Survey iana di Paleontologia e Stratigraphid2 (3): 609D

of India (Kalkata), Nanjing Institute of Geolo- 2 . L )
Allasinaz, A., 1972. Revisione dei Pettinidi triassRiv-

gy and PalaeontOIOgy (Nanjlpg), _InStItUte" ‘de ista Italiana di Paleontologia e Stratigraphia@8
ML.J.seum of Paleontology, University of ZYrich (2): 1899428, pls. 24D48.
(ZYrich), Far Eastern Geological InstituteAmmon, L. von, 1878. Die Gastropoden des Haupt-
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