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                Perrnian and Triassic Boundary ,in the Limestone

                                                          '                    at Taho and Kamura, Southwest Japan

               Toshio Koike", Makoto Arima*, and Hisaharu Igo"

                              Introcluction

                               ()                                                  '
   It has been emphasized that there was a grobal mass extinction of the Paleo-

zoic marine invertebrates and land plants at the period boundary between the

Perrnian and Triassic. There are several different opinions concerning the cause

of the mass extinction.

   It is known that there occured a remarkable sea level drop at the end of the

the Permian, which caused serious erosion in vast areas of shallow water deposi-

tional environment on continental shelves. Therefore. the boundary between the

Permian and Triassic is usually unconformable and the section showing continuous

stratigraphic sequences across the Permian-Triassic boundary is remarkably re-
                          'stricted, i.e., hither to known in the Southern A.lps, Iran, Himalayan region,

South China, and Greenland.

   In Japan the Upper Peirmian and Lower Triassic sequence of shelf facies expo-

                                        'ses in some areas, i.e., Southe' rn K.itakami Terrain, Northeastern Japan and Mai-

zuru Belt. Inner Side of Southwestern Japan. However, the Permian'Triassic boun-

dary is unconformity and the upper Changxingian o'f the Permian and the Iriduan of

th.e Triassic are probably lack'ing in both areas.

   On the other hand, the chert sequence includes the Permian-Triassic boundary

horizons in some areas of the Mino Belt, Southwest Japan (Yamakita. 1987 and

others). The chert sequence is of deep sea pelagic origin and occurs in a Jura-

ssic accretionary complex. The sequence is mainly composed of bedded radiolarian

cherts. The Permian-Triassic boundary unit consists of gray or black siliceous

claystone atteining to about 30 m in thickness and y.ieids Late Permian radio-

larians in the lower part and Eariy Triassic conodonts in the upper part. How-

ever, the Induan fossils have not been obtained from the boundary unit.

    * Yokohama National University
                              '    ** Tokyo Gakugei University
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   The carbonate sequence of oceanic facies including the Upper Permian and

Lower Triassic strata distributes in Takachiho, Kyushu (central part of Chichibu

Belt). All vvorkers concluded that the sequence lacks the upper Changxingian and

                                                                      'the Induan.
                                  '
   We investigated the carbonate sequence in Taho and Kamura sections and found

out the permian-Triassic boundary. The lithologic character of the carbonate ro-

cks and microfossils obtained are discfissed in this paper.

       '
      The Permian-Triassic boundary and conodont faunas in the Tethys Realm

   Recent active study on conodont biostratigraphy have revealed significance of

conodonts for recognision of the Permian-Triassic boundary. Conodonts of latest

permian and earliest Triassic age have beeh known from sections in the southern

Alps (Italy), the Salt Range and Trans-Ifidus Range of Pakistan; from the Vihi

Dis'trict of Kashimir; from the Spiti District of northern India; from sections

at Kuh-e-Ali Bashi in the Jul-fa District of northwest Iran; from the Abadeh re-

gion of central Iran; 'from the Permian-Triassic sequence exposed on Cape Stosch,

central East Greenland; from western United States; from several sections on the

Yangtze platform, South China.

   The Upper Permian Bellerophon Formation of the Dolomites qnd Carnia, Italy

ranges in thickness from 400-500 m to zero and consists of marl, dolomite sabkha

gypsum, and marly dolomitic limestone. The topmost segment of the Bellerophon

Formation is composed of a sequence, O.5 to 2 m thick, of dark marls and lime-

stones with･fusulinids (Nankinella) and other foraminifers, calcareous algae,

and brachiopods(Comelicarina, Ombjnia, and Orthotetina), fungus Tympanocysta.

This facies records the spread of shallow-marine condtions over a very wide area

of the Southern Alps (Fig. 1).

   Representatives of Comelicania from the Southern Alps belong in Comericania

and Alatothyris. A characteristic comelicaniid assemblage (C. megalotis, C. ta-

dina) seems to support a latest Drashamian age for the uppermost part of 'the

Bellerophon Formation. Extensive research emphasizes the peculiarity of the Bel-

lerophon Formation's microfauna by comparison with those reported from other

Tethyan areas, and the Southern Alps is though't to represent a distinct biopro-

vince, which lacks the common index microfossils but has similarities with asso-

ciations from Changxingian sequences in South China (Broglio et al.,1986.1988).
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   The Bellerophon Formation is overlain, with no evidence of a stratigrathic

gap. by the Lower Triassic oolitic unit of the Tesero Horizon of the Werfen For-
                                                             '                                       '                        'mation.

   The Lower Triassic Werfen Formation is an interbeded sequence of carbonate

and terrigenos deposits that ranges in thickness from about 150 to 700 m and, in

                          'the Dolomites, includes nine lithostratigraphic units. The Welfen Formation was

deposited in a shallow-shelf settifig that was generally below fairdweather wave-

base but was frequently affected by storm waves (Broglio and Cassinis, 1992).

   The basal oolitic unit, the Tesero Horizon yields the Ombonia-?Crurithyris

Assemblage ,in the 10-20 cm thick layer. The assemblage includes smooth pectinid

bivalves. and brachiopods and foraminifers of Permian aspect.

   In marly intercalation O.5 to 2 m above the formational boundary there are

sculptured avicuiopectinid bivalves, 'Bellerophon' voceki Bittner, Polygirina

gracilior (Schauroth), ?Cruri'thyris extima Grant, Ombonia sp. cf. O. canevai

Merla. ?Spinomarginifera sp. and foraminifers of Permian type (i.e.Nankinella,

Globivalvulina. Hemigordius, Geinitzina). Gymnocodium and Mizzia are rarely pre-
 '
sent.

    'Bellerophon' vaceki is a Triassic species whose first occurrence is in the

basal oolitic !ayers of thae Tesero Horizon. The morphology of this species is

very differen't from that of Paleozoic Bellerophon and it ranges from the base

of the Tesero to the Clara.ia aurita Sub4one (Lower Nammalian). This species con-

sidered the haralder of the Early Triassic in the mixecl fauna occured 1-2 m

above the formational boundary, which is correlated with that of the Otoceras

woodwardi Zone

   The conodont Hindeodus latidentatus is represented 2 m above the Bellerophon-

Wer-fen contact. The highest occurrence of a palynomorph assemblage with dominant

fungal remains coincides with the highest record of Late Permian elements.

   Next above the Obmonia-?Crurithyris Assemblage, in the lower Mazzin Member,

is the Unionites-Lingula Assemblage, which is of lower taxonomic d.iversity and

quite dif'ferent composition than assemblages in the Tesero Horizon and Bellero-

phon Formation. Lingula sp.. Unionites fassaensis (Wissmann), Unionites sp. cf.

!2.camalensis (Catullo). and Bellerophon vaceki are the most characteristic fos-

sils. Articulate brachiopods, algae, and foraminifers of Permian aspect appear

to be absent. The conodont Isarcicella parva has been reported from the lower

                                      'Mazzin Member (Brander et al., 1986)･
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   The palynofacies appears to be dramatically changed from the lower part of

the Mazzin Member,. The index bivalves Claraia appers 15 to 20 m above the base

of the Werfen, at a level roughly equivalent to that at which the conodont Is-

arcicella isarcica makes it debu't.

   Sedimentologic research emphasizes a gradual transition from the Bellerophon

to the Werfen Forma'tion. Bioclastic packstones and grainstones with the Comeli-

cania- Nankinella assemblage coarsen and grade into oolitic grainstones of over-

lying Tesero Horizon, basal unit of the Werfen, in which the Ombonia-?Crurithy-

rias Assemblage occurs. Evidence of erosion and clear .indications of emergence

supporting a gap occur only in the middle part of the Souther Alps.

   Carbon-isotope profiles th'rough the Tesero section also indicate the Bellero-

phon-Werfen boundary is transitional (Magaritz et al., 1988).

   Broglio and Cassinis (1992) concluded that the systemic (and erathemic) boun-

dary would coincide with the contact between the Bellerophon and Werfen forma-

tions because the contact coincides with the essentially simultaneous drop in

in taxonomic diversity. 'the flourishin of fungi, and the alterration in pattern

of sed.imentaion. Fossils of Permian aspect in the Tesero Horizon record the last

attempt by suvivors of the biologic revolut,ion to adapt to a new ecosystem,

which was very different from the one to which they were adap'ted .in earler

times.

   [ran

   In the Abadeh region, Iran the latest Permian Hambast Formation consists of

thin bedded limestone. The lower uni't yields fusulinids and ammonoids. The upper

unit i.nclude uppermost Dorashamian ammonoids such as Shevyrevites and Paratiro-
                                                                  '
lites and conodonts referable to Hindeodus julfensis (= H. minutus) and Neogon-
                                                     .
                                      '                                                           'dolella subcarinata orientalis (Fig. 2).

   The strata of the formation was deposited under calm. possibly lagoonal con-

ditions (Iran-Japanese Research Group, 1981). After a short interval of emer-

gence the depositional area was rapidly submarged and Early Triassic sediments

were deposited under infraneritic to littoral conditions.

   The basal part of the Lower Triassic (Unit a ) is composed of yellowish green

clay (boundary clay, 10-30 cm thick), Stromarite limestone (130-180 cm ). alter-

nation･ of limestone and shale (8.7 m), in ascending order. The boundary clay

yields claraia sp. The Stromarite limestone contains Hindeodus parvus w.ith Xeno-

discus sp. The alternation of limestone and shale includes Hindeodus parvus and
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Isarcicella isarcica and ammonoids referable to Ophiceras, Acanthophiceras,
                                                                        '
Lytophyceras, and Vishnuites.

   Salt Range

   Upper Permian Chhidru Formation is 190 -v280 feet in thickness and consists

of pale gray to dark gray shale in 'the basal 20 Av45 feet and calcareous sand-

stone with a few sandy limestone beds in the remainder of the formation (Fig.3).

   The white sandstone unit (Kummel and Teichert,1970) of the topmost Chhidru

Forrnation var.ies considesderably in thickness ranging from over 5 m to almost

                                                                  'zero and yields brachiopods, foraminifers, and acritarchs. The unit is fine- to

                              'medium-grained white to yellowish-gray sandstone and has varing amount of inter--

beds of clark shale of 6 to 18 cm thick. The sandstone is predominantly quartzs

and feldspar and a small amount of biotite. The groundmass consists of generally

finely crystallized calcite which is partly dolomitized. The sandstone is t.hinly

laminated and ,in p.!aces, 'faintly cross-bedded. Symmetrical ripple marks are

rarely present. This suggests considerable shallowness of the water. However,

rarity of this kind of ripple marks indicates that sediment-water interface for

the most part must have been below the zone of wave turbulence (Kummel and Tei-

chert. !970).

   Furnish and Glenister (1970), on the basis o'f ammonoids, recognized the ab-

sence of the uppermost Permian stage Changhsingian in the Chhidru Formation.
                                                              '   Pakistan-Japanese Research Group (PJRG) (1985) also concluded that the Chhicl-

ru Forrnat;ion is most probably late Dzhulth'an because there is no paleontological

ev.idence to indicate the iatest Permian Dor.ashamian or Changhsingian.

  'The Lower Triassic Kathwai Member of the Mianwaii Formation is subdiv.ided

into a lower dolomite unit (5.2 to 14 feet thick) and an upper limestone unit

(O.5 to 7 feet thick)(Kummel and Teichert, 1970)

   The dolomite unit differs sharply from the white sandstone unit of the Chhi-

dru Formation on which it rests with apparent conformity. The unit consists

entirely of fine to coarse - grained dolomite. containing calcite, minor ammount

of detrital mineral grains of quartz, feldspar, mica, and glauconite. The origi-

nal rock. before dolom.itization, is･essentially a bioclastic limestone, consist-

ing mostly of huge number of fragments of echinoclermal skeletons and of commu-

nuted sheil fragments, frequently not more than 1 mm in size. The dolomite is

grayish orange in color and mediumdbedded and. in places, iaminated and cross-

beddecl. Mudcracks and capped interference ripples are observed in some levels.
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Kummel and Teichert (1970) considered that the dolomitized limestone deposited

in intertidal zone.

                                                                    '                                                                         '   The upper limestone unit consists of bioclastic limestone with large amount

of minute shell fragments aRd minor amount of echinoderm fragments and glauco-

nite grains. The limestone is dolomitized in small extent.

   The dolomite unit contains cephalopods, presumably Ophiceras connectens

Schindewo!f in the upper part. The limestone "unit yields rich brachiopods, echi-

       xnoderms, cephalopods, and palynomorphs. Ophiceras connectens, Glyptophyceras

himalayanum (Griesbach) are present with Permian type brachiopods and naut,i--

loids, and Paleozoic type ostracods.

   Kummel and Teichert (1970) concluded that the Permian-Triassic boundary in

the Salt Range is a.paraconformity refiecting a recession of the sea and an

emargent condition in latest Permian time followed by a transgression in the

earliest Triassic as defined by the first appearance of Ophioceras.

   PJRG (1985) divided the Kathwai Member into three units. the Lower. the Mid-

dle, afid the Upper ins'tead of two-fold division of Kumrnei and Teichert (!970).

  The Lower Ijnit corresponds to the basal part of the dolomite unit of Kummel

and Teichert (197e). The unit ranges from 160 cm to zero in thickness and com-

posed of dolqstone, dolomitic limestone, and more or Less calcareous sandstone.

   The Middle unit is 80 to 150 cm in thickness and consists o'f mass,ive or

faintl.y bedded dolostone. Parallel and cross iamination are rarely discernible.

The mudcracks reported by Kummel and Teichert (1970) was regarded as secondary

wearthering product.

   The Upper･ Unit considerably varies the lithofacies and thickness. At Chhidru

it is 360 cm in thickness and alternating dolomite and shale in the lower part

and thin-bedded alternation of sandstone and shale with Limestone interbeds in

the upper part. At Narmia it is about 70 cm in thickness and represent by bedded

limestone. In the other localities the Lower part is dolostone and the upper

part is limestone. Parallel and cross lamination are locally developed. Ripple

marks are observed in some localities.

   The Lower Unit yields foraminifers as Reichelina sp.. Globivalvulina c-f. von-

dershumitti, Nodosaria cf.minuta. Pachyphloia sp. and so on. Grant (1970･) re--

por`ted Permian type brachiopods frorn this unit.

   The Middle Unit contains Eumorphotis waageni, Entolium cf.discites. and ophy-

ceratid ammonoids from the basal part.
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   PJRG (1985) correlated the Lower Unit with the highest Permian as Grant and

Cooper (1973) considered and drew the Permian- Triassic boundary at the boundary

of the Lower Unit and the Middle Unit.

   Triassic conodonts were studied for the first time by Sweet (1970). Sweet

 (1970) established the Hindeodus typicalis and Neogondolella carinata zones in

the lowermostpart of the Kathwai Member. However, Sweet and Bergstrom (1986) and

Sweet (1988) revised Sweet's Lower Trfiassic zonal scheme and recognized the Is-

arcicella isarcica Zone in the interval of the H.typicalis and N.carinata Zones.

Sweet (in Ziegler, 1977) regarded that I. parva is synonimous with I. isarcica.

Thus the I. isarcica Zone (Sweet and Bergstrorn, 1986, Sweet, 1988) includes the

   According to PJRG (1985), the Lower Unit yields very few conodonts, only Hin-

deodus minutus (H. typicalis of Sweet). This unit was distinguished as H.minutus

Zone (Nakazawa, 1993). The Middle Unit has the association of H. minutus. 'Isar-

cicella parva, I. isarcica, and N. carinata and two conodont zones, I. parva- H.

minutus Zone and I. isarcica-I. parva Zone, were settled in ascending order.

The I. parva-H. minutus Zone was correlated with 'the upper part of Otoceras

woodwardi Zone and I. isarcica-I. parva Zone was included in Ophiceras tibeticum

Zone. PJRG (1985) concluded that the lower par't of Otoceras woodwardi Zone is

most probabiy missing in the Salt Range region.

  Sweet (in Ziegler, 1977) regarded that Hindeodus parvus is synonimous with I.

isarcica. Thus the I. isarcica Zone (Sweet and Bergstom. 1986: Sweet.1988) inc-

ludes the H. parvus Zone which marks the lowermost Triassic.

     Kashimir

   Upper Permian and Lower Triassic strata in the Guryul Ravine, Vihi District

of Kashimir, India have been devided into two formation, the Zewan and conforma-

bly overlying Khunamuh Formations (Nakazawa et al.,1975) (Fig. 4). The uppermost

part (18.2 m in chickness) of the Zewan Formation (Member D of Nakazawa et al.,

1975) .is characterized by a development of thick-bedded sandy limestone (biomic-

rudite) intercalating laminated muddy sandstone and calcareous sandstone. The

lowermost part (18.6 m in thickness) of the Khunamuh Formation (Member E of Na-

kazawa et al.. 1975) is constituted by dark gray to black shale intercalating

                    'limestone layers of 10 to 30 cm in chickness. The Member E of the Khunamuh For-

mation was further subdevided into three units, Ei to E3 in ascending order.

   Member D of the Zewan Formation corresponds to the Cyclolobus walkeri Zone

and Unit E! to the Hypophyceras? Zone, Unit E2 to the Otoceras woodwardi Zone,
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and Unit E3 to the Ophyceras Zone, respectively (Nakazawa et al., 1975, Naka-

zawa, 1993).
                                                                    '
   The conodont faunas of the Upper Perrnian and Lower Permian sequencein this

area have been studied by Sweet (1970) and four conodont zones were established:

Hindeodus typicalis. Neogondolella carinata, Neospathodus dieneri. and N. cris-

tagalli zones in ascending order. The Hindeodus typicalis Zone straddles the

boundary of the Zewan and Khunamuh Formation. Three conodont zones were estab-

lished in the E rnember by Nakazawa et al.(1975): Hindeodus typicalis, Neo-

gondolella carinata, and Neospathodus cristagalli zones. However, Nakazawa et
    'al.(1980) and Matsuda (1981), and Nakazawa (1993) proposed another conodont
                                                                        t/
zonation of Unit E based on detailed conodont sampling by Matsuda, namely, Hin-

deodus minutus, Isarcicella isarcica, Neogondolella carinata, Neospathodus kum-

meli, and Neospa'thodus cristagalli zones.

   Unit Ei includes Permian brachiopods. bivalves. bryozoas, and Triassic type

bivalves, C.laraia. The greatest faunal change takes place in the lowermost Khu-

namuh. namely. between Unit Ei and E2 and almost characteristic Permian species

disappear at the end of Unit Ei. Teichert et al.(1976) draw the Permian-Triassic

boundary at the base of Unit Ei. Nakazawa et al.(1975) proposed the boundary at

the base of Unit E2 but Nakazawa (1993) draw .it at the base of Uni't Ei.

   The sedimentary environment was estimated by sedimentological study of Naka-

zawa e't al.(1975). In the las't Zewan stage, 'there was uplift of the land and

shallowing of the sea but not emergence above sea-leve!. In the eariist Khunamuh

stage, the basin was rapidly deepend to probably bathyal environment.

  Permian-Trfiassic Boundary Working Group (1993) candidated Guryul ravin section

as a stratotype of the Permjan - Triassic boundary because Hindeodus parvus and

Otoceras are both represented. Wang (1990) notisced the shortcomings, i.e., the

turbiditic nature of the Khunamuh Formation, metamorphism (> 300 c) judged by

'the black color of conodonts; the lack of chrono--, chemiocal- and magnetostrati-

graphic data. and the lack of ammonoids in E i. Moreover, the Changxingian age

of Zewan and /or Khunamuh E i is not confirmed. The discontinuity between Zewan

and Khunamuh at 2.6 m below the suggested Permian-Triassic boundary between Khu-

namuh E i and E 2, poses another problem that the Pemian--Triassic boundary must

be placed in a sect.ion where discontinuity has already been recognized whithin

such short diastnace from the permian-Triassic boundary: and that a considerable

thickness of a continuous sequence above and below the Permian-Triassic boundary

                                    8



needed for sequrity.

   Selong section
                                                             '   According to Geldsetzer et al., (at the Guiyang workshop) the 7 cm thick
      '
'Changxingian' is reworked band with a matrix der.ived fromthe underlying 'Pre-

Changxingian' crinoidal grainstones. Jin and Shen (at the workshop) reported

that 80% of the brachiopods are fragrnented, but that the species composition is
                                                  'the same as that in the 'Prechangxingian'. No typical Changxingian conodonts or

ammonoids have been reported yet. The negative excursion of carbon and oxigen

isotopes occurs at 1.5 cm from the base of the 'Chanxingian'. The contact with

the overlying Otoceras level is an uneven surface. The coexistance of Hingeodus

parvus and Otoceras at this level is reconfirmed by Orchard (1994), although he

reported that Isarcicella isarcica occured slightly higher in the same bed, not

on the same specimens with Otoceras as was reported by Rao and Zhang (1985).

Previous works reported Neogondorella (or Clarkina) changxingensis and !S. def-

lecta from the same level, but this was not confirmed by Orchard.

   It is now clear that there is no confirrned Changxingian in this section. The

'Changxingian' may consist of reworked sediments deposited in the earliest Tri-

assic, judging from the position of the carbon excursion. The Otoceras level may

be reworked or condensed and discontinuities exist close to or even right below

it (Fig. 5).

   South China

   In South China more than 30 fairly continuous marine Permian'Triassic sec-

tions have been studied in detail.

   In the Meishan section in Changxing the Upper Permian Changxing Formation is
                                                         'divided into the lower Baoqing Member and the upper Meishan Member (Fig. 6).

                                                   '   The Baoqing Member is about 27 m in thickness and consists of bioclastic

limestone intercalated wit'h shale. The basal part of the limestone yields rich

ammonoids
                                              '                                                               '(Tapashanites-Shevyrevites Assemblage). brachiopods (Peltichia zigzagdPrelissor-

hynchia triplication Assemblage). and fusulinids (Palaeofusulina minima and Nan-

kinella simplex).

   The Meishan Member is about 12 m in thickness and composed of partly dolomi-

tized bioclastic micritic limestone. White montmorillonite clayrock is present

in the uppermost part. The member contains ammonoids (Rotodicoceras'Pseudotiro-

lites Assemblage), and fusulinids (Palaeofusulina sinensis, !l. nana, Reichelina
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changxingensis).

   The Lower Triassic Yinkeng Formation conformably overlies the Changxing For-

mation. The lower part of the Yinkeng Formation consists of calcareous mudstone.

bedded silty limestqne, clay rock, bedded marl with clay rock, and fine grained

qualtz sandstone.

   The lowermost dark brown calcareous mudstone (bed 26, O.07 m thick) yields

Permian-type brachiopods (Cathaysia chonetoides (Chao), Crurithyris flabelli-

formis Lio, Neochonetes convexa Lio, Paryphella orbicularis (Lio), P. triquetra

Lio. Waagenites barusiensis (Davidson), W. wongiana (Chao)), bivalves (Claraia

sp.), and Permian--type conodonts (Neogondolella changxingensis Wang and Wang, N.

deflecta Wang and Wang).
                                        '                    '   The upper bed (bed 27, O.15 m) composed of greyish white, medium bedded,
                           '
silty limestone beasrs Permian-type brachiopods (Acosarina sp. cf. A. minuta

(Abich), Crurithyris flabelliformis Liao, Fusichonetes pigma' e Liao, Waagenites

barusiensis (Davidson). Paryphella orbicularis (Liao), P. triquetra (Liao)) and

conodonts such as Isarcicella parva (Kozur and Pjatakova), Hindeodus typicalis

(Sweet).

   The bed 29 (grey, mediurn-bedded argillaceous limestone, O.26 m thick) bears

      'Permian-type brachiopod Paryphella orbicularia with bivalve Pseudoclaraia wangi

(Pette) and ammonoid Ophyceras sp.

   The bed 30 (grey, medium-bedded marl with grey clayrock, O.52 m thick) yields

Pseudoclaraia wangi, Claraia griesbachi (Bittner).

   The bed 31 (greenish grey. finedgrained qualtz sandstone, 1.00 rn thick) bears

ammonoids (Ophyceras sp.), bivalves (Claraia griesbachi. Pseudoclaraia l"!AagiL).

   The biostratigraphic sequence of Upper Permian and Lower Triassic conodont

faunas in South China was established by Wang, C. and Wang, Z. (1981, 1983). Zao

et al. (1981), Yang Zunyi et al. (1987), and Ding (1992).

   The Uppermost Permian Changxingian Stage includes two ,conodont zones, Neogon-

dolella subcarinata and !)!. changxingensis Zone in ascending order. Neogondolella

changxingenis Zone begins at Lhe middle part of the Changxiang Formation and

ends at the uppermost of the formation. Conodont fauna in this zone is composesd

of Neogondolella orientalis, N. subcarinata, N. deflecta, N. changxingensis, N.

carinata, and Hindeodus typicalis.

   Three conodont zones were established in the lowermost Triassic Induan forma-

tion: Hindeodus parvus, Isarcicella isarcica, and Neogoldelella carinata zones.
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The base of the Hindeodus parvus Zone is marked by the first occurrence of H.

parvus and this zone is characterized by abundant specimens of H. parvus and H.

typicalis. In Changxing section H. parvus occurs first in bed 27 (O.15 m thick)

above the occurrence of )l. chang.xingensis and bl. deflecta in bed 26 (O.07 m

thick). In the Yanjing section H. parvus also occurs just above the 1imestone

bearing N. chanxingensis and N. deflecta.

   In the Isarcicella isarcica Zone I. isarcica occurs in common and is associ-

ated with H. typicalis, H. parvus, and N. carinata.

   Yin et al. (1994) made a comprehenSive review and recommended the D section

of Meishan and the first appearance Of Hindeodus parvus at the base of Bed 27 c

as the global stratotype section and point of the Permian-Triassic boundary.

However. the find of Otoceras is not confirmed. The Meishan sections are so far

the only sections of the Permian-Triassic boundary candidates where integrative

stratigraphy has been investigated. Chrono-chemo, and event stratigraphic re-

sults have been extensively reported.
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             Lower Triassic biostrati'graphy in carbonate rocks in Japan

                                                          '   Lower Triassic carbonate rocks distribute at Tahokamigumi in Ehime Prefec--
                                                         '
ture, Kamura in Miyazaki Prefecture, Kurotaki in Kochi Prefecture, Shionosawa in

Gumma Prefecture. Iwai in Tokyo District.

   The carbonate rocks occur as exotic blocks in Jurassic clastic rocks formed

as a result of accreation during Jurassic. Carbonate rock blocks expose at Kuro-

taki, Sionosawa, and Iwai yield Olenekian (Smithian and Spathian) ammonoids,

rnollusks, and conodonts (Ichikawa, 1951, Bando, 1964, Nakazawa 1971, Koike et

al, 1985). These blocks are very small and 20-30cm to a few meters in thickness.

They have been almost collected out or unexposed at present.

   The Taho section

   The carbonate rock block of the Taho section in Tahokamigumi, Siro-kawa-cho,

Higashiuwa-gun, Ehime Prefecture attains 54 meters in total thickness and the

exposure is about 5.000 square meters at the type section. The limestone gene-

rally dips 10 to 20 degrees toward north and the uppermost part is bounded by

Jurassic conglomeratic sandstone and the lower lirnit is unexposed.

   The limestone yields abundant conodonts in whole stratigraphic levels and

corresponds to the lower Olenekian to middle Anisian and late Carnian to Norian.

The Ladinian to lower Carnian formations are absent due to a fault (Koike,1981,

                                   '                       '1994) .

   The lower Olenekian (Sm.ithian) carbonate rock is composed of massive bio-

micrite of lower part (10 m thick) and ･thin--to medium bedded or massive partly

dolomitized biomicrite of upper part (6 m thick). The biomicrite includes small

thin-shelled bivalves probably of Halobia, Daonella, Bositra and other monotids,

                           '                                                           'radiolarians and subordinate echinoderm spines and crusts.

   Anasibirites kingianus inaequicostatus (Waagen), Meekoceras japonicus (Shi-

mizu and Jimbo) and other ammonoids and bivalves Anodontophora sp. and Eumorpho-

tis sp. occur from the uppermost level of the upper part (Shimizu and Jimbo,

1933, Bando, 1964). Conodonts Neospathodus dieneri Sweet and Ellisonia trias-

sica Muller occurs throughout the levels and N. waageni Sweet and N. conserva-

tivus (Muller) occur in the upper part (Koike, !981, 1990).

                             '    Kamura section

   The Permian-Triassic lirnestone exposed in Kamura. Takachiho-cho, Nishi-
                                                                        '
usuki-gun, Miyazaki Prefecture is about 50 meters in maximum thickness and ex-
                                  '
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tends about 200 meters in NE-SW direction with nearly vertical dip. The upper

and the lower limit of the lirnestone bounds with mudstone of Jurassic or chert

blockofPermianorTriassic. '

   The Permian carbonate rock was divided into two formations, the Iwato and

Mitai Formations in ascending order by Kanmera and Nakazawa (1073) and Working

Group on Permian-Triassic Systems [W.G.P.T.S.](1975).

   The Iwato Forrnation yields Neoschwagerina megaspherica Deprat, Yabeina cf.

katoi (Ozawa) and other fusulinids which indicate the Guadalupian of Middle

Permian (Saito, Kanbe, Katada. 1958).

   The Mitai Formation (43 m thick) includes Palaeofusulina sp.' Reichelina

changhsingensis assemblage in the lower 15 m and Nankinella sp. B - Staffella

sp. B assemblage in the upper 28 m. Palaeofusulina sp.- Reichelina changhsingen-

                                                                'sis assemblage contains Palaeofusulina sp.. Reichelina changhsingensis (Sheng

and Chang), Codonofusiella kueichoensis Sheng. The assemblage was correlated

with the lower Changxingian in South China. Nankinella sp. B.- Staffella sp. B

assemblage is composed of Nankinella sp. B, Stafella sp. A, S. sp. B, Codono-

fusiella sp., Dunbarula? sp. The assemblage was correlated with middle to upper

Changxingian in South China (Kanmera and Nakazawa, 1973, W.G.P.T.S., 1975).

   The Triassic Kamura Formation yields conodonts throughout the levels and bi-

valves and amrnonoids in part. A detailed study on conodonts by Watanabe et al.

(1979) revealed that the limestone is of the Smithian to Norian.

   The Lower Triassic limestone is composed of massive or thin- to medium bedded

biomicritic limestone or dolomitized biomicrite including thin-shelled bivalves

and ammonoids.

   Kambe (1963) described following molusks in the interval of 6 m to 20 m above

the base of the Kamura Formation. Eumorphotis multiformis (Bittner), !i. multi-

formis shionosawensis Ichikawa and Yabe, Pteria ussurica yabei Nakazawa, Gervil-

Lt cf. exporrecta <Lepsius) [ Bakevellia? sp.], Entolium discites (v. Shlotheim)

[ "Steblochondria" sp.]. Eopecten minimus (Kiparisova) [ Leptochondria cf. mini-

!!!La (Kiparissova) ], Anodontophora canalensis Catullo [ Unionites canalensis Ca-

                                                                     '              'tullo ]. and A. fassaensis (Wissmann) [ Unionites fassaensis ] (name in [] was

offered by Nakazawa 1971). Following ammonites was reported by Kambe (1963) and

Bando (1975) in the same interval, Clypites japonicus Kambe, Aspenites

kamurensis Kambe. Parahedenstroemia sp., Meekoceras cf. gracilitatus VVhite, and

Konifickites sp. Kambe (1963). W.G.P.T.S.(1975), and Nakazawa et al.(1994) refer-
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ed this fauna of bivalves and ammonoids to lower Owenitan (Smithian).

  Neospathodus dieneri Sweet, N. sp.A and other conodonts have been reported

from the same location by Watanabe et al.,(1979).

   The boundary between the Upper Permian Mitai Formation and the Lower Triassic

Kamura Formation was regarded as disconformity and Griesbachian and Dienerian

strata are absesnt in the Kamura section (Kanmera and Nakazawa.1973; Watanabe et

al.,1979).

            The Permian-Triassic boundary in the Taho section

   A drilling was performed for the purpose of getting an information about the

Permian-Triassic boundary in the Taho Limestone in 1994. The drilling point is

shown in the figure 7. The diameter of the drilling core is 70 mm and the well

was bored 50 m from the ground surface.

   The columner section obtained from the core is shown in the figures 8, 9. The

true thickness was calculated as the general dip of 20 degrees. The lithologic

                                                                            'character and fossils occured are as follows in decending order.

   The Taho Formation (Triassic)

                  '   Dienerian

   Light gray to dark gray, massive.slightly dolomitized biomicritic limestone.

Intrusive structure of mudstone. conodonts. Neospathodus dieneri Sweet, b!. cf.

pakistanensis Sweet O.70-13.15m
   Thin alternation of limestone and dark colored mudstone indicating grading.

conodonts, N. dieneri. 15d13.48m
  Light gray, massive, slightly dolomitized biomicritic limestone. conodonts, N.
                                                                            -

  Light gray. massive, dolomitic limestone. conodonts, b!. dieneri.

                                                              15.65-16.8e m

  Light gray, massive, dolomitic limestone bearing undeterminable rnicro fossils.

conodonts. !S. dieneri, ?bl. kummeli. 16.80-17.70m

   Light gray, massive, dolomitic limestone bearing abundant bivalves and small

amountofsmallgastropods,smallammonoids. , 18.15-22.30m
   Light gray, massive. dolomitic limestone. unfossiliferous. 22.30-22.60 m

   Griesbachian

   Dark gray, massive, dolomitic limestone with small gastropods and undetermi-



minable microfossils. 22.60-23.45m
   conodonts, Hindeodus parvus (Kozur and Pjatakova), !!. minutus (Ellison) ob-

   tained at the lebel of 22.80-23.35 m. ? Isarcicella isarcica (Huckriede) ob--

   tained at the lebe! of 22.80-22.90 m.

                              conformity

   The Shirokawa Formation (Upper Permian)

   Light gray to white, massive, dolomitic limestone to dolostone bearing fusu-

linids. Staffella sp. and other foraminifers, calcareous algae. Mizzia and

stratified algae, ostracods. 23.45d36.00m
   Light gray to white dolostone to dolomitic lirnestone with stratified algae.

                                                             36.00-42.25 m

   Dark gray to black, massive, slightly dolomitezed micritic limestone with

   Light gray to white, massive, dolostone. thin shelled bivalves.

                                                             44.44-48.60 m

   Light gray, massive, slightly dolomitized limestone with algae.

                                                             48.60-50.00 m

   BipsLtratigraphic correlation

   The Shirokawa Formation of the Permian is slightlyas,to strongly dolomitized

and occurrence of fossils is restricted. Foraminifers including fisilinids and

algae, Mizzia and Tubiphytes are recognized. Fusulinids. Staffella sp. occuring

near the top of the Shirokawa Formation is only one species determined (Fig.10).

It･is difficult to decide the geological age of the Shirokawa Formation. This is

the same feature with the uppermost Mitai Formation in which fusulind species is

restricted in occurrence of Staffella sp. aithough Changxingian Palaeofusulina

sp･ occures in the lower part of the formation. The Upper Changxingian fusulinid

assmblage in South China is not characterized by Staffella but Palaeofusulina.

The Changxingian Palaeofusulina assemblage usually occures in sparitic limestone

characterizing deposition in high energy open sea environment (W.G.P.T.S.,i975).

On the other hand, Staffella assemblage in the upperMitai Formation occurs in

dolomitic micritic limestone representing deposition in low energy hypersaline

environment. Thus the difference of sedimentary environment might have provided

the different fusulinid assemblage.

   The basal part of the Taho Formation characterized by dark gray dolomitic
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'

limestone yields Hindeodus minutus, H. parvus, and ?Isarcicella isarcica (Fig.

11). The presence of these conodont species represents the Griesbachian of the

basal part.

   ?Neospathodus kummeli, N. dieneri appears about 6 m above the base of the

Taho Formation. Coexistance' of the former two species represents the Dienerian.

                           '

   Feature of the boundary between the Shirokawa and Taho Formation

, The Upper Permian Shirokawa Formation and the Lower Triassic Taho Formation

can be distinguished at a grance because of the contrast in color of the lime-

stones, light gray to white in the Shirokawa and dark gray in the Taho Forma-

tion. The basal part of the Taho Formation is strong!y dolomitized as well as

the uppermost part of the Shirokawa Forrnation and undolomitized dark colored

micritic limestone sporadically scatters within gray colored dolostone in irre-

gular shaped ramps or breccias which ranges in size from O.1 mm to 5 mm. Very

thin calcite veins or stylorite showing pressure solution are formed along the

boudary in most part but there is a portion without such structure in which the

boundary is smooth. There is no sign of unconformity as far as observed (Fig.12)

                                '
             The Permian-Triassic boundary in the Kamura section

   The boundary between the upper Permian Mitai Formation and the Triassic

Kamura Formation was studied in detail at the Section I, II, and III of Watanabe

et al. (1979).

   Section I

   In Sectioh I (Fig.13) the Mitai Formation is strongly dolomitized in the up-

permost part and fossils are quite rare but foraminifers including fusulinids

and algae, Mizzia are observed in some levels (Fig. 14). At the level of about

10 m beneath the top of the Mitai Formation, Dunbarula sp.,?Leella sp.,and Staf-

fella sp. (Fig. 10). These fusulinids are the characteristics of Nankinella sp.

B - Staffella sp. A assemblage proposed by W.G.R.T.S. (1975).

   The basal 3 m of the Kamura Formation is characterized by dark gray dolomitic

micritic limestone (Fig.15). Hindeodus minutus, !!. parvus, Isarcicella isarcica,

Neogondolella carinata occures in the basal part (Fig. 11). The biostratigraphic

                                                        Lorder in appearance of these conodonts, H. minutus - H. parvus ' I. isarcica

is known in several areas (South China, Himalaya) in the Tethyan Realms. This

conodont assemblage represents the Griesbachian (Orchard, 1994: Yin et al.,1994;
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Wang 1994).

   The limestone in the interval of 3 m to 6 m above the base is light gray
  '
dolomitic micrite partly intercalated with dark gray micrite which is similar in

lithology to the dark gray micrite in basal part. The light gray micrite inclu-

des small bivalves and algae. Conodonts have not been collected in this part.

   The limestone in the interval of 6 m to 12 m above the base is light gray

micrite with rich large bivalves. gastropods, and ammonoids (Fig. 15). Conodonts

have not been found in this part. However, bivalves Eumorphotis multiformis,

Unionites canalensis, U. fassaensis, ammonoids Clypites japonicus and Aspenites

kamurensishas been reported from this limestone by Kambe (1963) and others. The

bivalves and ammonoids are thought to represent the Smithian (Kambe, 1963; Naka-

zawa,et al., 1974).

   Section II

   In this section the uppermost part of the Mitai Formation consists of dolo-

stone or dolomitic light gray micrite. The dolomitic limestone yields calcareous

algae and foraminifers but has not yielded index fossils such as fusulinids.

   The basal 3 m of the Kamura Formation is composed of dark gray micrite with

small gastropods and ostracods (Fig. I6). Griesbachian conodonts Hindeodus minu-

tus and U. parvus, Neogondolella sp. occur in this limestone.

   The limestone in the interval of 3 m to 6 m above the boundary of 'the Mitai

and Kamura Formation is light gray micritic limestone which includes small

bivalves.

   The large mollusks (Eumorphotis multiforrnis. Unionites canalensis and others)

bearing micrite overlies the light gray micritic limestone. '

   Section III

   The upper Mitai Formation in Section III (Fig. 17) is cornposed of dolomitic

light gray micrite or dolostone. Fusulinids and other foraminifers and algae oc-

cur in weakly dolomitized micrite. Staffella sp. is present near the uppermost

part of the formation.

   The basal 3 m of the Kamura Formation consists of dark gray micritic lime-

stone with small gastropods and ostracods. Griesbachian conodont Hindeodus

minutus. H. parvus, and Neogondolella carinata occur near the base of the lime-

stone.

   The Griesbachian conodont bearing limestone is cut by a fault and contacts

with the light gray dolomitic micrite with bivalves such as Eumorphotis multi-
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formis, Unionites canalensis and others. Neospathodus dieneri is present at the

level of 7 m and 9.5 m above the base of the formation.
           .t
                                '

   Feature of the boundary between the Mitai and Kamura Formation

   The boundary between the Upper Permian Mitai and Lower Triassic Kamura For--

mation can be easily distiriguished in the field by the contrast of the color of

the limestones. namely, light gray to white dolomitic micrite of the Mitai and

dark gray micrite of the Kamura Formation. Under the microscope there occurs

stylorite at the boundary in many parts but no sty!orite in some parts. There
              .
is no evidende of disconformity such as erosional surface or cave on the Mitai

Formation, occurrence of limestone breccias or conglomerates in the boundary

(Fig. 18).

    '

                         Systematic Paleontology

                  Order CONODONTOPHORIDA Eichenberg, 1930

                 Genus HINDEODUS Rexroad and Furnish. 1964

                      Hindeodus minutus (Ellison, 1941)

                              Figure 11-- !,2.

   Spathognathodus minutus Ellison, 1941, b. 120, figs. 50-52.

   Anchig.nathodus minutus (Ellison). von Bitter, 1972, p. 65-66, pl. 6, figs.

2a-i: Zhao et al.. 1981, pl. 1. 3.

   Ellisonia･ teicherti Sweet, 1970., p. 8, pl. 1, fig. 3, 4, 7. 8, 12: Zhao et

al., 1981, pl. 7, figs. 4, 14. 22-24.
                                                           '
   Ozarkodina minutus (Ellison), Baesemann, 1973, p. 704-706, pl. 2, figs. 1, 4-

                                                                        '

   Hindeodus ex. gr. Hindeodus minutus (Ellison), Bender, 1980. p. 10. pl. 4,

fig. 22.

   Anchignathodus typicalis Sweet, 1970., p. 7-8, pl. 1. figs. 13, 22.

   Hindeodus typicalis (Sweet), Sweet in Ziegler, p. 223-224, Hindeodus pl. 2,

figs. 1-6. Perri and Andraghetti. 1987. p. 308-309. pl. 32. figs. 1-5; Kozur,

1992, p. 102-103, fig. 19.

   Remarks: A detailed synonymy was given by Matsuda (1981). Multielement spe-

cies Hindeodus minutus is composed of six elements, Pa, Pb, M, Sa. Sb, and Sc
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elements. Among the elements the･Pa element has been treated as unimembrate spe-

cies Spathognathodus minutus since Ellioson (1941) described the form. On the

other hand, the Pb, M, Sa, Sb, and Sc elements of !!. parvus were referred to

quinquimembrate skeletal apparatuses of Ellisonia teicherti by Sweet (1970a).

Sweet (1970.) proposed a unimembrate species Anchignathodus typic'alis composed

of single element of the Pa. Baesmann (1973) regarded "S."minutus as one element

of multielement species "Ozarkodina" minutus. Since then most workers have fol-

lowed Baesmann's opinion. However, there was strong confusion in naming of genus

and species.

   Sweet (1977) proposed a seximembrate genus Hindeodus and included "S."minutus

and " A." typicalis as different species in the genus. Sweet (1977) distinguished

two species on the basis of value of ratio of length to width, denticulation,

lateral profile of upper margin of blade. On the other hand, Matsuda (1981) re-

ferred "A." typicalis is synonym of "S." minutus becacuse several morphologic

charactersoftheformer.fallwithinvariationofthelatter. ,

                                                   '
                   Hindeodus parvus (Kozur and Pjatakova, 1975)

                                  '
                                                '
                            Figure 11- 3-15.

                                                                   '
   Spathognathodus isarcicus Huckriede, Staesche, 1964, p. 288-289, figs. 60-61.

   Anchignathodus isarcicus (Huckriede), Sweet in Teichert et al., 1973, p.424, '

   Anchignathodus parvus Kozur and Pjatakova, Kozur. 1975. p. 7-9. pl. 1. figs.
  '

17, 22: Kozur. Mostler, and Rahimi-Yazd, 1975. p. 4, pl. 1, figs. 6, 12-15. pl.

7, figs.7. 9: Kozur and Pjatakova. p. 123-125. figs. Ia, lb. 14, 15. pl. 7, fig.

7: Kozur, 1977, p. 1120-1121. figs.17, 19. 20: Jiang, 1988. pl.2, fig. 8: Beyers

and Orchard, 1991, pl.4, Figs. 2-3.

   Isarcicella isarcica (Huckriede), Sweet in Zieg!er, 1977, p. 229-230, morpho-

type 1 in text-fig. "Terminology of Isarcicella Kozur, 1975" at p. 225: Perri

and Andraghetti, 1987: p. 309-311. pl. 32, figs. 6, 7.

   Hindeodus parvus (Kozur and Pjatakova), Matsuda, 1981, p. 91'93. pl. 5, figs.

1-3: Matsuda. 1985, pl. 1, fig. 2: Wang. Z. and Cao, 1993, p. 253-254. pl. 55.

figs'. 1'3: Wang, C.Y., 1994, pl. 1, figs. 1-2 (Morphotype 1), figs. 3'5 (Mor-

                             '                            '
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                                Description

   Pa element
                                                                       '                                  '
   The antero posterior process ranges O.32 to O.58 mm in length, O.16 to

e.32 mm in width, O.22 to O.46 mm in height and !.1 to 1.5 in length to height

ratio. The process slightly bows inward and fairly expands on the inner side and

carries 5 to 9 denticles which are nearly equal in height in anterior half and

gradually or rappidly decrease in height posteriorly. The cusp at the anterior

end of the process usually attains as twice in height as the highest denticle.

The basal cavity is subelliptical to subcircular in shape and occupies poSterior

two-thirds to three-fourths of the process and a narrow groove extends toward

anterlor.

   Remarks:- Pa element of Hindeodus parvus is closely similar to H. rninutus

which has large and high cusp. However, the cusp of !!. parvus is higher and

bowed posteriorly and that of !!. minutus stands in parpendicular.

   Kozur and Pjatakova (1976) regarded Ellisonia teicherti multielement as the

elements･of H. parvus and illustrated neoprioniodiniform (M) element and hindeo-

delliform (Sc) element with spathognathodiform (Pa) element. E.teicherti was

established by Sweet on the basis of statistically reconstracted apparatus of

a quinquinmembrate with the LD (M), U(Sa), LE(Sb), U (Sc), and LA (Pb) eiements.

Sweet(1977) treated that Ellisonia teicherti of a quinquimembrate is a part of

the skeletal apparatus of H. typicalis (Sweet). On the other hand. Matsuda

(1981) regarded that E. teicherti is a part of the apparatus of H. minutus. The

M and Sc elements figured by Kozur and Pjatakova (1976) coincide with those of

H. minutus (l H. typicalis).

   The Permian-Triassic Boundary Working Group (PTBWG)(1994), emphasized that H.

parvus is a seximembrate. However, the elements has not been figured and desc-

ribed. More than 100 specimens of the Pa element of H. parvus have been collect-

ed in association with 12 Pa elements of H. minutus frorn the basal part of the

Kamura Formation. The occurrence of ramiform elements is considerably smail com-

pared with the Pa element and the M. Sa. Sb. Sc, and Pb elements are 10, 3, 6,

15 , 4 , in number, respectively. These elements seem to belong to E. minutus.

According to Matsuda (1981),'ramiform elements of H. parvus has not been con-

firmed in the sample from Guryul Ravine section in Kashirnir. It is probable that

H. parvus is a unimembrate.
                                  '
   Sweet in Ziegler (1977) also suggested that H. parvus belongs to unimembrate
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type whereas genus Hindeodus to seximembrate. On the basis of the morphological

affinity and close stratigraphic range, Sweet (1977) first referred !!. parvus as

 "morphotype 1" of Isarcicella isarcica as Staesche (1964) classifiedthis form as

one of morphotypes of "Spathognthodus" isarcicus Huckriede, but later recognized

the species 'parvus' and included it tentatively to Isarcicella (1992). Isarci-

cella was proposed by Kozur (1975) for the form with one or two denticles on one

or either sides of the blade arnong "Spathognathodus"isarcicus described by Sta-

esche (1964). Sweet in (1977) referred Isarcicella to unimembrate.

   As mentioned previously, H. parvus is probably a unimembrate. Therefore, this

form does not belong to typical Hindeodus with seximembrate apparatus. However,

as Sweet (1977) and Matsuda (1981) already pointed out H. parvus is rnorphologi-

cally related to the Pa element of H. minutus. On the other hand, H. parvus is

not a typical Isarcicella proposed by Kozur (1975) although it represents mor-

phological relation to Isarcicella isarcica in the denticulation on the blade

and carina. It is not adequate to propose a new genus for !!. Parvus in this

paper because it will cause another confusion. I treat 'parvus' as Hindeodus

because proposal of genus Isarcicella by Kozur (1975) is earlier than that of

multielement Hindeodus by Sweet (1977).

                          Genus Isarcicelia Kozur, 1975

                        Isarcicella isarcica (Huckriede)

                             Figure 11- 16. 17.

   Spathognathodus isarsicus Huckriede. 1958, p. 162, pl. 10, figs. 6. 7a-7c:

Staesche, 1964, p. 288-289, figs. 62-64: Hirsch and Sussli. 1973, p. 528, Pl. 1,

figs. 1-2.

                                              tt   Anchignathodus isarcicus (Huckriede), Sweet, !970b, p. 223-224. pl. 1, figs.

18, 19: Sweet in Ziegler, 1973, p. 13d14, Anchignathodus pl. 1. fig. 1: Sweet in

Teichert et. al., 1973, p. 424, 426. pl. 11. figs. 6, 7: Clark et al.. 1979, pl.

1, fig. 19.
                                                                            '
   Isarcicella isarcicus (Huckriede), Kozur, Mostler, and Rahimi'Yazd. 1975, p.

6-7, pl. 7, figs. 3-6.

   Isarcicella isarcica (Huckriede), Sweet in Ziegler, 1977. p.229-230: Kozur,

1978, pl. 8, figs. 23, 28: Matsuda, 198i, p.93-94. pl. 5, figs 4-7: Paull, 1982.
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fig. 5. 14, 16-19: Matzuda, 1985. pl. 1, fig. 3: Jiang, 1988, pl. 2, fig. 9a--b:

Wang. Z. and Cao. 1993. p. 254, pl. 55, figs. 8, 9.

                                '

                               Description

   The anteroposterior process is O.37 to O.52 mm in length, O.21 to O.40mm in

width and O.23 to O.37 mm in height. The process slightly bows inward and car-
                                                                              '
ries 4 to 7 denticles which are nearly equal in height or highest in anterior or

central part. The inner side of the process strongly expands and bears one or

two denticles which are almost equal in height with the denticles on the pro--

cess. The cusp at the anterior end of the process is about twice as high and

large as the largest denticle on the process. The basal cavity occupies posteri-

or three-fourths of the process and a narrow groove extends toward anterior.
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 uppermost Zewan Formation and
,India(adapted from Nakazawa et
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