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PERMIAN BRACHIOPODS FROM KARAKORUM (PAKISTAN). Pt. 1
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Keyrwerels:

Riasstnzo. Cingue associazioni a Brachiopodi sono state rico-
nesciute nelle successioni permiane del Karakorum setrentrianale
(Pakistan}), Scopo del presente lavoro & di illustrare le due associazio-
ni pit antiche, di etd rispectivamente Asseliano-Sakmariano inferiore
e Sakmariano. L'associazione @ Brachiopodi di etd Asseliano-Sakma-
riano inferiore, denominata associazione a Trigonotrets fyomsensis-
Prmciospi?;f—f? qufaa:m:, & stata campionata nella parte mediana della
Fm. Gircha Sitratta di un’associazione a bassa diversitd faunistica,
dominata dagli Spiriferidi, indicante condizioni climatiche fredde.
L*associazione sakmarizna, denomingla associazione a Aynziva elecra
gen. n. sp. T, ¢ stata campionata nella Fru. Lupghar, Mb. 1 dell'alta
valle Hunza e nella Fm. Lashkargaz, Mb. 1 delia zona Baroghil-La-
shkargaz (Chitral), Questz associazions, pit recente, & caratterizzata
da una maggior diversitd fzunistica, indicante condizioni climatiche
pitt calde rispetto alle precedent. Inolice lo specie Hunzina electa
gen. n. sp. n, costituisce un livello marker molto caratteristico, rico-
noscibile in quasi e le sexioni stratiprafiche esepuice nelle succes-
sioni permiane del Karakorum settentrionale, Nell’appendice a que-
so livoro, vengang intredotti due nuovi genseri_, un nuova sottoge
nere e nove nuove specie provenienti dal Boloriano al Murgabiano-
Midiano del Karakorum setentrionale.

Abstract, Five brachiopod associations were collected in the
Permian suce
waork s 1o deseribe the two oldest brachiopod assemblages. The ol-
dest associztion nas been assembled in the Asselian-Early Sikmarian
Circkz Tm, It has been named Trigonoreta fyonsensis Punctosperifer

sions of N Karakorum [Pakistan). The aim of this

afghanuss assemblage and it is characterized by low diversity and do-
minance af spiriferids, indicating cold cimate conditions. The se-
conc assemblage was collected in the Sakmarian Lupghar Fm., Mb.
1 of Upper Hunza valley and in the Sakmarian Lashkargaz Fm.,
Mb. 1 of Baroghil and Lashkargaz {Chiwal). It has been named Fus-
zina electa gen. n. sp. n. assemblage and it is characierized by higher
diversity than the oldest one, indicating warmer climate conditions,
Furthermore Hunuina efectz gen. n. sp. 0. represents a marker in
almost all the strazigraphic sections of N Karakorum. In the appen-
dix two new genera, one new subgenus and nine new species of
brachiopods collected in the Bolorian to Murgabian-Midian of
Naorthern Karakorum, are named and described.

Introduction.

Large collections of Permian brachiopods were
assembled during four Italian cxpeditions (1986, 1991,

1992a, 1992b) on the Pakistan side of Karakorum. The
first three expeditions visited the Upper Hunza valley
and its laterals, Chapursan valley, Abgarch valley and
Shimshal valley. The last expedition was led in the
western termination of the Karakorum, in the Chitral-
Baroghil-Karambar sector (Fig. 1).

Permian brachiopods from western Karakorum
(Baroghil pass) were first collected by Hayden (1915)
and described by Reed (1925). A small collection of
Permian brachiopods from Upper Hunza valley, col-
lected by Desio in 1962, was described by Fantini
Sestini (1965a).

At least five brachiopod assemblages have been
recognized so far, from the Asselian-Sakmarian to the
Murgabian-Midian (Angiolini, 1994). The aim of this
paper is to describe the two oldest Permian bra-
chiopod assemblages of Early Permian age.

Stratigraphy.

The Permian of  Karzkorum
{Pakistan) has been extensively described by Gaetani
et al. {1990) and Gactani ct al. (1995) (Fig. 2, 3). In the
western termination of Karakorum (Baroghil-Karam-
bar sector) the Lower Permian succession 1s repre-
sented at the base by the Gircha Fm., a terrigenous
unit, mostly quartzarenitic. The Lashkargaz Fm. over-
lies the Gircha Fm. and consists of 4 members span-
ning the Sakmarian-Kubergandian oime interval. The
first two members are Early Permian in age. The first
member of the Lashkargaz Fm. consists of hybrid

arenites, siltites, marls and lenses of crinoidal lime-

stratigraphy

stones. The age 1s Sakmarian as restified by bra-
chiopods and conodonts (Gaetani et al., 1995). The
second member of the Lashkargaz Fm. is character-
1ized at the base by fusulinid limestones, often dolomi-
tized which pass to marly limestones and bioclastic
limestones. The age of this member is Sakmarian to

- Dipartimento di Scienze della Terra, Universitd degli Swudi, Via Mangiagalli 34, Milane, lalia.
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Fig. 1

Bolorian on the basis of fusulinids and brachiopods
(Gaetani et al., 1995).

In the Upper Hunza valley and 1ts laterals the
Lower Permian succession is characterized at the base
by the terrigenous Gircha Fm., shaly in the lower part
and arenaceous upward. The age of the Gircha Fm. is
Asselian-Farly Sakmarian, as testified by the bra-
chiopod assemblage. The overlaying Lupghar Fm, is
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Fig. 2 Chronostratigrashic scheme of the Permian successions af

Karakorum. * Indicates the position of the brachiopod as-
semblages (from Gaetani et al,, 19935),

Geographic sketch map of Northern Pakistan with few detzils on general geology,

divisible 1n two members; the first member consists of
hybrid arenites and biaclastic limestones with quartz
and 1t 1s correlatable with the first member of the
Lashkargaz Fm. The second member is characterized
by fusulinid limestones, colitic limestones and
dolomites. The age of the Lupghar Fm. is Sakmarian-
*Farly Artinskian as testified by brachiopods and fu-
sulinids (Gaetani et al., 1995).

The two brachiopod assemblages under cxamina-
tion were collected respectively: the
middle-upper part of the Gircha Formarion in the
Chapursan valley and the sccond in the upper part of
the first member of the Lashkargaz Formation in the

lowest 1 the

Baroghil-Karambar area and in the first member of the
Lupghar Formation in the Upper Hunza valley and its
laterals (Fig. 3, 4).

Compaosition of the assemblages.

The lowest brachiopod assemblage is character-
1zed by the presence of Lyonia sp. ind., Rbynchopora
sp. ind., Puncospivifer afghanus Termier, Termier, de
Lapparent 8 Marin, Trigonotreta lyonsensis Archbold
& Thomas, Trigonotreta stokesi Koenig, Spirvelytha
petaliformis  (Pavlova), Tomiopsis cf. bazardarensis
{Grunt) and by the bivalves Etheripecten sp., Deltopec-
ten sp., Eurydesma sp. The assemblage 1s dominated by
the spiriferid 7. stokesi, T. lyonsensis and . petaliformis.
The two species of Trigonotreta represent the 80% of
the assemblage. The other two spiriferids P. afghanus



Permian brachiopods from Kavakorum 167

BAROGHIL - LASHKARGAZ

sinlan

HUBERGANDIAN

BOLORAN

FAKMARAN

GHARIL Frm.

UPPER HUNZA VALLEY

AILAE Frn

WIROKHUN Frr.
"'||J.3

mhb. 7

W2 g UMDIL P

mb T

—— I mo.2

a o PANUSHAH Fm
e o

DOAASHAMIAN

¢ b
DEHULFIAN [

LATE MURGAE - MIDHAN
T T BDLORMAN KUBERGANDIAN

W

FAKMARIAN

Fig. 3 - Synthetic  stratigraphic  sec
tions of the Permiin sucees-
sions of Baroghil Lashkargax
{Chitral, W Karakorum) and
Upper Hunza valley (Central
Karzkorum) (moediflied from
Anglolini & Reuori, 1994).
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and 7. of. Dazavdarensis are subordinated, whereas the
Rhynchonellida and the Productida are represented
only by respectively the genera Rhynchopora (1.4% of
the total assemblages) and Lyonia (3% of the total as-
semblage). This association has been found in fine
arkoses (Gacetan! et al., 1995), suggesting deposition in
a marine terrigenous platform in cold climate condi-
tions, following the Gondwanian glaciation. Dickins
(pers. comm., 1994} suggests that this association can
be a slightly deeper water correspondent of the Ewry-
desma fauna.

The sccond assemblage 1s dominated by Hunzina
electa gen. n. sp. n. and [frigonotreta pascicostulata
(Reed). The species Derbyia cf. baroghilensis Reed, Per-
mochonetes pamiricus Afanaseva, Reticnlatia sp. ind.,
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Globiella of. rowsiae (Fantint Sestini), Cosraruridus
irwinensis (Archbold), Cleiothyridina ailakensis Reed,
Cletothyridina aff. semiconcave (Waagen), Cleiothyridi-
na sp., Cleiothyridina globulina (Waagen), Spivigerella
sp. ind., Cyrtella cl. nagmargensis (Bion), Hunzina
tenuisuleata (Merla) and  Gielispinifera  aff.  cristata
(Schlotheim) are also present. Furthermore the bivalve
Parallelodon desioi Fantini Sestint has been detected to-
gether with the brachiopod assemblage. The assem-
blage is dominated again by the spiriferids and by
athyridids, but species of Chonetida and Productida
arc also present, enhancing the higher diversity of the
assaciation. However, the dominating species is Ff
electa gen. n. sp. n. which represents more than the
50% of the assemblages (numbering about 250 speci-
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Correlation of the sections of Karakorum where the H. electe assemblage has been recognized with the stratigraphic occurrence of

each species, The four Unitary Associations recognized with the method of Guex (1991) and Savary & Guex (1991) are also reported.
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mens), H. electa gen. n. sp. n. is absent only in Shim-
shal valley where 1t 1s replaced, in the same strati-
graphic position by H. tensisulcata. The lithotype in
which the sccond assemblage has been collected, is
very variable consisting of shales with [imcstone
lenses in the Baroghil E section, marly limestones in
the Lashkargaz, Khudabad E and Abgarch W section,
and arcnaceous calcarenites in the Lupghar sections
(Fig. 4). Thus the ecological control seems not to af-
fect the distribution of the assemblage which is pre-
sent over a large arca at diffcrent depth, substratum
and hydrodynamic conditions in an open marine
shelf. The climate seems to be warmer than the pre-
vious one, as testified by the higher taxonomic diver-
sity of the brachiopod assemblage and by the increas-
ing deposition of limestones. Dickins (pers. comm.,
1994) suggests this assemblage could be a deeper water
correspondent of the Oriocrassatella fauna of Tibet.

Biostratigraphy.

The brachiopod assemblages of the Gircha Fm.
and of the Mb. 1 of the Lupghar and Lashkargaz Fms.
mclude more diagnostic species restricted to each in-
terval, which
Furthermore the succession of the faunal assemblages
seems not to be controlled by environmental parame-
ters. In fact the same assemblage occurs in different
lithofacies in the same stratigraphic position and
different consecutive assemblages have been recog-
nized in omogeneous lithofacies (Fig. 4).

On these bases, two biozones have been defined
respectively in the Gircha Fm. and in the Mb, 1 of
Lupghar and Lashkargaz Fms. of Karakorum: the
lowest 15 an assemblage zone (Salvador, 1994) whereas
the second is a range zonc (Salvador, 1994). The
lowest assemblage has been defined as the T, [yonsensis-
P afghanus assemblage zone from the two most
characteristic species (Angiolini, 1994) (Fig. 5) and 1t
has been recognized in the arkoses of the Gircha Fm.
in the Ashtigar valley, at Spinje and above the Yash-
kuk placier (Gaetani et al., 1995). The boundaries of
this zone coincide with two barren intervals. This as-
semblage may also be interpreted as a Maximal Hori-
zon (M.H.1), fellowing the Unitary Association
Method of Guex (1991) (Fig. 5).

The age of the T. [yonsensis-P. afghanus assem-
blage zone 1s Late Asselian-Early Sakmarian (Angio-
lini, 1994), as inferred by the known range of the fol-
lowing forms: Lyonia, a genus widespread in the As-
sclian-Early Sakmarian of W Australia (Archbold,
1983, 1992), P. afghanus from the Asselian of the War-
dak (Termier et al., 1974), 7. lyonsensis from the As-
sclian-Early Sakmarian of the Carnarvon Basin (Arch-
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bold & Thomas, 1986a) and T. stokesi from the Tamar-
ian (Assclian-Early Sakmarian) of Tasmania (Clarke
1979, 1990; Archbold & Dickins, 1989: Archbald,
1992). Also the bivalve association (Eurydesma-like
fauna) testifies for this age. Furthermore the occur-
rence of 7. bazarvdarensis can confirm a Late Asselian-
Sakmarian age. In fact this species has been originally
collected from the lump-boulder member at the base
of the Tashkazyk Fm. of the Bazardara Group in the
south-cast Pamir (Grunt, 1993; Grunt & Novikov,
1994). The age of this formartion is still debated: Ruz-
hentsev (1978) suggested a Late Assclian age on the
basis of ammonoids, whereas Grunt & Novikov
(1994) proposcd a Sakmarian-Early Artinskian age on
the bascs of the brachiopods oceurring at the top of
the formation, about 200 m above the lump-boulder
assemblage, The lump-boulder brachiopod assemblage
at the base of the Tashkazyk Fm. (Grunt & Novikov,
1994, p. 332) in the Kastanat-Djilga tvpe section is
very different from the brachiopod assemblage at the
top of the fermation, having only one species {S.
petaliformis) in common. The lowest assemblage is
also very similar to the 7. iyonsensis-P. afghanus assem-
blage of Karakorum, except for the presence of P.
pamiricus, which in Karakarum occurs higher; the as-
semblage at the top of the Tashkazyk Fm. is very sim-
ilar to the H. electa assemblage of Karakorum. The
brachiopod assemblage at the basc of the Tashkazyk
Fm. of the south-east Pamur 1s here interpreted as a
mixed assemblage containing both reworked Late As-
selian and Sakmarian species (see also the discussion
on the lithology in Grunt & Novikov, 1994, p. 332),
whereas the brachiopod assemblage at the top of the
Tashkazvk Fm. is considered of Sakmarian-?Early Ar-
tinskian age.

The second assemblage of Karakorum has been
defined as the H. electa range zone (Fig. 5) and it oc-
the Lupghar Mb. 1 of Lupghar,
Khudabad, Abgarch valley and Shimshal valley and in
the Lashkargaz Fm., Mb. 1 of Lashkargaz and
Baroghil. This zone is the body of strata representing

curs 1in Fm,,
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the stratigraphic and the geographic range of occur-
rence of H. electa gen. n. sp. n. and its boundary are
the outermost limits of known occurrence of H, electa
gem. 1. sp. n. in each secrion,

According to the Unitary Association Method
of Guex (1991) four Unitary Associations have been
recognized with the Biograph 2.02 program (Savary &
Guex, 1991) (Fig. 6, 7, 8). The lowest Unitary Asso-
ciation (U.A. 1) is characterized by the species C. cf.
nagmargensts. The second onc, U.A. 2, is characterized
by the species G. cf. rossiee and Spirigerella sp. ind.
The U.A. 3 is characterized by Cleiothyridina sp. ind.,
whercas the U.A. 4 is characterized by Reticulatia sp.
ind.

H. electa and T. pasucicostulata occur throughout
the unitary associations, whereas P. pamiricus and C
atlakensis occur in U.A, 2 and U.A. 3 (Fig. 4). The
reproducibility (R =2) is discrete for each U.A., except
for U.A. 1 (R=1); the superpositional control is
higher for the U.A. 3 (5.C.=3). Merging together the
U.A. 2 and the U.A. 3, which show similarity of the
fauna, the reproducibility increases (R =3) and the cor-
relation is casier (Fig. 8), even if the union of the two
unitary association is not "strictiy identificd" in any
sections {Guex, 1991, pp. 16, 75-77). Three biochrono-
zones may be recognized (Fig. 5):

1. Zone A = U.A. 1

2. Zone B = union of U.A, 2 and U.A. 3

3, Zone C = UA. 4

The Unitary Association Method of Guex (1991)
and Savary & Guex (1991) thus allows the estab-
lishment of a more detailed biozonation in the Mb. 1
of Lupghar and Lashkargaz Fms. with respect to the
traditional method (at lcast 3 biozones versus 1) (Fig.
5).

The age of the H. electa zone is Sakmarian as
suggested by the occurrence of P pamiricus and C
ailakensis at the top of the Tashkazyk Fm. of SE
Pamir (Sakmarian-Early Artinskian in Grunt &
Dmitriev, 1973; Afanaseva, 1977; Grunt & Novikov,
1994), G. rossige in the Late Sakmarian of Central El-
burz (Fantini Sestini, 1966). Furthermore 7. pancicostu-
lata occurs in the Sakmarian of Central Elburz (Fan-
tini Sestini, 1966), in the Sakmarian-Early Artinskian
of SE Pamir (Grunt & Dmitriev, 1973; Grunt &
Novikov, 1994) and in the Asselian-Early Sakmarian
of Wardak (Termier ct al., 1974), H. renuiswlcara oc-
curs in the Early Permian of NE Karakorum (Merla,
1934) and of Shaksgam valley (Fantini Sestini, 1965b).
The Sakmarian age of this zone is also supported by
the occurrence of the conodont A. paralautus Orchard

Fig. 6 - Range charts for sach section of Fig. 4, obtained with the
Biograph 2.02 program (Savary & Guex, 1991).
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{Gaetani et al., 1995) about 4 m below the brachiopod
assemblage. This assoclation has three genera
(Hunzina, Costarumulus and Cyrtella) in common with
the Sakmarian association of the Callytharra Fm. (W
Australia). Furthermore the H. electa range zone of
Karakorum is very similar to the Sakmarian bra-
chiopod assemblage of the middle part of the Mush-
irebuca Group of the Gegyai County (NW Tibet), de-
scribed by Sun (1991). Finally Sakmarian-Early Ar-
tinskian fusulinids, dominated by the genus Pseudofi-
silina, have been detected at the base of the second
member of the Lupghar Fm., above the brachiopod as-
semblage (Gaetani et al., 1993),

Collections and localities.

All specimens are housed at the Museo di
Paleontologia (MPUM) del Dipartimento di Scienze

della Terra dell'Universita degli Studi di Milano
(Italy). Spccimens were found both in levels of
measured sections and in 1solated localities (for details
refer to Gaerani et al., 1995) (Fig. 1,4).

Sections.

Baroghil E section

CK162, CK172 - DBaroghil pass, Lashkargaz Fm., Mb, 1,
Baroghil E section.

Lashkargaz section
CK273, CK276 - Lashkargaz, Lashkargaz Fm., Mb. 1, Lash-
kargaz section,

Ashtigar section
KP171 - Ashtigar, Gircha Fm.

Lupghar sections
KK202, KK203, KK212, KK213 - Chapursan valley, Lupghar
Fm,, Mh, 1, Lupghar N'W section.

BAROGHIL E LASHKARGAZ LUPGHAR NW LUPGHAR SE KHUDAEAD E ABGARCH W U.A.
1: 2-2 3: 1-4 3: 4-4 3: 4-4 2: 2-4 2: 1-4 4
s ) S

™~ 2: 1-4 2: 3-3 2: 3-3 1: 1-4 1: 2-3 Z %3
1: 1-4 1: 1-1 1: 2-2 ' 1
Fig. 8 - Correlation table. The distribution of Unitary Associations for each section is obtained with the Biograph 2.02 program (Savary &

Guex, 1991), whereas the correlation lines have been drawned by the author,
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KK236, KK235, KK234, KK233, KK231, KK226, KK225 -
Chapursan valley, Lupghar Fm., Mb. 1, Lupghar SF section,

Khudabad section
KK2, KK4 Chapursan valley, Lupghar Fm., Mb. 1,
Khudabad T section,

Abgarch section
KL26 (-DM119), KL28 (=DM118), KL29 (=DDM118) - Ab-

garch valley, Lupghar Fm., Mb. 1, Abgarch N section.

Shimshal section
KL17, KL19 - Shimshal valley, Lupghar Fm., Mb, 1, Shim-
shal section.

Localities.

LM35 - [Tunza valley, Lupghar Fro., Mb. 1

KL21, KL22 - Shimshal valley, Yazghil glacier, Lupghar T,
Mb. 1, in the screw.

CRA09 - Yarkhun walley, gulley North of Showar Sur, Lash-
kargaz bFm., Mb. 1.

KK26 - Chapursan valley, 3560 m asl in the valley south
of Spinji, Gircha Fm.,

KL2 - Chapursan valley, 4000 m asl. above lefi side of
Yashkuk Glacler, Gircha Fm,

KK289 - Shimshal valley.

Systematic descriptions

Phylum Brachiopoda
Order Strophomenida Opik, 1934
Superfamily Derbyiacea Stchli, 1954
Family Derbyidae Stchli, 1954
Subfamily Derbyinae Stehli, 1954
Genus Derbyia Waagen, 1884
Type-species: Devbyia vegularis Waagen, 1984

Comments. For the diagnosis of the genus Der-
byia and 1ts junior synonym Wardakia Termier, Ter-
mier, de Lapparent & Marin (1974, p. 95, pl. 9, fig.
2-5; pl. 10, fig. 1-3), refer to Grant (1976, 1993).

Derbyia cf. baroghilensis Reed, 1925
Pl 1, fig. 1, 2

Material. 3 Dorsal wvalves: MPUM 7272
MPUM 7270 (CR172-116); MPUM 7271 (CK172-158).

(IIM35-1bis);

Description. Large sized, convex dorsal walve,
subelliptical in cutline, Hinge line less than maximum
width, which is at about mid-length. The convexity of
the wvalve decrcases towards the cardinal margin.
Umbao recurved; interarea lacking. A median sulcus
begins anteriorly to the umbo, widening and deepen-
ing anteriorly.

Ornamentation of thin costellae, which increase
i number anteriorly by intercalation, up to 14-16 per

10 mm at the anterior margin. The interspaces be-
tween costellac are larger than the costellae and arc
ornamented by thin concentric striae. Locally the
costellae widen into small knots.

Interior of dorsal valve with strong socker
plates.

Dimensions {in mm):

Width Length
D351 49 41
CKI72-114 42.3 i
CK172-156 60 45

Discussion. D). baroghilensis Reed, 1925 (p. 22, pl.
3, fig. 8) has been established on a single ventral valve
from the Baroghil section of Hayden (1915). The
specific identification of the dorsal valves here ex-
amined is based on the ornament affinity with D,
baroghilensis.

D. eusarkos (Abich, 1878) described by Renz
(194C) from the Early Permian of Karakorum (E of
Shaksgam pass) and D. diversa Reed, 1944 from the
top of the Tashkazyk Tm. (Sakmarian-Early Ar-
tinskian) of SE Pamir (Grunt & Dmitriev, 1973) are
very similar to the analysed specimens.

Geographic and stratigraphic distribution. D.
baroghilensis occurs in the Sakmarian of Karakorum
(Baroghil pass and Hunza valley).

Qrder Chonetida Nalivkin, 1979
Suborder Chonetidina Muir-Waod, 1955
Family Anopliidae Muir-Wood; 1962
Genus Permochonetes Afanaseva, 1977

Type-species: Permochoneres pamivicns Afanaseva, 1977

Comments. Permochonetes Afanaseva is a distinc-
tive genus of Anopliidac which shows external
characters similar to Neodhometes Muir-Woad, 1962
(Rugosochonetidae), differing from it by absence of
the median septum and the lateral septa in the dorsal
valve.

Permochonetes pamiricus Afanascva, 1977
Pl 1, fig. 3-12

19652 Nevchometes carbomiferus - Tantini Sestini, p. 140,
1977 Permachonetes pamiricss Afanaseva, p. 148, fig. 1, 2

Material. 28 Ventral valves: MPUM 7274 (KL21-56); MPUM
7275 (KL21.57); MPUM 7276 (KL21-55): MPUM 7280 (KL21.34);
MPUM 7283 (KK203-15); MPUM 7284 (KK231-20,.37,-39); MPUM
7285 (KK235.60,-61); MPUM 7286 (KL21-17-19,-30,.33 34bis 35,
38,-39,-45,-47).

11 Pardally decordcated wentral walves; MDPUM 7287
(KK20374); MPUM 7288 (KK231-16,.21,-36,-52); MPUM 7289
(KK235-59); MPUM 7290 (K1L21-23,-24,-26,-31,-48),
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22 Inernal moulds of ventral valves: MPUM 7273 (KIL21-
16); MPUM 7277 (KL21-54); MPUM 7278 (KL21-53); MPUM 7279
(KL21-21) MPUM 7281 (KL21-25); MPUM 7282 (KL21-40); MPUM
7291 (KK231-8,-9,-22,-26,-28 -34); MPUM 7292 (KK235-47); MPUM
7293 (KL21-13,-18,-22,.27 .32 .37 .41 ,-46,-50).

4 Dorsal valves: MPUM 7294 (KL21-10,-14,-14bis,-29).

Description.  Medium-sized, concavo-convex
shell, subrectangular in outline. Maximum width
slightly anterior to the hinge line. Cardinal extremi-
ties rectangular to obtuse,

Ventral valve very convex with small and
slightly recurved umbo. Umboenal slopes diverge at
about 120° and flaten towards the cars, Median sul-
cus, if present, wide and low. Dorsal valve concave,
subcircular in outline. Ornamentation of bifurcating
capillae, numbering 4-5 per 1 mm at a distance of 4
mm from the umbo. Growth lamellae occur at the
anterior margin,

Interior of the ventral valve with a short median
secptum, 1-2 mm long. Adductor scars small, raised,
oval in outline. Vascular trunks begin anteriorly to
the seprum and extend to 1/3 of the length of the
valve; they are parallel to the plane of symmerry.
Papillac arc radially aligned.

Dimensiens (in mm):

Width Length
KK235.47 11,8 7.3
KK235.59 15.8 Y
K121-40 16.6 10,5
KL21-14 181 g
K121-16 16.8 y
KL21-19 15 9.3
K1.21.33 14.8 6.7
KL21-34 19.4 10
L121-45 7 5.2
KL21-50 16.9 R7
KL21-53 16.2 8.5
KL21.55 13.4 6.8
KL21-14 13.3 9.5
KL21-14bis 14 5.3

Discussion. Diagnostic  characters of Permo-

chonetes pamivicus Afanaseva, 1977 are the subrectangu-
lar outline, the high convexity of the wventral valve,
the low or absent ventral median sulcus, the short me-
dian sepmum and the shape of the vascular trunks.

Neochonetes carboniferns (Keyserling, 1846), as de-
seribed by Fantini Sestini (1965a) from the Chapursan
valley (Karakorum), shows the diagnostic features of
P. pamiricus.

Stratigraphic and geographic distribution. P,
pamiricys cecurs at the base and the top of the Tash-
kazyk Fm. of the SE Pamir (Afanaseva, 1977) and in
the Sakmarian of Karakorum (Chapursan and Shim-
shal valleys).

Order Productida Sarycheva & Sokolskaya, 1959
Suborder Productidina Waagen, 1883
Superfamily Productacea Gray, 1840
Family Dictyoclostidae Stchli, 1954
Genus Reticulatia Muir-Wood & Cooper, 1960

Type-species: Productus buecoensis King, 1831

Reticulatia sp. ind.
PL 1, fig. 13, 29, 30

Material. 1 Complete specimen: MPUM 7295 (DDM35-6),

% Wentral valvess MIPUM 7481 (KK212-5); MPUM 7482
(KK212-3); MPUM 7483 (KK212-1); MPUM 7484 (KK212-2,-4,-6,-7
8,-9,-11).

2 Daorsal walves: MPUM 7430 (KK225-1), MPUM 7484
(KK212-30).

Description.  Medium  sized concavo-convex,
geniculated shell, subsquare in outline. Maximum
width at the hinge line. Ventral valve with convex
visceral disc and long spirally enrolled trail. Umbo
pointed and recurved. Median sulcus rather deep and
narrow, Dorsal valve concave, geniculated, with quite
a long trail. Median fold rather promincnt.

Ornamentation strongly reticulated. Costae fine,
numerous, converging in the ventral sulcus, number-
ing 4-3 per 5 mm on the trail. Rugae fine, prominent
on the visceral dise. Dorsal valve with dimples.

Dimensions [in mm):

Widih Length
ER212-3 2E 25.5
KK212-4 41 31
KK212-9 30.4 28.4
RK225-1 3.5 21

Discussion. The specimens from Karakorum are
very similar to Reticulatia pamirica Grunt, 1973 from
the top of the Tashkazyk Fm. (Sakmarian-Early Ar-
tinskian) of SE Pamir, but their bad state of prescrva-
tion prevents a specific determination.

Geographic and stratigraphic distribution. Reticu-
latia sp. ind. occurs in the Sakmarian of Karakorum
(Hunza valley).

Superfamily Linoproductacea Stehli, 1954
Family Linoproducridae Stehli, 1954
Subfamily Linoproductinae Stehli, 1954

Genus Lyonia Archbold, 1983

Type-species: Linaprodsctus cancrinifovsnis var, byeni Prendergast, 1943

Comments. Lyoniz is a monotypic genus crected
by Archbold (1983) for a species, L. [yoni (Prender-
gast, 1943), from the Lyons Group (Carnarvon Basin)
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and Fossil Cliff Member (Perth Basin). Lyonia differs
from Costatimulys Waterhousc, 1983 by means of its
larger size, lower convexity of the ventral valve, pre-
sence of dorsal spines; from Cancrinells Fredericks,
1928 by means of its larger size and the cardinal
process, which 1s not supported by septum and does
not project beyond the hinges from Bandoproductus
Jing & Sun, 1981 by means of the presence of dorsal
spines and the lower cardinal process and longer me-
dian septum.

Lyonia sp. ind.
Pl. 1, fig. 21

Material. 4 Venoral wvalves:
MPLUM 7297 (KK26-139,-167,-168),

MPUM 7296 (KK26-166%

Description. Ventral walve gently convex, sub-
circular in outline, wider than long. Maximum width
at the hinge line or just anterior 1o it. Umbo small
and pointed. Ears large and flattened. Ornamentation
of thin spines,
Costellae number 57 per 5 mm. Rugae are thin and
low, but distinct. The spines arise from swollen
costellae and their bases are about 0.8-1 mm in diame-
ter.

costellae, concentric rugac  and

Dimensions {in mm);

Widih Length
K26 188 26 5.4
KK 2a-168 22 201

Discussion. A comparison with L. [yoni (Pren-
dergast, 1943) of Western Australia is not possible be-
cause of the poor preservation of the material and the
‘ack of dorsal valves.

Geographic and stratigraphic distribution. L, /yoxi
has been described for the Asselian-Sakmarian of
Western Australia (Archbold, 1983; Archbold & Dick-
ins, 1989) and from the Assclian of Afghanistan (de
Lapparent et al., 1971). Lyenia sp. ind. occurs in the
Late Assclian-Early Sakmarian of Karakorum (Chapur-
san valley).

Subfamily A ariculispininae Waterhouse, 1986
Genus Costatumulus Waterhouse, 1983

Tvpe-species: Awmenlispina wmids Walerhouse, 1983

Comments. The rclationship of Costarumulus
with allied genera have been fully discussed by Trilo-
cheoan Singh & Archbold (1993) and by Archbald
(1993).

Costatumulus Irwinensis (Archbold, 1983)
Pl 1, fig. 20

1973 Cancrinella altissima - Grunt & Dmiuiey, p 106, pl. 8, fig. 1, 2,
1983 Cancrinells truanensis Archbold, p. 239, fig. 1C-P.
1990 Cancrinells friemmensis - Archbold, p. 8, fig. 45-G.

Material. 1 Ventral valve: MPUM 7298 (KK235-63),

Description. Ventral wvalve very convex with
elongate outline. Maximum width anterior to the
hinge line. Umbo recurved on hinge. Ornamentation
of thin costellae, concentric rugac and spincs.
Costellae numbcer 8-10 per 5 mm. Rugac are large and
low but distinct, strongest on cars and lateral slopes.

The spines arise from thicker costellac,

Dimensions (in mm):
Widch Length
KK235-63 15 17.8

Discussion. Diagnostic characters of Costats-
mulus irwinensis (Archbold, 1983) are the variable size,
the strong convexity of the ventral valve, the pointed
umbo and the distinct, fine rugae. Cancrinella altissima
King, 1938 described by Grunt & Dmitricv (1973) and
Grunt & Novikov (1994} from the top of the Tash-
kazyk Fm. (Sakmarian-Early Artinskian) of the SE
Pamur, shows the distinct features of C frwinensis.

Geographic and stratigraphic distribution. C. ruw:-
nensis occurs in the Perth Basin (Fossil Cliff Member),
Carnarvon Basin (Callytharra Fm.) and Canning Basin
{Cuncudgeric Sandstones) of Western Australia (Arch-
bold, 1983) and its age is Late Sakmarian.

C. irwinensis 15 also present in the Sakmarian-
Early Artinskian of SE Pamir (Grunt & Dmuitricv,
1973) and in the Sakmarian of Karakorum (Chapursan
valley).

Subfamily Stepanoviellinae Waterhouse, 1975
Genus Globiella Muir-Wood & Caooper, 1960

Type-spacies: Productss bemisphaerinm Kotorga, 1544

Comments. Globiella has usually been treated as
a junior synonym of Stepanoviella Zavadovsky, 1960
(Grigorieva, 1962; Muir-Wood, 1965, in Williams et
al., 1965; Waterhouse, 1970). Archbold (1983) has
pointed out the differences between the two genera,
Stepanoviella showing a finer ornamentation, two
types of ventral spines and the occurrence of spines
also in the dorsal valve, Furthermore Stepanoviella has
been up to now known only from the Late Permian
of Siberia. Globiella scems to be a widespread Peri-
Gondwanian genus, mostly of Early Permian age.

The present writer suggests to include in Glo-
biella also Productus cf. waagenianus Girty, 19€9, as de-
scribed by Merla (1934) for the Permian of Rimu (N
Karakorum).
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Two species of the genus Globiella characterize  Dimensions (in mm):

the Sakmarian middle part of the Mushirebuca Group Width Length Thickness
of N'W Tibet (Sun, 1991), KK235-29 P 12.8 10.5
KK235-34 10 12.8
KE235-41 2.9 12.3 &
KK235-52 19.5 15 9.5
Globiella cf. rossiae (Fantini Sestini, 1966) CK162.0 19 14.5 9.6

PL 1, fig. 14-19
Discussion. The fine and numcrous costellac and
1966 Stepanoviells vossize Tantini Sestini, p. 28, pl. 4, fig. 1a-6, the maxu_:num “-’Lt_ith ANIErior 1o t'h‘e hlIlgE line refer
non 1973 Glabiella? yossize - Grunt & Dmitriey, p. 107, pl. 7, fig, -8, the examined speclmens 1o the species Globiella rossiae
(Fantim Sestini, 1966). Globiella ? rossiae described by

Material. 24 Ventral valvess MPUM 7299 (KK235-30k  Grunt & Dmitriev (1973) from the Bolorian of SE
MPUM 7300 (KK235.29); MPUM 7301 (KK235.45);, MPUM 7302
(KK235.24), MPUM 7303 (KK235.22); MPUM 7304 (KK235-23); - _ ] - S
MPUM 7305 (KK 235-25,-26.37,-31,-32.-34,-35,-38 -40,-41,-42,-50,-51 . ized by stronger ornamentation and bigger size.
52,-53,-54 -55 -56), MPUM 7306 (CK162-0). Geographic and slratigraphic distribution. Glo-

biella rossize occurs in the Sakmarian of Central El-

Description. Medium sized, hemispherical, thin  burz (Fantini Sestini, 1966) and in the Sakmarian of
shelled Globiellz, Hinge line shightly inferior to the  Karakorum (Chapursan valley and Baroghil pass).
maximum width, Ventral valve convex, with tiny

Pamir belongs to a different specics, being character-

umbo. Ears small. Ornamentation of fine, flexuous Order Rhynchonellida Kuhn, 1949
costellac, bifurcating and numbering 1¢-12 per 5 mm

. R Superfamily Rbhynchoporacea Muir-Wood, 1955
at 10 mm from umbao. The costellae increase in width

Family Rbhynchoporidae Muir-Wood, 1955

anteriorly. Spines occur only near the cardinal margin. _
Genus Rhynchopora King, 1865

Low rugac may devclop on the lateral flanks, but they

Ty pa-species: I8 nitziana Ve il, 18
never cross the venter. [}pe speies: Tevebvatuls BEINILEIAT Verneuil, 1645
PLATE 1
Fig, 1 - Devbyia of. bavogbilensis Reed, 1925, Dorsal valve, Specimen MPUM 7270 (CK172-116).
Fig. 2 - Devbyia of. baraghilensis Reed, 1925, Darsal valve, Specimen MPUM 7271 (CK172-156).
Fig. 3 - Permochonetes pamiricns Alinaseva, 1977, Ventral valve internal mould, Specimen MPUM 7273 (KL21-16); X 1.5,
Fig. 4 Pevmochanetes pamivicus Alinaseva, 1977, Interior of ventral valve, Specimen MPUM 7274 (K1.21-56); X 1.5,
Fig. 5 - lerenochunetes ;r..m'r:'tm Afanaseva, 1977, Interior of venwral valve. Specimen MPUM 7275 (KL21-57), X 1.5
Fig. 6 - Permochometes pawiirions Afanaseva, 1977, Interior of venral valve Specimen MIPUM 7276 (KL21-58); X 1.5,
Big. 7 - Permochonetes passiviens Afaraseva, 1977, Ventral valve internal mould. Specimen MPUM 7277 (KL21-54); X 1.

5
Fig. 8 - Permnchonstes pamiviens Afanaseva, 1977, Ventral valve internal mould, Specimen MPUM 7278 (KL21-53); X 1.5,

Fig. 9 - Permuochonetes pamivices Afanaseva, 1977, Ventral valve internal mould, Specimen MPUM 7279 (K121-21); X 1.5,
Fig. 10 - Permuochoneies pamirices Afanaseva, 1977, Venwral valve. Specimen MPUM 7280 (KL21-34).

Fig. 11 - Permochonstes pamirioss Afanaseva, 1977, Venwral valve internal mould. Specimen MPPUM 7281 (KL21-25); X 1.5
Fig. 12 - Permochonetes pamiviens Afanaseva, 1977, Ventral valve internal mould. Specimen MPUM 7282 (K1.21-40); X 1.5

Fig. 13 - Rerewlade sp. ind. Dorsal valve. Specimen MPUM 7295 (DM35-6).

e 14 - Glabgella ol vossiae (I"u‘tin" Sestini, 1966). Ventral valve, Specimen MPPUM 7299 (XK235-30); X 1.5
‘g, 15 Glakbislla cf, rossiae (Fantind Sestind, 1966). Vemral valve, Specimen MPUM 7300 (KK235-29); X
ig. 16 Globiells of, rossiae (Fantind Sestind, 1966). Ventral valve, Specimen MPUM 7301 (KK235-45);
g 17 - Globiellz ¢f rossise (Fantini Sesund, 1966). Ventral valve, Specimen MPUM 7302 (KK235-24);

Fig. 18 - Glabiells of. vosstee (Fanting Sesnini, 1966). Veatral valve. Specimen MPUM 7303 (KK235-22);

Gg. 19 - Glsbrells of rossiae (Fanting Sesunt, 1966). Ventral valve Specimen MPUM 7304 (KK235-23).

g 20 - Costatsemnedus trwemensis (Archbold, 1983). Ventral valve. Specimen MPUM 7298 (KK235-63).

ig. 21 - Lyesis sp. ind, Ventral valve. Specimen MPUM 7296 (KK26-166),

g, 22 Cleotbyriding milnkensss Reed, 1925, Venral valve external mould, Specimen MPUM 7309 (CK162-A),

3

X 15
X 1.5
X1

23 - Clefothyridina wilakensss Reed, 1923, Ventral view ol a complete specimen. Specimen MPUM 7310 (CK162-6).
Fig. 24 - Clesothyriding wilakensss Reed, 1925, Dorsal view of 2 complete specimen. Specimen MPUM 7310 (CK162-8),
Fig. 25 - Clefothyriding aifakensis Reed, 1925 Ventral valve, Specimen MPUM 7311 (CK162-7).
Fig. 26 - Clelothyriding globreling (Waagen, 1883). Dorsal view of 2 complewe specimen. Specimen MPUM 7312 (CK162-22).
Fig, 27 - (ledothyriding aff, semiconcave (Waagen, 1883). Ventral view of 2 complete specimen. Speeimen MPUM 7313 [KK203-48),
Fig. 28 - Cleothyriding sp. ind. Dorsal valve. Specimen MPUM 7314 (KK231-31).
Fig. 29 - Reticwlasia sp. ind. Dorsal valve external mould. Specimen MPUM 7480 (KK225-1).
Fig, 30 - Rettesdatsa sp. ind. Wentral valve. Specimen MPUM 7483 (KK212-1).

All x 1, except when specified
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Comments. The genus Rbynchopora King has
been redescribed and discussed in great detail by
Cooper & Grant (1976).

Rhynchopora sp. ind.

Pl. 2, fig. 21, 22

Material. 2 Ventral walves: MPUM 7308 (KK 26-45,.48),
1 Dorsal valve: MPUM 7307 (KK26-73).

Description. Biconvex shell with subpentagonal
outline. Ventral valve with straight and long beak.
Median sulcus low, extending forward as a tongue.
Dorsal valve strongly convex; median fold not promi-
nent. Ornamentation of fine costae starting at the
umbo, slightly increasing in width anteriorly, with
narrow intercrough. The costae number 20-22 for each
valve. Interior of ventral valve with dental plates.

Dimensions {in mm):

Widch Length
KK26-45 15.4 14.6
K1K26-73 19.3 142

Discussion. Rbynchopora sp. ind. is similar to
Rhynchopora culta Warerhouse, 1982 from the Asselian
of § Thailand, differing from it by the more numerous
and finer costac. A species of Rhynchopora is known
from the Asselian-Tastubian Lyons Group (Archbold,
1992). It is a larger species with coarser costac (Arch-
bold, pers. comm.).

Geographic and stratigraphic distribution. Rbyn-
chopora sp. ind. oceurs in the Asselian-Early Sakmar-
tan of Karakorum (Chapursan valley).

Order Athyridida Dagys, 1974
Suborder Athyrididina Boucot, Johnson & Staton, 1964
Supertamily Athyridacea M Coy, 1844
Family Athyrididae McCoy, 1844
Genus Cletothyriding Buckman, 1906
Vvpe-species: Airyme pectingfers Sowerby, 1840

Comments. The genus Cleiothyridinag has been
extensively revised and discussed by Brunton (1972).

Cleiothyridina ailakensis Reed, 1925
Pl 1, {ig. 22-25; PL 6, lig. 1.9; PL, 7, fig, 1-4; Text-fig, 9

1925 Atbysas (Clerntbyviding) ailzkensis Reed, p. 52, pl 6, fig. 15-17;
plotTig

1925 Atbyns (Cleothryriding) gevard? - Reed, p. 51,

1925 Avhpns (Claothyriding) capillaza? - Reed, p. 34, pl. 7, fig. 2-3a.

1973 Cledothyriding arlabensts - Grunt & Dmitriev, p. 148, pl. 13, fig,
1-5; pl. 15, fig. 4.

Material. 55 Complete specimens: MPUM 7310 (CK162-6);
MPUM 7311 (CK182-7); MPLIM 7315 (KK231-30); MPUM 7316
(CK162-20); MPUM 7317 (CK162.27); MPUM 7318 (CK162-21)
MPUM 7319 (DM35.5), MPUM 7320 (CK162-28); MPUM 7312
(KK203-9,-24,-33,73,.76,.79,-86); MPUM 7323 (KK231.5,-13,-17,-31 -
32,-35,-40,-44,-48); MPUM 7324 (KK233.3); MPUM 7325 (KK235.4 -
14,-16,-21); MPUM 7326 (CK162°B,-C,-5,-8,-9,-11,-12,-15,-16,-17 -18,-
23,24,-24bis,-25,-26); MPUM 7327 (KL21-1,-2,-3); MPUM 7328
(KL26-1,-2,-7,-8,-12,-17 -18).

T External mould: MPUM 7309 (CK162-A).

2 Wentral wvalves: MPUM 7329 (KK231-19), MPUM 7330
(CK162-21).

Description. Biconvex shell, subpentagonal to
subtriangular in outline. Hinge short and curved.
Maximum width equal or slightly greater than length,
at half rthe length of the shell. Cardinal extremirties
rounded. Anterior commissure rectimarginate, rarely
weakly uniplicate.

Ventral valve slightly convex. Ventral umbo
pointed, overhanging dorsal umbo. No ventral sulcus
oceurs. Dorsal valve strongly convex, without median
fold. Ormamentation of concentric growth lamellae
bearing flat and long spines. Interior of ventral valve
with well developed dental plates and adminicula;
muscle scars oval in outline with a myophragm. Inte-
rior of dorsal valve with a thin, triangular, apically
perfarated cardinal plate and a low median seprum.

Dimensions (in mm):

Width Length  Thickness  Hinge Line
KK203-33 20.5 21,5 10
KEKZ203.73 26.2 23.2 11.8 11
KK203-7a 229 227 7.3 T
KK203-79 12:4 25 6.1
KK231-30 26 17.9 o4
KE231-48 25.2 18.9 10.5 12
KK235-21 12.7 12.4 3.7
KL21-2 8.7 29.5 153 143
KL2a-1 29.4 232 11.5
KL 268 29 2606 14
CE162-7 25 ] 8
CK162-8 19.7 17 10.2 i)
CK1a2-14 236 233 12,6 11.2
CE162-17 17 la 7.5
CK162.20 22,3 18.3 11.4
CK1a2-24 17.6 17 6.2
CK162-25 22.2 20.4 11.1 2.5

Ultrastructure {Pl. 7, fig. 1-4). Primary layer not
preserved. Sccondary layer consisting of long fibres,
showing an wrregular keel and saddle profile in trans-
verse cross scction. The width of fibres 1s 9-11 gy
their thickness 1s 4-6 gm.

Discussion. Diagnostic characters of Cleiothyridi-
na ailakensis Reed, 1925 are the absence of median sul-
cus and fold, the subpentagonal outline of the shell
and the greater convexity of the dorsal valve with re-
spect to the ventral valve,

C. ailakensis differs from Cletothyridina royssiana
(Keyserling, 1846) by means of its smaller size and
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- Serial sections of € arlakensis

fall 2 X). 1-3) Sections of

specimen MIUM 7316
(CK162.20) a2t a distance of %
1.8 mm, 2.2 mm and 2.4 mm M

from the umbo. 4-5) Sections
of specimen MPUM 7315
(KK231-30) at a distance of
18 mm and 2 mm from the
umbo. &%) Sections ol speci-
men MPUM 7317 (CK162-27)

o\

? e
at tance 23 2 ot
at a distance of 2.3 mm, 2.6 f?ﬁ\
mm, 35 mm and 39 mm =/
[rom the umbo. 6

isometric dimensions; from Clefothyridina semiconcava
(Waagen, 1883) by means of its subpentagonal outline
and the absence of a sulcal tongue; from C. subexpansa
(Waagen, 1883) and C. captliara (Waagen, 1883) for the
absence of ventral sulcus. The specimens of Cleiothy-
ridina seriata Grant, 1976 described by Sun (1991)
from the Sakmarian middle part of the Mushirebuca
Group of NW Tibet are very similar to C ailakensis.

Geographic and stratigraphic distribution. C.
ailakensis 1s present at the top of the Tashkazyk Fm.
{(Sakmarian-Early Artinskian) of SE Pamir (Grunt &
Dmitriev, 1973; Grunt & Novikov, 1994) and in the
Sakmarian of Karakerum {Chapursan valley, Abgarch
vallev, Shimshal valley and Baroghil pass).

Cleiothyridina globulina (Waagen, 1883)
Pl 1, fig. 26

1883 Athyras globreding Waagen, p. 474, pl, 41, fig, 1.3,
non 1934 {','L':.'fa):a'}yﬂ'.tfz'?;r: gir-:a!'?uu'.rr'?m - Merla, p. 239,

1944 Arhys [Clidotbysiding?) globulins - Reed, p. 267, pl, 38, Fg,
3-3b.

1963¢ Clesothyetding globuling - Fantini Sestini, pp. 66-67, pl. 7, fig.
2t

Material. 2 Complete specimens: MPUM 7312 {CK162-22);
MPUM 7331 (CK162-13).

biconvex shell
short and
curved. Maximum width anterior to mid-length, Ante-

Description.  Small, globular

longitudinally  oval in

3

outline. Hinge
rior commissure rectimarginate. Ventral valve convex,
umbo tiny with small foramen. Lateral and anterior
slopes are bent towards the dorsal valve, Dorsal valve
convex as the ventral one. Median fold low in the um-
bonal region. Lateral and anterior slopes are bent
towards the ventral valve. Ornamentation of growth
lamellac closely spaced at the anterior and lateral
slopes and spines.

|

? e
8.
Dimensions (in mm}j:
Width Length Thickness
CK162-13 17.4 la.a 1C.4
CK142.22 14.4 16,8 118

Discussion. The analvsed specimens seem to
belong to Cleiothyridina globulina (Waagen, 1883) on
the basis of their globular shape, their banding flanks
and ornamentation.

Geographic and stratigraphic distribution. C.
globuling has been detected in the Tower Productus
Limestones (= Amb Fm.) of Salt Range (Reed, 1944)
which is Bolorian-Kubergandian according to Pakista-
nese-Japancse Rescarch Group (1985). It 15 also present
at the base of the Ruteh Lmst. (N Iran) which spans
the late Early Permian-carly Late Permian time inter-
val (Fantini Sestini, 1965¢). C globulina accurs in the
Sakmarian of Karakorum (Baroghil pass).

Cleiothyridina aff. semiconcava (Waagen, 1883)
PL 1, fig. 27; PL. 7, fig. 5,6

Material, 4 Complere specimens: MPUM 7313 (KK203.48),
MPUM 7321 (KK203-40), MPUM 7332 (KK203-22,-78).

Description. Medium sized, biconvex shell, trans-
verse subclliprical in outline, Hinge quite long and
curved, Maximum width at about mid-fength. Ante-
rior commissure uniplicare,

Ventral valve flat with straight umbo. Median
suleus oceurs only in the anterior part, where 1t termi-
nates in a "U" shaped sulcal tonguc. Dorsal valve
mare convex than the ventral one. Median fold arises
at the anterior margin. Ornamentation of growth
lamellac with flat spines. Interior of ventral wvalve
with dental plates and adminicula and with a tubercu-
lar myogliphe at a distance of 7.5 mm frem the umbae.
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Interior of the dorsal valve with a thin, triangular car-
dinal plate and a median septum.

Dimensions {(in mm):

Wideh Length Thickness  Tinge Line
KK203.78 24 18.3 12.1
KK203-22 24.5 20.4 14,2 10.5
KK203-40 24,6 16.5 16
KK203-48 20,3 26 0

Ultrastructure (PL 7, fig. 5, 6). The secondary
layer fibres show an irregular shape due to the dissolu-
tien and coalescence of adjacent fibres. The width of
the fibres in transverse cross section seems 1o be
greater than 12 gwm.

Discussion. The analysed specimens are similar
to Cleiothyridina semiconcava (Waagen, 1883) (p. 481,
pl. 41, fig. 4-6) in the transversally elliptical outline
and in the dorsal valve more convex than the ventral
one. However C. semiconcava is a very variable species
characterized by a strongly uniplicate anterior com-
missure. The material under exam is too poor to con-
firm the attribution to C semiconcava.

Geographic and stratigraphic distribution. C. semi-
concava has been erected by Waagen from the Lower
Productus Limestonc (=Amb Fm.) of Salt Range. C
aff.  semiconcava occurs in  the
Karakorum (Chapursan valley).

Sakmarian of

Cleiothyridina sp. ind.
Pl 1, fig, 28

Material. 2 Complete specimens: MPUM 7314 (KK231-31),
MPUM 7333 (KK203-13),

Description. Medium sized, biconvex shell, trans-
verse oval in outline. Hinge line long, slightly curved.
Cardinal extremities rounded. Maximum width at
mid-length, greater than the length of the shell. Ante-
rior commissure slightly uniplicate.

Ventral valve slightly less convex than the dor-
sal one, with broad and shallow median sulcus. Dorsal
valve swollen in the umbonal region.

Dimensions {iz mm):
Widih Thickness
KE231-31 314 15.4 14.7 20

Length Hinge Line

Discussion. Diagnostic characters of this specics
are the transverse outline, the long hinge line and the
subequal convexity of the two valves. Cleiothyridina
sp. ind. 1s similar to Pinegathyris roissyana (Keyserling,
1846) as described by Reed (1944, p. 265, pl. 36, fig. 1,
2) from the Salt Range and to Athyris aviformis
Grabau (1936) from the Maping Limestone of § China.

Geographic and stratigraphic distribution. (Jeio-
thyridine sp. ind. occurs in the Sakmarian of
Karakorum (Chapursan valley).

Family Spivigerellidae Grunt, 1980
Genus Spirigerella Waagen, 1883

Type-species: Spivigerells devbyd Waagen, 1883

Spirigerella sp. ind.

Material. 2 Complete specimens: MPUM 7334 (KK235-13),
MPUM 7335 (CK162-23bis).

Description. Biconvex, swollen shell with longi-
tudinally oval outline. Hinge line short and curved.
Cardinal extremities rounded. Anterior commissure
slightly uniplicate.

Ventral walve with high, slender, recurved
umbo. Median sulcus narrow and shallow, starting
from the umbo. Dorsal valve with small umbo, hid-
den by the recurved ventral umbe. Dorsal median
fold evident in the umbonal region. Ornamentation of
growth lamellae.

Dimensions (in mm):
Widih Thickness
CR162-23his 11 7.4 14,8

Length

Discussion. Diagnostic characters of this species
are the clongate longitudinally oval outline and the
strongly recurved ventral umbo, It is similar to Spiri-
gerella longa Reed, 1944 as described by Termier et al.
(1974) from the Sakmarian of Wardak, Central
Afghanistan. However it differs from the original §.
longa Reed, 1944 (Lower Productus Limestone) by
means of its larger dimensions and absence of sulcal
tongue and sinuation at the front margin.

Geographic and stratigraphic distribution. Spiri-
gerella sp. ind. oceurs in the Sakmarian of Karakorum
(Chapursan valley and Baroghil pass).

Order Spiriferida Waagen, 1883
Superfamily Spiriferacea King, 1846
Family Syringothyrididae Fredericks, 1926
Genus Cyrrella Fredericks, 1924

Type-species: Cyvtda kulikiana Fredericks, 1916

Comments. The relationship of Cyreella to other
genera has been fully discussed by Thomas (1971) and
Archbold (1990). The genus is considered to be a
senior synonym of Punctocyrtelia Plodowsky, 1968 by
Thomas (1971), Waterhouse (1987) and Archbold &
Gaetani (1993). In the present work it is considered to
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be also a senior synonym of Asyrimx Hudson & Sud-
bury, 1959 from the Metalegoceras Lmst. and the
Lusaba Lmst. (Oman).

Large species of Cyrella are characteristic of
Gondwanian Early Permian faunas from Oman to
Tasmania, as pointed by Archbold (1987) and Arch-
bold & Gaetani (1993). They also characterise the
Sakmarian Cimmerian faunas (Karakorum, Afgha-
nistan).

Cyrtella cf. nagmargensis (Bion, 1928)
PL 2, fig. 1,19, 20

Material. 3 Darsal valves: MPUM 7336 (KK202-25), MPUM
7337 (KK289-1%; MPUM 7338 (KK289-3); MPUM 7339 (KK289-2.-
4.

Description. Large sized species, maximum width
at the hinge line. Shell substance punctate. Dorsal
valve with trigonal outline. Intcrarca very low with
open notothyrium. Median fold very high, showing
steep flanks and bearing a median furrow which
widens only slightly anteriorly. Ornamentation of
simple costae with rounded crests, 10 in number on
each flank, broadening anteriorly.

Dimensians (in mem):

Wideh Length
KEK202-25 30 10.8
KE2E%1 70 378

Discussion. It is very similar to C. magmargensis
(Bion, 1928, p. 27, pl. 2, fig. 2-5; pl. 4, fig. 15; pl. 3,
fig. 1) differing from it only by the furrow on the
dorsal fastigium which widens only slightly anteri-

orly. However, this difference is not significant.

Furthermore the state of preservation of Karakorum
material 1s not very good.

Geographic and stratigraphic distribution. C. nag-
margensis occurs in the Agglomeratic Slate of Kashmir
(Bion, 1928; Reed, 1932), in the Early Permian of
Wardak (Termicr et al., 1974), in the Sakmarian
Chumtk Fm. of Zanskar, N'W Himalaya (Archbold &
Gaetani, 1993) and in the Haushi fauna of Oman
(Hudson & Sudbury, 1959).

C of. nagmargensis occurs in the Sakmarian of
Chapursan and Shimshal valleys (Karakorum).

Family Spiriferidae King, 1846
Subfamily Trigonotretinae Schuchert, 1893
Genus Trigonotreta Koenig, 1825

Tynespecies: Trigomoirets stokesi Koenig, 1825

Comments. The genus Trigonotreta Koenig, 1825
has been described and discussed in detail by Arm-

strong (1968), Clarke (1979), Archbold & Thomas
(1984a, 1986a), Clarke (1990}, Archbold (1991).

Armstrong (1968) and Clarke (1979) considered
Grantonia Brown, 1953 (pl. 6, fig. 1-9) a junior syn-
onym of Trigonotreta.

Archbold & Thomas (1984a, 1986a) have fully
discussed the relationship between Trigonotreta and
Neospirifer Fredericks, 1924, Twigonotreta scems to be
characterized by coarse bundles of unequal costac,
with the primary costa coarser than the secondary
ones. Furthermore the costac branch later in ontogeny
than in Neospirifer. The delthyrial structures are also
different in the two genera, Trigonotreta being charac-
terized by the occurrence of a bulbous apical callosity,
Archbold & Thomas (1984a) and Clarke (199C) have
pointed out the similarity of Brachythyrinella Watcr-
house & Gupta (1977, p. 6) with Trigonotreta. In fact
Brachythyrinella does not lack ventral adminicula
(Thomas, 1971), contrary to what stated by Water-
house & Gupta {1977). Archbald (1991) has suggested
to place Brachythyrinella 1n junior synonymy with
Trigonotreta.

Trigonotreta stokesi Kocnig, 1825
Pl. 2, fig. 2-9, 14; P, 8, fig. 1-3; Vext-fig. 10

1825 Tiagonotrets Storesti Kocnig, p. 3, pl. 4, fig. 7C.

1872 Spirifera dulia Hiheridge, pl. 16, fig. 6.

1953 Trigonotreta stokesii - Brown, pl. 5, fig. 1,

1965 Thigonotrets stokesi - Pitrat (in Williams er al), fig. 574, la (ron
1h,c,d).

1968 Trigonotvels stokess - Armstrong, pl 6, fig. 1,2,4,5,6 (non fig. 3).

1876 Tirgonotreta stokest - Roberts, Hunt & Thompson, fig. 17a-c.

1979 Trigomotvese stokesi - Clarke, pl. 1, fig. 1-6, 8, 9, pl. 2, fig. 19,

19kdg Tﬂgorscrrﬁrs stokesi - Archbeld & Thomas, (ig. 3-H.

1990 Trignnoteeta stokes - Clarke, fig. 7A-FL

1993 Trigonorvets stokest - Angiolind, p. 290, pl. 3, lig, 3.7,

non 1545 S;rz'n;.@?- sivkesi Morris in Strzelecki, p. 280, pl. 13, fig, 1,1a.

nor 1892 Sporafer stokesn - Eiheridge jr., plo 10, fig. 24

non 1928 Sgirfer stokesis - Blon, pl. 1, fig. 7a-c; pl. 5, fig, 6-8.

non 1932 Spriferime (Spirifvelfad] of. Stokesi - Reed, pl. 6, fig. 8,

Material. 3 Compicie specimens: MPUM 7347 (KK28-148),
MPUM 7348 (KK26-55,-156).

59 Wentral valves: MPUM 7340 (KK26-61); MPUM 7341
(KK26-135), MPUM 7342 (KK26-113), MPUM 7343 (KK2e-64);
MPUM 7348 (KK26-71); MPUM 7349 (KK26-A,-2,-8,-9,-13,-16,-17 -
24,2729, 31, 36,47, 48 -50,-54,-58,-65 -67 -72,-74,-7Eb -79,-83,-86,-87,
92,-94,-102,-114,-122,-124,-125 -126,-130,-132 -133,-143,-145,-150,-151,-
155,-157,-158,-161,-163,-165,-169,-170,-174,-182,-184; MPUM 7351
(KK26-55); MPUM 7352 (KK26-37); MPUM 7357 (KK26-78).

12 Ddorsal valves: MDPUM 7344 (KK26-35); MPUM 7345
(KK26.4); MPUM 7350 (KK26-26,-30,-38,-53,-90,-120,-127,-131 -181 -
133).

Description. Biconvex shell, semicircular in out-
line, with straight hinge line. Maximum width ante-
rior to the hinge and greater than the length of the
shell. Apical angle of 170°-175° in the immature speci-
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mens and of 130°-16C° in the mature ones. Cardinal
extremities rounded (60°-100°).

Ventral valve with high, triangular interarca,
open  delthyrium. Umbo  pronounced and
pointed. Median sulcus shallow, arising from the
umbo. Dorsal valve with pointed umbo, Median fold
quitc high with triangular section. The width of the
dorsal fold at the anterior commissurc is about 1/3 of
the total width,

Ornamentation of bundles of three costae which
branch at a distance of 7-11 mm from the umbo. The
primary costa is larger than the secondary ones. The
width of each bundie at 1.5 ¢m from the umbo is
about 2.5-3.3 mm. The bundlcs number 5-6 for each
tlank. The ventral suleus is ornamented by 5-7
rounded, simple costae. The costac are poorly ex-
pressed on wvalve interior. Growth lamellae occur in
both valves,

Interior of the ventral valve with dental plates
and adminicula. Ventral muscle scars narrow, parallel-
sided and long, extending to 1/3-1/2 of the length of
the valve,

with

Dimensions (in mm).

Width Length Thickness
KKZ6 55 504 23 11.6
KK26-4 74 31
Kk26-61 50 3G.3 11
KK26-64 46 25.3 13
KK26-71 49 35
KE26-78 5.3 2
KK26-83 20 12
KE26-184 47.2 23 7
KEK26-169 21 14 5.4
KK26-35 23 30

Trigonotreta stokesi

TO-

Width
4

+

104

Il

0 10 20 30 a0 50 &0 b 80
Lenght

Fig. 10 - Width versus length diaggram of T stokess, showing a regu-

lar increasc in width during the growth of the shell. The

plus indicates the ventral valves, whereas the hourglzss in

dicates the dorsal valves,

Ultrastructure (PL. 8, fig. 1-3). The ultrastructure
of T. stokesi has been previously described by Angio-
lini (1993)

The secondary layer is very thick near the umbo
(1900 um) decreasing in thickness anteriorly (236 um).
The fibres of the secondary layer are close-packed and
are rather irregular in profile, probably due to di-
agenesis. In fact sometimes they show smooth keel

PLATE 2
Fig. 1 - Cyreells ol. nagmargensis (Bion, 1928). Dorsal valve. Specimen MIPUM 7336 (KK202-25),
Fig. 2 Trigomuireia siokesi Koenig, 1825, Ventral valve Specimen MPUM 7342 (KK 28 &1),
Fig. 3 - Trigonsorets stokess Koenig, 1825, Ventral valve internal mould. Specimen MPUM 7341 (KK24-135).
Fig. 4 - Trigonsirets stokest Koendg, 1825, Ventral valve, Specimen MPUM 7342 (KK26-113).
Fig. 3 - Trgomotrets stokest Koenlg, 1825, Venrral valve, Specimen MPLM 7343 (KK26-64),
Fig. 6 - Trigomotrets stokest Koenig, 1823, Dorsal valve. Specimen MPUM 7344 (KK 26-35).
Fi. 7 Tregemareta seokesi Koenig, 1825, Dorsal valve, Specimen MPUM 7345 (KK26-4).
Fig. & - Thigonotrers stokest Koenig, 1825, Ventral valve internal mould, Specimen MPUM 7346 (KK26-71).
Fig. 9 Trigenotreis stokest Koenig, 1823, Dorsal view of a complete specimen, Specimen MPUM 7347 (KK26-148),

All x 1, except when specilied

Trigominvera Iyowsensis Archbold & Thomas, 1986, Dorsal valve. Specimen MIUM 7383 (KK 26-93).
- Trigonooreta fyomensts Archbold & Thomas, 1986, Dorsal valve internal mould, Specimen MPUM 7354 [KK26-63).
- Triganotreta lyonsensis Archbold & Thomas, 1986, Ventral valve, Specimen MPUM 7355 (KK26-74),
Trrganarress fyomensis Archbold & Thomas, 1986, Dorsal valve, Specimen MPUM 7356 (KK 26-77).
Trigomotreta stukest Koenig, 1825, Ventral valve, Specimen MPLM 7357 (KK26-78),
Trigonometa [yomsenss Archbold & Thomas, 1986, Venural valve. Specimen MPUM 7358 (KK26-134),
Trigomotrers Iyonsimsay Archbold & Thomas, 1986, Ventral valve. Specimen MPUM 7359 (KK26-117).
Trigonntreta fyonsensts firchbold & Thomas, 1986, Dorsal valve. Specmen MPUM 7360 (KK26-32),
- Trigonotvers fyonsensis Archbold & Thomas, 1986, Dersal valve. Specimen MPUM 7361 (KK 26-33),
- Cyveella of. pagmargenis (Blon, 1924). Dorsal valve. Specimen MPUM 7338 (KK289-3),
Cyrrells of., nagrmargensis (Blor, 1928). Dorsal valve internal mould, Specimen MPUM 7337 (KE289-1),
Fhynebopora sp. ind. Ventral valve. Specimen MPUM 7308 (KK 26-45).
Rbynebopora sp. ind. Ventral valve, Specimen MPUM 7307 (KK26-73).
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and saddle shape in. transverse section. The width of
the fibres is 13-20 gm and their thickness is 4-5 gm.

Ontogenetic variation. The immature specimens
of T. stokesi (KK26-A ,-83,-169) show a quite deep, "U"
shaped ventral sulcus bounded by a pair of costae. In
the marure specimens the sulcus becomes larger and
less deep and the costac are clearly grouped into
fascicles. The marure specimens show a thicker shell.

Discussion. The species cxamination
seems to belong o Trigonotreta stokesi Koenig, 1825
on the basis of ornamentation, shapc of the ventral
muscle field and intraspecific variability. It is also sim-
ilar to Trigonotreta victoriae Archbold, 1991 from the
Asselian-Early Tastubian of Victoria, differing from it
by means of its finer and less rounded costae and
greater vartability, In the present paper the synonymy
of Clarke (1979, 199C) is followed, with the inclusion
of the specimens described by Armstrong (1968) in pl.
6, fig. 1,2,4,5,6 not considered in the synonymy of
Clarke. Finally Clarke (1990) has suggested that the
specimen described as Brachythyrinella of. narsarbensis
{Reed, 1928) by Waterhouse & Gupta (1978, pl. 4, fig.
5) from the Bijni Tectonic Unit (Garhwal Himalaya)
may belong o 7. stokesi.

Geographic and stratigraphic distribution.
Trigonotreta stokest is widespread in the Tamarian (As-

under

sclian-Early Sakmarian) of Tasmania (Swifts Jetty
Sandstones, Glencoe Fm., Inglis Fm., Bundella Fm,
Fossil Cliffs). In Karakorum T. stokesi occurs in the
Late Asselian-Early Sakmarian Gircha Tm. of
Karakarum (Chapursan valley),

Trigenotreta Iyonsensis Archbold & Thomas, 1986
Pl 2, fig, 10-13, 15-18; PI. &, fig, 4-6; Texr-fig, 11

1959 Neasprerfer sp, Dickins & Thomas, pp. 70, 71, 72, 74, 76,

19652 Newspirtfer faseiger mittensts - Faniini Sesuind, pl. 20, fig. 1.

1967 Neasprizier sp. ind, Condon, pp. 35, 42

1969 Newsprigfer sp. nov. Thomaes, p. 220,

1871 Neasperifor sp. Waterhouse, p, 391

1975 Neosgrogfer sp. Playlord oL al, p. 279

19862 Trigonoivera fyonsensis Archbold & Thomas, fig. 154G

1993 Tr:‘gri:ar;!r.‘:.‘::. .'.'}'ri?s.\'r-rr.u..\ - 5_hgi01;l'|:., P 29‘:. p] _5, :1g 8; p| -1, 'Flg
1-4.

Materiai. ¢ Complete specimens: MPUM 7353 (KK26-93);
MPUM 7363 (KK26-1,-56 -70,-81 -97 -118,-149 -154).

29 Venmiral walves: MPUM 7355 (KK26-76), MPUM 7358
[KE26-134); MDPUM 7358 (KK26-117); MPUM 7382 (KK26-88);
MPUM 7364 (KK26-10,-11,-12,-15,.19,-22,.51,.62,.63h 65 -80,-95 -
96,.94 -101,-106,-110,-111 ,-128 -141 ,-153,-172,-179, 180, 185.

18 Dovsal wvalves; MDPUM 7354 (KK26-63), MPUM 7356
(KE26-77), MPUM 7360 (KK26-32); MPUM 7361 (KK26-33);
MPUM 7365 (KK26-4b,-23,-25,-28,-60,-68,-85,-91,-100,-105,-112,-146,-
173,-176).

Description. Biconvex shell, transversely trigonal
in outline. Maximum width at the hinge, long as

twice the length. Apical angle of 150°-180°. Cardinal
extremities acute (30°-40°).

Ventral valve with high, concave interarea with
open delthyrium. Dental nidges and grooves distinet,
Median sulcus shallow with rounded section. Dorsal
valve with low interarea. Median fold high and sharp.
The width of the fold at the anterior commissure is
abour 1/4-1/3 of the total width,

Ornamentation of bundles of 3 costae which
branch at a distance of 7-10 mm from the umbo. The
primary costa is larger than the secondary ones. The
width of each bundle at a distance of 1.5 cm from the
umbe is 2-3 mm. The ventral sulcus is ornamented by
2 bundles, whereas the dorsal fold is ornamented by
2-4 bundles. The number of bundles for cach flank 15
5, with the fifth pair weckly developed. The costae
are poorly expressed on the valve interior. Growth
lamellae are very prominent.

Interior of ventral wvalve with elongate oval
muscle scars, extending to 1/2 the length of the shell.

Dimensions (in mm):

Width Length Thickness
KE25-56 54.7 21.4 11.2
KE26-66 62 216
KK2s-80 62,5 30 7
KE26-111 49.4 234
KK26-117 86.6 26
KK246-128 62,7 26,7 16
KK26-4b 39.2 173
KK25-32 53.6 198
KKZ6.60 39,2 17.7
KK26-63 54 24.6 15
KK26-68 62.6 307
KK26.77 72 29.6 17

Ultrastructure (P1. 8, fig. 4-6). The ultrastructure
of T. lyonsensis has been previously described by Angio-
lini (1993). The primary layer consists of crystallites
oriented with their long axes normal to the boundary
with the secondary layer. Tts thickness is about 18
um. The secondary layer, 150-450 gm thick, consists
of long, orthodoxly stacked fibres, aligned subparallel
to the external surface of the valve. In transverse sec-
tion the fibres of the sccondary layer show an irrcgu-
lar, platy profile with two keels both on the nner and
outer surfaces. The width of the secondary laver fibres
15 about 8-10 ym and their thickness is 4-6 gm. Con-
volutions of the secondary fibres have been observed
away from the margins of the shell.

The occurrence of a tertiary layer, 40-56 wum
thick, can be inferred by the local presence of an
inner irregalar layer.

Discussion. The specimens under examination
belong to Trigonotreta lyonsensis Archbold & Thomas,
1986 on the basis of transversely trigonal outline, the
bundles of 3 costae and the sharp dorsal fold. Arch-
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Trigonotreta lyonsensis

T

Ll =

Width

Lenght

Fig- 11 - Width versus length diagram of T. fyonsensis, showing the
high W/L ratio and the sharp increase of the widih during
the growth of the shell. The plus indicates the wventral
valves, whercas the hourglass indicates the dorsal valves,
which are comparatively less transverse than the ventral
ones,

bold & Thomas (1986a) based 7. {yomsensis only on 6
specimens, stating that its characters are stable. The
population from Karakorum numbers at least 57 speci-
mens, showing a greater variability with respect to the
Australian specimens.,

Geographic and stratigraphic distribution. 7. [yon-
sensis occurs in the Late Asselian-Early Sakmarian of
Lyons Group (Carnarvon Basin, W Australia). In
Karakorum 7. [yonsensis occurs in the Late Assclian-
Early Sakmarian Gircha Fm. of Chapursan valley.

Trigonotreta paucicostulata (Reed, 1925}
Pl 3, fig. 1-1¢; DL 9, fig. 1-4; Lext-fig. 12

1925 Strrefer faseiger var. pascicosinlsz Reed, p. 43, pl. 6, fig. 1.

1928 Sprvifev faserger var. musakberfensis - Reed, p. 42, pl. 6, fig. 2.

1930 Neospivifer fasciger paucicostularus - Reed, p. 32, pl. 2, fig. 1, 1a.

19664 .-'\a'.-:e)s_lr;r'?{,l‘?s:* _,l‘?xsc:'__qer Ji}:u‘.tfico_frr{fams - Fantini Sestini, P 37, p], 5,
fig. 2a-3b.

1968 Neospirifer fasciger - Legrand-Blain, pl. 3, fig. 1ab, 2, 3, 4ab.

1973 f\"eosy:'nﬁ'r Jfor?;iife?FJ'fS - Grunt & Dmitriev, p. 132, pl. 9, fig.
10-13; pl. 14, fig. 1.

1974 Neosprrrfer panccostulatus - Termier er al,, p. 82, pl. 6, fig. 6;
rext-fig, 9,

1993 Trgonorreta sp. - Anglolini, p. 291, pl. 4, fig. 5-8.

Material, 3 Complete specimens: MPUM 7372 (CK162-3);
MPUM 7378 (KK226-16); MPUM 7379 (K1.22-4),

24 Ventral valves: MPUM 73686 (KK203-97), MPUM 7387
(KL21-8), MPUM 7370 (KK203-929); MPUM 7373 (KL19-49);
MPUM 7374 (KL17-1); MPUM 7376 (KK213.2); MPUM 7377
(KK203-98);, MPUM 7380 (KK2-2,4,-5); MPUM 7381 (KK203-50,-

53), MPUM 7382 (KK226-12); MPUM 7383 (KK231-2); MPUM
7384 (KK235.1,-2,-3,-10); MPUM 7385 (KK236-5); MPUM 7386
(KL22-3); MPUM 7387 (CK162-4); MPUM 7388 (KL21-5,-7,-11).

13 Dorsal valves: MPUM 7368 (KK226-15); MPUM 7369
(KK203-11); MPUM 7371 (KL21-9); MPUM 7375 (KL22.5), MPUM
7389 (KK203-54,-98); MPUM 7390 (KK226-2,-6,-28,-29,-30); MPUM
7391 (KK235-8,-11).

Description. Biconvex, medium to large sized
shell, transverse in outline. The longitudinal curvature
of the two valves is high. Maximum width anterior to
the hinge and greater than the length of the shell, Car-
dinal extremities at right angle. Anterior commissure
uniplicate with prominent fold.

Ventral valve with pointed, promincnt umbao,
overhanging the interarea which is low and concave.
Median sulcus deep and "V shaped in cross section. It
deepens and broadens anteriorly. Dorsal valve less
transverse in outline than the ventral valve. Median
fold narrow, high, angular,

Ornamentation of the ventral valve of 4 pair of
costac branching at a distance of 0.4-1 ¢m from the
umbao, forming bundles, each of 3 costae. The external
bundle is very feeble. Anteriorly each costa of the
bundle bifurcates, so that at the anterior margin the
bundle consists of 5-6 costae. The costac are fine and
angular, the primary costa being always coarscr than
the secondary anes. The ventral sulcus 1s crnamented
by a median costa and, along its flanks, by fine costae
deriving from the branching of the principal pair of
costac delimiting the sulcus, Growth lamellac are
feeble.

Ornamentation of the dorsal valve of thin angu-
lar costae, branching at a distance of 1.2-1.4 ¢cm from
the umbo, forming fascicles of 3 costac. Darsal fold
ornamented by a couple of costac branching anteriorly.

[nterior of the ventral valve with dental plates,
adminicula and long and stout teeth.

Dimensions {in mm}:
Wicgth  Length  W/L Thickness  d{vv)  did+)

KK226-16 23.4 s 1,5 11.7 B2
CK162-3 315 20 13.6 8.4
KK2-4 32.9 24,5 1.3 9.3

KK203-53 35,5 263 1.3 129

KK203-97 41.2 227 1.8 13 7.7

KK213-2 30 2.4 3.6 9

KK231.2 466 26.5 1.7 16.2 10

KK235-1 42.6 29,1 1.4 2.8

KL17-1 43 30,5 12.5

KI.19.49 44,5 in 11

KK203-96 24,4 14.4 1.7 8
KK226-6 27 24.5 1.1 12 13.4
KK226.15 292 25 1.2 11 10
KK22a-28 30,7 24 1.5 12 13.5
KL21-9 21.4 144

KL22-5 46 39

d (v.v.) = distance of beginning of fasciculation [rom the umbe in
ventral valve;
d {d.v.) = samc for dorsal valve
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Ultrastructure (PL. 9, fig. 1-4). The ultrastructure
of T, paucicostulata has been previously described by
Angiolini (1993). The primary layer has not been cb-
scrved. The secondary layer, 600 #m to 1400 gm-
thick, consists of orthodoxly stacked fibres subparallel
to the external surface of the valve. The fibres show a
sub-rhombaoidal  profile in transverse section. The
width of the fibres is 13-15 um, their thickness is
about 6-10 zem.

Intraspecific variability. Trigonotreta paucicostulata
(Reed) shows variability in the width/length ratio.
Somec of the specimens are very transverse with re-
spect 1o others which show a lower width/length
ratio,

Discussion. Diagnostic characters of Trigonotreta
paucicostulata are the fine, angular costae, forming
bundles of up to 6 costae in the ventral valve and
branching far from the umbo in the dorsal valve, the
low number of bundles (three plus a feeble fourth),
the "V" shaped ventral sulcus, the high angular dorsal
fold and the cardinal extremiries ar right angle.

T paucicostulata  differs Trigonotreta
neoapstralis Archbold & Thomas, 1986 by means of
the less pointed umbo, right angled cardinal extremi-
ties, feeble growth lamecllac and the ornamentation of
the dorsal valve; from 7. stokesi Koenig, 1825 by
means of the more angular dorsal fold and the or-
namentation of bundles of 5-6 fine, acute costac.

After studying the collections of Grunt &
Dmitriev (1973) at the Museum of Paleontology of the
Russian Academy of Sciences in Moscow, the present

from

Trigonotreta paucicostulata
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Fig. 12 - Width versus lengih disgram of T pasdeosinfaia, showing
the less transverse outline of the dorsal valves (hourglass)
with respect to the ventral ones (plus). Furthermore the
outline of this species is less mransverse than the oulline of
the ather two species of Trigenorerne,

author places the specimens of Neospivifer joharensis
(Diencr, 1897) from the top of the Tashkazyk Fm,
(Sakmarian-Early Artinskian) of SE Pamir in syn-
onymy with T, paucicostulata.

The specimens described as Neospirifer fasciger
(Keyserling, 1846) by Legrand-Blain (1968) from the

PLATE 3
Fig. 1 - Trigonnmets pawicosielata (Reed, 19235). Ventral valve, Specimen MIPUM 7386 (KK203.97).
Fig. 2 - Trigomoirets pasceosmlata (Reed, 1925). Ventral valve internal mould. Specimen MPUM 7367 (KL21-8).
Fig. 3 - Trigonorreta pancicosrulata (Reed, 1925). Dorsal valve internal mould, Specimen MPUM 7368 (KK22615).
Fig. 4 - Tegonoveeta pauetcostnlata (Reed, 1925). Dorsal valve internal mould. Specimen MPUM 7369 (KK 203-11).
Fig. 5 - Irigonotrela pawacosmlats (Read, 1923). Ventral valve internal mould. Specimen MPUM 7370 (KL203.99),
Fig. & Trigonntreta pawcicostulats (Reed, 1925). Dorsal valve internal mould. Specimen MEUM 7371 (K1.21-9).
Fig. 7 Tergonatrets pawacosilats (Reed, 1925). Ventral walve internal mould. Specimen MPUM 7372 (CK162-3).
Fig. 8 - Tigomotreta pascicostulata (Reed, 1925), Veniral valve. Specimen MPUM 7373 (K1.19-49),
Fig. 9 - Tergomotreta pancicostulats (Reed, 1925). Ventral walve, Specimen MPUM 7374 (KL17-1).
Fig. 10 - Teigomoneeta pasicicostlats (Reed, 1925). Dorsal valve, Specimen MPUM 7375 (KL22-5).
Fig. 11 - Humzina eleca sp. n, Ventral valve, Speciman MPUM 7392 (CK172-5).
Fig. 12 - Hunzins electa sp. n. Ventral valve lateral view, Specimen MPUM 7393 (CK172-110),
Fig. 13 - Humzina electa sp. n. Venrral valve lateral view. Holotype MPUM 7394 (CK172-64).
Fig. 14 - Funzine elecra sp. n Ventral valve. Holotype MIUM 7394 (CK172-64),
Fig. 15 - Hunzina electa sp. n, Ventral valve, Specimen MPUM 7395 (KK 203-67),
Fig. 16 -~ Hunzina electa sp. n, Ventral valve. Specimen MPUM 7396 (KK203-4%),
Fig, 17 - Humzina electa sp. 0 Darsal valve, Specimen MPUM 7397 (CK172-74).
Fig. 18 - Humzne electa sp. n Ventral valve, Specimen MPUM 7398 {CK172-39),
Fig. 19 - Hunzina elecra sp. n, Ventral valve. Specimen MPUM 7399 (KK224-4),
Fig. 20 - Hinzine electa sp. . Ventral valve. Specimen MPUM 7400 (KK 203-30),
Fig. 21 - Humzina elects sp. n. Ventral valve. Specimen MPUM 7401 (KK 203-102).
Fig. 22 - Hunzing electa sp, n. Ventral valve, Specimen MPUM 7402 (KK 203-25).
Fig. 23 - Hmzina elecra sp. n, Vemral valve, Specimen MPUM 7479 (CK172-21),

Al x 1, except whea specified
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Early Permian of Wardak and Tezak, seem to belong
to T. panctcostulaza. Also the Central Afghanistan
specimen  described as Neospirifer pancicostulatys by
Termicr ct al. {1974, p. 82, pl. 6, fig. 6) and housed at
the Office National des Collections Fossiles, Univer-
sité Claude Bernard, Lyon, clearly belongs to 7. pauci-
costulata,

Finally the specimens described by Merla (1934)
as Spirifer musakbetlensis Davidson, 1862 and housed in
the Muscum of Paleontology of Firenze, are morpho-
logically close to 7. paucicostulata, but are discrimi-
nated by a very high interarea.

Geographic and stratigraphic  distribution. 7.
paucicostulata was firstly described by Reed (1925)
from the Baroghil pass (Chitral). It occurs in the Ag-
glomeratic Slates of Kashmir (Reed, 1930), in the
Upper Sakmarian Geirud Fm., member D of Iran
(Fantini Sestini, 1966), in the Sakmarian-Early Ar-
tnskian of SE Pamir {Grunt & Dmitriev, 1973; Grunt
& Novikov, 1994), in the Sakmarian of Central
Afghanistan  (Legrand-Blain, 1968; Termier et al,
1974).

T. pascicostulata occurs in the Sakmarian of
Karakorum (Baroghil pass, Chapursan valley and
Shimshal valley).

Subfamily Spiriferellinae Waterhouse, 1968
Genus Hunzina gen. mn.

Type-species: Hunzina electa sp. n,

Derivatio nominis. Hunzine from the Upper Hunza valley,
where specimens representing the genus were collected,

Diagnosis. Spiriferellinae with clongate oval to
subtriangular outline. Hinge line short. Ventral valve
with thick shell, triangular interarea with open delthy-
rium. Ventral sulcus present. Dorsal valve subcircular
in outline, with median fold. Ornamentation of fine
to coarse costae, bifurcating and only few fasciculat-
ing. Interior of ventral valve with short dental plates
and adminicula, deeply buried in the apical callosity.
Micrornamentation of pustules and capillae, when pre-
served,

Discussion.
A) Suprageneric position,

The new genus has been placed in the subfamily
Spirifercllinae, fitting very well with the diagnosis of
the subfamily given by Archbold & Thomas (1985). In
the present paper the subfamily Spinferellinae is
placed in the family Spiriferidae sensy Thomas (1971)
according to Carter (1974) and Archbold & Thomas
(1985).

Pitrat (1965, in Williams et al.) placed Spiri-
ferella Tschernyschew, 1902 and allied genera in the
Family Brachythyrididae, but these gencra show den-
tal plates and adminicula, the presence of which 1s not
included in the diagnosis of Brachythyrididae.

Waterhouse (1978) placed the Spiriferellinae in
the Family Licharewindae on the basis of micror-
namentation, Termicr et al. (1974) suggested to clevate
the Spiriferellinae to family rank.

B) Definition of the genus.

After studying the type-species of the allied
genera Elivina Fredericks, 1924 and  Spiriferella
Tschernyschew, 1902 housed in V.S.E.G.E.L of §. Pe-
tersbourgh (respectively in the Diener collection
(1897) and in the Tschernyschew collection (1902)),
the present author decided to introduce a new genus
for the Karakorum specimens, named Hunzina gen. m.

Spiriferella was introduced by Tschernyschew
(1902) with S. seramae de Verncuil, 1845 from the
Early Permian of the Urals as type-species. The genus
Spiriferella was largely used to include a large spec-
trum of species which do not sharc the general
characters of the type-species.

Elivina was introduced by Fredericks, 1924 with
type-species Spirifer tibetanus Dicner, 1897 as described
by Tschernyschew (1902) from the Asselian of the
Urals. Waterhousce (1966) pointed out that Efjvina is
based on an ambiguous species, rc. on S tibetanss
sensu Tschernyschew from the Urals which is not con-
specific with the original S. tibetanus introduced by
Dicner (1897) for the Late Permian of Chitichum 1.
Waterhouse (1966, p. 53) proposed the specimen
GSI6112 figured by Diener (1897, pl. 6, fig. la-¢) as
lectotype of E. tibetana Diener,

The direct study of the paratypes of Speriferelia
saranae from the Urals and Spirifer tibetanus from
Chitichum and §. tthbetanus from the Urals ar
V.S.E.G.E.L (S. Petersbourgh) led the author to point
out that:

- 8. sarvanae, type-species of the genus Spiriferella,
is characterized by fasciculate ornamentation, delthy-
rium closed by a large and convex pscudodeltidium,
short dental plates and adminicula apically included in
the umbonal callus, depressed rhomboidal muscle
sCars.

- S. tibetanus as described by Tschernyschew
(1902) from the Asselian of the Urals belongs to the
genus Spiriferelia, as described above.

- 8. tibetanus Diencr from the Late Permian of
Chitichum is the type-specics of the genus Elizina and
is characterized by ornamentation of platy, large
costae, poorly fasciculated and by thin dental plates
diverging towards the venter of the valve.
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The genus Hunzina gen. n. is here introduced to
include those forms characterized by ornamentation
only partially fasciculated, open delthyrium, short and
parallel dental plates and adminicula, both included in
the apical callus.

C) Relationships with allied genera.

Hunzina gen, n, differs from Spiriferella by
means of the open delthyrium, lower dorsal fold, less
ornamentation, shorter dental plates
which are strongly embedded in the apical callus;
from Elivina by means of the ornamentation and of
thicker and parallel dental plates and adminicula,
which do naot diverge.

The genus Eliva Fredericks, 1924 differs from

fasciculared

the above mentioned genera by means of the or-
namentationn of simple costac and of the absence of
dental plates. Evidmarus Branson, 1966 is distinguished
by its long hinge line, high, sulcate dorsal fold and
deep venrtral sulcus.

Composition of the genus. H. electa sp. n., from
the Sakmarian of Karakorum; H. tensisulcata (Merla,
1934) from the Sakmarian of Shimshal valley and from
the Permian of N. Karakorum (Rimu); H. elegantula
(Hu, 1983) from the Early Permian of Duoma district,
Rureg, Xizang (Tibet); H. mushivebucaensis (Sun, 1991)
from the Sakmarian middle part of the Mushirebuca
Group of Gegyai County (NW Tibet).

Besides these specics, Speriferella? sp. from Cen-
tral Afghanistan (Legrand-Blain, 1968, p. 247, textfig.
19-21, pl. 4, fig. 10-13), Spiriferella sp. from SE Pamir
(Grunt & Dmitriey, 1973, p. 133, texttig. 37, pl. 2,
fig. 9) and Spiriferella tibetana as described by Termicr
et al. (1974} from the Murgabian of Wardak probably
belong to the genus Hunzina.

Interesting discussions with T.A. Grunt (Russian
Academy of Sciences, Moscow), to whom the present
writer showed part of the collection from Karakorum,
have pointed out that the specimens from the Late
Permian of Mongolia described by Pavlova (in Pav-
lova et al., 1991, pp. 124-127, fig. 17-18, pl.30, fig. 1-8)
as Spiriferella ovata Lee & Gu, 1976, S. keilbaviformis
Fredericks, 1916 and S. mugunica Pavlova, 1991 may
be included in the genus Huynzina,

Finally the species of Spiriferella from the Ar-
tinskian-Kungurian of W Australia [S. cundlegoensis
Archbold & Thomas, 1985, S. australasica (Etheridge,
1889) and S etheridget Archbold & Thomas, 1985]
could belong to the genus Humzina gen. n. on the
basts of the absence of pseudodeltidium and the dental
plates embedded 1n the apical callus.

Hunzina electa gen. n. sp. n.
PL 3, fig. 11-23; PL 4, fig. 1-14; PL. &, fig. 10-30, 41.43; DL, 10,
fig. 1-4; Textfig. 13, 14

1925 Sperafevells vajal - Reed, p. 45, pl. 6, fig. 3-5.

1925 Spaviferells vercherer - Reed, p. 45, pl. 6, fig. 6-8a.

1934 Sprifer tibeianus ovcidensalis - Merla, p. 229, pl. 21, fig. 21, 22,
1934 Sparafer tiberanus var. lars Merla, p. 230, pl, 21, fig, 25,

1939 Spirifer rbetanus - Renz, p. 36,

1940 Spavefer tbetanus ovadentalis - Renz, p. 187, pl. 6, fig. 4, 8.
19652 Elfuina wherana - Dantini Sestini, p. 142, pl. 2G, fig, 2.5.

1993 Elivina tibetana - Angiolini, p. 293, pl. 3, fig. 1-3.

Material. 8 Complete specimens: MPUM 7397 (CK172-74),
MPUM 7416 (KK203-29,-35,-66); MPUM 7417 (CK172-86): MPTUM
7423 (CK172.87,-146); MPUM 7479 (CK172.21).

225 Ventral valves: MPUM 7392 (CK172-6); MPFUM 7393
(CK172-110), MPUM 7394 (CK172-64); MPUM 7395 (KK203-67);
MPUM 739 (KK203-49); MPUM 7398 (CK172-39), MPUM 7399
(KK226.4); MPUM 7400 (KK203-30); MPUM 7401 (KK203-102);
MPLM 7402 (KK203-25), MPUM 7403 (CK172.2); MPUM 7404
(KE203-47); MPUM 7405 (CK172-120); MPUM 7406 (CK172.95),
MPUM 7407 (CK172-84); MPUM 7408 (KK203-p2); MPUM 7409
(CK172-155) MPUM 7410 (CK172.87); MPUM 7413 (CK172-4):
MPUM 7414 (CK172.22); MPUM 7415 (CK172 50); MPUM 74138
(KK263-1); MPUM 7419 (DM35.10); MPUM 7420 (KK203-106);
MPUM 7421 (CK172-1}; MPUM 7422 {(KK203.95); MPUM 7424
(KK4-1); MIPUM 7425 (KK203-2-6,-8,-10,-13-14,-34,-36,-37 -38,-43 -
45,-46,-55 .57 .59 .61 -63,-64,-65,-68,-69,-70,-71,-91,-92,-94,-101,-1C3 -
104,-108,-107); MPUM 7426 (KK213-1); MPUM 7427 (KK226.1,7,-
13,-14,-17), MPUM 7428 (KK231-1,-3,-6,-25); MPUM 7429 (KK233-
1,.2); MPUM 7430 (KK234-1); MPUM 7431 (KK235.7), MPUM
7432 (DM35-1,-4,.7,-8,9,-11); MPUM 7433 (KL 26-4,-5-13 -14,-20);
MPUM 7434 (KL28-4,-6,-7); MPUM 7435 (KL29-1,.2,.3 -4 -5,-7 -10):
MPUM 7436 (CK162-1,-2); MPUM 7437 [CK172.3.5,7,.8,9.10,-
11,-12,-13,-14,-16 -17,-18,-19,-20,-23,-24,-25,-26,-27 -28 -29 -30,-31,-32,
-32his, 33, 35,-36,37,-38,.40,-41,42, 43 44, 45 46,.47 4% 49 -50his,-
51,-52,.53,.54,-55 56,57, 58,-59,60,-61,-62,-63,.65,-66 -67 -68,-69,.70,
F1,.72,75,76,-77,-78,-79,-80,-81, 82, 83,45 -88,-89,-90,-91,-92,-93,-94
-96,-96bis-98 99,100, 101,-102,-103,-104 -105,-106,-107 - 108 -109,-111,
112,113,114 115,-122,1121,-123 -124,-125, 126 127 -128 -129,.130,-
131,-132,-133,-134,-135,-137 - 138,-139 -140,-141 -142,-143 -144,-145 -
147,148 -149,.150,153, -154); MPUM 7438 (CK409).

9 Dorsal walves: MPUM 7411 (KK224.5);, MPUM 7412
(KK226-6); MPUM 7439 (KK203-3,56,93), MPUM 7440 (KK226-
273, MPUM 7441 (KK231-41); MPUM 7442 (CK172-151,-152).

Holotype. MPUM 7394 (CK172-64) (DL 3, fig. 13, 14).

Type-locality. Baroghil pass, Upper Yarkhun
Karakorum, Pakistan.

Type-level. CK172, Lashkargaz Fm., Mb. 1, Sakmarian.

Derivatio nominis. Elects Irom the latin chasen to represent
the new genus.

valley,

Description. Biconvex shell, with elongate oval
outline. Hinge line short, comprised between 1/3 and
1/2 of the maximum width, which 1s at mid-length.
Cardinal extremities rounded. Anterior commissure
uniplicate, with high fold.

Ventral valve strongly convex, with thickened
shell in the posterior region. Umbo pointed, pro-
nounced and curved on the interarca which is narrow,
high, triangular with open delthyrium. Ventral sulcus
angular, deepening and widening anteriorly. Dorsal
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valve less convex than the ventral one, with oval o Width  Length  Thickness  Hinge Line 1L Int,
sub-rounded outline. Dorsal fold low and acute. CRi7221 232 26.1 13.8 11.6
Ornamentation of the wventral wvalve of 5-6 EE:;;?:’B ';34 ?éj 1:'; 12'? Tg

rounded costae on each flank, bifurcating at the umbo  xkaoss 26 15 15 ' i
and, more rarcly, anteriorly. The principal pair of  KK20314 241 35 165
costae, flanking the ventral sulcus, bifurcare firstly at ;;20.5-34 £ a7 18.5 3

: ; 20349 414 33.4 22,4 17.4
a distance r}AIS 8 mn.-From tl’i[__ umbo and later at mid Kbmsse  a3a 283 o
length forming fascicles of 3-4 costae. The lateral KK203-62 215 29.5 15.6 7
costac are generally simple; only in few cases they — KK20367 354 319 223 13.3
may bifurcate forming low bundles. The costac be- Eﬁf;fs ii's ig's 12'9 oy
come coarser anr_crir_njly_ The v.entra1 sulcus 1s orna-  grag 293 39.2 =
mented by a central fine costa; its flanks may be bold  CKis241 38.5 463 15 7
or ornamented by the internal bifurcation of the — CKl622 24 3.2 15 2.5

S : ; CK172.4 348 425 5 :
principal pair of costae. Ornamentation of dorsal cRisayy g g L e
valve of costae irregularly bifurcating, forming  CRizais 234 304 2.8
bundles of 3 costae each. The dorsal fold is orma-  CK172.26 27 34.5 16 11
mented by a couple of costae. Micrornamenration of =~ “K17253 33 7.4 i 12.5
1 e G A T e 1l CK172-54 254 30.3 11.5 R.5
Rl BRI BRI SRI e CK172.64 334 339 152

Interior of ventral valve with apical callus ex-  Cxizzes 24 275 13.5 89

tending to a distance of 47 mm from the umbo and — CK17272 234 9.1

thick and short dental plates and adminicula totally EE:;EZE f; . ;é': i L
embedded in the apical callosity. The cquidimen-  cxyzage 247 325 5 i
sional, triangular teeth are not supported directly by  CKi172105 245 324 137 103 6.3
the dental plates, but by the external wall of the inter- ~ CKI72:125 178 23 s 8.4
area. Ventral muscle scars depressed, oval to sub- Sipco il 242 ks

‘ ; ; Sei il CK172-137 252 4
rounded in outline, weekly striated, terminating k172145 192 22 4 91 73
against a narrow platform. The width of the muscle  CKi72148 251 33.1 14.6 11.8 3.1
scars is 1/3 the maximum width of the shell and irs ~ KK2033 29 by 12

¥ KK203-50 21 21.5 10.4
length is about 1/3 of the length. KK2ite. o34 7ra i .
KK226.5 21 24 8
Dimensions {in mm): CE172-151 313 29
Width  Length  Thickness Hinge Line  IL Inw CR172-152 169 17.6
KK203-23 15.3 13.1 11 3.9 1.7
KK203-35 22.1 44 303 9 H. Int.: ITeight of interarea
PLATE 4

Tig. 1 - Hunzina elecis 5.2 Venural valve, Specimen MPUM 7404 (KK203-47),
Fig. 2 - Humzina electa sp. 0. Ventral valve. Specimen MPUM 7405 (CK172-120).
Fig. 3 - Hunzina elecea sp, 0, Ventral valve. Specimen MPUM 7406 (CK172-95),
Iig. 4 - Hunzing electa sp. n, Ventral valve, Specimen MPUM 7407 (CK172-84),
Fig. 5 Hunzina electa sp. 0. Ventral valve. Specimen MPUM 7408 (KK 203-62).
Fig. 6 - Hunzina elecia sp. 0. Ventral valve internal mould. Specimen MPUM 7409 (CK172-155).
Fig. 7 - Humena elecia sp. n. Ventral valve anterior view. Specimen MPUM 7410 (CK172-87).
Fig. 8 Hunzina electa sp. n. Dorsal valve. Specimen MPUM 7411 (KK224-5),
Fig. 9 - Humzns elecia sp, n, Dorsal valve, Specimen MPUM 7412 (KK226 6).
Fig. 10 - Hunzina electa sp. n. Ventral valve. Specimen MPUM 7413 (CK172-4),
Fig. 11 - Hunzine elects sp. n. Venural valve dorsal view, Specimen MPUM 7414 (CK172.22); X 1.5,
Fig. 12 - Humuzna electa sp. n. Ventral valve, Specimen MPUM 7415 (CK172-50).
Tig 13 - Funmna electz spon. Ventral valve. Specimen MPUM 7405 (CK172-120); X 1.5,
Tig. 14 - Hunzna electa sp. n. Ventral view of 2 complete specimen. Specimen MPUM 7417 (CK172-86).
Fig. 15 - Hunmna temsassloate (Merla, 1934). Ventral valve. Specimen MPUM 7443 (KL19-30).
Fig. 16 - Hunzing repuisuleate (Merla, 1934). Ventral valve. Specimen MPUM 7444 (KL17-3).
Fig. 17 - Humzinas wnuisulcate (Merla, 1934), Ventral valve. Specimen MPUM 7445 (KL17-11),
Fig 18 - Humsna enutsuleara (Merla, 1934), Daorsal valve, Specimen MPUM 7446 (KL19-12),
Fig. 19 - Humzine wensissleata (Merla, 1934). Dorsal valve, Specimen MPUM 7447 (KL19-32).
Fig. 20 - Hunzing tenuisulcats (Merla, 1934). Venwral valve Specimen MPUM 7448 (KL17-28).

All x 1, except when specilied
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Ultrastructure (P1. 10, fig. 1-4). The ultrastructure
of H. electa sp. n. has been previously described by
Angiolini (1993).

The primary layer 1s not preserved. The second-
ary layer 1s about 300 m thick and it consists of thin,
platy, orthodoxly stacked fibres, sub-parallel to the ex-
ternal surface of the valve. The secondary layer fibres
show a platy, sub-rectangular profile in cross and ob-
lique section. No keel has been observed on the fibres.
The thickness of the fibres is 2-3 gm and their width
in transverse section 1s 13-16 um, when not affected
by recrystallization. Partial fusion of adjacent fibres in
some parts of the shell is attributed to recrystallization.

Towards the interior and away from the lateral
marging a coarse, prismatic calcite layer has been de-
tected. It 1s more probably related to recrystallisation
of sccondary fibres than to the occurrence of a terti-
ary laver,

Discussion. Diagnostic characters of the new
species are the oval outline, short hinge line, convex
and strongly enrolled ventral valve, large and deep
ventral sulcus, poorly fasciculated flanks of ventral
valve and low dorsal fold ornamented by a couple of
costac,

Hunzina electa sp. n. differs from Hunzina renui-
sulcara (Merla, 1934) by means of its larger ventral sul-
cus and different ornamentation; from Funzina ele-
gantula (Hu, 1983) by its larger ventral sulcus, less
strong fasciculation and less angular costae, from H
mushivebucaensis (Sun, 1991)'by its stronger fascicula-
tion and larger sulcus.

The specimens described by Reed (1925) as S
rajab Salter, 1925 and S. vercherei (Dc Verneuil, 1867)
from Baroghil pass (Hayden, 1915) belong to the same
species, according to Waterhouse (1966, p. 52) and are
here included in H. electa sp. n. on the basis of the
material collected at Baroghil pass in 1992,

After studying the collection of Merla (1934)
from Rimu (NE Karakorum), housed at the Museum
of Palcontology of the University of Firenze, the pre-
sent author includes the specimens described by Merla
as 8. wihetanus, S. tibetanus occidentalis and S, tiberanus
var. lata in Hunzina electa sp. n.

Finally the specimens from Shaksgam described
by Renz (1939, 1940) as S. tibetanus and S. ribetanus
occidentalis seem to belong to H. electa sp. n.

Geographic and stratigraphic distribution. H.
electa sp. n. occurs in the Early Permian of NE

O o @, @D N

O @ G
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Fig. 13

- Serial sections of the ventral valves of M. electz (1-5) and of H. tenutsuleata (6-15) (all 1.2 X). 1-5) Sections of specimen MPUM 7418

(KK203-1) at a distance of 3.3 mm, 7 mm, 8.8 mm, 10.8 mm and 12.1 mm [rom the umbo. 6-15) Sections of specimen MPUM 7452
(KL17-7) at a distance of 1.2 mm, 1.8 mm, 29 mm, 4.8 mm, 94 mm, 9.9 mm, 13.2 mm, 13.9 mm, 14.2 mm 2od 15,5 mm [Pom Lthe

U.FL'le.



Permian brachiopods from Karakorum

Karakorum (Merla
1939, 1940).

In Western and Central Karakorum it is present
respectively in the Sakmarian Lashkargaz Fm., Mb. 1
of Baroghil pass, Lashkargaz and North of Showar Sur
and in the Sakmarian Lupghar Fm., Mb. 1 of Chapur-
san and Abgarch valleys.

1934) and of Shaksgam (Renz,

¥

Hunzina tenuisulcata (Merla, 1934)
PL 4, fig. 15-20; PL. 5, fig. 13; PL. 6, fig. 31-40; F1, 9, fig. 5,6,
Lext-lig. 13, 15

1934 Spavifer tibetanns var. temaisnleais Merla, po 273, pl 26, fig. 14-
21,

1948 Fliwvina tibetana tenwisulcats - Branson, p, 356,

19650 Ekwvine of wbetane temursndeais - Fanuini Sestind, p. 198,

Lectotype. L1GF17090, coming from Campo IV of Rimu
(NE Rarakorum), housed in Muscem of Paleontology of Firenze.

Material. 1 Complete specimen: MPUM 7454 (K1.19-11).

A7 Ventral wvalves: MPUM 7443 (KL12-30); MPUM 7444
(K1.17-5); MPUM 7445 (KL17-11); MPUM 7448 (KL17-26); MPUM
7449 (KL19-1); MPUM 7450 (KL19-2); MPUM 7451 (KL17-35);
MPUM 7452 (KL17-7), MPUM 7453 (KL19-13); MPUM 7433
(KL17-2,3,-4,-6,-12,-13 -14,-17,-18,-18bis,-19,-21,-22,-23,-24,.77,.79,.30
-31,-32,-33,.34,.35,.38,.40); MPUM 7456 (KL19-3,-4,-5,-6,8,-9,-10 -
14,-15,-15his,-17,-19,-20,.21,.22,.23,-24,-27,-28,-29,-31,-33,-34,-35,-36,-
37,-38,-39,-40,-41,-43 - 44 -46),

9 Dorsal wvalves; MPUM 7448 (KL19-12);, MPUM 7447
(KL1%-32) MDI'UM 7457 (KL17-9,-12,-15,-20,-37,-3%9), MPUM 7458
(KL1%-48).

Description. Biconvex shell with longitudinally
oval outline. Hinge line very short, less than 1/2 the
maximum width, which lies at about 2/3 of the length
ol the shell. Cardinal cxtremuities quite rounded. Ante-
riar commissure uniplicate.

Ventral valve strongly convex with thicker shell
in the umbonal region. The curvature of the ventral
valve is pronounced both longitudinally and trans-
versely, Ventral umbo pointed, recurved on interarea
which is low and concave. Venrtral suleus narrow and
shallow. Dorsal valve less convex than the ventral
one, with subrounded outline, Dorsal median fold
very shallow.

Ornamentation of ventral wvalve of rounded
Ventral sulcus
bounded by a pair of thick, rounded costae, bifurcat-
ing at a distance of 4-6 mm from the umbo, forming
fascicles of 2 costae. In the mature specimens each
costa of the couple can bifurcate anteriorly, forming
fascicles of 4 caostac. In any case the width of the
couple of costae is larger than the ventral sulcus itself.
The lateral costae number 4-5 for cach flank of the
valve and may branch anteriorly, forming fascicles of
2, rarely 3, costae. The ventral sulcus 1s ornamented
by a coarse median costa. Ornamentation of dorsal
valve of rounded costae which branch only in the

costac, branching at the umbo.
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anterior region, forming fascicles of 3 costae at the
anterior margin. The dorsal fold is ornamented by a
costa branching near the umbo and near the anterior
margin.

Interior of ventral valve with short dental plates
and admunicula embedded in the umbonal callus.
Muscle scars with subrounded outline, abruptly termi-
nating against a subrectangular platform.

Dimensions (in mm);
Width  Length  Thickness Hinge Line  H. Int

KL19-11 241 341 214 12

KL17-2 30 11.9 4.9
KL17-4 20.5 26.5 10 4.8
KL17-14 21 24.4 12

KL17-19 27.5 35

KL.17-30 26,9 355 12 13 3
KL19-1 34 38 5

KL19-5 21 26 13

KL1%-4 234 ic.e 17

KL19-% 30 348 15.6

KL19-28 16.2 23,7 12

KL1%.33 2z 13.1 5
KL17-9 34 33

KL1%-32 196 15.% 10

H. Int: Height of interarca

Ultrastructure (P1. 9, fig. 5,6). The analysed speci-
mens resulted very recrystallized. Locally the second-
ary layer consists of long, thin fibres, parallel to the
external surface of the shell. The secondary layer
fibres show a platy subrectangular ocutline in trans-
verse cross section. Their width 15 about 12-14 gm and
their thickness is 2.5-5 um.

Ontogenetic variation. The immarure specimens
show a less clongate outline and are ornamented by

simple costac. Only the principal pair of costac,
bounding the ventral sulcus, show fasciculation.

Discussion. After studying the type-series of
Hunzina tenwisulcata (Merla, 1934), housed at the
Museum of Palcontology of Firenze, the present
author established the specimen (1 ventral walve)
IGF17090 as lectotype of H. tenussulcata.

Duagnostic characters of I tenuisulcata are the
narrow and shallow ventral sulcus, ornamented by a
coarse costa and bounded by a pair of large fascicles of
2-4 costae; the low dorsal feld and the ornamentation
of the dorsal valve of simple costae branching only at
the anterior margin.

Geographic and stratigraphic distribution. H
tenuisulcata occurs in the Early Permian of NE
Karakorum (Merla, 1934) and of Shaksgam (Fantini
Sestini, 1965b).

In Central Karakorum it is present in the
Sakmarian Lupghar Fm., Mb. 1, of Shimshal valley.

Superfamily Spiriferinacea Davidson, 1884
Famuly Spiriferinidae Davidson, 1884
Genus Puncrospirifer North, 1920

Type-species: Puncrospivifer scabricots North, 1920

Comments. The genus Punctospirifer has been in-
wroduced by North (1920) for those septate and punc-
tate spiriferids, showing high ventral interarea and
rounded ventral sulcus and dorsal fold, which are
larger than the lateral costae.

Punctospirifer differs from Sprmfevellina Frederi-
cks, 1924 by mcans of greater number of lateral

PLATE 5
Fig. 1 - Hunzina enutsuleate (Merla, 1934), Ventral valve, Specimen MPTUM 7449 (KL19-1).
Fig. - Hunzina wnuisaloate (Merla, 1934). Ventral valve. Specimen MPUM 7450 (K1.19-2).

7459 (KK26-44).

=
Lo
o

74359 (KK26-44),

1
2
Fig. 3 - Hummnse temwisuleata (Merla, 1934). Ventral valve, Specimen MPUM 7451 (KL17-35). :
4 - Punctospivifer afghanws Lermicr, Vermier, de Lapparent & Marin, 1974, Posterior view of a complete specimen. Specimen MPUM

- Punctospiyifer afghanus Termier, Termier, de Lapparent & Marin, 1974, Anterior view of a complete specimen. Specimen MPUM

Fig. & - Pancrosperfer afebanus Termier, Termier, de Lepparem & Marin, 1974, Dorsal view of a complets specimen, Specimen MPUM 7459

Gjeltspinifera aff, ovistata (Schlotheim, 1816), Complete specimen, external mould. Specimen MPUM 7464 (CK162-32).

(KK26-44).
Tig. 7 - Gjelispunifera aff. onstata (Schlotheim, 1818), Ven:ral valve external mould, Specimen MPUM 7463 (CK162-33),
Fig. 8
Fig. 9 -

Glelispinifera all. orstata (Schlotkeim, 1816). Complete specimen, external mould, Specimen MPUM 7465 (CK162-31).

Fig. 10 - Pumctosprrifer afghanus Termier, Termier, de Lapparent & Marin, 1974, Ventral valve. Specimen MPUM 7460 (KL2-4bis).

e g m i
A
i
e b

Spivelytha petaliforrs (Pavlova, 1973). Darsal valve internal mould. Specimen MPUM 7467 (KL2-9),
Sprrvelytha petaliformds (Pavlova, 1973}, Darsal valve internal mould, Specimen MPUM 7468 (K[.2-12),
Sprrelythe petaltformis (Pavlova, 1973). Venral valve. Specimen MPUM 7469 (KL2-11).

Fip, 14 - Spirelyiha pealiforsus (Pavlova, 1973), Daorsal valve, Specimen MPUM 7470 (KL2-5),

Fig, 15 - Sprrelytha pecaliformis (Pavlova, 1973), Ventral valve, Specimen MPUM 7471 (K124},
Fig. 16 - Spwrelyitha petalyformis (Pavlova, 1973). Dorsal valve, Specimen MPUM 7472 (KL2-15).
Fig, 17 - Tomiopsis of, bezardarensis (Grunt, 1993), Dorsal valve, specimen MPUM 7478 (KL2-1).
Fig. 18 - Tomiopss cl. baszavdavensts (Grunt, 1993). Ventral valve, Specimen MPUM 7477 (KL2-18),

All % 1, except when specified
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costae, larger ventral sulcus and dorsal fold and ven-
tral interarea sharply diffcrentiated from the lateral
flanks of the valve; from Gjelispimifera Ivanova, 1975
for the absence of spines, higher and well differen-
tiated interarea and higher median septum of the ven-
tral valve.

Punctospirifer afghanus Termier, Termicr,

de Lapparent & Marin, 1974
Pl 5, fig. 4-6, 10

1974 Punctaspivifer afihanus Termier et al., p. 80, pl. &, fig. 1; pl. 18,
fiz. 1.

Material. 1 Complets specimen: MPUM 7459 (KK26-44),

2 WVentral MPUM 7460 (KL2-4bis); MPUM 7441
(K1.2-3),

1 Dorsal valve: MPUM 7462 (KL2-2bis),

valves:

L. Angiolin

Description. Biconvex shell with trigonal outline.
Maximum width at the hinge line, Cardinal extremi-
ties acute. Anterior commissure uniplicate. Shell sub-
stance PUHCT:GIC.

Ventral valve with high, striated interarea, con-
cave below the umbo and flat towards the cardinal
margin, lying normal to the plane of commissure. The
interarea 15 sharply distinct from the flanks of the
valve. Delthyrium narrow with cylindrical deltidial
ridges. Ventral sulcus large, shallow and rounded.
Dorsal valve with pronounced median fold, larger
than lateral costae.

Ornamentation of simple, coarse, rounded
costac, numbering 5-6 for each flank, Growth lamellae
and faint radial capillae are also present,

Interior of ventral valve with thick dental plates
and adminicula and high and strong median septum,
thickened at its base.

PLATE &
Fig. 1 - Cledorbywidina ailakensis Reed, 1925, Specimen MPUM 7315 (KK231-30), section at 1.8 mm [fom the umbo; X 2,
Fig. 2 - Ceothyriding ailakensis Reed, 1925, Specimen MPUM 7315 (KK231-30), section at 2 mm [rom the umbeo; X 2.
Fig. 3 - Clefothyriding ailakensis Reed, 1925, Specimen MPUM 7316 (CK162-20), section at 1.8 mm fram the umbo; X 2.
Fig. 4 - Cleteubyiding ailakensis Reed, 1925, Specimen MPUM 7316 (CK162-20), section at 2.2 mm fom the umbo; X 2
Fig. 5 - Cleiotbyriding silakensis Reed, 1925, Specimen MPUM 7316 (CK162-20), scetion at 2.4 mm from the umbo; X 2.
Fig. 6 - Clefotbyriding arlakensis Reed, 1925, Specimen MPUM 7317 (CK162-27, section at 2.3 mm from the umbeo; X 2.
Fig. 7 - Cleinthyniding ailakensts Reed, 1925, Specimen MPUM 7317 (CK162-27), section at 2.6 mm from the umbo; X 2,
Tig 8 - Clefothyriding atlzkensts Reed, 1925, Specimen MPUM 7317 (CK162-27), section at 3.5 mm from the umba; X 2.
Fig. 9 - Clerotbyniding atlakensis Reed, 1925, Specimen MDPUM 7317 (CK162-27), section at 3.9 mm from the umba; X 2,
Fig. 10 - Hunzina elects sp. n. Specimen MPUM 7418 (KK203-1), section at 3.3 mm from the umbo; X 1.2,
Tig. 11 - flunzina electa sp. n. Specimen MPUM 7418 (KK203-1), section ai 7 mm from the umbo, X 1.2,
Fig. 12 - Hunzna electa sp. n. Specimen MPUM 7418 (KK203-1), scction at 8.8 mm from the umbo; ¥ 1.2,
Fig. 13 - Hunzina electa sp. n, Specimen MPUM 7418 (KK203-1), section at 108 mm from the umbo; X 1.2.
Tig. 14 - Hunzing elects sp. n. Specimen MPUM 7418 (KK203-1), section at 12,1 mm [rom the umbo; X 1.2,
Fig. 15 - Hunzina electa sp. n. Specimen MPUM 7418 (KK203-1), section at 12.6 mm from the umbo; X 1,2
Fig. 16 - Hunzina electa sp. n. Specimen MPUM 7419 (DM35-10), section at 2.2 mm from the umbo; X 1.2,
Fig. 17 - Hunzina eleca sp. n. Specimen MPUM 7419 (IDM35-10), section at 3.7 mm [rom the umboy ¥ 1.2,
Fig. 18 - Hunzina electa sp. n, Specimen MPUM 7419 (DM35-10), section at 5.2 mm from the umboy X 1.2.
Fig. 19 - Munzing electa sp. n, Specimen MPUM 7419 (DM35-10), section ar 6.6 mm from the umboy X 1.2,
Fig. 20 - Hunuzing electa sp. n, Specimen MPUM 7419 (DM35-19), section at § mm from the umbo; X 1.2,
Fig. 21 - Hunzinag slecra sp. n, Specimen MPUM 7419 (DM35-19), section at 9.7 mm from the umbo; X 1.2
Fig. 22 - Hunzina electa sp. n. Specimen MPUM 7419 (DM35-10), section at 13.4 mm from the umbn; X 1.2,
Fig. 23 - Hunzina electa sp. n, Specimen MPUM 7420 (KK203-106), section at 1.5 mm [rom the umbo; X 1.2,
Fig, 24 - Munzina elects sp. n. Specimen MPUM 7420 (KK203-106), section at 6.8 mm from the umbo: X 1.2,
Fig. 25 - Huniina elecra sp. n, Specimen MPUM 7420 (KK203-106), section at 10.1 mm from the umbo; X 1.2,
Fig. 26 - Hunzina electa p. n, Specimen MPUM 7420 (KK203-106), section at 13.4 mm from the umbo; X 1.2,
Fig. 27 - Munzina electa sp. n. Specimen MPUM 7420 (KK203-106), section at 15.7 mm from the umbo; X 1.2,
Fig. 28 - Hunzing electa sp. n. Specimen MPUM 7403 (CK172-2), section at 4.3 mm from the umboy X 1.2,
Fig. 22 - Hunsinae electa sp. 0, Specimen MPUM 7403 (CK172-2), section at 6.2 mm from the umboy X 1.2,
Fig. 30 - Hunana elecia sp. n, Specimen MPUM 7403 (CK172-2), section at 11.6 mm from the umbo; X 1.2,
Fig. 31 - Hunzing renuissleata (Merla, 1934). Specimen MPUM 7452 (KL17-7), section at 1.2 mm from the umbo; X 1.2.
Fig. 32 - Hunzina tenasseleata (Merla, 1934). Specimen MPUM 7452 (KL17-7), section at 1.8 mm from the umbo; X 1.2.
Fig. 33 - Hunzina tenutsulcata (Merla, 1934). Specimen MPUM 7452 (KL17-7), section at 2.9 mm from the umbo; X 1.2,
Fig. 34 - Hunzins ensiswloata (Merla, 1934), Specimen MPUM 7452 (KL17-7), section at 4.8 mm from the umbo; X 1.2,
Fig. 35 - Hunzina wenuisuleata (Merla, 1934), Specimen MPUM 7452 (KL17-7), section at 9.4 mm from the umbo; X 1.2.
Fig. 36 - Hunsina tensasnieara (Merla, 1934). Specimen MPUM 7452 (KL17-7), section at 9.9 mm from the umbo; X 1.2,
Fig, 37 - Hunzina wenssselosta (Merla, 1934). Specimen MPUM 7452 (KL17-7), section at 13.2 mm from the umba; X 1.2,
Fig. 38 - Hununa lenwsdesta (Metrla, 1934), Specimen MPUM 7452 (KL17-7), section at 13.9 mm from the umbo;, X 1.2,
Fig. 3% - Hunzing tenntsulcata (Merla, 1934). Specimen MPUM 7452 (KL17-7), section a 14.2 mm [rom the umba, X 1.2,
Fig. 40 - Hunzina tenuiswloata (Merla, 1934), Specimen MPUM 7452 (KL17-7), section at 15.5 mm from the umba, X 1.2,
Fig. 41 - Hunzna electa sp. n, Specimen MPUM 7421 (CK172-1), section at 3.8 mm from the umbo; X 1.2
Fig. 42 - Hunzina efects sp. n. Specimen MPUM 7421 (CK172-1), section at 5.4 mm from the umbo; ¥ 1.2,
Fig. 43 - Hunzina electa sp. n. Specimen MPUM 7421 (CK172-1), section at 7.9 mm from the umbo; ¥ 1.2,
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Dimensions (in mm);

Width Length Thickness H. InL
KR26-44 30.5 17.9 18,1 7.4
KL2-4bis 33 19

Discussion. The specimens of Karakorum have
been included in Punctospirifer afghanus Termier, Ter-
mier, de Lapparent & Marin, 1974 on the basis of the
high interarca, large ventral sulcus, number of lateral
costae and high ventral median septum.

The specimens of P, afghanus Termier, Termier,
de Lapparent & Marin (1974) from Central
Atfghanistan (Termicr et al., 1974), housed at the Of-
fice Wational des Collections Fossiles, Universite
Claude Bernard, Lyon, consist only of two ventral
valves. No direct comparison between the dorsal
valves 1s thus passible.

Geographic and stratigraphic  distribution. P,
afghanus occurs in the Assellan of Wardak (Central
Afghanistan] (Termier at al., 1974).

In Karakorum it is present in the Asselian-Early
Sakmarian Gircha Fm, of Chapursan valley.

Genus Gjelispinifera Ivanova, 1975

Type-species: G, gerasimowt lvarova, 1975

Comments. Gjelispintfera Tvanova, 1975 is similar
to Reticularitna Fredericks, 1916 differing from it by
means of more acute cardinal extremitics, shape of
ventral  median  septum
Gjelispinifera  ditfers from Spiviferellina Fredericks,
1924 by its larger dimensions, more acute cardinal ex-
tremitics and micrornamentation.

and  micrornamentation.

Archbold (1988) suggests to include the speci-
mens from Timor described by Broili (1916) as Spiri-
fevina  cristata  (Schlotheim, 1816) in  the genus
Gjelispinifera. In the present paper the specimens from
Karakorum described by Merla (1934) as S eristata arc
included in the genus Gielispinifera.

Gjelispinifera aff. cristata (Schlotheim, 1816)
Pl. 5, fig. 7.9

1925 Sprrtferins cristata (Schlotheim) var, - Reed, p. 49, ol 6, Tig. 10.

Material. 2 Complete specimens: MPUM 7444 (CK1462-32);
MPUM 7465 (CK162-31).

3 Venwral walves: MPUM 7463 (CK162-33); MPUM 7466
(CK162-34,35).

Description. Biconvex shell with semicircular
outline. Hinge line straight, corresponding to the
maximum width of the shell. Cardinal extremities
subangular. Shell substance strongly punctate. Ventral
valve with pointed umbo overhanging the interarea,
which is low and concave. Ventral sulcus narrow,
deep, with flat floor, widening anteriorly. Dorsal
valve with narrow fold with flat top.

Ornamentation of subrounded, simple costac,
1.8-2 mm wide at the anterior margin, numbering 5-6
for each flank. The costac flanking the ventral sulcus
are larger than the lateral ones. Growth lamellae and
hollow spines arc also present.

Dimensions {in mm):

Width Length
CK162-31 26.4 173
CKis2-34 14.6 10.4

PLATE 7

Fig,.
Fig.
Fig,
Tig.
Fig,
Fig. &

L
'

Clezoibyrrding atlekensis Reed, 1925 Transverse-oblique section of ventral valve, Specimen MPUM 7318 (CK162-21),
Cletathyriding ailakensis Reed, 1925, Longiwdinal section of veniral valve. Specimen MPUM 7319 (IDM35-5),
Cleinthyriding silakensis Reed, 1925, Longiwdinal section of ventral valve. Specimen MPUM 7320 (CK162-28),

- Cletoibyriding ailakensis Reed, 1925, Longimdinal section of ventral valve. Specimen MPUM 7319 (IDM35.5),
Cletoihrpriding aff, semiconcava Waagen, 1883, Longitudinal section of ventral valve. Specimen MPUM 7321 (KK 203-40),
Clearothyndina alll semiconcava Waagen, 1883, Lorgitudinal section of ventral valve. Specimen MPUM 7321 (KK 203-40).

PLATLE &

Fig,
Fig.
Fig.
Fig.
Fig.

o L kg e
'

Trigunvireis stokest Kocnig, 1825, Transversal seotion of ventral valve. Specimen MPUM 7351 (KK26-55),

- Trigonotrets siokest Koenig, 1825, Longitedingl section of ventral velve, Specimen MPUM 7352 (KK26-37).

Trigonotrets stokess Koenig, 1825, Longitudinal section of ventral valve. Specimen MPUM 7352 (KK26-37).

- Trigonatreta fyonsensis Archbold & Thomas, 1986, Transversal section of ventral valve, Specimen MPUM 7362 [KK26-88),
Trignnotreta fyonsensis Archbold & Thomas, 1986, Transversal section of ventral valve, Specimen MPUM 7362 (KK26-88).

Fig. & - Trgumoireis fyonsemss Archbold 8 Thomas, 1986, Transversal secuan of ventral valve, Specimen MPUM 7362 (KK26-88).

PLATE @

Fig.
Fig.
Fig.
Fig,
Tig.
Tig.

- Trigonotreia pawcicostulats (R

R L
'

(Reed, 1923). Longitudinal section of ventral valve. Specimen MPUM 7376 (KK213-2).
Trigonoirets pawacesielats (Reed, 1925). Longitudinal section of ventral valve, Specimen MPUM 7376 (KK213-2).
Trigonoreta paucicostlara (Reed, 1925), Transversal section of ventral valve. Specimen MPUM 7377 (KK203-98),
Trigonotrets pascteostelata (Reed, 1925), Transversal section of ventral valve. Specimen MPUM 7377 (KK 203-98),
Hunzinag tenmiswlcata (Merla, 1934). Transversal section ol venwal valve, Specimen MPUM 7453 (KL19-13).
Hunzina tensisuleara (Merla, 1934). Trangversal section of ventral valve, Specimen MPUM 7453 (KL19-13).
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Discussion. The specimens from Karakorum are
similar to G. cristata (Schlotheim, 1816), differing from
it by means of the narrow, {lat bottomed ventral sulcus
and dersal fold and the fine, numerous lateral costac.
The specimens described by Merla (1934) as S. cristata
differs from G. aff. cristaza by the larger ventral sulcus
and lower number of costae (3-4 for cach flank).

Geographic and stratigraphic distribution. G. aff.
eristata occurs 1n the Sakmarian of Karakorum
{Baroghil pass).

Superfamily Reticulavriacea Waagen, 1883
Family Elythidae Fredericks, 1924
Genus Spirelytha Fredericks, 1919
Type-species: Spirelyba paviovae Archbold & Thomas, 1984

Comments. Archbold & Thomas (1984b) and
Klets (1987) have exhaustively revised the genus Spire-
Iytha. Spirelytha differs from Kitakamithyris Minato,
1951 by the presence of dorsal median septum and ab-
sence of pseudodeltidium.

Spirelytha petaliformis (Pavlova, 1973)
Pl 5, fig, 11-16; PI, 10, fig, 5, 6

1973 Kimkamithyris petaliformis Pavlova in Grunt & Dmitriev, p.
136, pl. 10, fig. 2-5,

1993 Sprrefycha petafiformis - Angiolini, p. 294, pl. 5, fig. 7, 8; pl. 6,
Fig. 1, 2.

Material. 2 Complete specimens: MPUM 7474 (KL2-13 -25).

11 Veniral wvalves: MPUM 7449 (KL2-11); MPUM 7471
(KL2-4); MPUM 7475 (KL2-2,-6,7,8,-14,-21,-23,-24,-26).

7 dorsal valves: MPUM 7467 (KL2-9); MPUM 7488 (KL2-
12); MPUM 7470 (KL2-3); MPUM 7472 (KL2-15); MPUM 7473
(KK26-82); MPUM 7476 (KL2-19,-22).

Description. Large sized, biconvex shell, with fan
outline, Hinge line straight and short. Maximum
width anterior to the hinge. Anterior commissure uni-
plicare.

Ventral valve with pointed, pronounced, high
umbo, giving a subpentagonal outline to the valve, In-
terarca high, striated, with open delthyrium, Ventral
sulcus large, shallow, rounded, starting at a distance of
3-5 mm from the umbo and widening anteriorly, Dor-

Ornamentation of regularly  spaced  growth
lamellae, 1-1.4 mm high, bearing double-barrelled
spines, numbering 3 per 1 mm. The base of the
double-barrclled spines is triangular.

[nterior of valves with fine vascular channels,
Interior of ventral valve with coarse median seprum,
extending to 2/3 the length of the valve, strong ven-
tral adminicula and rhomboidal, depressed, longitudi-
nally striated muscle scars. Tnterior of dorsal valve
with thin median seprum,

Dimensions (in mm):

Width Length Thickness A . Int. Tinge Line
KL2-13 242 19.7 7 oEe
KL2-25 329 253 13.2 9.3
KL2-11 41 308 139° 24 222
KIl2-14 251 21 g7° 6.3 15.3
KL2-4 34 27.4 95° 6,4 19.9
KL2.7 36.6 102= 7.6

KL2-% 337 il

A = apical angle.

Uttrastructure (Pl. 1C, fig. 5, 6). The ultrastruc-
ture of S. petaliformis has been previously described by
Angiolini (1993). The primary layer has not been ob-
served. The secondary layer is 350 pm thick. It con-
sists of long fibres subparallel to the external surfacc
of the valve which show a platy profile or a subrhom-
boidal shape. The width of fibres is 8-11 gm and their
thickness is 47 gwm. The scars of attachment of the
double-barrelled spines consist of fine secondary layer
fibres. Towards the interior the fibres of the second-
ary layer pass to irregular, poorly defined crystals in-
ferred 1o represent a tertiary layer, 50-60 tem thick.

Discussion. Diagnostic characters of Spirelytha
petaliformis (Pavliova, 1973) arc the large size, the "pet-
al" outline of the shell, the shallow ventral sulcus and
dorsal fold.

S. peraliformis is similar to S. fredericksi Arch-
beld & Thomas, 1984, from the Callytharra Fm. (Car-
narvon Basin) and Fossil CLlf member (Perth Basin),
differing from it by mecans of its pointed ventral out-
line and shorter ventral adminicula.

Geographic and stratigraphic distribution. S.
petaliformis occurs at the base and the top of the Tash-
kazyk Fm. of SE Pamir (Grunt & Dmitriev, 1973
Grunt & Novikov, 1994) and in the Asselian-Early

sal valve with transversely oval outline. Dorsal fold ~ Sakmarian  Gircha Fm. of Chapursan valley
large, shallow, rounded, bounded by depressed areas. (Karakorum).
PLATE 10
Fig. 1 - Hunzina elects sp. n. Longitudinal seciion of ventral valve, Specimen MPUM 7422 (KK203-95).
Fig. 2 - Hunzina electa sp, n. Longitudinal section of ventral valve, Specimen MPUM 7422 (KK 203-95),
Tig. 3 Hunzina electa sp. n. Longitudinal section of ventrzl walve, Specirmen MPUM 7422 (KK203-95).
Fig. 4 - Hunzna elects sp. n. Longitudinal section of ventral valve. Specimen MPUM 7422 (KK203-95),
Tig. 5 - Spirelytha petaliformis (Paviova, 1973), Transverse-oblique section of dorsal vilve. Specimen MPUM 7473 (KK26-82).
Fig. 6 - Sperelyiha petaliformis (Pavlova, 1973), Transverse-oblique section of dorsal valve, Specimen MPUM 7473 (KK26-82).



Pevmian brachiopods from Earakorum Pl 10




202 L. Angiofini

Family fagelarellidae Campbell, 1959
Subfamily Ingelarellinae Campbell, 1959
Genus Tomioepsis Benediktova, 1956

Type-species: Brachythnyats kumpani Yanishevskly, 1935

Comments. The genus 7Tomropsis Benediktova,
1956 has been discussed by Archbold & Thomas
(1986b). Tomiopsis Benediktova, 1956 differs from No-
tospirifer Harrington, 1955 by means of the more
developed dental plates and crural plates and by the
micrernamentation. In fact in Notospirifer the micror-
namentation consists of tiny upright microspines be-
hind short grooves leading anteriorly into deep,
globose and elongated pits (Clarke, 1992), whereas
that of Tomiopsis is characterized by elongated
grooves.

Tomicpsis cf. bazardarensis (Grunr, 1993)
DL 5, fig. 17, 18
1993 Nowsprrifer bezardarensis Grunt, p, 128, fig. 1, 4.

Material. 1 Ventral valve: MPUM 7477 (KL2-18).
I Dorsal valve; MPUM 7478 (KL2-1).

Description. Mcdium sized, biconvex shell with
subpentagonal outline. Anterior commissure uniplicate,

Ventral valve with distinct sulcus, widening
antertorly and bounded by two folds. Lateral folds
numbering 2 for cach flank, wide and shallow. Dorsal
valve with distinct median fold.

Ornamentation of faint growth lamellae. Mi-
crornamentation of very fine radial channels.

Interior of ventral valve with short dental plates.

Dimensions (in mm):
Width Length
KL2-1 32,2 25.2

Discussion. The specimens under examination
are tentatively included in Tomiopsis bazardarensis
(Grunt, 1993) on the basis of the micrornamentation
and the shallow, poorly defined lateral folds.

Geographic and stratigraphic distribution. 7.
bazardarensis occurs in the lump-boulder member
(Late Asselian-Early Sakmarian) at the base of the
Tashkazyk Fm. in the SE Pamir {Grunt, 1993: Grunt
& Novikov, 1994). T. of. bazardarensis is present in
the Assclian-Early Sakmarian Gircha Fm. of Chapur-
san valley (W Karakorum).

APPENDIX

NEW BRACHIOPOD TAXA FROM THE BOLORIAN-MURGABIAN/MIDIAN OF KARAKORUM

Introduction.

In order to avoid the use of nomina nuda in the
general paper on the Permian stratigraphy of North-
ern Karakorum (Gacrani et al., 1995), issued contem-
porary to this article, I introduce here two new
genera, one new subgenus and nine new species of bra-
chiopods collected in the Bolorian to Murgabian of
Northern Karakorum,

The brachiopod assemblages in which the new
taxa have been discovered and the detailed biostrati-
graphy of the assemblages will be discussed in a
complete monograph.

Of the eight taxa herein described, Marginifera
andreat sp.n. and Aldina exilis gen. n. sp. n. have been
collected in the Bolorian Lashkargaz Fm., Mb. 2 of
the Lashkargaz section (Gaetani et al., 1995); Transen-
natia veedi sp. n., Reticulatia chitvalis sp. n. and Magni-
plicarina jobannis sp. n. have been found in the Kuber-
gandian Lashkargaz Fm., Mb. 4 of the Lashkargaz and
Baroghil E section (Gaetani et al., 1995), whereas Neo-

chonetes costellata sp. n. is present in both the Mb. 2
and Mb. 4 of the Lashkargaz Fm. Magniplicatina joban-
nis sp. n. is also present in the Panjshah Fm., Mb. 1 of
Panjshah section. Retimarginifera gaetanii sp. n. and
Chapursania tattanae gen. n. sp. n. occur in the Late
Murgabian-Midian Panjshah Fm., Mb. 2 of Panjshah
section (Gaetani et al., 1995).

Collections and localities.

All specimens are housed at the Museo di Paleontologia del
Dipartimento di Scienze della Terra dell’Universitd degli Stedi di
Milano (Traly).

Specimens were found at the following localities {sce Gactani
et al, 1995):

KKea7, KKe8, KK76, KK79, KK88 - [anjshak Fm., Mhb. 2,
Panjshah section, Chapursan valley.

KK93 - Panjshah Fm., Mb. 1, Panjshah section, Chapursan
valley.

CK190, CK189, CK198 - Lashkargaz Fm., Mb. 4, Baroghil E
secuon, Baraghil pass.
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CK269, CK365, CK365bis, CK324 - Lishkargaz Fm., Mb, 4,
Lashkargay seetion, Lashkargae,

CK315, CK319
Lashkargaz.,

Lashkargaz Fm., Mb. 2, Lashkargaz section,
CAL4 - Yarkhun river, Hot Spring, 2 km W of Lashkarpas.

(Order Chonetida Nalivkin, 1979
Suborder Chonetidina Muir-Wood, 1965
Family Rugosochonetidae Muir-Woad, 1962
Subfamily Rugosochonerinae Muir-Wood,
1962

Genus Neachonetes Muir-Woaod, 1962
Type-species: Chonetes domings King, 1938

Comments. The relationship of Neochonetes with
allied genera and the rccognition of different sub-
genera within the genus have been exhaustively dis-
cussed by Archbold (1981, 1982),

Archbold (1981) retains Quadranetes Sadlick,

1963 as a junior synonvm of Neochonetes.

Subgenus Neochanetes (Neachonetes) Muir-Wood, 1962

Neachonetes (Neochonetes) costellata sp. n.
Fig. 16.1

1925 Choneter costata Stuckenberg var, Reed, p. 38, pl. 3, fig, 6.

Material. 5 Ventral wvalves: CK189.1; CK190.3; CK319-3;
CALI-11,75.

2 Dorsal valves: CK198-107; CK319-100is,

Holotype. CK189-1 (Fig. 16.1).

Type-iocality. Baroghil pass,
Karakorum, Pakistan.,

Type-level. CK 189, Lashkargaz Fm., Mb. 4, Kubergandian.

Derivatio nominis. Costellsts for the characteristic ornamen-
tation of costellae,

Upper Yarkhun  valley,

Description. Concavo-convex shell with semi-
circular outline. Maximum width at the hinge linc,
Cardinal extremities at right angle; ears narrow and
bald.

Ventral valve shightly convex. Umbonal slopes
diverging at 100° and flattening towards the cardinal
margin. Median sulcus absent. Dorsal valve concave,

Ornamentation of bifurcating costellae number-
ing 2 per mm at a distance of 5 mm from the umbo.
The costellae bifurcate firstly at mid-length and a sce-
ond time near the anterior margin. The intercostal
troughs are angular and large as the costellae. Micro-
ornamentation of small pustules.

Interior of the ventral valve with a long median
septum extending anteriorly to 1/3 the length of the
valve.

Dimensions (in mm):
Width Leng:h
CAL4-11 17.1 1.5

Discussion. Diagnostic characters of the new
spectes are the long hinge line, the low convexity of
the ventral valve, the ventral sulcus low or absent and
the ornamentation of costellae. The first
characters indicate that the new species clearly
belongs to the subgenus Neochonetes (Neochonetes),
whereas its coarse ormamentation is more typical for

three

genera like Waagenites Pacckelmann, 1930,

The specimens from Baroghil described by Reed
(1925) as Chonetes costata Stuckenberg var. are here in-
cluded 1in N. costellata sp. n. In fact the types of C
costata Stuckenberg from the Late Carboniferous of
the Russian platform, housed at the V.S.E.G.E.L. in S.
Petersbourgh, show smaller dimensions, highly con-
vex ventral valve and a deep median sulcus and may
belong to the genus Waagenites.

Geographic and stratigraphic distribution. N. (N}
costellata sp. n. occurs in the Bolorian Lashkargaz
Fm., Mb. 2 of Lashkargaz and in the Kubergandian
Lashkarpaz Fm., Mb. 4 of Yarkhun river (2 km W of
Lashkargaz) and of Baroghil Pass.

Order Productida Sarycheva & Sokolskaya, 1959
Suborder Productidina Waagen, 1883
Superfamily Productacea Gray, 184C
Family Marginiferidae Stehli, 1954
Genus Marginifera Waagen, 1884
Type-specics: Marginifers ropdcs Waagen, 1884

Comments. The genus Marginifera Waagen, 1884
has been revised by Muir-Wood & Cooper (1960) and
by Grant (1968). The authors have restricred the defi-
nition of the genus to forms characterized by or-
namentation of rugae, week costae and spines on the
visceral disc and 1n two ar three parallel rows along
the flanks of the ventral valve, absent in the dorsal
valve,

Marginifera andreai sp. n.
F?g. 16,2

Material. 37 Ventral valves: CK315-A,-6-10-14.-16,-21,-22 -
25,-07,-30,-35,-36,-39,-40,-42,-44 -67,.72,.79 -84, 85, -86,-92,-103,-108,-
112,-116,-117 -130,-131,-132,-134,-136,-137 ,-139,-140,- 141,

5 Dorsal valves: CK315-23,-34,-107,-120,-132bis.

Holotype, CK315-67 (Iig. 16,2),

Type-locality.
Karakorum, Pakistan,
Type-level. CK315, Lashkarpaz Fm., Mb. 2, Bolorian,

Derivatio nominis. Andrear [rom the surname of Andrea
Zanchi

Lashkargaz, Upper Yarkhun wvalley,
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Description. Small sized, concavo-convex shell,
with longitudinally oval outline. Hinge line straight,
slightly less than the maximum width,

Ventral valve strongly geniculated, with convex
visceral disc and long recurved trail. Umbo curved,
overhanging the hinge line. Ears convex and triangu-
lar. Dorsal valve concave, geniculated, with short
trail. Ventral sulcus and dorsal fold absent,

Ornamentation of low, irregular rugae on the
visceral dise. Costae rounded, week, bifurcating and
numbering 12-14 at the anterior margin. The width of
the costae 1s 0.7-0.8 mm. The intercostal troughs are
large. Coarse spines on the visceral disc and in two
parallel rows on the ventral flanks. The number of
spines for each valve 1s about 35 in the mature speci-
mens. Dense and sinuous growth lines at the anterior
margir.

Interior of the dorsal valve with strong median
septum, extending to 2/3 the length of the valve, ad-
ductor scars raised on a platform, crenulated marginal
ridge and endospines.

Dimensions (in mm):

Width Length Length along the curvature

CK315-A 11.9 12.5 22
CK315-18 12.8 14.1 205
CK315-25 10 106 19.5
CR315-40 10 18,5 17.5
CK315-67 2.1 12.4 22
CK315.79 116 13.5 23
K315-84 10.5 14.2 25
CK315-103 12.5 14.7 24.5
CK315-108 12.3 14.8 239
CK315-116 14 15,1 24
CR315-117 12.5 14.3 22
CK315-23 142 1.7

Ck315-107 15,5 131

Discussion. The new species is characterized by
longitudinal oval outline, long trail, absence of ventral
sulcus, quite defined costae, low rugae and coarse
spines,

M. andreai sp. n. 1s similar to Marginifera spinoso-
costata (Abich, 1878), differing from it by means of the
less pointed umbe, absence of a sulcus delimiting the
cars, longer trail, better defined costac and for the di-
mensions and the arrangement of the spines.

The dircer study of the collection of Merla
(1934), housed at the Museo di Paleontologia, Univer-
sitd di Firenze, has pointed out that the specimens de-
scribed by Merla (1934) as Producrus rypicus elongatus
ITuang, 1933 are very similar to M. andreai sp. n. but
differ from it for the presence of a ventral sulcus and
stronger and more numerous costae.

M. andreai sp. n. differs from Marginifera ovalis
Waagen, 1884 and from Marginifera provracta Reed,
1944 from the Salt Range by means of the absence of

ventral sulcus; from Marginifera banphotensis Yanagida,
1964 from the Permian of Central Thailand, by means
of the coarser spines, less numerous costac and longer
trail,

Geographic and stratigraphic distribution. M. an-
dreai sp. n. occurs in the Bolorian Lashkargaz Fm,,
Mb. 2 of Lashkargaz.

Genus Retrtmarginifera Waterhouse, 1970

Type-species: Retimarginifera perforata Waterhouse, 1970

Comments. The genus Rerimarginifera Water-
house, 1970 has been discussed by Grant (1976), Wa-
terhouse (1981) and in details by Archbold (1984).

Retimarginifera differs from Marginifera Waagen,
1884 by means of the ornamentation (number and ar-
rangement of spines, reticulation of visceral disc).

Retimarginifera gaetanii sp. n.
Fig. 16.3

Material. 5 Ventral valves; KK79-27 -31; KK88-9,-10,-11.

Holotype. KK79-31 (Fig. 14,3},

Type-locality. Panjshah, Chapursan valley, Upper Hunza
valley, Karakorum, Pakisian.

Type-level. KK79, Panjshah Fm., Mb. 2, Late Murgabian-
Midian.

Derivatio nominis.
Maurizio Gaetani.

Gaetanit from  the name of Prol

Description. Concavo-convex shell with  sub-
quadrate outline. Maximum width at the hinge line.

Ventral valve convex, geniculated with long
trail. Umbo swollen; ears flat, triangular and painted.
Mcdian sulcus large and deep starting at a distance of
5-6 mm from the umbo.

Ornamentation of rugae, costac and few spines.
The rugae occur on the visceral disc and number
about 12-13, producing distinctly reticulate visceral
disc. The costae are thin (0.3 mm in width} and
mumerous, up to 14 for each flank on the ventral
valve. The costae converge anteriorly into the median
sulcus. The spines are few and occur on the lateral
slopes bevond the sulcus and on the cars.

Dimensions (in mm):

Widih Length
KK79-27 =13 12,7
KE79-31 24 16

Discussion. Diagnostic characters of the new
species are the sub-quadrate outline, the thin and
numerous costae and the deep ventral sulcus.

Retimarginifera gactanii sp. n. 1s similar 1o Reti-
mareinifera lapparenti Termicr, Termier, de Lapparent
& Marin, 1974 from the Murgabian of Central
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Afghanistan (Termier ct al., 1974) differing from it by
means of the deeper ventral sulcus, less numerous
costac and less cxtended reticulation,

The specimens of Probolonia  himalayensis
(Diener, 1899), described by Grunt 8 Dmitriev (1973)
from the Darvasian of SE Pamir, differs from the new
species by means of coarser costae which tend to
fasciculate anteriorly,

Geographic and stratigraphic distribution. R.
gaetanii sp. n. occurs in the Late Murgabian-Midian
Panjshah Fm., Mb. 2 of Panjshah (Chapursan valley).

Genus Transennatia Waterhouse, 1975

Type-specics: Mroduectus gratinsss Waagen, 1884

Comments. The genus Transennatiaz has been in-
troduced by Waterhouse (1975) and almost contempo-
raneously by Grant (1976), who named the new genus
Grativsina, recognizing in a note (Grant, 1976, p. 131)
its junior synonymy with Transennatia. Asioproductus

(¥
(]
wn

Chan, 1977 is also a junior synonym of Transennatia
Waterhouse, 1975, as stated by Archbold & Bird
(1989).

According to Grant (1976) Transennatia is
placed in the Family Marginiferidae, on the basis of
the internal characters. The inclusion of Transennatia
in the Family Dictyoclostidae, as suggested by Arch-
bold & Bird (1989) is not accepted, the only dictyo-
clostide feature of Transennatia being the semireticu-
late ornamentation.

Transennatia differs from Retimarginifera Watcr-
house, 1970 by means of its less transverse outline,
smaller ears, stronger costae, reticulated pattern of
sharp points on the visceral disc and raised adductor
platform in the ventral valve.

Transennatia reedi sp. n.
Fig. 16,4

1925 Producins afl. tartaricas - Reed, p. 31, pl, 3, ip. 9.

Tig 16 - 1) Newchoneles costellara sp. n. Helolype, Ventral valve. Specimen CK189-1. 2) Marginifers andreas sp. n. Holoype. Ventral valve,
Specimen CK315-67; X 1.5, 3) Renmmarganifera gactandi sp. n. Hololype. Ventral valve. Specimen KK79-31, 4} Transemnatia reedi sp.n,
Holotype. Dorsal valve, Specimen CK324-43. 5) Magniplicatina johannis sp. n. Uolotype, Ventral valve, Specimen CK365-14, 6)
Waagenowonobas (Gruntoconcha) macrotuberasata sp. n. Holotype. Ventral valve, Specimen CK365bis-12, 7) Reticulatia chitralis 5. n
Flolotype. Ventral valve, Specimen CK269-10, 8) Alding exilis sp. n. Holotype. Dorsal valve, Specimen CK319-34. 9) Aldina exilis sp.
n. olotyrpe, Ventral valve. Specimen CK319-34, 10) Chaprrsania tatianze sp. n. Iolotype, Ventral valve internal mould. Specimen

KE67-19.
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Material. 41 Ventral wvalves: CK324.1,2,.3,.4,.5.6,-7,-8,9,-
10,-11,-12,-13,-14,-15,-16 -17,-18 -19,-20,.21,-22,.23 . 24,-25 - 26 27 - 28,
-29,.30,-31,-32,-33,-34,-35 -36,-37 -38 -39,-40,-41.

17 Dorsal valves: CK324-42,-43 -44,-45 -46,-47 -48 -49 50 -51 -
52,-33,-24,-535,-56,-57 -0E,

Holotype. CK324.43 (Fig, 16.4),

Type-locality.  Lashkargaz,
Karakorum, Pakistan.

Type-level. CK324, Lashkargaz Fm., Mb. 4, Kubergandian.

Darivatio nominis. Reed: from the name of F.R.C. Reed.

Upper  Yarkhun  wvalley,

Description. Medium  sized,
geniculated shell. Maximum width at the anterior
margin,

Ventral valve geniculated, with convex visceral

concavo-convex

dise and long, longitudinally recurved trail. Umbao re-
curved, slightly overhanging the interarea, Ears small
and flat, not distinct from the lateral slopes. Median
sulcus decp and narrow with flat bottom, The lateral
slopes beyond the sulcus are very convex. Dorsal
valve geniculated, with concave visceral disc and short
trail. Median fold narrow, distinct on the trail.

Ornamentation of the ventral valve of costae,
rugae and spines. The rugae arc thin and occur on the
visceral disc, crossing the costac and producing a re-
ticulated pattern. The costae bifurcate near the umbo
giving origin to 2 costae within the sulcus, which be-
come faint anteriorly, to 7-8 costac, 0.6-0.8 mm wide,
on each flank of the valve and to 45 low lateral
costac, which tend to recurve posteriorly towards the
cardinal margin. The scars of attachment of the spines
are numerous and oceur on the trail and on the
visceral disc. Ornamentation of the dorsal valve re-
ticulated on visceral disc and costate on the trail.

Interior of the dorsal valve with bilobed "W"
shaped cardinal process; raised, pear-shaped adductor
pads; median septum extending over mid-length of
visceral disc; marginal ridges extending sligthly anteri-
orly to the cardinal extremities.

Dimensions (in mm):

Widith Length

CK324-15 19.1 1a

CK3I24-21 15.4 16.2
CK324.23 18.5 17.2
(CK324.28 18 17.2
CK324-31 19.3 15.5
(CK324.34 s 16

CK324-37 18.7 16.2
CK324.42 19.4 13.5
CK324.43 18,5 127
CK324-44 18.2 13.7
CK324-49 219 15

Discussion. Diagnostic characters of the new
specics are the coarse costac which do not converge
inta the sulcus and the deep, uniformly wide ventral
sulcus.

T. reedi sp. n. differs from Transennatia gratiosa
(Waagen, 1884) from the Salt Range by means of its
convex visceral disc, deeper sulcus, coarser costae not
converging into the sulcus and less strongly reticu-
lated visceral disc. Transennatia insculpra (Grant, 1976)
from Thailand differs from the new species by its
smaller dimensions, more transverse outline, fewer
spines, costae increasing in width anteriorly and con-
verging into the sulcus and sharper reticulation on the
visceral disc.

The specimens from Baroghil described by Reed
(1925} as Productus afl. tartaricus Tschernyschew, 1902
arc included in 7. reedt sp. n.

Geographic and stratigraphic distribution. 7, reedi
sp. 1. oceurs in the Kubergandian Lashkargaz Fm.,
Mb. 4 of Lashkargaz.

Family Waagenoconchidae Mur-Wood &
Cooper, 1960
Genus Waagenoconcha Chao, 1927
Type-species: Producrus emboldtd d'Orbigny, 1842

Comments. The genus Waagenoconcha Chao,

1927 and its splitting in two subgenera have been fully
discussed by Archbold (1993).

Subgenus Waagenoconcha (Gruntoconcha) subgen. n.

Type-species: Waagenoconcha (Grantoconchal macremberolata sp. n,

Derivatio nominis: Grautoeoncha from the name of Dr.
1T.A. Grunt.

Diagnosis. Medium sized Waagenoconcha, with
short trail and coarse, clongate spine bases which
decrease 1n dimensions anteriorly.

Discussion. The new subgenus differs from
Waagenoconcha (Waagenoconeha) Chao, 1927 by means
of coarser and less clongatc spine bases; from
Waagenoconcha [Wimanoconcha) Waterhouse, 1983 by
its smaller dimensions, shorter trail and absence of
radial crenulations on the ventral trail.

Composition of the subgenus. Waagenoconcha
{Gruntoconcha) subgen. n. includes the species
Waagenoconcha (G.) abichi (Waagen, 1884) and W, (G.)

macrotuberculata sp. n.

Waagenoconcha (Gruntoconcha) macrotuberculata
P I
Fig. 16.6

1934 Productus abichs - Merla, p. 263
10 Productus (Waagenoconcha) abichi - Renz, p, 161, pl.4, fig. 6.

Material. 1 Complete specimen: CK365-6.
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20 Ventral walves: CK18%-18; CK198-3,-111,-112; CK365-1,-
11,-16,19,22; CK365bis-12,-17; CAL4-33 34,74 .83 .88 -89 .93 .97 .
ECH

8 Dorsal valves; CK189-20; CK198-28,-36,-107,-10%; CK3a3-
2,17, CAL4-87.

Holotype. CE365 bis-12 (I'ig. 16.6).

Type-locality. Lashkargaz, Upper Yarkhun walley, Karzko-
rum, Pakistan.

Type-level. CK365, Lashkargaz Fm., Mb, 4, Kubergandian.

Derivatio nominis. Macrotuberculzra from the greck mae-
ros=large and from the latin tuberculum=tubercle (base of spine).

Description. Concavo-convex shell. Hinge line
straight, less than maximum width, which lies at mid-
length.

Ventral valve uniformly convex; umbo large,
slightly incurved; ears small and flat, distinct from the
lateral sloped which arc stcep. Median sulcus low,
starting anteriorly from the umbonal region. Dorsal
valve concave, showing a slight geniculation at the
anterlor margin; ears large and flat; median fold low.

Ornamentation of coarse spine bascs, resembling
tubercles, showing a quincunxial, sometimes irregular
arrangement, The spine bases are 0.6-0.8 mm wide and
oval-shaped. They decrease in width anteriorly to 0.4
mm. Low growth rugae occur anteriorly, whereas
sinucus growth lines cover all the surface of the
valves,

Interior of dorsal valve with marginal ridges and
median septum.

Dimensions (in mm):

Width Length

CK189-18 E3| 26,7
CK198-3 %1 25

CK36516 306 /.7
CK365bis-12 4.8 217
CAL4-74 231 20,3
CAL4-83 40.5 30.3
CAL4-88 35 30

CAL4-93 4.6 20

CK198-28 33 27.3
CK3ab-2 33.6 22.6
CAL4-87 33.8 251

Discussion. Diagnostic characters of the new
species are the slightly prominent umbo, very steep
ventral flanks, low ventral sulcus, coarse spine bases
showing oval outline, low growth rugae.

After having studicd the topotypes of Waageno-
concha (Gruntoconcha) abichi (Waagen, 1884) from the
Salt Range, housed at the V.S.E.G.EL of 5. Peters-
bourgh, I can affirm that it is similar to W. (G.) macro-
tubereulata sp. n., but differs from it by the more
swollen umbo, less steep ventral flanks, less coarse
and more regularly arranged spine bases. Furthermore
W. (G.) macrotuberculata sp. n. does not show the two
rounded folds separating the ears from the visceral
disc in the dorsal valve, described by Waagen (1884, p.

698) and illustrated by Muir-wood & Cooper (1960,
pl. 89, fig. 4) for W. (G.) abichi (Waagen).

The specimens described by Merla (1934) as Pro-
ductus abichi Waagen, housed at the Museo di Paleon-
tologia, Universitd di Firenze, consist of two cxternal
casts of dorsal valves and of one fragment of ventral
valve and scem to belong to W. (G.) muacrotuberculata
sp. n. Also the specimens from Shaksgam described by
Renz (1940) as  Productus (Waagenoconcha) abichi
Waagen may be included in W. (G.) macrotuberculata
sp. N,

The specimen from Shaksgam, described by Fan-
tint Sestini (1965b, p. 184) as W. cf. abichi (Waagen)
may belong to W. (G} macrotuberculata sp. n. for the
steepness of its ventral flanks. However the bases of
spines are not preserved, preventing a specific determi-
nation.

On the contrary the specimen described by Ter-
micr et al. (1974) as W. abichi is characterized by very
fine spine bases, being very different from the specics
from Karakorum.

Geographic and stratigraphic distribution. W. (G.)
macrotuberculata sp. n. occurs in the Permian of NE
Karakorum (Merla, 1934) and in Shaksgam (Renz,
1940),

In Western Karakorum it is present in the
Kubergandian Lashkargaz Fm., Mb. 4 of Baroghil-
Lashkargaz arca.

Family Dicryoclostidae Stehli, 1954
Subfamily Dicryoclostinae Stchli, 1954
Genus Reticularia Muir-Wood & Cooper, 1960

Typespecies: Productus brveoensis King, 1831

Comments. Reticulatia Muir-Wood & Coopcr,
1960 differs from Callytharrella Archbold, 1985 by
means of the absence of costae on the ears, no fascicu-
lation of costae on the trail, presence of a marginal
ridge in the brachial valve and anteriorly bilobed car-
dinal process.

Reticulatia chitralis sp. n.
Fig, 16,7

1925 Productus transversalis - Reed, p. 33, pl4, [g. 8; pl.5, g 1, 2.
1932 Prodsucties transversalis - e Terra, p. 161, pl.13, fig. 13.

1932 Productus semivetiontaizns - De Terra, p. 161, pl.14, fig. 4.

1948 Producius semireionlatsns - Rene, pp. 21, 144, pl.2, fig. 8.

1940 Productus semiveticulatus var, transversalis - Reng, pp. 22, 145,
19650 Reticwelatia of, ansversalis - Fancini Sestini, p. 188, pl. 22, fig. 4.

Material. 35 Ventral valves: CR189-13,-38,-41,-45; CK269-0,-
5,-10,-11,-12,-14,-15,-17 ,-24,-27 -29,-30,-32; (CAL4-1,-5,-6,-19,-20,-35 -
39,-40,-45,-48,-49,-53 .54 .55 .69, 83 -4 -85,

21 Dorsal valves: CK189-33,-39-154; CK269-1,-2,-6,-13,-22-
25,-26,-28,-31; CAL4-17,-21,-22 .31 ,-51,-59,-71,-73 81,
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Holotype. CK26%-10 (Fig. 18.7).

Type-locality,  Lashkargas,
Karakorum, Pakistan,

Type-level. CK26%, Lashkargar Fm., Mb. 4, Kubergandian,

Derivatio nominis. Chitralis [rom the geographic region of
Chitral.

Upper  Yarkhun  valley,

Description. Large-si?_cd, concavo-convex, strom-
gly geniculated shell with transverse outline. Maxi-
mum width at the hinge-line.

Ventral valve with convex visceral
long, spirally carolled trail. Umbo large and recurved
on a concave ginglymus. Ears triangular, slightly re-
curved, demarcated by a curve cut line. Lateral flanks
steep. Median sulcus very low ar absent. Dorsal valve
concave, geniculated with transverse outline. Visceral

disc and

disc long, flat or concave; trail quite long. Median fold
very low or absent.

Ornamentation of costae, rugae and spines, The
rugac occur on the ears and on the wvisceral dise,
where, crossing the costae, they produce a reticolated
ornamentation. The costae are thin (1.5-2.5 mm wide
at the anterior margin), rounded, bifurcating anteri-
orly. The intercostal troughs are narrower than the
costae. The costae are lacking on the ears. The spines
are long and hollow, with 1.6-2 mm diameter; they
occur on the ears and along the cardinal margin and
rarely on the trail. Growth lamellae occur anteriorly.

Interior of the ventral valve with large striated
adductor scars. Interior of dorsal valve with high
trilobed, anteriorly bilobed cardinal process; short
lateral ridge; median septum thinning anteriorly and
extending to 2/3 the length of visceral disc.

Dimensions (in mm);

Widch  Length 1 {d.v.) l{1) Thickness
CEK269-10 g4.3 =52 33
CK2659-12 =67 =70 26
CE2r9-29 b 40 305
CK269-30 (9.2 57 A7
CAL45 =57 63 29
CALA-2C 80 57 37
CAL4-40 6l 52 273
CALY 48 60 (0 26
CAT453 57 =48 31
CAL4-69 =615 71 37
CR269-1 69.5 31 35
CK2p9.2 7 2 30.5
Cl269-13 =76 28.7 32
CR269-31 =72 31.5 »21
CAL4-17 69,8 385 31
CAL4-22 >82 33 32
CAL4-31 35 24 =22
CAL4-51 ah8 40,4 33 308
CAL4-71 > 58 2 =23
CALS7S 63 457 318 25
CAT4-81 6l 38

1 {dov.) : wisceral disc length,
1 (1) : dorsal irzil length,

Intraspecific variability. Inside the population a
few specimens show a more longitudinally elongated
ventral valve with low and narrow sulcus, thus differ-
ing from the more transverse individuals without ven-
tral sulcus.

Discussion. Reticulatia chitralis sp. n, differs
from the Uralian specie R. ranswversalis (Tscherny-
schew, 1902) by its larger dimcensions, shallower sul-
cus and finer ornamentation. The specimens from
KunLun described by De Terra (1932) as P. tramsver-
salis Tschernyschew and those from Shaksgam de-
scribed by Renz (1939, 1940) as P. semireticulatus and
P. s. transversalis may belong to R. chitralis sp. n. The
same is true for the Shaksgam specimens described by
Fantini Sestini (1965b) as R. cf. transversalis,

The longitudinally elongated specimens of R.
chitralis sp. n. are very similar to the specimens de-
scribed by De Terra (1932) for KunLun and Renz
(1939, 1940) for Shaksgam as P. semireticularus Martin,
1809. The latter has been largely used to include a
variety of forms characterized by large dimensions
and reticulated ornamentation, thus
onomic validity. Also P semireticulatns Martin de-
scribed by Broili (1916, p. 8, pl.2, fig. 14-16) for the
Permian of Timor could belong to R. chitralis sp. n.
The specimen described by Merla (1934) as P. semire-
ticulatus is an undeterminable fragment of shell.

R. chitralis sp. n. differs from R. pamirica Grunt,
1973 from the Sakmarian of SE Pamir by means of
the maximum width at the hinge line, less enrolled
cars, shallower sulcus, coarser and less spaced or-
namentation.

Geographic and stratigraphic distribution. R. chr-
tralis sp. n. occurs in the Permian of Kunlun (De
Terra, 1932) and of Shaksgam (Renz, 1939; Fantini
Sestini, 1965b).

In Western Karakorum it is present in the
Kubergandian Lashkargaz Fm., Mb. 4 of Baroghil-
Lashkargaz area.

loosing  tax-

Superfamily Linoproducracea Stehli, 1954
Family Linoproductidae Stehli, 1954
Subfamily Auriculispininae Waterhouse,
1986
Genus Magniplicatina Watcrhouse, 1983

Type-species: Cancrinella magniplica Campbell, 1953

Comments. Magniplicatina Waterhouse, 1983
differs from Camcrinella Fredericks, 1928 by means of
less convex wisceral disc, shorter and less enrolled
trail, stronger rugae, coarser spines which are totally
lacking on the dorsal valve (Grigorieva et al., 1977;
Archbold, 1993),
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Magniplicatina jehannis sp. n.
Fig. 16.5

1925 Produetus L'(.‘.TiL'.“‘I‘JI{}'rr;rf.l'ﬂ.s - Reed, D. 2“, p] 5, fig. ?. i

1939 Produetus cancrintfornms - Renz, p 18, pl. 3, [ig. 6, 7.
1965k Cancrinells cancringformis - Fantini Sestini, p. 190,

Material. 1 Complets specimen: KK93.79,

17 Ventral walves: KE93-14,-25-53-88; CK189-26,-53; CK
269-8; CK365-3,-14,-15; CK365bis-5,-7,-8,-15,-16; CAL4-29,-60,

5 Dorsal valves: CK189-112,-12%; CK345-12,-21; CK365bis-4,

Helotype. CK3a5-14 (Fig. 16.3).

Type-locality.
Karakorum, Pakistan.

Type-tevel. CK365, Lashkarpar Fm_, Mb. 4, Kubergandian.

Derivatioc nominis. fohassis from the surname of Giovanni
Angiolint.

Lashkargaz, Yarkhun  walley,

Upper

Description. Medium sized, concavo-convex shell
with transverse outline. Maximum width anterior to
the hinge line,

Ventral valve convex with sub-triangular out-
line. Umbo swollen, pointed and recurved, Ears quite
large and {lat. Dorsal valve concave, geniculated, with
sub-circular outline.

Ornamentation of ventral rugae,
costellae and spines. The rugae are coarse (1-1.3 mm in

valve with

width), prominent and irregular on the trail and num-
ber 15-16 for each valve. In the mature specimens the
ridth of the rugac is up to 1.7 mm. The costellac are
thin and numbers 9-12 per 5 mm at the anterior mar-
gin. The spines are recumbent with distinct elongated
spine ridges, 1.3-1.6 mm long. The diameter of spines
is about 0.4 mm. The spines are extended posteriorly
as thin channels inside the shell substance for 3 mm.
Ornamentation of dorsal valve finer, without spines,
rarely with dimples.
Interior of dorsal walve with sessile, bilobed car-
dinal process, with diverging lobes; median seprum
low, extending to 2/3 the length of visceral disc

Dimensions (in mmj:

Width Length Thickness

KK93-14 29

KK43.5% 7 26

CR26%.8 23 22

CK365-14 20 12.2 10,6
CK365bis-15 21.9 17,6 8.7
CAL4-60 243 16

CE1B9-112 16,4 11,2

CE189-124 13.1 11,2

CK365-12 25.5 15

Discussion. Diagnostic characters of the new
species are the elongated spine ridges, prominent and
irregular rugae and not numerous costellae.

Canerinella cancrintformis (Tschernyschew, 1889)
as described by Renz (1939} and by Fantini Sestini

(1965b) for the Permian of Shaksgam scems to belong
to Magniplicatina jobannis sp. n.

The specimens figured by Termier et al. {1974)
in pl. 27, fig. 7, 8 and described by the authors as
Permundaria sisophonensis Nakamura, Kato & Choi,
1970 may belong to Magniplicatina jobannis sp. n. for
their convex ventral wvalve and arnamentation of
costellac and spines ridges.

Geographic and stratigraphic distribution. M. jo-
hannts sp. n. occurs in the Permian of Shaksgam
(Renz, 1939; Fantini Sestini, 1965b).

In Western and Central Karakorum it is present
in the Kubergandian Lashkargaz Fm., Mb. 4 of
Baroghil-Lashkargaz area and in the Kubergandian
Panjshah Fm., Mb. 1 of Chapursan valley.

Order Rhynchonellida Kuhn, 1949
Superfamily Rhynchonellacea Gray, 1848
Family Allorhynchidae Cooper & Grant, 1976
Genus Aldina gen. n.

Type-species: Alding exilis sp. n.

Derivatic nominis: Aldima from the surname of Prof. Alda
Nicora.

Diagnosis. Small sized, globular shell with sub-
triangular to sub-pentagonal outline. Anterior com-
missure strongly uniplicate.  Ventral valve with
strongly recurved umbo; delthyrium closed by delrid-
1al plates delimiting a small foramen. Ornamentation
of costae in the anterior half of the valves. Interior of
ventral valve with long dental plates. Interior of dor-
sal valve with flat, divided hinge plate; median septum
absent.

Discussion. The new genus is here included in
the Family Allorhynchidac on the basis of its internal
characters (i.e. dental plates in the ventral valve and
divided hinge plate in the dorsal valve).

Aldina gen. n. differs from Hemilenrus Cooper
& Grant, 1976 by the absence of socket ridees, the flat
hinge plate, the strongly plicate anterior commissure,
the more recurved ventral umbo and the ornamentation.

Aldina gen. n. 1s externally similar to Geras-
stimowvia Likharev, 1956 and Pontisia Cooper & Grant,
1969 but differs from the first by the presence of dental
plates and from the second by the divided hinge plate.

Composition of the genus: Aldina exilis sp. n.

Aldina exilis sp. n.
Fig. 16.8, 16.%; Fig. 17

Materigl. 27 Complete specimens: (CK315-29 -46,-63,-93,
CK319-25,-26,-27 -30,-32 .33 ,-34 -35 36 -37 38 -39 -40 41 42 -43 -44,
-46,-47 48 49,50 -56.
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Holotype., CK31%-34 (Fig. 1a.8, 16,9,

Type-locality.  Lashkargaz, Upper
Karakorum, Pakistan.

Type-level. CK319, Lashkargaz Fm., Mb. 2, Beolorian,

Derivatio nominis. Fxidis from the latin small.

Yarkhun

valley,

Description. Small sized, globular shell with sub-
triangular to sub-pentagonal outline. Maximum width
anterior to mid-length. Anterior commissure strongly
uniplicate with trapezoidal outline. Lateral commis-
sure sinuous.

Ventral valve less convex than dorsal valve. Ven-
tral umbo strongly recurved; foramen small. Median
suleus starting at mid-length, projecting as a trape-
zoidal tongue towards the dorsal valve in the mature
specimens. Dorsal valve very convex with a median
fold evident at the anterior margin.

Ornamentation of coarse, angular costac starting
anteriorly ro mid-iength. The costae number 2-3 in the
ventral sulcus, 3-4 on the dorsal fold and 2-3 on each
flank.

Interior of ventral valve with long, sub-parallel
dental plates. Interior of dorsal valve with flar,
divided hinge plate; median septum absent (Fig. 17).

Dimensions (in mm}):

Width Length  Thickness

(K315-93 9.7 9.3 7.2
CR3159-25 & 6.4 5.6
CK319-26 8.2 8.7 4,5
CK319.27 9.5 g4 4.8
CR319-32 7 59 4

CK319-34 a8 7.2 4.7
CK319.34 8.4 6.6 [

CK319-38 f.6 5.7 4.5
CK3ty-39 6.6 .4 4.6
CK319-41 & 6.4 5.4
CK319-42 6.3 449 4.2
CK319-43 5.1 5.8 4.6
CE319-44 6.7 5.2 4.3
CK319-47 B.1 f 4.7
CE31%.30 6.1 N 4,2
CR312-56 5.8 7 4

Discussion. Diagnostic characters of the new
species are the strongly recurved ventral umbo, the
trapezoidal ventral tongue and the coarse ornamentation.

Geographic and stratigraphic distribution. 4. exilis
sp. n. is present in the Bolorian Lashkargaz Fm., Mb.
2 of Lashkargaz.

Order Spiriferida Waagen, 1883
Suberder Spiriteridina Waagen, 1883
Supcrfamily Reticulariacea Waagen, 1883
Family Martiniidae Waagen, 1883
Genus Chapursania gen. n.

Iype-species, Chapursania lsiiamas sp. n.

4 -, ! I| |
.-*'/ A N (L I
i \ll I||I| ' __:_:%lm_. 2B}
e oA e ol o
\____, /4 \H_____,,—/b/
TS AN
JAACPRATE W
g et \\h"'\-\.& . ‘:\_\::__ i /

Fig. 17 - Serial seciions of Aldins exifis sp. n. Specimen CK319-54,
1) Section at 0.9 mm from the umbo; 2 section at 1.1 mm
from the umbo, 3) section at 1.3 mm from the umbo; 4)
section 2t 1.6 mm [rom the umboy 5 section at 1.8 mm
fr{}m tl_'lL' IJIIll:l 0.

Derivatio nominis. Chapuvsaniz, from Chapursan wvalley,
Pakistan.

Diagnosis. Large sized, biconvex shell with dis-
tinct fold and sulcus. Hinge line shorter than maxi-
mum width. Macro-ornament lacking, Interior of ven-
tral valve lacking apical plates, with large muscle
ficld, Vascular channels coarse, very sinuous, con-
nected by transverse channels,

Discussion. Chapursania gen. n. is externally
very similar to Martinia McCoy, 1844, differing from
it for its peculiar vascular system, consisting of sinu-
ous, coarse and connected vascular channels, and for
its large muscle field.

Chapursania gen. n. differs from  Tiramnia
Grunt, 1977 which is characterized by arcuate vascu-
lar channels and smaller muscle ficld.

Composition of the genus: Chapursania tatianae
Sp. o

Chapursania tatianae gen. n.
Tig. 16.10; Fig. 18

Material. & Complete specimens: KK67-19,-20,-48,-63, KK79

Fig. 18 - Vascular system in the ventral valve of Obapursania tatia-

Aaf 5P, I
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9 Ventral valves:
KK76-5; KK88-3,-6.

1 Darsal valve: KE&8-1.

Holotype: KKa7-19 (Fig, 1&.10).

Type-locality. Panjshah, Chapursan walley, Upper [Tunza
valley, Pakistan.

Type-level. KK&7, Panjshah Fm., Mb. 2, Late Murgabian-
Midian.

Derivatio nominis. Taenae from the surname of Dr, Tatia-
na A, Grunt,

KEK67-1,-28,-46,-61; KKoB-8;, KK72.2%

Description. Large sized, biconvex shell with
transversally sub-elliptical outline. Hinge line short,
long as 1/3-1/2 of the maximum width. Cardinal ex-
tremitics rounded. Maximum width anterior to md-
length and greater than the length of the shell. Ante-
rior commissure strongly uniplicate.

Ventral valve convex, longitudinally recurved
with sub-pentagenal to sub-clliptical cutline. Umbo
pointed, not overhanging the interarea which is tri-
angular, concave, distinct from the lateral flanks. Me-
dian sulcus shallow, widening anteriorly, projecting as
a tongue into the dorsal valve. The anterior margin
results thus raised, forming a ridge higher than the
convexity of the dorsal valve. Dorsal valve less convex
than the ventral valve, with sub-circular to sub-cllipti-
cal outline, Median fold absent.

Shell bald, with growth lamellae becoming sinu-
ous anteriorly,

Interior of ventral valve with coarse sinuous
vascular channels which arc connccted by shorter
transverse ones (Fig. 18). The central vascular channel
extends inside the sulcus towards the anterior margin.
Ventral muscle field large, depressed, rhomboidal in
outline, extending to 1/3 the length of the valve.

Dimansions (1n mm):

Widih Length Thick Hinge line
KK&7-19 29.5 29 23.9 13
KK67-20 41.4 35 273
KK&7-63 14,5 36 29 23,4
KK79.13 18 14 9.4
KK79.25 33.2 2 21.3 13.2
KEG7-2 25 20,3 8
KE79-29 40.5 St 11.4
KEak-1 39 337 9
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