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Lower Carboniferous and Upper Permian Brachiopods
from Nepal
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Abstract

Twenty Permian and eight Carboniferous brachiopod species are described
from the Upper Paleozoic beds of Nepal. Permian species are known from
eleven fossil localities, and compare closely with Upper Permian Himalayan
faunas from the Productus Shales, Chiticun 1, Kuling Shale, and Zewan
beds of Kashmir, as well as the Upper Productus Limestone of the Salt

*) New Zealand Geological Survey, Lower Hutt, New Zealand.



Range. The faunas are correlative with the Upper Permian Cyclolobus
zohe, generally presumed to come at the top of the Paleozoic succession,
although possibly not as young as some Permian faunas of Japan and New
Zealand, Two new genera are proposed, Multispinule with type species
Strophalosia mazwelli WATERHOUSE (1964 ¢}, considered to include many
species previously refexrred to Strophalosia, and Fusispirifer, with type
species Spirifer niliensis DIENER (1897 b). Newly named species are Ortho-
tetes bisuleatn, Anidanthus fusiformis, Costifering alata, and Fusispirifer
plicatus, and various other Upper Permian species are revised from exa-
mination of type material from the Salt Range and Himalaya, notably
species of ‘Strophalosia’, Neospirifer moosakhailensis, N. ravana, Spiriferella
rajak and S. tibetanc. Lectotypes are designated for Strophalosia indica
WasceN, 8. lamellosa linearis REED, 8. lenuispina WaAGEN, S. nodosa
WaAGEN, Productus opuntic WAAGEN, Ruthenia purdoni castrensis REED,
Productus indicus WaaGEN, Productus lineatus WaAGEN, Spirifer moosak-
hailensis DavibsoN, 8. ravane INEXER, S. nitiensis DiIENER, 8. byroensis
GLAUERT, S. tibetanus DIENER, and Athyris subewpansa WAAGEN, these
being species of particular relevance to the present study. Carboniferous
brachiopods are known from three localities, and compare with species
from the Syringothyris Limestone of Kashmir and Lipak beds of Kanaur
and 3piti. They are probably Tournaisian. Newly named species and
subspecies are Linoproductus pollex, Fusells mucronain, and Syringothyris
curzoni glaber.

Zusammenfassung

Es werden zwanzig permische und acht karbone Brachiopodenarten
aus dem Jungpaldozoikum der Tibet Zone von West Nepal beschrieben,
Das Fossilmaterial wurde von Dr. G. FucHs im Zuge der geologischen
Aufnahme des unter dem Namen Dolpo hekannten Gebietes und im Dhaula
Himal aufgesammelt. Diese Untersuchungen wurden im Rahmen der von
_der (sterreichischen Himalaya-Gesellschaft durchgefithrten ,,Osterreichi-
schen Dhaula-Himal-Expedition 1963 vorgenommen. Ein vorliufiger
Bericht {G. Fuons 1964) gibt einen Uberblick iiher den geologischen Auf-
bau des Gebietes, 1967 soll eine ausfiihrliche Darstellung der Geologie
dieses Raumes erscheinen, Von elf Fossilpunkten sind permische Arten
bekannt. Sie stehen anderen oberpermischen Faunen des Himalaya, wie
denen aus den Productus Schiefern, von Chiticun 1, den Kuling Schiefern
und den Zewan Schichten Xashmirs sowie aus dem Oberen Productus
Kalkk und der 8alt Range sehr nahe. Die Faunen entsprechen der Cyolo-
lobus Zone des Ober Perm, die allgemein als das jiingste Schichtglied der
palidozoischen Abfolge betrachtet wird, obwohl wméglicherweise gewisse
permische Faunen Japans und Neuseelands noch jiinger sind. Zwei neue
Gattungen werden vorgeschlagen, Multispinula mit Strophalosiz mazwelli
WaTERHOUSE (1964 ¢} als Typusart, sie enthdlt anscheinend viele Arten,
die’ bisher zu Strophalosia gezdhlt wurden, und Fusispirifer mit Spirifer
nitiensis DIENER (1897 b) als Typusspezies. Neue Arten sind Orthoteies
bisulcata, Anidanthus fusiformis, Costiferina alata und Fusispivifer plicatus.



Verschiedene andere oberpermische Arten wurden bei der Durchsicht
des aus der Salt Range und dem Himalaya stammenden Typusmaterials
revidiert, namlich ,,Strophalosia™, Neospirifer moosakhailensis, N. ravana,
Spiriferelle vajah und 8. tibelana. Lectotypen werden angegeben fir
Strophalosia indice WaasckN, 8. lzmellosa linearis REED, 8. lenuispina
WaagEN, 8 nodosa WascEN, Productus opuntic WAAGEN, Ruthenia purdoni
castrensis REED, Productus indicus WAAGQEN, Productus lineatus WAAGEN,
Spirifer moosakhailensis DavipsoN, S, ravana DIENER, S. nitiensis DIENER,
8. byroemsis GLAUBERT, S, tibetonus DIENER und Athyris subexpansa
WaacEN, welche Arten fir die vorliegende Arbeit von hesonderer Bedeutung
sind. Karbone Brachiopoden sind von drei Fossilpunkten bekannt, sie sind
mit Arten aus dem Syringothyris Kalk von Kashmir und den Lipak Schichten
von Kanaur und Spiti zu vergleichen. Ihr Alter ist wahrscheinlich Tournais.
Neu bekannte Spezies und Subspezies sind Linoproductus pollex, Fusella
mucronate und Syringothyris curzoni glaber.

Introduction

The brachiopods described in this report were collected from the Dolpo
District of Weat Nepal by Dr. Gerhard R. Fucas in 1963 *) {Focas, 1964).
As shown in the list of loealities {Table 3), three collections are of Carboni-
ferous species, preserved as rather small and broken specimens in caleareous
mudstone. The material responds very well to leaching in hydroechlorie acid,
although some specimens proved to be filled internally with calcite. On
the whole they indicate a Lower Carboniferous age, perhaps a little older
than the correlation high in the Lower Carboniferous suggested on the
basis of the corals after a preliminary examination by FirticEL (1964).

The remainder of the brachiopods are Upper Permian, in conformity
with the corals examined by FrLtaer. As outlined in Focus (1964) and
Table 3, they come from a variety of lithologies, ranging from quartzose
sandstone at the base of the Permian above the Lower Carboniferous, through
non-caleareocus to highly calearecus mudstones and coarse-grained limestones
at the top of the succession, immediately below the Triassic. None of the
faunas are particularly rich in terms of species, but individuals of. some
Productoid and Spiriferoid species are unusually large. Like other material
collected from the Himalaya, most specimens are preserved as natural
or partislly leached moulds which show internal and external detail well,
in contrast to the richer faunas of the Salt Range of West Pakistan, and also
from Chiticun 1, in which the specimens are preserved chiefly as shells
with fine surface detail often lost, and internal detail hidden. Only some of
Nepal material has the shell intact. The detail thus preserved enables
an enlarged understanding of several important species. A warning must
-however be sounded on one aspect of the preservation of the Nepal material,
Most specimens are moderately to considerably distorted, as well as broken,
and for this reason, the variation in dimensions given for the specimens
should be treated with caution.

*) G. FucHS was a member of the Dhaula-Himal-Expedition 1963 which was organized
by the .Osterreichische Himalaya-Gesellschaft, .



Scope of the present work

Before being presented with the task of deseribing the Nepal material
I spent four weeks at the Geological Survey of India, Caleutta, examining
type Permian and Carboniferous specimens from the Salt Range, Himalayas,
Yunnan and Chitral. Valnable information on many of the types to which
the Nepal species are referred was gained in this way, and iz incorporated
in the present work, together with observations on types of related forms,
particularly from Madagascar and Indonesia. First hand examination
of the Salt Range types in particular proves to be indispensable as some
of the figures in the major works by Waacen and REED are highly misleading.
The reader should be warned that examination at Caleutta had to be very
rapid, and that only the types were seen, rather than fully representative
collections, which give unduly restricted concepts of the species involved.
Unfortunately the Nepal material was not to hand while I was working
at Calcutta, but I have been able to compare the Nepal material with speci-
mens collected from various parts of Kashmir by Dr. Focus, and from
the Salt Range eollected by myself.
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Permian

Genus ORTHOTETES FISCHER DE WALDHEIM {1850)
Type species: Orthotetes radiate Fiscuer (1850).

Diagnosis: Both valves convex, or ventral valve resupinate, hinge
wide, numbo usually undistorted, shell non-plicate, Ventral valve with small
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spondylium supported by median septum, probably formed by the spondy-
lial plates, dorsal valve with short, non.recurved crural plates, no median
septum.

Discussion: Sapyéeva and SoxoLéxaza (1952) and SoKoLSKATJA
{(1954) showed that the spondylium in species from the Moscow Basin is
small and continues into the supporting median septum, whereas CAMPBELL
(1957) and TaomMas (1958) provided evidence for an independent septum
in Carboniferous and Permian forms in Australia, and therefore erected
new genera. I do not have at my disposal sufficient material to exhaustively
examine the structure in the Nepal specimens, but a polished section shows
a median white line down the septum, as though the septum were composed
of the plates, as is said to be the case for Orthotetes. This is not conclusive,
but is taken provisionsally as a guide.

Orthotetes bisulcatus n. sp.
PL 1, figs. 1, 4; PL 2, figs. 3, 4; PL 3, fig. 1

Material: More than 11 dorsal valves and three ventral valves from
F 112, preserved as shells in a calcareous matrix.
Holotype: Specimen figured in pl. 1, fig. 1.

Diagnosis: Bisnleate Orthotetes with low ventral umbo little extended
posteriorly, ventral valve undulose in longitudinal profile, most inflated
close to umbo, dorsal valve convex, most inflated near mid-length, costellae
of moderate strength.

Pimensions {in mm.):

. Costellae in
Width Length Height  Somm angle e amterior
matein

Ventral valve
[ £ 13 72 120° 40° 8
33 21 4.8 120° 38° 8
139.5 22 4.8 8.2 130° 7

Dorsal valve

Crural plates from hinge
32 19 5 24 10
37 26 38 3.5 120° 27° 7
42 25 4 13 115° 23° 9
Deseription:

External: Although somewhat variable in outline and profile, the
specimens are consistently transverse, and little inflated, with obtuse
cardinal extremities. The ventral valve has an inconspieuous umbo, with
an angle of 160°, not raised above the rest of the valve or extended posteriorly,
and no ears are differentiated. The interarea iz too poorly exposed to be
described. The maximum inflation lies near the posterior end of the shell,
and the shell tends to become concave in front, and then convex again
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near the anterior margin. A median flattening is developed in the largest
specimen, and the other two ventral valves have a shallow wide-floored
median sulcus. Al] of the dorsal valves have a similar suleus, and are convex
throughout their length, with the maximum height at mid-length or a little
in front. The dorsal umbo is slightly more raised than that of the ventral
valve. Costellae are narrow and high with rounded crests, sometimes
slightly flexuous, and increasing regularly by intercalation. They are crossed
by low growth-lines, about 4 and up to 10 per millimetre, arching posteriorly
in the interspaces. Possibly 6 to even 12 pitz occur per millimetre, but
this is uncertain; in places the surface appears to be radially striated {24 per
millimetre), but preservation is too poor to allow certainty.

Internal: Internal details are not well exposed. One specimen has a
small spondylium between the teeth, supported by a median septum
which extends for a third of the length of the shell. A polished surface
across the septum in another specimen shows a dense median white line
down the middle, possibly at the junction of the two plates that form
the spondyliut, and so suggestive of a spondylium duplex.

In the dorsal valve the crural plates diverge anteriorly at 115° to 135°,
and are virtually straight in cutline, with a conecave anterior face. A narrow
median process lies on the posterior face of the cardinal process, within
& median depression, and a second wide depression lies each side, and a
small plate lies against the hinge behind the ecrural plates, The anterior
face of the cardinal process has a low median ridge. Adductor impressions
are flabellate posteriorly, and subrounded in outline.

Resemblances: This species appears to be new. The Chiticun species
described as Orthotetes kraffte Diener (1897 a, pl. 3, figs. 6—7) is close
in size and fine ornament, and has a suleus in each valve, though it is more
inflated, with the maximum inflation of the ventral valve placed further
from the hinge and that of the dorsal valve closer to the hinge than in the
new species. It is illustrated as having two short septa in the ventral valve,
in accord with DIeNER’s understanding of the genus, and so is presumably
not congeneric. :

THoMAS (1958, p. 30) suggested that some of the Salt Range species
described by WaaeEN and REED might belong to Orthotetes. Of these,
the Upper Productus Limestone Derbyia allestriatc WaaceEx (1883, pl. 52,
fig. 2) is moderately close in shape and profile, but has coarser costellae.
Another species from the Upper Productus Limestone, Orthotefes semiplanus
Waacen (1883, pl. 55, figs. 1, 2) is somewhat similar in ornament, width
of hinge and suleation, but has a highly inflated ventral valve and almost
flat dorsal valve, Derbyia subsinuata REED {1944, pl. 4, figs. 6, 7) from the
Upper Productus Limestone has a comparable longitudinal profile and suleus
in both valves, but the ornament is finer, the hinge alate and the ventral
umbo more extended posteriorly. Internal details are not well known.

From the - Fenestella beds of Kashmir Derbia dorsoplenae (DIENER,
1915, pl. 3, figs. 14, 15) seems to have a spondylium and costellae of similar
density, but the costae are bifurcate, not intercalated, and the shell reaches
a larger size and the dorsal valve was described by DiENer (1915, p. 34)
as extremely flat.
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Genus NEOCHONETES Mur-Woop (1962)
Type species: Chonetes dominus R. H. King (1938).

Diagnosis: Concave-convex capillate Chonetoids with shallow ventral
sulcus and low dorsal fold, short ventral and long dorsal septum.

? Neochoneles sp. or spp. indet.
PL 1, fig. 6
Material: An internal mould of a valve, possibly ventral, with musele
sears and hinge obscuted from F 58, and a worn external mould of a dorsal
valve from F 108.

Dimensions (in mm.):

Width Length Height
F 58 28 14 2.2
F 108 30 16 4

Deseription: Preservation is so poor that even the generic position
is obscure. The possible ventral valve has pustular radial ridges, 2 per
millimetre at the anterior margin and 3 laterally, and a wide shallow sulcus,
but is otherwise not known, even the outline being obscure. The dorsal
valve has a very low median fold over the anterior half of its length, and
the maximum width lies at mid-length on one side, and near the anterior
third of the shell length on the other. Along the hinge is a flat interarea
inclined ventro-posteriorly at 30° from the commissure, and one or two
long cardinal spines of the ventral valve are preserved in the matrix., Apart
from a few concentric growth-lines the surface of the mould appears to be
smooth, but there is no certainty that capillae have not been worn from the
surface.

Resemhlances: As the ornament is not known, the generic position
cannot be determined. In their subrectangular transverse outline and wide
shallow suleus and wide anterior low fold the specimens recall Neochonetes
wagers (MUuIR-Woob, 1941, p. 12, pl. 1, figs. 8, 9) from the Lachi Series
of Sikkim. Unlike that of the Nepal dorsal valve the hinge of N. wageri lies at
the maximum width of the shell, and the capillae would appear to be fine,
Muir-Woop reporting 40 in 10 mm. at the anterior margin. For all that
iz known the two may not even be congeneric, though the shape does not
agree with the outline of any Lissochonetes known from the region.

TFrom Chitral {Horizon D) Chonetes varioluta baroghilensis REED (1925,
p. 40, pl. 3, figs. 1—3) iz rather similar in shape and sulcus, apart from a long
high specimen figured in Reep (1925, pl. 3, fig. 4). :

Genus MULTISPINULA n. gen.

Type species: Strophalosic maxwelli WATERHOUSE (1964 ¢).

Diagnosis: Strophalosiacea with umbonal cieatrix, interareas, incon-
spicuous growth-lamellae, suleus and fold present or absent, anterior
plicae rare, spines with long or short bases, erect and semi-recumbent on
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ventral valve, fine and ereet on dorsal valve. Ventral valve with teeth,
dental callosities, oval adductor platform and diductor impressions. Dorsal
valve with cardinal process, socket ridges, median septum, divided adductor
platform.

Discusgion: This genus is erected for New Zealand, Australian,
and Asian species previously referred to Strophalosia King (1844). Only
two specimens are known of Strophalosia gerardi Kiwg, the type species
of Strophalosia by ruling of the International Commission for Zoological
Nomeneclature (Opin. int. Comm. zool. Nomen. 625, 1962) in response to
a request from MUIr-WooD (1960). As far as can be seen from examination
both specimens lack spines from the dorsal valve, in confirmation of the
opinion expressed by PRENDERGAST (1943), REED (1944), and King (1938),
and recently checked and confirmed by Dr. H. BrunroN (British Museum)
Natural History, London, and in spite of assertions to the contrary by
Muvir-Woop (1950) and Muie-Woon and CoorPerR (1960). Dorsal spines
could have been rubbed from the types of gerardi, but it seems more likely
that they were never present, especially as spines remain on the ventral
valve. The type species of the new genus is selected because it is well preserved,
with numerous specimens available from the type locality. Within the group
of species referred to Multispinula are two major plexi, a southerly group
extending north with short or no spine bases within the shell of the ventral
valve, and another group with elongated spine bases.

Multispinula indica (WaAGEN, 1884)

Pl I, figs. 2, 3; Pl 4, fig. 1; Pl &, fig. 3
1884 Sirophalosia indica WaaerN, p. 648, pl. 85, figs. 1—4.
1944 8. lamellosa linearis ReED, p. 103, pl 68, figs. 1, la, 2.

Material: Internal moulds of three ventral and a dorsal valve, with
fragments of the external moulds, from F 112

Lectotype: (Here designated). Specimen figured by Wascen (1884,
pl. 65, fig. 1, and text fig, 19). Kept at Geological Survey of India, Calentia.

Diagnosis: Small Multispinule with large umbonal cicatrice and
numerous moderately strong ventral spines, of which some are adpressed
and others erect, anterior margin irregularly plicate. Dorsal spines fine.

Dimensions (in mm.):

Width Length  Height i?ﬂé‘é’i. wtaﬁ: dducwrl.ength wmtﬁlducmiengm
9 10,5 3.5 6 2.4 3 1.8 2.5
9.5 11.6 1.6 5.3 1.8 1.6 2.0 1.9

Description:

External: The specimens are small and subrounded in outline, the
dimensions being compromised by lateral crushing which has exaggerated
the length and height. A large umbonal cicatrice is developed on two
of the ventral valves, but is not so clear on the third rather obscure specimen.
The hinge is about two thirds of the width of the shell in one specimen,
with small ears, & cardinal extremity measuring 100°, and a flat cardinal
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interarea of moderate height Iying almost in the plane of the commissure.
In another specimen the hinge is a little shorter, and the cardinal extremities
slightly acute. The maximum width of the shell lies at mid-length, and there
is no ventral suleus, but one or two short plicae are developed at the
anterior margin. Little is known of the exterior of the dorsal valve, but signs
of spines can be seen in the adjoining matrix. Spines are well developed
and numerous on the ventral valve with s diameter of 0.4 to 0.5 mm.,
and spaced somewhat irregularly at intervals of up to 1.2 mm, along rows
about 1 mm. apart. Many are erect, but others are sessile for 4 mm., and
lie adpressed to the surface in a trough, as is also suggested by corrugations
on the surface of the best-preserved internal mould. About 10 to 12 con-
centric growth lines and 8 radial striae per millimetre are present.

Internal: The ventral adductor platform iz posteriorly placed, slightly
raised, smooth, and subdivided by a low ridge, which is strongest posteriorly,
and fades in front, failing to reach the anterior margin, The diductors
are lightly impressed, overlap the adductors for the anterior third of their
length, and are not noticeably scarred by longitudinal siriae, but carry
faint striae paralle]l to the posterior lateral margin. The remainder of the
surface of the valve iz marked by small pustules, about 2 oceurring per
millimetre, and by the tubular bases of spines. The teeth are small and
close-set, without dental callosities (see WaTERHOUSE, 1964 c¢).

The fragmentary dorsal valve has lost the shaft of the cardinal process
but shows the dental sockets each side of high short ridges which diverge
from the base of the process at about 100°. The median septum is highest
just in front of the process, and beyond the posterior third of the shell
length is very narrow and low, extending a little heyond mid-length, It
divides two feebly defined subtriangular raised adductor scars. A few low
pustules lie in front.

Resemblances: Individuals of the Strophalosid group of species
and genera are highly variable and it is generally advisable to allow for
considerable intraspecific variation, especially in regard to the proportions
of width, length and height, and to a lesser degree spinosity. On the other
hand, internal features, within limits, have been found to be constant
in species (WATERHOUSE, 1964 ¢). Unfortunately such details are rarely
available for Salt Range and Himalayan species. But in most respects
the Nepal specimens are similar in shape, cardinal area, lack of a suleus,
short hinge, large cicatrice and presence of dorsal spines to Strophalosia
indica WaaceN of the Upper Productus Limestone.. Examination of the
types at Caleutta confirmed WaseEN's observation that some of the spines
are closely adpressed to the shell, so that the shell is raised each side. Though
the recumbent spines do not lie in a set pattern, they tend to occur in rows,
but probably only by accident. These recumbent spines are not so evident
in the Nepal specimens, probably hecause they are small, and immature.
Specimena of 8. indice which I collected from the Upper Productus Limestone
at Chhiddru alse have comparatively short bases at early stages of growth.

About 8 concentric growth-lines were counted per millimetre on 8. indica
but there are many finer lines as well. Traces of radial lirae were seen though
their presence was denied by WaacEN. The elongated specimens from the
Anthracolithic of the Shan States compared to 8. indice by Diexer (1911,
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pL 5, figs. 19, 20} have the spines set on undulating ccstae, or long bases
—vpossibly the former, and arranged more or less in quincunx. Anteriorly
in I 10329 (fig. 19) the pattern changes to one of fine recumbent spines
1 mm. apart in concentric rows varying up to 2 mm. apart, with a few
intervening strong erect spines. On the dorsal valve the spines are arranged
in quincunx arising from sessile bases, hetween regular concentric ridges.
F 10330 (fig. 20) has posterior spines in guincunx on long low wide spine
bases (rather than costas), with shorter bases over the mid-length, and
probably similar to the other anteriorly, though the scattered erect spines
are more prominent, and the fine rows ohscure, possibly because the shz]]
is smaller and so not at a comparable stage of growth.

The Basleo specimens assigned to S. irdica by Broiur (1916, pl. 118,
figs. 9, 10) are similar in shape, but seem to have slightly finer spines, a
shallow suleus and an inconspicuous umbonal cicatrice, and so are not
considered to be conspecific. 8. lamellosa linearis REED (1944, pl. 6, figs. 1,
1 a, 2) from the Upper and ? Middle Productus Limestones appears to have
long recumbent and a few strong erect spines on the ventral valve, and no
costae, much as in indica, though the spines are not quite as long, nor the
recambents as thiek. Also the cicatrice scar is a little smaller. A lectotype
F 16879 (pl. 6, figs. 1, 1 a) is designated herein. On an unfigured specimen
the dorsal valve is concave with either very high pusiules, or more likely,
erect spines. The specimens are likely to be conspecific with indica.

From the Middle Productus Limestone, S. rarisping (WaacEN,” 1884,
pl. 85, figs. 6—9) also has large erect and recumbent spines on the ventral
valve, with spines especially prominent on the interior shell of F 3658
(fig. 6). On the whole thefe are fewer recumbents and more erect spines
than in éndica, and the cicatrice is slightly smaller. Its dorsal valve is
unknown externaily, and in the interior of F 3658 (fig. 8) the septum ex-
tends to mid-length, without a posterior hump.

The Lower Productus Limestone species S. fenuispine WaseEN (1884,
p. 654, pl. 64, figs. 2—7) has subdued costae and recumbent or erect spines
in F 3645 (fig. 2) here designated as lectotype, and possibly in F 3649 (fig. 6},
the ribs starting at about the posterior third or half of the shell length, and
seemingly not caused just by pressing up of the mantle by recumbent spines,
They are more within the shell than on the surface. But the ribs are lower
than in 8. plicoss (WaAGEN), with more recumbent spines and fewer erect
ones, and all of them finer. Large ereet spines occur on the ears in F 3650
{fig. 7), up to 0.8 mm. in diameter compared with 0.4 mm. for the body
spines. About 6 to 7 radials occur per millimetre in this specimen and 6
in F 3645, as well as 6 concentrics per millimetre. Although the dorsal valve
of F 3649 is shown as smooth in the figure, it is in fact covered by matrix,
and a few erect spines can be seen at the edge of the shell, and the same is
true for F 3650 (figz. 7). REep (1944) and Muir-Woop and CoorER (1960)
erronecusly considered fenuisping to lack dorsal spines. Figu:es of the dorsal
interiors are rather mislsading. Th° area is flat and lies in the plane of the
commissure in F 3650

The Zewan specimen compared to fenuispine by DIENER (1899, pl. 1
fig. 17) has a small adductor platform, a plane area, no external ernament,
and no sulews. Large hollows indicate spine bases,
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Two Salt Range species stand apart from this group in lacking recumbent
spines. These are 8. nodose WasceN (1884, pl. 64, figs. 8. 9) from the Lower
Preductus Limestone, and 8. densispinosa BEED (1944, pl. 6, figs. 7, 8)
from the Lower Productus Limestone. The former, for which F-3652 (fig. 9)
is designated herein as lectotype, has traces of radial striae, and fine concen-
tric lamelae, about 20 per millimetre, though the density varies considerably.
Spines occur up to 0.8 to 0.9 mm. in diameter, though others are only
0.3 mm. wide. They are not very regularly disposed and WaAcEN's figures
present their position inaccurately. The pattern is not very different from
that of fenuispina, but the low “costae” formed by spine bases and up-
welling of the mantle by pressure from recumbent spines seem to be missing.
Probable but not definite dorsal spines occur on F 3651. The probably
conspecific specimen described as nodosa elongate REED (1944, pl. 6, fig. 5),
has several dorsal spines over the anterior half of the shell,

8. densispinose has spines that are often recumbent and dense, but lack
Jong bases, or sign of costae. A sulcus is present as in the lectotype of nodosa
and the spines are as fine as in the paratype of nodesa, so that the two
eould prove synonymous, for they are of much the same shape.

Heteralosia sublamellain REED (1944, pl. 6, figs. 6, 6 a; pl. 7, figs. 8, 8 a,
9, 9a, 9b) from the Lower Productus Limestone has spines evenly spaced
in quineunx on the ventral valve, but unlike those of nodosa they are of
even diameter, and emerge at a constant angle of 30° from the surface
of the shell. In other respects the species is close to nodose. The ventral
area is low and lies in the plane of the valve. Although considered by
REED to lack dorsal spines, the dorsal valve is covered in matrix except
for a small posterior part, so that presence or absence is difficult to establish.

8. blanfordi REED (1944, pl. 8, figs. 3, 3 a) from the Upper Productus
Limestone has very long spine bases with a ramp from which the spines
emerge. The dorsal valve has dimples or pustules, but it is not certain
whether it is spinose. No interarea can be seen, and a deep posterior median

cleft in the cardinal process suggests that the form is not of the Stropha-
losiacea.

Genus K ROTOVIA FrEpERIKs (1928)

Type species: Productus spinulosus J. SoweErsY (1814).

Diagnosis: Highly eoncavo-convex shells with thin visceral dise and
large ears, ventral valve ornamented by round or slightly elongated spinose
tubercles, and fine growth-lines, spines fine and growth-lines more prominent
on dorssl valve,

Krotovie opuntia (WaAGEN, 1884)
Pl 2, fige. 1, 5

1884 Productus opuntic WaseEN, p. 707, pl. 79, figs. 1, 2.
? 1818 P. opuntic Brorwr, p. 17, pl. 117, figs. 9, 10.

Material: A specimen with valves conjoined from F 112, dorsal valve
a little decorticated, ventral valve with external mould,
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Lectotype (Here designated): Specimen figured by WaacEN {1884
pl. 79, fig. 1 a—k). Kept at Geological Survey of India, Caleutta,

Diagnosis: Medium-gized for genus, with wide hinge, moderately
high shoulders, little extended ventral umbo, and comparatively well
spaced large spines. Less transverse than WaaAGEN's types.

Dimensions {(in mm.):

Width Length Length Height
15.5 22 18 i

Description: The specimen is small and ovally elongated in outline,
with a slightly incurved ventral wmbo, of which the umhbonal angle measures
about 95°, and a very inconspicuous dorsal umbo. The hinge is wide, with
large ears, set ventrally from the commissure, and seemingly obtuse cardinal
extremities of which the angle measures about 100°, though they are possibly
broken. The remainder of the shell outline is oval, with the maximum width
placed between mid-length and the anterior third. The visceral disc is
very thin, and the trail if present continues in the curvature of the visceral
disc, for there is no angulation or geniculation. There is no ventral suleus
or dorsal fold, but a faint median flattening or reduction of curvature
appears in cross-profile on the ventral valve only, possibly due to slight
distortion,

On the ventral valve ornament consists of erect spines or tubercles
arranged in regular rows and aiternating in quincunx, the rows being about
1.8 msn. apart at 5 mm. from the umbo, with 4 to 5 gpines in 5 mm. along a
row. The spacing between rows gradually increases to 2.5 mm., but is re-
duced to 1.5 mm. for the peripheral two rows, where the spines have the same
spacing as near the umbo. The diameter of the spines or tubercles increases
anteriorly from roughly 0.4 mm. near the umbo to 0.6 mm. in front. The
remainder of the surface of the valve is marked by wavy concentric striae
and possible radial striae, but growth-lines cannot be clearly discerned.
On the dorsal valve concentric growth lamellae are more evident, 0.5 to
1 mm. apart, and interrupted by the hollow cores of spines which are a little
denser than on the ventral valve, 6 occurring in 5 mm. along rows 1L mm.
apart in the middle of the shell at mid-length. Some of the spine bases seem
to form low tubercles but this could be the result of weathering. Fine
spines are scattered over the dorsal ears, between low tubercles which
probably oppose the spines of the ventral ears. Neither valve appears to
have any special row along the inner ears or hinge.

The shell is about 0.4 mm. thick at the broken ventral umbo. Nothing
is visible of the interfor except for the inner ear of the ventral valve, which
is marked by fine sharp pustules, and the broken tip of the umbo, which
as would be expected shows no median septum.

Resemblances: The specimen is moderately close to Productus
opuntic WasoEN (1884, p. 707, pl. 79, figs. 1, 2) from the Upper Productus
Limestone in the spacing of spines, and oval shape umbo and hinge, but is
less transverse, and smaller, Basleo speeimens referred to P. opuntic by
Broirr (1916, p. 17, pl. 117, figs. 9, 10) are slightly narrower and smaller,
but otherwise similar in shape. The specimen recorded from the North
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Caucasus by LiHarEv (1936, pl. 7, fig. 14) is certainly elose in shape, but it
is not completely clear from the figures whether it belongs to Krolovia
or not, Djebel Tebaga specimens sketched by H. and G. TerMIER (1957)
eould be allied, though they were referred to Waagenoconcha, suggesting they
belong to a different genus.

K. curvirostris (SCHELLWIEN, 1892) as figured by Mawsvy (1913 a,
pl. 2, figs. 9 a—c) has a more extended ventral umbo, fewer spines and raised
short costae or elevations.

K. pustulate (KEYSERLING, 1854) as figured by Cernviv (1902),
Mawsoy (1913 a), GraBavU (1936) and other authors has much finer spines,
and K. transipta REED (1931 b, pl. 1, figs. 6—8) from the Permian of Afghani-
stan is more transverse with a more extended umbo and slightly elongated
spine bases, Various species from Woestern Australia have finer close-set
spines, These include K. senticoss (Hosking, 1933, pl. 3, figs. 2, 3} referred
to Krotovia by PRENDERGAST (1943, p. 30) and figured by CoLeMaN (1957,
pl. 7, figa. 11—15), K. micracantha {Hoskira, 1933, pl. 4, figs. 4 a, b),
referred to Krotovia by PRENDERGAsT (1034, p. 28) and refigured by Core-
Man (1957, pl. 7, figs. 16—18; pl. 9, figs. 20, 21), and Krotovia referred
(erroneously) to K. spinulosz (SoWERBY} by PRENDERGAsT (1943, pl. 4,
figs. 11—13) and CorLEmMax (1957, pl. 7, figs. 19—24).

K. wallaciana (DERBY, 1874, pl. 3, figs. 46—48; pl. 6, fig. 5} from Brazil
is moderately similar in shape and possibly ornament, but is not well known.
The form named by PienEr (1911, p. 25, pl. 4, figs. 3—5) from the Shan
States is elongated and inflated with scattered fine spines and suggestions
of short radial costae, so that it is probably not congeneric.

Genus MARGINIFERA Wascen (1884)

Type species: Marginifera typica WAAGEN (1884},

Diagnosis: Coneavo-convex shells with large ears and poorly to well
defined costae, low wrinkles, scattered spines on ventral valve, especially
on flanks, no dorsal spines. Ventral valve with smooth adduetor platform,
oval diductors, low marginal ridge, dorsal valve with large cardinal process,
wide posterior septum, dorsal adductors in two smooth pairs, marginal ridge
around visceral disc crenulate,

Marginifera sp.
Pl 3, figs. 3—5

Material: A poasible dorsal and a ventral valve and a specimen with
valves conjoined from F 108,

Diagnosis: Characterised by coarse branching costas, few spines,
small size, thick shell and deep narrow to broad sulcus.

Dimensions {in mm.):

Vaive  Width Length Height i Amal Cardioal
Dorsal  25.5 18.5 12 71307 35° 130°
Ventral 28 19.5 12.5 120° 432° t140°
Ventral 30 22 13 125° 35° 7145°

2

Jaheh. Geol. B A, 1966, Senderband 12
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Description:

External: The shells are small, transverse and well inflated, with a
low broad umbo, extended little beyond the hinge in the dorsal valve and
more massive and raised in the other shells. The hinge is wide, and the
maximum width lies just in front, with obtuse cardinal margins and ill-
defined long ears, largely destroyed. A broad sulcus and fold arise a little
in front of the umbo and deepen towards the anterior margin, with an angle
of 27° in the dorsal valve, and nearly 40° in the ventral. The visceral disc
is rounded and the trail rounds smoothly from the ventral dise, and at an
angle in the dorsal valve, Dorsal ornament consists of 36 costae at the anterior
margin, decreasing in width anteriorly, with rounded crests, 4 occurring
in 5 mm. at the anterior margin, compared with 6 in 5 msm. near mid-length.
Interspaces become relatively wider anteriorly. Costae branch anteriorly
each side of the suleus. A few short spine bases lie over the crests, no wider
than the costaz, and the costae are crossed by about 4 growth-lines per
millimetre near the anterior lateral margin, arching posteriorly over the
costae. Low concentric growth wrinkles are present posteriorly. The two
decorticated specimens show nothing of the external ornament, and costae
are not visible internally.

Internal: The decorticated ventral valve shows fraces of a smooth
adduetor platform, divided by a median ridge, and adjoined laterally
by subrounded diductor impressions. The other specimen, with valves
conjoined, wag sacrified in acid to examine the internal features, and showed
similar muscle scars, that later became somewhat obliterated with further
leaching, The diductors extended a little in front of the adductor platform,
and were longitudinally striated. Heavy thickening lay each side of the
umbonal cavity, almost like Strophalosiid teeth,

The cardinal process of this specimen displays a huge myophore head
and broad shaft lying in the plane of the commissure, passing into the
broad posterior part of a median septum. It seems to be succeeded by a
median groove that extends from behind the adductor platform to the mar-
ginal ridge of the visceral dise, but is obscure between the adductors, where
leaching is incomplete. The adductors are raised and probably subrounded
in outline. The remainder of the flocr of the valve is lightly dimpled, and
striated, and crural ridges are not obvious. Short supporting ridges diverge

from the cardinal process, just in front of the fluted marginal ridge which
encircles the disc.

Resemblances: The Nepal specimens compare moderately well with
Marginifera himalayensis DIENER, specimens of which were collected for
me by Dr. G. Focns from beds just above the Proforetepora ample horizon
at North Barus (K 16), Kashmir. The dorsal valve witl: its ornament visible
has slightly stronger costae anteriorly — and a similar but longer trail
than usual. The ventral valves are close in longitudinal profile, but have a
wider sulcus than in the Kashmir specimens. All of DIENER’s figures seem
to differ in these respects (1899, pl. 2, figs. I—7; pl. 6, figs. 1—2; 1903, pl. 5,
figs. 5—6, 27; 1915, pl. 8, fig. 9) so that Nepal specimens may not be conspeci-
fie. The Lachi specimens fipured by Muir-Woop (1941, pl. 1, figs. 1—3)
also seem to have the narrow ventral suleus, and perbaps fine costae anterior-
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ly, though the figures are poor. The specimen from the Anthracolithic
of the Karakorum Mountains described by MERLA (1934, pl. 26, figs. 12, 13)
is small with rather fine ornament.

Marginifera fypica Waacenr (1884, pl. 68, fig. 1; pl. 76, figs. 4—T) is
possibly more closely allied for its costae persist well to the anterior margin.
Specimens figured by WaaesN show a high shell somewhat as in the better
preserved ventral valve from Nepal, but with more enrolled ventral unbones.
However a specimen collected by me from the top Middle Productus Lime-
stone of the Zaluch Nala in the Salt Range has a less enrolled umbo, Waa-
GEN’s figured specimens and this one have a narrow sitleus and a distinetive
spine pattern. Unfortunately spines are not known for the Nepal specimens.
WasGEN'S specimens possibly have the trail broken short. DIENER
(1897 a, pl. 4, figs. 11—13) figured Chiticun specimens with a rather shallow
suleus and fine costae, like specimens figured by Muis-Woop and Cooprer
(1960, pl. 60, figs. 5—8) and DavipsoN (1862, pl. 1, fig. 14). The Basleo
specimens so identified by Broir (1916, pl. 117, figs. 6, 7) have rather low
costae, and a moderately wide suleus zrising in front of the umbo, but the
Bitauni specimen (fig. 8) lacks costas and is unlikely to be conspecific.
Ozaxr (1931, pl. 12, fig, 21) figurad & small specimen with coarse costae,
unlikely to be conspecifie, but an Upper Permian Kueichow specimen named
M. typica elongata by Huawe (1932, pl. 1, fig. 14} has sturdy costae like
the Nepal specimen, though it is a narrower shell. Karakorum shells so-
named by MERLa (1934, pl. 25, figs. 16—23) are also elongated with sturdy
costae, but practieally lack a suleus, like the Maping form M. typica tenuistriaia
GraBav (1936, pl. 14, figs. 6—8), which is characterised by fine costae,

From the so-called Upper Carboniferous of Chitral Rezp (1925, p. 10€,
pl. 5, fig. 4) described a new species, Marginifera praclectus, which shows
some approach to the ornamented Nepal specimen. The two are of similar
shape, with more or less similar ears and sulecus and radial costae, but
concentiic wrinkles are better defined on the Chitral specimen.

From the Productus Limestones REBD (1944) erected a number of species
which would appear to require re-mssessment; none are any closer to the
Nepal specimens than iypica or himalayensis. It seems likely that the Nepal
specimens belong to either of these two species, and that of the two typica
is slightly closer, but the absence of information on spine pattern hinders
further identification.

Genus ANIDANTHUS WHITEHOUSE (1928)
Type species: Linoproductus springsurensis BOOKER (1932).

Diagnosis: Characterised by strongly developed concentric growth
lamellae on the dorsal valve, erossing the usual ornament of radial costellae
seen also on the ventral valve. Spines rare, along the hinge and scattered
over ventral dise. Oval smooth adductor platform in ventral valve.

Discussion: WHITEHOUSE (1928, p. 282) proposed the name Anidanthus
for specimens figured by Erneripce {1892, pl. 12, fig. “16”"—really 17;
pl. 44, fig. 13) from the Burnett district and Gvmpie beds of Queensland.
He gave no specific name, and no diagnosis of the genus or species. BooKER
(1932) claimed that ths two represented different forms, and referred the
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Gympie specimen to Linoproducius springsurensis BookEr. The latter was
briefly described by Eresipes (1892, p. 257), the former unmentioned
in the descriptions, unless it illustrates a description of Productus semi-
reticulatus on p. 255.

Hiin (1960, p. 9) however was satisfied that the two specimens were
conspecific with springsurensis, though this seems hard to credit if the speci-
men in pl. 12, fig. 17 is really a ventral valve as claimed by ETHERIDGE.
Huwr stated that 4nidanthus stood in jecpardy because of WHITEHOUSE's
failure to define the genus or name the species, but asserted that the genus
appeared valid as WHITEHOUSE used binary though not binomial nomenecla-
ture. To guard against loss of the name she also republished the name under
her own authorship, though this step itself would appear to require ‘valida-
tion” from the ICZN,, as it makes use of a name already published.

A confusing sentence in Muir-Woop and Coorer (1960, p. 299) might
be taken to mean that WrITEHOUSE had indicated that the specimen in
Ernerince (1892, pl. 44, fig. 13} iz type species. This is noé true. Neither of
the two had been designated in particular as type, so that the conflict be-
tween BookEeR and HIrL as to whether one or two spacies are represented has
2 bearing on the case, MuR-Woop and Coorer referred a number of
species to Anidanthus, but warned that this was only a tentative and possibly
temporary expedient. Hrw (1950) stated that she had submitted the question
of the validity of Anidanthus WrITEHOUSE to the International Commission
on Zoological Nomenclature, but 15 years later I have yet to see a ruling,
perhaps becanse the appeal never reached the Committee. In short WaITE-
#oUSE did not name the species, did not indicate a type specimen, or indicate
the means by which the genus should be distingnished., The first of these
points, the one that has worried Muig-Woop and CooPer, and Hity, is the
failure to use binomial nomenclature. Such a lapse seems to be permitted for
generic names published before 1931. Although making no description or
diagnosis, WarrEHoUsE indicated specimens typical of his genus which had
been previously described, and one of these at least was subsequently placed
in a well-defined species, which may therefore be taken as type species,
following normal procedure with genus caelebs (Dr. C. A. FLEMING, pers.
comm,),

A second problem relating to Anidanthus is the question of ifs identity
or distinction from Pseudomarginifera STEPANoOV (1934), proposed for
Productus ussuricus FREDERIKS {1924 a). Muis-WooD and CooPer preferred
to recognize hoth genera, whilst emphasizing that P. ussuricus is poorly
known, and stated that HirL considered the two to be congeneric.

In BarviEva (1960, pl. 38, figs. 3, 4) the ventral valve of P. ussuricus
seems to have definite low concentric laminae or angular wrinkies over the
posterior part of the visceral dise, unlike that of the type or other species
referred to Anidanthus, so that though not mentioned by SarveéEvs, Hirr,
or Muir-Woop and CoopEr, this might provide a difference between the
two forms.

Family position: Booksr (1932) and Mvie-Woop and CooPER
(1960} considered dnidanthus to be clozely related to Linoproductus, Can-
erinelle and allies, but without having made a close study of the problem,
I would suggest that Anidanthus is more likely to belong to the Margini-
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feridae. It has similar ears and ornament, identical non-dendritric ventral
adduetors (in contrast to true members of the Linoproductidae), non-den-
dritic dorsal adductors, and traces at least of a marginal ridge (Hmr, 1950).
The nature of the cardinal process and other details are yet to be investi-
gated.

Anidanthus fusiformis n. sp.
Pl 4, figs. 1, 4, 5; PL 8, fig. 3
1807a Productus cora DIENER, p. 16, pl. 4, figs. 1a—c.

1890 Productus corg IIENER, p. 22, pl. 1, figs. 12 a—c.
1898  Strophomena enaglogn DIENER, p. 51, pl. 2, fig. 17,

1915 Productus waagenianus not GIRTY, DIENER, p. TL, pl. 6, fige. 18—19; pl. 7, fig. 6.

Material: A fragment of external ornament from F 58, twe exteriors
of ventral valves from F 108, an exterior and other fragments of ventral
valves, and a natural external mould of a dorsal and part of the ventral
valve from ¥ 112.

Holotype: Specimen figured in pl. 4, fig. 1, F 112,

Diagnosis: Transverse shells with ventral umbo not strongly incurved,
alate at late stage of growth, anterior margin of ventral valve protruding
maoderately into concavity at margin of dorsal valve, costellae of moderate
strength.

Dimensions in mm.}:

Clglli;{:g;n width Length Height C?lrr'l.iglizﬂ %ﬁtife]rl:}er in Asnxrl?ér
Ventral valve
108 235 15 7 110° 11 7
108 29 18.5 9 6
112 21.5 17 8.5 11 7
112 19.5 10.5 5.5 130° 7
Description:

External: The shells are small with a highly convex ventral valve and
gently to moderately concave dorsal valve, so that the visceral dise is in-
flated. The ventral umbo is low and the posterior walls diverge anteriorly
at 105° to 110°, whereas the dorsal umbonal angle measures 130° and 140°
in two specimens. In outline the shells are rather variable. The position
of maximum width seems to lie in front of the hinge on two somewhat
obscure ventral valves, but appears to be placed st the hinge on another
ventral valve, and growth-lines on the dorsal valve show that it became
alate after reaching a width of over 11 mm. The trail is not geniculate, and is
very thin, and flares out well beyond the dise, but is no longer intact, so
that the dimensions given are somewhat imperfect. There is no suleus
or fold, although the ventral valve from F 112 is slightly flattened medianly
and the dorsal margin iz embayed medianly to receive a ventral tongue.
On the ventral valve ornament consists of low flexuous costellae of the same
size as the interspaces, increasing by intercalation, and crossed by low
growth lines, about 5 ocourring per millimetre. A few small erect spines seem
to arise from the crests on some specimens, whereas others show no trace
of spines, but preservation is too poor to determine the spinose pattern
accurately. On the dorsal valve the costellae are erossed by laminar growth-



22

lamellae at intervals of 1 millimetre or less. A few narrow holes in the matrix
suggest that a few spines may have been present, unless they represent pieces
of ealcite that had rested against the shell.

Internal details are not known.

Resemblances: These specimens are probably identical with specimens
assigned te Productus waagenianus GIRTY by DIENER. One of the specimens
from F 108 agrees very closely in the shape of the umbonal region with the
ventral valve figured by Diengr (1915, pl. 6, fig. 18 a), the one noticeable
difference being possibly in the finer costellae of DIENER's specimens, there
being 10 in 5 mm. in his figures, if these are reliable. One of DIENER's dorsal
valves (1915, pl. 6, fig. 19) seems to lack the median recession, but another
(1897 a, pl. 2, fig. 17a) has a wide shallow anterior embayment of the
commissure.

Internal details of DIENER’s specimens are not available for comparison,
nor details of spinosity well known, One of the Chitral specimens figured
by REeep (1925, pl. 4, fig. 3) as Producius cora aagardi Tovna is moderately
close in shape and ornament, though the remainder are oval in ontline and
less inflated with slightly more pronounced ears and a shallow anterior
suleus. In 1944 (p. 57) REED referred these specimens to the well-rounded
Y Linoproductus™ aagards implicala REED from the Middle Productus Lime-
stone. He also suggested that the Chiticun P. cora of DIENER (1897 a, pl. 4,
fig. 1) was conspecific; this has apparently coarse costellae (6 in 5 mm,)
comparable with those of the Nepal specimens, but is a little more rounded
in outline.

P. waagenianus GIRTY (1909, p. 253, pl. 12, figs. 6, 7) from the Capitan
beds of Texaa has 14 costellae in 5 mm. according to GIrTY, and a slightly
more prominent incurved ventral umbo, and more extended ventral margin
medianly. A Word specimen described by Krve (1931, p. 77, pl. 17, fig. 10)
has 7 to 14 cosiellae in 5 mm., and 10 growth-lines per millimetre, with a
very wider hinge and more rounded outline, Remaining specimens des-
eribed by Kina have large ears and were referred to Megousie by MuIr- .
Woop and Coorer (1960}, P. eucharis GirTy (1910, pl. 2, figs. 3, 4) from the
Phospharia beds of Fdaho also has finer ornament and a long hinge, and well
rounded anterior margin, though one of the specimens figured in 1927
{pl. 28, fig. 23) is much closer in shape.

Of the Bitauni specimens referred to waeagenianus by Ruwz (1940,
the specimens figured by Bro1vr (1916, pl. 116, figs. 1—3) have a more globular
appearance and bifurcating coarse costellae. The specimens figured in pl. 115,
figs. 14, 15 are moderately giobular, and what seems to be the dorsal valve
in fig. 15 does not appesar to have concentric lamellae.

Lower Upper Permian specimens described from Anhui Province, China,
as Anidanthus sinosus (Huawe) by Zuane Yar and CuHine Tu-Kan (1961,
pl. 3, figs. 1—5) are very close in shape, but somewhat smaller with low lateral
wrinkles on the ventral valve. The original specimens described by Huawg
(1932, p. 43, pl. 2, figs, 15, 16) have well defined lateral concentric rugae
on one ventral valve, and rugae cross the anterior venter on the other ventral
valve, suggesting a relationship to Pseudomarginifera STEPANOYV.

Of Taimyr species figured by UrrITSKY and CgERNJAK (1963, pl. 11, figs.2
to 10}, 4. diksoni (EINOR) has finer ornament and 4. rugosus (LIHAREY)
coarser ornament. Both forms tend to be less transverse than the new species.
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WAAGENOCONCHA Cmao (1927)
pespecies: Productus humboldti d’Orpreny (1842},

Diagnosis: Echinoconchidae distinguished by ornament of fine spines

arising

in quincunx over both valves, sometimes from short ridges, often

decreasing in diameter anteriorly.

1862
15884
? 1892
1897
1906
1015
1916
1928
1931
7 1941
1944

1944
1944

1944
1944

Waagenoconcha purdoni (DaviDpsoN 1862)
PL 4, fige. 2, 3; PL 5, figs. 2, 3

Productus purdoni Davipson, p. 31, pl. 2, fig. 5.
P, purdon: WAAGEN, p. 705, pl. 73, figa. 71,2, ? 3.
P. waageni ROTHPLETZ, p. 77, pl. 10, fig. 19,
b P. purdoni DienNer, p. 21, pl. 2, figs. 1 a—d, 2a—c.
P, purdoni KokEw, p. 129, text fig.
P. purdoni INENER, p. 75, pl. 8, figs. 4, 5.
P, waageni BroiLy, p. 14, pl. 118, figs. 1—&.
P. purdont HaMrET, p. 23, pl. 4, fig. 1; pl. 5, fig. 1.
a Waagenoconcha purdoni REED, p. 10, pl. 3, fig. 2.
Waagenoconcha purdoni Muir-Woobp, p. 24, pl. I, fige. 13 a—b.
P. (Ruthenin) purdoni paraliensis REED, p. 39, pl. 11, fig. 4; pl. 14, figs. 3,
3a, 4, 48, 5,
P. ( Ruthenia} purdoni mirkelanensie REED, p. 61, pl. 13, figs. 1, 1a—o, 2.
P. { Ruthenia) purdoni prolongate REED, p. 62 pl 13, ﬁgs 3, 4, 44, b, b;
pl. 14, figs. 1, 2.
P. { Rutheria} purdoni circularis REED, p- 63 pl. 13, ﬁgs 6 6 a—c.
P. { Ruthenia} purdoni casirensis REED, p, 64, pl. 14, figs. 6

This synonymy takes in subspecies and accepts uncritically REED {1944)
without having inspected his types.

Material: Three ventral valves, preserved as internal moulds with
part of the external ornament siamped through, and an external mould
of a dorsal valve from F 58, and a ventral composite mould of a dorsal
valve from T 58, and a ventral composite mould from F 112,

Ho

lotype: Sole specimen figured by Davinson (1862, pl. 2, fig. 5).

Diagnosis: Large Waagenoconche with moderately prominent little
incurved massive ventral umbo, gently rounded shoulders and moderately

deep suleus; dorsal valve flat with low fold, spines with short elongated
narrow bases,

Dimensions (in mm.):

Divergence

Buleal
_ Width Length Height oé &:ﬁzrusm A‘;ﬁe
Ventral valve — F 112
30 34 12 70° : 28°
F 58

37 39 10 60° 25°

53 46 22.5 75° 35°

75 64 24.5 80° 38°

Dorsal valve
65 59 )
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Description: The specimens are large and too broken and distorted
for measurements to be reliable. The ventral valves are moderately arched,
with slightly incurved umbones, prominent posterior shoulders sloping
into a little inflated zone near the hinge, and a sulcus. The dorsal valve is al-
most flat apart from a low median fold, and short trail inclined at 40° to
50° from the visceral disc. Ornament consists of short slightly elongated
ridges or pustules 2 to 3 mm. long arranged in quinecunx on the ventral valve,
bearing short spines anteriorly or rarely at mid-length and less than 2 mam.
apart along rows about 2 mm. apart at the anterior margin of the largest
specimen. In the next largest specimen the spines are 2.5 msn. apart both
laterally and radially, On the posterior walls the spines are erect without
elongated bases, and a fragment of an external mould leached in acid shows
a recumbent narrow base, and spine core inclined gently from the surface
within the shell, and then emerging abruptly. About 3 concentric lamellae
oceur per millimetre,

On the dorsal valve the surface is regularly dimpled and spines are re-
stricted to the anterior dise and trail, with a diameter of ¢.3t0 0.5mm. Laterally
the pits are very fine, two occurring per millimetre, whereas near the mid-line
each pit is 1 mm. wide. The ventral valves from F 58 show large rounded
gently impressed diductors, marked by longitudinal striae, but adductors are
obscured.

Resemblances: The short narrow bases of the spines in the Nepal
specimens seem to compare with those typical of W. purdoni to judge from
comparison with a Kashmir specimen collected by Dr, G. Fucrs, comparable
in shape to specimens so identified by DiExner (1915), and descriptions
by REED, particularly purdoni castrensis. Allowance is made for the larger
size of the Nepal specimens. But most of the specimens described by
Davipson (1862, p. 31, pl. 2, fig. 5), and WaacEN (1884, p. 705, pl. 73,
figs. 1-—8) from the Salt Range, and Diener (1915, p. 75, pl. 8, figs. 4, 5)
from the Zewan beds of Kashmir and from the Central Himalayas (1897 b,
p- 21, pl. 2, figs. 1, 2} are apparently narrower shells, with incurved umbo
and steep posterior shoulders, and slightly shaliower sulcus, and apparently
narrower hinge. This is partly at least because of loss of the ears. Also the
Nepal specimens are incomplete, and are likely to have been more elongated
than would now appear. Certainly a small Kashmir specimen from a fauna
just above the Proforctepora ample heds of North Barus (K 16) sent to me by
Dr. G, Focus is very close in shape and ornament over its umbonal portion.

Muir-WooD (1941) described a non-sulcate transverse specimen from
Lachi Series of Sikkim with fine spines, but paid no attention to the nature
of the spine-bases. REED {1931) stressed the narrowness of the spine bases
and figured a specimen of typical shape (pl. 3, figs. 2, a). The various Middle
and Upper Productus Limestone specimens described in 1944 by REED
are much the same, most having a narrow hinge, though the varieties
mirkalanensis REED (1944, pl. 13, figs. 1, 2) and prolongata REED {1944,
pl. 13, figs. 3—5; pl. 14, figs. 1, 2) approach the Nepal form. The Upper Pro-
ductus Limestone variety casirensis REED (1944, p. 64, pl. 14, figs, 6, a)
has a wide hinge, with posterior walls more convex in profile. This form
was erected to include DIENER's specimen from the Central Himalayan
Productus Shales. DIENER had noted that the hinge of his specimen is wider
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than usual, the shell shorter and the umbo broader. REED’s figured specimen
(pl. 14, fig. 6, 2) is here designated lectotype of the subspecies.

These speeimens were referred by REED to Ruthenia FREDERIES (1928)
and distingnished from Waagenoconcha by their swollen spine bases. REED
also recognised as humboldti shells with very slender spine bases, of which
the varieties silveana STuckENBERG (REED, 1944, p. 67, pl. 15, fig. 8;
pl. 17, fig. 5; pl. 18, fig. 4) and xenic (REED, 1944, p. 68, pl. 16, fig. 6 and
pl. 7, fig. 10}, both from the Upper Productus Limestone, are similar in
general outline and suleus, and possibly in ornament, but are somewhat
smaller.

Specimens from Indonesia have been assigned to Productus purdoni
by HamreT (1928, p. 23, pl. 4, fig. 1; pl. 5, fig. 1}, together with the specimens
figured as woeageni RoTEPLETZ by Brom (1916, pl. 114, figs. 2—4). REED
(1944, p. 62) commented that the spines are more reguiar and numerous
but this would not seem true from comparison of a specimen I collected
from the Upper Productus Limestone of Chhiddru with a plaster duplicate
of one of BrRo1iY's specimens (pl. 114, fig. 4). The Indonesian specimens
are very like purdoni in shape and ornament, but generally have a wider
deeper suleus—perhaps of subspecific importance. Linarev (1936, p. 96)
considered that waageni belonged to Echinoconchus, but this is not aceeptable,

A puzzling feature is that WaacEN's figures suggest that the spine tubere-
les are small and rounded, in contrast to both his text, and figures of other
specimens deserihed by other authors, including the original description
by DavipsoN. This may mean that WaagEN's figures are inaccurate, or
that his specimens belong to another species. That there are such specimens
in the Salt Range is suggested by a somewhat obscure specimen I collected
from the Middle Productus Limestone of Chhiddru.

The flaring posterior marging and shallow suleus suggest that these
Nepal specimens could belong to the complex of specimens which includes
W. abichi (WascEN), rather than W. purdoni (DAvIDSON) with its incarved
posterior walls and short hinge. The specimens figured as Productus hum-
boldti not d’Oreiany by Davipson (1862, p. 32, pl. 2, fig. 6; 1863, p. 39,
pl. 12, fig. 6) from Kakir Cote and referred by WaacENw (1884, p. 697,
pl. 74, fig. 1—T) to P. abichi together with shells from the Middle and
Upper Productus Limestone are small transverze little inflated shells, like
the very similar P. serialis (WaaaEN, 1884, p. 700, pl. 74, fig. 8; pl. 75, figs. 1, 2)
from the Upper Productus Limestone. They have well spaced spines about
2 mm. apart even close to the umbo, and a long hinge and extended lateral
extremities, but are smaller and more transverse with more swollen bases
than in the Nepalese specimens and Chiticun specimen of DIENER (1897 a,
pl. 3, figs. 8 a—d). The Kashmir specimen figured by DIENER (1899, pl. 1, fig. 8)
is similar to abicki in shape, with possibly finer spines, and the specimens
from the Shan States (DiENER, 1911, p. 32, pl. 5, figs. 1—38) have fine spines
and a highly vaulted venter. The Chiticun specimen rather resembles that
from F 112. Specimens described by REED (1931 a) are closer to the Nepal
shells in their large size and have spines that seem from illustrations to
be a little more closely spaced than in WAAGEN’s original figures (1.5 mm.
along a row), Perhaps the closest in shape iz W. abichi densipustulose REED
(1931 a, p. 8, pl. 2, figs. 1, a, b) and pseudopalliata REED (1931 4, p. 9, pl. 2,
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figs. 4, 5), RBED stressing that the elongated nature of the spine bases as well
as the outline of the shells proved affinity with abichi rather than purdoni.
The spine bases of the Nepalese specimens are not as swollen as in either of
these forms, or in a third form that iz moderately close in shape, abichi
pseudotuberculats with well spaced tubercles, The spines and shape also
agree with Strophalosia fugex ResD (1931 a, p. 16, pl. 2, figs. 3 a—d}, a species
of unknown generic affinities, because the cardinal area is obscure, but
possibly belonging to Waagenoconcha. It is moderately like abichi consors
REeED (1931 a, pl. 1, figs. 1—2) but this has slightly more swollen spine bases.

Productus humboldti of Waaaew (1884, p. 695, pl. 76, figs. 1—3) from
the Middle Productus Limestone has fine spines and shallow sulens and wide
cardinal extremities and so could be related. RoTEPLETZ (1892) referred
these to waageni, A Basleo specimen so identified by Hamrer (1928, p. 21,
pl. 4, fig. 3) proved on inspection at Delft to be a Strophalosiid, with well
developed cardinal areas, and flattened ventral umbo. Itsspines are somewhat
similar in density to those identified as Aulosteges dalhousi DAvIDSON,
though HAMLET s specimen (pl. 4, fig. 4} is more transverse with a flatter dorsal
valve and much higher interarea. Basleo specimens kept at Amsterdam Free
University were observed to vary in the concavity of the dorsal valve.

The Dzulfian shell identified as P. humboldti by Avica (1878, pl. 5, figs. 2a
to ¢) and referred to waageni by ArTHABER (1000) certainly seems close in
shape, with a shallow suleus and wide hinge as in the Nepal specimens.

Genng COSTIFERINA Muir-Woop and CooPER (1960)
Type species: Productus indicus WascEN (1884}

Diagnosis: Large Dictyoclostinae with costae that converge medianly

and widen anteriorly inte plicae, spines few, in row along hinge and scattered
over rest of valve,

Discussion: The Nepal specimens here described have large auricles,
and the adductors of the ventral valve extend nearly as far forward as the
diductors, MUIR-WooD and CooPEER stressed that adductors did not extend
o far forward but they seem to have considered only the posterior adductors
and ignored the anterior division.

Costiferina alata n. sp.
Pl 5, fige. 1, 4, 5; Pl, 6, figs. 1--3; PL 7, fige. 3, 5; PL 8, fig. 4

of. 1962  Dictyoclostus of. indice Tmic PE1-CHEN, p. 462, pl. 3, figs. 1 a, b,

Material: Five somewhat broken ventral valves preserved as natural
internal moulde, with fragments of the external mould, and external moulds
of 10 dorsal valves, with the exterior of the cardinal process sometimes
preserved from F 58, and a possible decorticated ventral valve from F 130.
All somewhat distorted and broken.

Holotype: Specimen figured in pl. 6, fig. 3, F 58.

Diagnosis: Distinguished from €. indica (WaAGEN) by larger size, more
alate cardinal extremities and broader plicae anteriorly. Dorsal fold lower.
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Dimensions (in mm.):

Width Length Height \}-}fiiﬁ%g Width Diduclt.g;gth Widﬁf dmmi.ength
Ventral valve
45 7 23 19.5 27.5 9.5 28
65 70 22 31 124 95 315
505 4505 30 125 125 13.5 22.5
106 53 25.5 36 19 135 145
Dorsal valve
40 375 17.7  20—35
+64 63 25 35
142 +4-40 +15
153 46.5 235 45
Desgcription:

External: The specimens are so incomplete and distorted that the dimen-
sions are somewhat misleading. The best preserved specimens are transverse,
and extremely alate for productoids. The ventral valves are convex, with
the umbo poorly known, but apparently broad and little incurved, and the
hinge is marked by a false interarea or ginglymus. A broad evenly concave
sulcus arises at or near the tip of the umbo, with its sides diverging anteriorly
at 25° in a laterally compressed specimen, and at nearly 60° in a laterally
flattened shell — the true angle being somewhere in between. In the dorsal
valve the low round-crested fold arises 10 to 12 mm. in front of the tiny
peaked dorsal umbo, and its sides are enclosed by an angle of usually about
35°, reaching 45° in the largest specimen. Narrow specimens have an almost
flat visceral dise, whereas transverse specimens have a gently concave
longitudinal profile, and wide short ears, of which the posterior and anterior
margins diverge at an angle of 25°, compared with an angle of 40° for those
of elongated specimens. They are gently concave near the umbo, and
particularly inconspicuous on transverse specimens but become prominent
laterally, as highly concave almost tubular alate extremities. The cardinal
angle of the cardinal extremitites is acute at about 70° for a width of at least
35 mm., but becomes more obtuse laterally with increase in size, to reach an
angle of 140° in the widest specimens. Ears of the ventral valves are not
g0 well preserved, but are obviously convex replicas of those of the dorsal
valve, They are not defined by a coste from the visceral dise. Around the
lateral and anterior margins is a high trail, curving smoothly forward from
the profile of the visceral disc in the ventral valve, and clearly geniculate in
elongated dorsal valves, and perbaps in wide transverse specimens, though
the angularity could have been increased by crushing,

Ornament is not well preserved on the ventral valve. Over a fragment
of the exterior it comprises broadly rounded concentric wrinkles about I mm.
across near the umbo, widening to 2 mm. in 15 mm. from the nmbo. They
are erossed by 20 to 24 slightly less prominent radial costae, 3 in 3 mm. near
the umbo, and 3 in 6.5 mm, 12 mm. further from the umbo. The radial
interspaces are broadly concave, whereas those between the conecentric
wrinkles are sometimes narrow. Pits are formed where the interspaces
of the two systems cross. The concentrics fade anteriorly, and are not seen



on the trail, whereas the radials grow in strength to hecome broad rugae,
with crests up to 10 mm, apart and 2 mm. high. They are finer laterally,
3 oceurring in 8 or 9 mm. Ornament on the dorsal valve shows a similar
patiern, the radial costae expanding from 3 per millimetre at the dorsal
umbo to plicae with crests 12 mm. apart at the anterior margin. They
do not bifurcate, but rarely increase by intercalation laterally beyond the
sulcus, The median costae curve towards each other and fuse. Concentrics
are fine over the anterior part of the visceral disc, and absent from the trail.
Inner ears are almost smooth, apart from traces of low radial and concentric
costae, and the outer ears, where they become alate, are generally marked
anteriorly by low broad radial costae. A few scattered semi-erect spines lie
over the visceral dise of a ventral valve, seeming to arise from the costae and
about 0.8 mm. in diameter. Similar small spines are seen in a row close
to the hinge, and further from the umbo (48 mm.) lies a large semi-erect
gpine nearty two mm. in diameter. Anteriorly a large oval erect spine more
than 3 mm. across arises from the crest of a costa on another fragment, but
it is apparent that spines are rare. They are completely absent from the
dorsal valve. Two or three growih-lines cccur per millimetre near the
anterior margin of the largest dorsal valve, with somewhat wavy margins.

The specimen from F 130 is very transverse, with a wide shallow sulcus
and about 24 broad low plicae, but is so decorticated that identification
is unecertain.

Internal. No tecth are developed in the ventral valve. The diductor
muscle scars comprise two simple large rounded shallow impressions scarred
by sharply defined longitudinal ridges and incisions 0.7 to 1.0 mm. apart,
themselves divided by a few secondary longitudinal striae. In some specimens
the deepest grooves lie 2 to 3 mm. apart, and the intervening ridges are
scored by secondary and tertiary grooves with a certain amount of anas-
tomosing and intercalation. On the best preserved internal mould the adduc-
tor scars are clearly divided into a broad posterior pair extending back
beyond the posterior end of the diductors, and a narrow slightly raised
anterior pair, extending not quite as far forward as the diductors. The
posterior scars are marked by high ridges directed postero-laterally from the
mid-line, fading and branching anteriorly, and the anterior scars are marked
by lower transverse ridges which curve concavely forward and inwards into
a median groove, The remainder of the visceral disc carries dense fine pits,
varying from 1 mm. apart in one specimen, to 2 or 3 per millimetre in another,
in some specimens aligned, in others apparently random. Over the trails
the pits are shallow and inconspicuous.

Little is known of the dorsal valve, but several specimens have a trifid
cardinal proeess, as seen exteriorly, with a high narrow median lobe, and
two hroader shorter lateral lobes, separated by two wide concave depressions
which pass near the hinge into two narrow ridges separated by a groove.
Growth-lines parallel to the outer margin are well defined. One specimen
shows a deep alveolus on the inner face, Another fragment shows a long
narrow median septum and large subquadrate adductors with low productoid
ridges,

Resemblances: A close resemblance lies with Productus indicus
WaaeeEN (1884, p. 687, pl. 70, figs. 1—6; pl. 71, fig. 1), reported from the
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Middle and Upper Productus Limestones by Waaqex, and from Moosakhail
and Kafir Cote by Davipsow (1862, p. 31, pl. 1, fig. 20), whilst DIENER
(1915, p. 66, pl. 6, fig. 15 a—d) described the species from the Zewan beds
of Mandakpal. The two agree in essential details of ornament, though full
comparison is not possible because of the inadequate preservation of the ven-
tral valves from Nepal. In an internal of a ventral valve figured by Waacew
(1884, pl. 71, fig. 1), the adductor platform is more posteriorly vlaced, and
not clearly differentiated. This might reflect a difference from the Nepal
specimens due to ontogeny or genetie variation but on the other hand there
is no proof that the sketch is not inaccurate, like so many others of Waacen's
figures, as I found in examining for a month the specimens at the Geological
Survey of India, Caleutta. A figured internal of a ventral valve in FREcH
(1911, pl. 23, fig. 6} from the Middle Productus Limestone seems to have an
arrangement comparable to that of Nepal specimens, showing the adductors to
extend nearly as far forward as the diductors, and to be subdivided, with
basically the same pattern of tangential ridges posteriorly, and transverse
ridges anteriorly, Where the Nepal specimens differ is in their very large
size, and consequently their hetter developed awricles, which appear at only
a late stage of growth, their transverse outline, and rugae that are wider near
the anterior margin, and very low dorsal fold. Some of these differences might
seem to be due solely to a later and larger stage of growth attained by the
Nepal specimens. But it is noteworthy that both Davipsox and WaaeEw
streaged that they had figured the largest specimens available to them, yet
these are barely half as large as specimens from Nepal. Specimens I have
collected in the Salt Range are fully mature, but are more elongated and
high with smaller ears than in Nepal specimens, suggesting their ontogeny
developed differently, Nevertheless the Nepal specimens may only prove
to be a new subspecies. REED (1944, p. 41 ff.) recognised two varieiies of
indica, paucicostata for tall enrolled forms with as few as 8 costas each side
of the suleus, ineluding DIENER’s specimen, and subveza for a specimen with
niunerous costae. Neither seem to be of more than varietal or subspecifie
rank, pending close examination of their oceurence and variation.

As far as known no type has yeé been chosen for P. indicus so the speci-
men figured by Wasgrw (1884, pl. 70, fig. 2 a—d) is here desighated lectotype.

To judge from a specimen figured as Dictyoclostus cf. indice by Tine PEr-
CHEN (1962, pl. 3, figs. 1 a, b) it is likely that the Nepal species is represented
in Tibet. The Tibetan specimen is smaller than the Nepal specimens,
but is larger than Salt Range shells, and has fine posterior and strong antetior
ornament, much as in the new form. Unfortunately the auricles are lost,
and there is no indication how mature the specimen is. Another smaller
specimen figured as Dictyoclostus sp. indet. by Tive Pe1-CrEN (1962, pl. 3,
figs. 3 a-—d) appears to belong to Costiferina, in the éndica-alafe group.

Three congeneric speeies are easily distinguished from the new form,
(. spiralis (WaageN) of the Lower Productus Limestone by its greater in-
flation, and finer rugae, though referred. to indica by FrECH (1911), BroILI
{1916), and REED (1934 a), €. vishnu from the Middle Productus Limestone
by the smooth non-plicate trail, and . subcostute (WascEN) from the
Middle and Upper Productus Limestones by the finer costae,and other dif-
ferences. Productus aratus WaacuN (1884, p. 684, pl. 72, figs, 1—2) from
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the Upper Productus Limestones has finer costae and a shallow sulons, but
is elose to . indica, REED (1931 d, p. 2) suggesting that it iz only a variety
(or subspecies). More specimens are needed to assess variation.

In respect of the avricles the Nepal specimens approach Word specimens
of the Glass Mountains referred to indicus by Kmve (1931, p. 72, pL. 13,
fige. 6—9}, and renamed paraindicus by McKEE {1938). They have been
made the type species of Rugetie Muir-Woor and Coorrr (1960).

Another Salt Range species is rather similar in ornament, but distinguished
by its very small size. It is the shell named Productus gratiosus WAAGEN
(1884), referred to Marginifera by LIHAREV (1936) and RExD (1944), but
undoubtedly a Costifering, to judge from examination of a specimen I
collected from the Middle Productus Limestones in the Zaluch Nala, Salt
Range. Indeed REEED (1931 a, p. 3) had earlier commented on the close
affinities between this species and indica.

Dictyoclostid sp. indet.
Pl 8, fig. 3

An external mould of & small dorsal valve from ¥ 112 has moderately
coarse radial costellae (4 in 5 mm. at the anterior margin), crossed by con-
centric wrinkles (5 in 5 mm. anteriorly), a very low median fold, and slightly
obtuge cardinal extremities with moderately defined ears. It differs from
Costiferina in having tubules of matrix suggestive of spine bases, whereas the
dorsal valve of Costifering lacks spines.

Genus LINOPRODUCTUS Cuao (1927)

Type species: Productus cora d’OrBroNy (1842).

Diagnosis: Subgquadrate Linoproduetinae, ventral valve ornamented by
sinnous costellae, which unit before spine bases, and bifurcate anterior to
them, rugae few, limited to ears and lateral margins, spines recumbent or
suberect, in one or two rows along the hinge, and erect and scattered over the
venter. Dorsal ornament of costae and lamellate growth-lines, spines
apparently rare. Ventral adductors elongate, dorsal valve as in Muir-Woop
and Coorer (1960).

Linoproductus lineatus ? (WAAGEN, 1884)
Pl 4, fig. 6

? 1862 Productus cora Davipson, p. 31.
? 1884 P, Lineatus WaacEN, p. 673, pl. 66, figs. 1, 2; pl. 67, fig. 3; text-fig. 3.
! 188¢ P, cora WaaceEw, p. 677, pl. 66, fig. 3; pl. 67, figs. 1, 2.
? 1911 P, cora DIENER, p. 19, pl. 3, figs. 3—13.
? 1915 P, cora DIENER, p. 65, pl. 6, figs. 13, 14.
cf. 1922 P. cora Havasaxa, p. 68, pl. 5, figs. 3, 4.
cf. 1925 P. cora lineatws Regp, p. 28, pl. 3, figs, 12—14.

cf. 1927 ILinoproductus lineatus CHao, p. 128, pl. 15, figs. 26—27.
? 1931 a Linoproductus lneatus REED, p. 12.
of. 1931 L. lneatus GraBaU, p. 203, pl. 29, figs. 256—27.
? 1936 P, cora lineatus LTHAREV, p, 102, pl. 7, figs. 1—3.
? 1936 Linoproductus lineatus Dovuaras, p. 28, pl. 4, fig. 11,
1940a L. Hneatus RENZ, p. 26, pl. 3, figa, 8, 9.

-
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? 1944  Productus (Linoproductus} lineatus REED, p. 54.
? 1844 P, [Linoproductus) lineatus sirrensis REED, p. 53, pl. 11, figa. 1, 1 a.
? 1944 P. {Linoproductus) cora superba REED, p. 56, pl. }6, figs. 4, 4 a.

Material: A natural internal mould of & ventral valve with a little
of the external mould, from F 105.

Lectotype: (Here designated). Specimen figured by WaacEN (1884,
pl. 66, figs. 2 a—d). Kept at Geological Survey of India, Calcutia.

Dimensions {in mm.):

. . Addyetor Diduetor Hinge
Width Length Height Width Length Width Length Width
21 34.5 g 123 110 3 10 12.5

Description:

External: The specimen is subpentagonal in outline, and elongated,
its length a little exaggerated by flattening and longitudinal stretching.
The umbo has an angle close to 60°, and is slightly extended beyond the
hinge and inenrved, the posterior walls are steep and prolonged, and small
indistinet ears developed, apparently with obtuse cardinal extremities.
A very shallow sulous traverses the length of the valve with a sinal angle
just under 20°. On the fragmentary portion of the external mould, preserved
near the posterior lateral margin, there are perhaps 3 to 4 costellae in two
millimetres, crossed by about 15 very fine concentrie growth lines, with no
pronounced rugae. No spines are visible on the external fragment, but a
few bases are vigible anteriotly on the internal mould, together with traces
of costellae, at about 8 in 5 mm. anteriorly. A few low rugae are also seen
laterally near the posterior third, about 2 per millimetre, and not persisting on
to the venter.

Internal: On each side of the umbo the posterior walls are about 2 mm.
thick, so that the umbonal cavity projectz like a beak into the posterior
walls. The shell thins to a thickness of 1 mm. over the posterior third of the
shell-length, and becomes thinner in front and over the venter, so that
ornament is partly visible on the inner mould. Muscle scars are somewhat
obscure, and the dimensions given only tentative. The adductor platform
is raised a millimetre above the floor of the valve and commences in the um-
bonal cavity, consisting of two round-erested ridges divided by a groove
and marked by a few faint longitudinal strise. The diductors to each side are
not clearly defined from the adductors nor from the remainder of the shell,
and are more or less oval depressions, commencing in front of the posterior
end of the adduectors, and extending a little anterfor to them, with longitu-
dinal grooves and ridges over the surface, erossed by a few wrinkles parallel
to the anterior lateral margin of the scars, Details of markings on the re-
mainder of the floor of the valve apart from traces of costellae and spines
are cbgcured by the coarseness of the matrix.

Resemblances: The specimen is possibly a juvenile L. lineatus (WasgEN,
1884) described originally from the Middle and Upper Productus Limestones
of the Salt Range, and recognised in the lower Anthracolithic of Spiti by
Diexer (1903) and Chiticun {DrEnEr, 1897 a), as well as numerous other
localities. The Nepal specimen is too distorted to be identified with any
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confidence, but displays all the features characteristic of young Iineatus
in sulcation, posterior walls, and ornament.

Waagrer (1884, pl. 66, figs. 1, 2; pl. 67, fig. 3) distinguished his specimens
from Productus cora ’ORBIGNY by the presence of a suleus, and DovaLas
(1936) and REED (1931 a, 1944) have regarded the species as characterised by
an elongate, subquadrate outline, shallow ventral suleus, and moderately
defined, non-sinous costellae. Owval non-suleate shells from much the same
horizon were referred by Waascrn (1884, pl. 66, fig. 3, pl. 67, figs. 1—2) to
P. cora. In my view these are likely to be conspecifie, not on the basis of
comparison between the specimens, but from general principles of variation
in productoid species, as elaborated in WaTERHOUSE (1964 ¢, pp. 38, 78).
Both L. linecatus sirrensis REED (1944, p. 55, pl. 11, figs. 1, 1a) and L. cora
superbe VEED (1944, pl. 16, figs. 4, 4a) from the Upper Productus Limestone
seem to be conspecifie, whereas L. simensis abrupfe REED (1944, pl. 12,
figs. 1, 12) differs considerably, having a flattish disc and trail at right angles,
with a suggestion of the funnelled trail seen in some Rusgsian and American
forms, L. of. lohuseni LIHAREY of REED {1944, pl. 12, fige. 11, 1la, b) is small
and narrow, and does not look congenerie, and L. of. bulikii of REED (1944,
pl. 12, fig. 12) from the Middle Produectus Limestone recalls dnidanthus
in shape and size, '

The proposed synonvmy is speculative, based on examination of figures
rather than specimens, but suggests that L. lineatus is a widespread species
of the Upper Permian of Asia.

From Chiticun 1 ths shells referred to P. lineatus by DigNER (1897 a,
p. 14, pL 4, figs. 2—5) might prove to be conspecifie, but seem rather small
and transverse, and to have unusuvally well defined ears and slightly coarser
costellae than usual. They appear to be more rounded in outline than juvenile
L. lineatus from the Salt Range, which have long posteiior slopes and a
somewhat triangular visceral dise, widest near the anterior margin. The
Spiti specimen described in 1903 {Drener, p. 138, pl. 7, fig. 1 a—=) is closer
in shape and size, but its preservation as an internalmould makes comparison
difficult. As it comes from an older horizon it is not likely to be conspecific.
The species is not known from the Produectus Shales, but Zewan specimens
with extended posterior walls and somewhat triangular appearance, probably
because they are not fully grown, were described by Diener (1915, pl. 6,
figs. 13, 14), as P. cora. These specimens have very fine ornament to judge
from the figures, whereas specimens coilected by Dr. B. PLicHINGER from
the Upper Zewan beds at Palgam (K 25) have costellae twice as coarse as those
of Salt Range L. lineatus. They differ considerably in appearance fiom the
Syringothyris limestone specimens assigned to P, cora by DIENER (1915, pL.1,
figs. 1 a—¢; pl. 11, figs. 33 a, b), the older specimens being more compact,
elongated and incurved. They are named L. poilex n, sp. herein,

Of Lachi specimens figured as Linoproductus of. core by Muir-Woop
{1941, pl. 1, figs. 4—6) one ventral valve has concentric wrinkles across the
venter and another has widely diverging costeliae, unlike the ornament
typical of Linoproductus, but to some extent recalling the ornament typical
of Pseudomarginifera and Anidanthus. Specimens figured as Productus
cora lineata from the supposed Carboniferous 2.5 miles north of Baroghil
Ailak, Chitral, by ReEp (1923, p. 28, pl. 3, figs. 12—14) have a slightly
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more rounded venter than those from the Salt Bange, with about 6 costella=s

in 5 mm., measured from the figure. or of much the same density as in Waa-
GEN's specimens.

The North Caucasus specimens described by Limarev (1936, p. 102, pl.7,
figs. 1—3) appear from the figures to lie within the range of variation for the
species, agreeing well in shape, and having similar costellae, and only
slightly more pronounced ventral suleus and stronger lateral wrinkies,
A Persian specimen figured by Doveras (1938, pl. 4, fig. 11} is likely to be
close, though it has well spaced costellae.

The figures of Productus lineatus from the Upper Permian of Hupei,
China in FrEcH (1911, pl. 25, figs. £ a——c) are not quite adeguate to show
how close they are to WaaeEN's species, but do indicate a somewhat similar
profile for the ventral valve. The specimens figured by Crao (1927, pl. 15,
figs. 26—27) seem close but are hard to assess fully because of their frag-
mentary nature, and Grapav (1931, p. 293, pl. 29, figs. 25—27) repeated
the figures. Kweichow specimens identitied as Productus cora by Havasaxa
(1922, pl. 5, figs. 3—4) also seem close, as noted hy Crao (1927).

From Indo-China the Van- yen and Kham-keut specimens referred to
Lineatus by Mansuy (1913 a, pl. 2, fig. 15; pl. 3, fig. 1) look to be moderately
similar with fine but somewhat more sinuous costellae, and feebly rounded
venter. The beautifully preserved specimen so-identified from the Phnom
Ta Kreem (Mansuy, 1914, pl. 6, figs. 2 a—d) is more transverse with a modera-
tely rounded ventral disec, and may not be conspecific,

Figures of Khesi Mansam specimens from Burma allotted (together with
P, lineatus WAAGEN) to P, cora by DIENER (1911) show smallish specimens
with ornament and shape identical to the types.

Genus NEOSPIRIFER FREDERIKS {1924)

Type species: Spirifer fasciger KEYSERLING {1846), designated by
FrREDERIKS (1926).

Diagnosis: Dustinguished from Spirifer by facisculate costae of equal
or subequal strength, fine cancellate ornament of radial and concentric
lirae, growth-form changes from rounded fo transverse (at early maturity)
to subrectangular or rounded, delthyrium closed by plate at least in early
stages of growth (Limarev, 1942). Dental and pleromal plates, ventral
adminicula in ventral valve, socket and crural but no adminicular plates in
dorsal valve, with low median septum and large cardinal process,

Discussion: The term pleromal plates was applied by CAMPBELL (1959 a)
to thickenings on the inner side of the dental plates which fuse posteriorly
to form a dental callosity closing or partly closing the umbo. The name
adminicula was applied by Brown (1953) to plates extending up from the
floor of the valve to support the dental plates in the ventral valve and crural
plates in the dorsal valve. In Neospirifer the ventral adminicula are buried
in secondary shell, and there are no dorsal adminicula (note this correction
to an editorial mistake in WATERHOUSE, 1964 o),

Jahth, Geol, 8. 4., 1966, Sonderband 12 3
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Neospirifer moosakhailensis (DaviDsoN, 1862)
Pl 8, fgs. 1, 2; PL. 9, figs. 1, 4; PL 10, figs. 1, 2

1862 Spirifera moosakhailensiz Davipson, p. 28, pl. 2, figs. 2a-—c.
1866 5. moosakhailensis Davipzonw, p. 41, pl. 2, fig. 6.
1867 8. moosakhailensis VERCHERE, p. 210, pl. 3, figs. 1, 1a.
1883 8. musakhgilensis Waacen, p. 512, pl. 45, figs, 1—6.
1883 8. ambiensis WasGEN, p. 515, pl. 47, fig. 1.
1897 b 8. moosakhailensis DIENER, p. 35, pl. 3, figs. 3—4; pl. 4, figs. 1—2; pl. 5, fig. 1,
1897 b 8. aff. fasciger D1evER, p. 40, pl. 5, figs. 2, 3.
1897 a 8. moosakhailensis DIENER, p. 43, pl. 6, fig. 8.
1899 8. musakheylensis DIENER, p. 63, pl. 5, figs. 3—1T.
899  Spirifer sp. ind. aff. musakheylensis INENER, p. 65, pl. 4, fig. 10.
1916 N, fasciger Broirt, p. 37, pl. 120, figs. 10, 11 {not 12—14); pl. 121, figs. 1—3.
1931a Neospirifer warchensis REED, p. 21, pl. 4, fig. 9.
1931a N. fasciger nitiensie REED, p. 20, pl. 4, figs. 10, 11
1934  Spirifer musakhedensis MERLA, p. 275, pl. 27, fig. 10
of. 1934 Spirifer musokheylensis AsTRE, p. 74, pl. 8, figs, 17—24.
1941 N. moosakhailensis Muir-Woop, p. 30, pl. 2, figs. 12, 13.
1944 N. musakhkeylensis REED, p. 196,
1944 N, musekheylensis humilis REED, p. 198, pl. 25, fig. 3.
1944 N, warchensis REED, p. 198,
of. 1944 N. ravana plicatifera REED, p. 202, pl. 26, figs. 2, a, b; pl. 29, fig. 10,
1944 N. marcoui undate REED, p. 200, pl. 25, figs. 1, 2, 2 a.
1962 N. moosakhailensis Ting Pr1-CuEn, p. 459, pl. 1, figs. 1—6,
1064 N. moosakhailensis WATERHOUSE, p. 132

o

-

-

Material: Single ventral valves from ¥ 94 and 148, a specimen with
valves conjoined from F 108, and two ventral valves, and two specimens
with valves conjoined from F 130, and one from F 113. A virtually indeter-
minable ventral valve from F 129,

Lectotype: Specimen figured by Davipson (1862, pl. 2, fig. 2 a), here
desighated., Kept at British Musenm (Natural History), London.

Diagnosis: Transverse Neospirifer with moderately low ventral umbo
and moderately high ventral interarea, alate, with rounded anterior-lateral
extremities, sulcus shallow and V-shaped in profile posteriorly, wide and more
U-shaped anteriorly, fold moderately high and narrow, plicae well developed,
cogtae fine to strong, moderately differentiated, crests rounded, concentric
lamellas well developed.

Dimensgions (in mm.):

Collection ' Length Length  Height Height Umbonal Cardinal  Sipal
Number Width Ventral Dorsal  Ventral Dorsal Angle Angle  Angle
94 122 123 11 1565° 135°
130 140.5  3-41 24 1140°
108 +31.5 315 24 98 11.2 42°
113 83 50 48 39 120° 20°
Description:

External: As the spzcimens are broken the shape is best indicated
by growth-lines, and reconstruction from various fragments. The smallest
specimen appears to be subrhomboidal in outline at a width of about 35 to
40 mm., whereas the larger specimens are very transverse, up to nearly
four times as wide as long, but these are incomplete, and are probably less
transverse than appears, many ~Necospirifer having extended anterior-
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lateral margins at a late stage of growth. In the ventral valve the umbo
overhangs the interarea, and is moderately low, with an angle as high as
140° in one specimen from F 130, and probably averaging 130°. The dorsal
umbo in F 108 has a wide umbonal angle a little in excess of 160°, and is
inconspicuous. The ventral interarea is high and moderately conecave,
but otherwise not well known, and the delthyrium net exposed. To judge
from growth-lines the cardinal extremities are alate with an angle of 40°
at a width of about 80 mm., and appear to be obtuse with an angle of 100°
at a width of 25 mm., but are otherwise poorly known. A suleus commences
at the ventral nmbe, with moderately inclined walls and roundly conecave
floor like a V in profile with & rounded baze. On the small specimen from
F 148 the angle seems to be as low as 25°, but the innermost pair of plicae
becomes incorporated in other, so the angle approaches 45°—indeed
it reaches 60° to 70° in two, but these are probably crushed. The dorsal
fold, preserved best in F 108, is narrow and high, with an abruptly rounded
crest, at least posteriorly. On the ventral valve the three inner pairs of
plicae are well developed and persistent, and some specimens have a fourth
pair. Four pair oceur on the small dorsal valve from F 108. They are
moderately angular in profile posteriorly, and more rounded in front, and
curve outwards as thev pass towards the anterior margin. Costae are
somewhat differentiated, but secondary and tertiary rapidly become as strong
as primary. Three to four costae oecur in 5 mm. at 20 mm. from the umbo
on F 94, and on various parts of shells from F 130, compared with 6 to 7
in & mm. at 13 mm. from the umhbo in F 148, and on the dorsal valve of F 108
(again at 15 mm. or so from the umbeo). Crests arce rounded, and interspaces
perhaps a little narrower than the costae. In spite of poor preservation
growth lamellae are still visible, about 5 or 6 per millimetre, arching posteri-
orly over the costae and anteriorly in interspaces, but only tiaces of radial
fine ornament remain,

The well inflated specimen from F 113 is tentatively considered to be a
gerontic member of the species. It has fully rounded anterior-lateral ex-
tremities, and a very long suleal tongue, and thick shell for the ventral
valve with plicae and costae no longer visible on the internal mould. The
dorsal valve has a very high narrow fold, and three pairs of plicae, the
innermost pair lying on the flanks of the fold for the anterior thirds of the
length of the valve. Costae have moderately low, well rounded crests,
and moderately narrow interspaces. About 4 oceur in 5 mm. at 25 mm.
from the umbe on the fold, and at 50 man. laterally, and 3 to 4 in 5 mm.
near the mid-line at the anterior margin.

Internal: One of the ventral valves from F 130 shows low dental plates
diverging anteriorly at 90° with the adminicula buried in secondary
thickening. The muscle field is also partly exposed, and is probably slightly
longer than wide, with a very narrow raised median portion not a tenth of the
width of the field, and a groove each side in front. The surface of the diductors
and the rest of the shell is somewhat worn, and goniophore impressions are
vigible, radiating from the diductors. Part of the doraal valve is also exposed.
The cardinal process has about a dozen thick blades with finer divisions on
myophore face, and is subdivided by a low median cleft, occupied
by three or four fine laminae. The hase of the process is broad and smooth,
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and Hes in the same plane as the myophore face. At each side is a small
recession, adjoined laterally by low subwvertical erural plates, each nearly
12 mm long and less than 3 mm. high, with a concave inner face, diverging
anteriorly at 130°, and converging towards the floor of the valve at about
80°, They are supported from the posterior walls by subhorizontal socket
plates. In F 108 a short median septum arises well in front of the cardinal
process and extends to about mid-length. Nine turns of the spire, each
about 0.8 mm. thick, are seen in the specimen from F 113, as well as a median
septum extending over the posterior half of the dorsal valve.

Resemblances: In overall appearance these specimens appear to be
identical with what may be termed the moosakhailensis complex of Neo-
sprrifer, characterised by transverse outline, moderately high interarea and
low umbo, well defined plicae, somewhat V.shaped posteriorly, and rounded
in front, well defined costae, usually slightly differentiated posteriorly,
the primary being higher than others, and well defined concentric lamellae.
Shape varies somewhat, as does coarseness of the costae, and persistence of the
plicae. A re.examination of Davipsow's types of moosakhailensis {Da-
vipsoN, 1862, 1866) is presented in WaTerHOUSE (1964 ¢, p. 132), though
some details of importance, such as the nature of the costae, are not recorded.
WaacEN (1883, pl. 45, figs. 1—6) described several specimens from the
Middle and Upper Productus Limestones. On F 3513 (Geolozical Survey
of India, Caleutta} (Fig. 1 of WasgeXN) the plicae do not fade anteriorly as
much as suggested in the figure. The primary costae of fig. 2 are high and
rounded, and the inner pair of plicae is included in the suleus. Concentrie
lamellae are very strongly developed in this specimen. The specimen in
fig. 3 from the Middle Productug Limestone has bigher plicae on the ventral
valve and a raised umbo, and that of fig. 4 from the Upper Productus
Limestone has very high primary costae on the dorsal valve, with steep
sides and rounded crests. The Lower Productus Limestone specimens re-
ferred by WaaeEN (1883, pl. 44, figs. 3—5) to 5. siriafus are moderately
close but have lower wider plicae (which are present, in spite of the figure)
and wider costae and a narrower V.shaped suleus, perhaps belonging to
N. marcoui (WascEN). I have to hand several specimens which I collected
from the Middle Productus Limestone at Chhiddrn, Zaluch Nala, and Narmia,
and apart from minor variation, all agree moderateiy well with the specimens
described by Waagex (DAVIDSON's types were examined so long ago that
they no longer remain in my memory). The specimens have well differentiated
pritnary costae, placed on somewhat ridge-crested plicae which are modera-
tely curved in outline, and become lower and moreround-crested anteriorly.
The costae tend to be round-crested with steep sides, and concentric lamellae
are very well developed. By contrast, a specimen, probably akin to N.
marcous, from the Lower Productus Limestone of Chhiddrn, has lower plicae
with more rounded crests, and low broad costae, with rounded crests, and
narrow interspaces. Speeimens collected from the Lower Productus Limestone
in the Zaluch Nala have less rounded, angular-ridged costae.

The Middle Productus Limestone specimen named N. musakheylensis
humilis REEp (1944, p. 198, pl. 25, fig. 3) would seem too poor a specimen
to have been named, but is obviously closely allied, with similar tented
plicae, in spite of the rounded appearance given by the figure, a slightly
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narrower sulcus, and slightly wider costae anteriorly. Compared with
WAAGEN's specimens interspaces are narrow.

The Upper Produetus Limestone shells named 8. ambiensis by WaseeN
(1883, pl. 48, figs. 1 a—e) has as noted by WaaGEN a very low interarea,
and well developed plicae, and costae which are very low over the umbonal
region, possibly because they are worn. In the type, as in Upper Productus
moosakkailensis, the sulcal plicae are possibly lower than in specimens from
the Middle Productus Limestone, hut certainty is lacking. Another possible
difference lies in the apparently more alate cardinal extremities at an early
stage of growth. The difficulty is to assess significance from a few not
extremely well preserved speeimens. Most anthors have considered ombiensis
to be a variety of or conspecific with moosabhailensis, FREDERIKS (1924 b,
1034) referring it to fasciger and REED (1944) to DAVIDSON's species.

The small ¥. warchensis REED (1931 a, pl. 4, fig. 9) is a decorticated
juvenile shell with eostae, plicae, suleus and fold rather as in ambiensis,
The innermost bundle plunges into the suleus sooner than in other specimens
seen. It is likely to be a moosakhailensis as generally understood, and seems
valueless as & species. Unfortunately the Middle and Upper Productus
Limestone specimens named N. warchensis scabrose by REED (1944) could
not be found when I was at Calcutta.

In some respects N. ravana plicatifera REED (1944) invites comparison,
The ventral umbo of F 17034 (pl. 26, fig. 2) from the Upper Productus
Limestone is more incurved than in N. revene. Cardinsl extremities are
not alate, and the sulcus appears to be deeper and the fold higher than what
is usual for mocsakhailensis. Compared with the type of ambiensis it has a
deeper sulcus, but similar plicae and umbo, though the cardinal extremities
are not alate at such an early stage. Costae are worn to look like of ambienasrs,
which itgelf could be worn. The inner suleal bundles are low as in ambiensis,
and not as high as in many moosakhailensis, but again, those of F 17034 are
worn. In the second figured specimen (F 17035, pl. 29, fig. 10) from the
Middle Productus Limestone, the costae seem lower than in DavIiDsoN’s
species, but the dorsal valve is obscured posteriorly. The sulcus is shallower
than in the other specimen, and with the plicae seems to he virtually the
same as in moosakhailensis. The fold is narrower, but could be compressed,
and the low costae compare best with those of ambiensis.

The spocimens described as N, fasciger nitiensis by RExp (1931 a, pl. 4,
figs. 10, 11) have high primary costae, well developed bundles, moderately
high fold, and strong concentrics as in moosakhailensis.

N, marcoui undate REED {1944, pl. 25, figs. 1, 2} from the Lower Preductns
Limestone is moderately close in appearance. The specimen of fig. 2 was
examined, and found to have a sharply raised dorsal fold and suleus, with
more plicae and more alate cardinal extremities than in marcoui, although
the bundles are low over the umbonal region. Costae vary from fine to broad,
and have narrow interspaces. It is rather like N. ravana plicatifera but has
finer costae, and alate extremities and the inner plicae are lower.

Specimens described by DIENEE are particularly close to the Nepal
specimens. The transverse specimen from Spiti with wide suleus in DIENER
(1899, pl. 5, fig. 4} is almost identical with specimens from F 130, whilst
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the Zewan specimen {pl. 5, fig. 6) of which I have a mould, is very close to
the specimen from F 148, apart from a slightly wider sulcus. The Kiunglung
specimens of the Productus Shales (DIENER, 1897 b) also tend to be trans-
verse, and the specimen figured in pl. 5, fig. 4 differs from WAAGEN's speci-
mens in that the innermost pair of vential plicae are not incorporated in
the sulcus, and the costae are broader and lower, especially in the dorsal
valve. The ventral umbo also is rather low. The transverse specimens from
Kiunglung that were referred by Diener (1897 b, pl. 5, figs. 2, 3) to Spirifer
sp. aff. fasciger are prohably conspecific, to judge from inspection at Calcutta.
They have a high narrow fold, and costae a little coarser than in moosak.
hailensis but not as rounded as in marcoui, heing somewhat angular.

Two ventral valves forwarded to me by Dr. G. Fucus from K 16, a fossil
horizon just above the Protoretepora ampla beds of North Barus, Kashmir,
are moderately transverse with the sulcus not as wide as that of some
Nepal or Spiti specimens, but a little wider than that of specimens from
the Balt Range, though the width may have been affected by flattening.
The plicae do not show outward curvature, the costae seem to be undifferen-
tiated, and low, without steep sides, and the anterior-Jateral margins to he
much less rounded than usual. Thus the specimens would appear to belong
to another species, unless considerably affected by distortion and weathering,
but are a little closer to N. gmbiensis in their alate extremities.

Superficially at least the supposed Upper Carboniferous or Lower Permian
specimens from north of Baroghil Ailak, Chitral, described by REED (1925,
pl. 6, figs. 1, 2), are close in shape, plication and suleus, but appear to have
stronger costae. They were referred to two taxa by REED, S. fasciger
paucicostulate BEED and 8. fasciger moosakhailensis, but are likely to be
identical. A Tibetian specimen referred to paucicostulatea by REED (1930,
plL. 2, figs. 1, 1 a) has rounded anterior-lateral extremities and strong costae,
showing little resemblance to N. moosakhailensis.

Rerp (1944) suggested that the Lachi specimens assigned to DaviDson’s
species by Muis-Woob (1941) belong to a distinet variety. According to the
figure the innermeost pair of plicae seems to be very low, as in the specimens
from F 130 and in N. ambiensis,

The Tibetian specimens described as N, moosakhailensisby Tivg Prr-CHEN
(1962, pl. 1, figs. 1—5) are of considerable interest, for although elose to
Davipson’s specimens, they are moderately well rounded in outline, and not
transverse like the Nepal and Himalayan specimens to the south, thus
comparing with those described by Moir-Woobp (1941). They have subdued
innermost plicae. N. kuberensis looks moderately similar, whereas N. fibe-
tensis looks to be of marcoui stock,

The moderately elongate specimen figures as Spirifer fasciger from the
,»Fusuline’* Limestone of the Shan States by Diexes (1911, pl. 1, figs, 9 a—d)
has not been examined at first hand. It has lower plicae than usual for
moosakhailensis and a rather evenly concave sulcus, but is otherwise close
in appearance, though the nature of the costae is not clearly shown in the
figures. The Indochinese specimen from Khamkeut of Mawsuy (1913 a,
pl. 5, fig. 6) also haz low plicae, and moderately well developed concentric
growth lamellae. It is undoubtedly conspecific with several other Neospirifer
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from the same locality, though Mawsuy (1913 a) preferred to recognise
several species. Some of the Mongolian specimens figured by GraBAU
(1931, pl. 23, figs. 5—8) are likely to be close, though the specimen in fig. 5
seems to have a sinuate fold, and the specimen of fig. 8 has very coarse costae
and few plicae. The specimen in fig. 7 is quite like the Nepal specimens in
general appearance. A number of the Russian forms so identified are prob-
ably not related, such as the ventral valve recorded from Ussuriland by
FrEDERIKS (1924 h).

The small Madagascan specimens reported by ASTRE (1934) seem to be
allied. They were examined some years ago at Toulouse, and found to have
fine costae, not greatly differentiated, although the median costa is slightly
higher than its neighbours. Plicae are low and numerous. The umbones of
both valves are inconspicuous, particularly that of the dorsal valve, the
cardinal extremities bluntly rounded, and the sulcus broadly V-shaped in
cross-seotion, with a coneave base, and two inner plicae near the trough,
In the moderately large specimen figured by AsTrE (1934, pl. 8, figs. 17, 18)
the dental plates are fused for 2 or 3 mm. under the umbo, and are discrete
anteriorly. The adductor platform is unusually wide, and the dlductor
scars very long.

Shells referred to the species from Indonesia, and allied species, are
discussed in WarERHOUSE (1964 ¢). According to observations of the types
recorded in WATERHOUSE (1964 ¢), 8. #morensis MarTIN (1881} and shells
assigned to moosakhailensis by RorrpLETZ (1892) from the Indonesian region
have more angular costae posteriorly than in the types of Davibsow, A
specimen from this region recorded by BEYRICH (1865) has not been seen,
and the Letti specimen figured by Broirr (1913, pl. 21, fig. 19) is too frag-
mentary to decipher.

When examining the various specimens from Indonesia, it appeared that
the Bitauni specimens of Broirr (1916, pl. 120, figs. 12, 13} are more alate,
with slightly stronger costae and more tented plicae, and perhaps a more
angular sulecus narrower anteriorly than in the so-called Spirifer jasciger
from younger beds of the area. According to notes, the Noil Fatoe specimen
in Broiux {1916, pl. 12}, fig. 2) has low somewhat angular plicae, persisting
to the anterior margin, a sulcussomewhat V-shaped in cross-profile posteriorly,
becoming evenly concave in front, and fine costae with rounded crests,
The Basleo specimens tend to have fine costae with rounded or slightly
angular crests, and moderately angular to round-crested plicae, and gently
concave sulcus, A plaster duplicate of the Basleo specimen figured in BroirLt
(1916, pl. 120, fig. 11) has a more evenly concave floor to itz sulcus than seen
in the specimens from the Middle Productus Limestone, and, to judge from
on the unrveliable evidence of an internal mould, more rounded plicae.

Examination of the unfigured specimens mentioned by HaMLET {1928}
and kept at Delft showed that these specimens have slightly coarser costae
than those described by Broirr, with 3 subequal costae in 3.5 mm. at 12 mm.
from the umbo, 3 to 5 costae occuring on a bundle, and & at 24 mm. from the
umbo on some specimens, though others have more numerous costae. Crests
are somewhat angular, and the plicae moderately angular in cross-profile
near the umbo, becoming rounder and lower anteriorly. The suleus is rather
narrow and deep.



Specimens at Amsterdam showed well developed growth-lines and fine
costae, often ’‘split’ into two or even three. Bome specimens have a very
wide suleus, recalling the Himalayan specimens.

In summary, the Nepal specimens mateh well with those from the
Himalayas described in various reports by DiENER, and perhaps by MUIR-
Woob, though her specimens are too poorly preserved to allow certainty.
They also agree, to judge from figures, with some of the Basleo specimens
figured by BroivLx (1916) as fasciger and do not appear to differ except per-
haps subspecifically from the Salt Range Middle and Upper Productus
specimens described by Waacex and Reep. The relationship to DaviDson’s
moosakhailensizs types is a little more obhscure, partly because it is so long
sinee I have seen these types. My Pakistani colleague Mr. Fatmr informed
me that N. moosekhailensis is now though to have possibly come from a
Lower Produetus Limestone locality. This is not surprising in view of at least
a superficial resemblance o Lower Productus forms described as marcous
undata REED, or to the Bitauni V. fasciger of BroiLI (1916}, or N. wairakiensis
WarergoUsE of New Zealand. Separation from younger specimens may
not be easy, for, f DaAviDsoN's species is indeed Lower Productus, the younger
forms referred to moosakhailensis and ambiensis possibly descended from it If
the importance of lowness of the cardinal interarea and alate extremities of
N. ambiensis is discounted it may be possible to refer the younger specimens
to ambiensis.

Neospirifer ravane (Digxer, 1897 b)
Pl 9, fig. 2; PL. 10, fig. 4
1897h Spirifer ravane DIENER, p. 34. pl. 3, figs. 1a—e; 2,
1903 Spirifer marcowi DIEXER, p. 187, pl. 9, figs. | a—d.

Material: Fragments of three specimens with valves conjoined from
F 112,

Lectotype: (Here designated). Specimen figured by DiENER (1897 b,
pl. 3, figs. 1 a—c). F 6159, kept at Geological Survey of India, Calcutta.

Diagnosis: Large Neospirifer with low ventral umbo and moderately
strong plicae that persist to the anterior margin. Sulcus deep and fold
high.

Dimensions (in mm.):

Width Length Length Height Height Musele field
idl Ventral Tiorsal Ventral Dorzal Width Lengil
120 1067 38
121 86 180 47 41 139 38
Description:

External: The specimens are huge, and have consequently proved
difficult to extract. They are subpentagonal in shape with a prominent umbo,
hinge at almost the maximum width of the shell, and slightly obtuse cardinal
extremities, forming short ears in one but not the other large specimen.
In front of the concave recession that limits the ears the anterior-lateral
~ margin sweeps roundly forward to a very high fold and deep suleus. In the
largest specimen the ventral interarea is about 15mm. high, and weakly
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concave under the tip of the umbo, inclined as a whole at about 120° postero-
ventrally from the commissure, whereas the dorsal interarea lies more
nearly in the plane of the commissure, and is about 8 mm. high, and almost
flat. Vertical and horizontal striae cover both interareas, and the ventral
one is interrupted by a delthyrium with an aungle perhaps near 60°—it
is not well exposed—and the notothyrium is covered by matrix and shell.
Plicae are of moderate height. Over the ventral umbo the innermost pair
diverge at about 10° to 15°, and plunge into the sulous within the posterior
third of the shell length, fading in strength asthenext pair gainsin prominence.
Posteriorly they are neither angular nor well rounded, but antericrly are
rounded ; whereas the next two pair are broad and well rounded over the
anterior half of the shelil length. Beyond the third pair plicae are not clearly
defind on the large specimen, but a fourth is vaguely indicated on another
fragment. In the dorsal valve the plicae are well displayed, a low rounded
pair lying on the flanks of the fold for most of the length of the shell, and two
pair to each side persisting for over two thirds of the shell length and more
angular in profile than those of the ventral valve., There seems to be no
Plicae over the cardinal extremities of this specimen, but three pair ocour
on the smallest fragment, and perhaps four pair on the largest specimen.
Costae are low and rounded on all specimens as far as they are visible, but
cannot be seen over the umbones. The size of costae varies a little in breadsh,
but not significantly in height. About 7 oceur in 5 wmm. at about 12 mm.
from the ventral umbo, compared with 5 in 5 mm. at 45 mm. from the umbo,
with at least 12 at this position over the plication hordering the sulcus,
and 18 in the sulens, counting the innermost pair of plicae. Five costae
also oceur laterally in 5 mem. in the obscure fragment. Four to five costae
occur in 5 mm. at 50 mm. from the dorsal umbo, decreasing to 3 in 5 mm.
at 70 mm. from the umbo, both counts made near the mid-line, whereas
5 oceur in B mm. at 50 mm. from the umbolaterally. Theyincrease by branch-
ing asin other species, but preservation is too poor to make costal diagrams.
About 12 costae occur on the plication next to the fold at the anterior
margin in the largest specimen, and on a small fragment. The shells are
decorticated, and fine surface ornament not preserved.

Internal: The little of the ventral muscle field exposed on one of the
large specimens suggests that the adductors are narrow and raised, and that
the diductors are lightly striated (5 to 6 per millimetre) with obligue grooves
passing from the ridges postero-laterally. Large slightly elongated vascular
pits are vigible laterally near the cardinal extremities.

The largest specimen has been leached in acid to show low dental plates,
concave inwards, and an enormous musele field, divided posteriorly by a
short narrow myophragm. Adductors are poorly differentiated, and perhaps
restricted to a narrow band of fine longitudinal striae separated by very
narrow interspaces, 3 to 6 per millimetre, and increasing in height anteriorly.
This band forms a narrow peaked ridge posteriorly, and becomes a little
wider with a more rounded crest in front. To each side and not separated
by any groove or ridge are the huge diductors, lightly striated by narrow
longitudinal ridges with wide interspaces, about 2 per millimetre, as well
as finer striae in places, at § to 10 per millimetre. The shell to the sides
and in front of the field is confusedly pocked by pits and pustules, with
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radiating grooves and ridges laterully, which pass into a zone of fine aligned,
pustules, 2 to 3 per millimetre in a somewhat anastomosing pattern, succeeded
peripherally by a band nearly 10 mm, wide of coarse pustules up to 1 mm.
apart. These become a little finer peripherally, and give way to an almost
smooth band, adjoining the commissure with low radiating ridges and grooves,
About 18 turns of the spire, each only about 0.5 mm. wide, are exposed in
the large fragment from F 112 :

Resemblances: The specimens are identical with N. ravane {DIENER)
in the large size, shape, strong plicae and moderately strong costae. Exa-
mination of the type F 6195 at the Geological Survey of India, Caleutta,
confirmed the presence of the huge muscle field and deep suleus and low
umbo emphasized by DieNER, and showed that the costae are moderately
low with round crests and narrow interspaces. Lateral plicae are very
faint. Growth-lines indicate a V-shaped suleus at mid-length, becoming
wider and U-shaped anteriorly.

The specimen F 7465 from the sandstone below the Kuling Shales re-
ferred by Digwer (1903, pl. 9, fig. 1 a—d) to S. marcout WascEN has a
gimilar low ventral umbo and wide sulcal tongue as in N. ravana, and the
same alate cardinal extremities as in N. marcoui and one Nepal specimen
of N. ravana—those of the type ravana are unknown. The dorsal valve
is a little more plicate than in marcoud, suggesting an approach to that of
ravana, though illustrations wrongly imply that the shell is not so plicate.
Costae are finer than in marcoui or type ravana. The dorsal fold is not as
high or as narrow as thas of marcoui, and the ventral umbo less incurved.
On the whole it appears likely that the specimen does helong to N. ravana,
This resolves the problem of the age of the beds, for previous workers have
expressed puzzlement at the association of the Lower Permian N. marcoud
with a naumber of Upper Permian species.

Specimens from the Productus Shales of Byans and Kiunglung were
also compared to N. ravana by DIENER (1903, pp. 106, 132), with the comment
on their similarity to marcoui — presumably the Kuling Sandstone specimen.
I have not seen the specimens.

N. ravana plicatifera REED (1944, pl. 26, fig. 2) from the Middle Productus
Limestone has a more incurved ventral umbo than in the types of ravana,
non-alate cardinal extremities, and a narrower dorsal fold. The sulcus is
V-shaped, deeper than in N. marcoui, and the costae seem to be finer than
in marcoui or ravens, to the extent that the specimens could belong to
N. moosakhailensis, though the sulcus is deeper and the fold higher than iz
usual for this form. The second figured specimen {pl. 29, fiz. 10} has even
stronger plicae, and a shorter sulcal tongue, and high narrow fold. The
costae seem lower than in mossakhailensis, but REED’s specimen is too small
to allow adequate comparison with the ravana types, of which the umbonal
portion is decorticated and partly destroved. It could even be a descendent
of N. oldhamianus as the umbo is closer though less ineurved than N. marcoui,
and the suleus V rather than U-shaped. In many respects this variety
of REED's belongs to the moosakhailensis complex. The discovery of the
specimens from Nepal and the identification of the Kuling specimen should
aid a reassessment of the relationship of REED's specimens to ravana,
hitherto based on rather few poorly preserved specimens.
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The suleus of th: Nepal specimens is moderately like that of the
Kiunglung N. moosakhailensis described by DiExzEr (1897 b, pl. 4, fig. 2)
and D1ENER (1899, pl. 5, fig. 3), in which the innermost pair of plicae becomnes
very low anteriorly and subordinate to the second pair. The dorsal fold is
similar posteriorly, but narrower anteriorly, and the umbones more prominent
{plL. 5, fig. 3). DIENER's specimens of N. ravana have much the same costae,
but are less transverse at maturity.

The relationship of N. ravana to the other three Salt Range species
poses something of a problem. N. oldhamicnus (WasgEN) from the Middle
Productus Limestone differs in shape, and has rounded cardinal extremities,
and low plicae on both valves, with low, broad or fine costae tent-shaped
in profile, and a fine ornament mainly of pustules (5 per millimetre) and some
growth-lines. In . moosakhailensis the ventral umbo is a little more pro-
minent, and plicas moderately high with tented or high rounded costae.
In N. marcoui the eardinal extremities are also alate, and the sulcus V-shaped
rather than U-shaped in cross-section, Plicae are low on both valves, and the
umbo small and peinted, but perhaps larger than that of either of the
other two species. Costae are broad or narrow with well rounded crests
and noticeably narrow interspaces. In shape ravana is rather like marcoui,
and has a low umbo, rounded costae, and narrow interspaces, but is more
plicate, and has a U-shaped suleus anteriorly, so that if descended from this
form, as seems moderately likely, it must have evolved considerably. As far
ag sulcus and umbo are concerned, oldkamianus is closer, whereas moosak-
hailensis has somewhat similar plicae. Further observations are hindered
by not having the types available—it is a pity that the Nepal material
was not accessible when the types were examined.

Vartous specimens from the Lower Permian of Asia that have been re.
ferred to N. ravane are unlikely to be conspecific, the specimens so-named
by CerxyEEv (1902, pl. 49, figs. 2, 3) baving a much more prominent ventral
umhbo and transverse shape, more as in the fasciger complex, whilst the Byro
and Wandagee specimens of Western Australia, figured as S. marcoui by
EruERIDGE (1914, pl. 1, figs. 5, 6; pl. 2, figs. 8, 9) and referred to ravana
by SrEPANOV (1937) seem much more like marcowt, particularly in view of
the low plicae and very deep sulcus and high narrow fold. DuxBar (1955,
p. 132) referred Greenland and Spitzbergen shells described as ravane by
FreEeorp (1931} and WiMax {1914} to S. striato-paradoxus Tovrs (1873).
They have a shallower sulcus and lower cardinal ares than in revana.

Genus FUSISPIRIFER n. gen.

Type species: Spirifer nitiensis DIENER (1897 b).

Diagnosis: Distinguished from Neospirifer fasciger and its allies
(which have an umbonal plate across the delthyrium), and Neospirifer
watrakiensis WArergoUSE and allies {which lack this plate) by extremely
transverse outline throughout ontogeny, and narrow suleus, and thick
delthyrial filling with external pits. '

Discussion: In internal details Spirifer nitiensis agrees with those
deseribed for Neospirifer, but appears to havea thick delthyrial plate with two
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depressions rather than the thin plate striated with growth-lines of N. moosak-
hailensis, It also differs in its extremely transverse outline, and also initzrather
straight-edged, well defined sulcus, which passes above the inner adductors
whereas in mature Neospirifer the entire musele field underlies the suleus, The
ventral interarea iz high and umbones very low, features which also appear
in some species assigned to Neospirifer. Growth.lines in the type appear
to be non.lamellate, in contrast to Neospirifer from the same area. The
similarity of 8. nitiensis to a Sakmarian species Spirifer byroensis GLAUERT
suggests that the genus extended throughout most of the Permian. Differences
from some Neospirifer species are subtle but are here taken to imply generic
significance, especially in view of the vast host of other species closely
similar to N. fasciger. The nature of the suleus and delthyrium are possibly
more significant than the transverse shape, which may yet be found to
change in late ontogeny, although comparizon between the very large senile
F. nitiensis figured herein (pl. 11, fig. 5), with a large gerontic Neospirifer
i(pl. 9, fig. 2) would suggest that shape remains important throughout onto-
geny.

Fustspirifer nitiensis (D1ENER, 1897 b)
Pl 9, fig. 5; PL 11, fige. 1, 3, 4; Pl 12, fig. 1
1897b Spirifer nitiensis DiExER, p. 41, pl. 4, figs. 4, 5a—e .
1899  Spirifer of. nitiensis Diever, p. 65, pl. 5, fig. 9.
? 1903 Spirifer nitiensis DIiENER, p. 106, pl. 4, figs. 6a, b; Ta, b.
1948  Neospirifer nitiensis BraNsoN, p, 499
Material: A large specimen with valves conjoined from F 113, and 4 ven-
tral valves from F 58. Specimens somewhat broken and distorted, internal
details exposed by leaching in hydrochloric acid.

Lectotype: (Here designated.) Specimen figured by DiExerR (1897 b,
pl. 4, figs. 5 a—e). Kept at Geological Survey of India, Caleutia.

Diagnosis: Transverse shells with low umbones, narrow suleus posteri-
orly, low short plicae and moderately strong costae.

Dimensions (in mm.):

Collection Length Height Umbonal  Sinal  Cardinal
Number Width Ventral  Dorsal Ventral ~ Dorsal Angle  Angle  Angle
58 4120 41 +12 22°
113 170—175 63 475 27 34 33° 30°
58 170 20 b 135° 277
58 139 N +13.5 160°  27° 130°
Collaction Shell Musle fiell Adductor
Numher Width Width Length Wiidth
113 170—175 137 137 6.5
58 ¥70 15 11.5 2.5
58 +120 21 20 3.5
58 2160 33 24 8
Description:

External: The specimens are transverse, with low ventral and dorsal
umbones, and extremely long hinge. Cardinal extremities are poorly
preserved, but faint growth lines sugpest they might be somewhat obtuse,
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though this is not certain. In the large specimen from F 113 the ventral
interarea is over 15 mm. high, and curves through about 90°. Similar
curvature is seen in the largest specimen from F 58, which has an interarza
about 12 mm, high. All are marked by horizontal growth striae, and by more
or less vertical grooves which vary in definition and attitude. In the smallest
specimen from F 58 they are approximately vertical, and rather shallow;
in & gpecimen of intermediate size they are more prominent over the posterior
part of the interarea, more or less sinuous in cutline, and inclined outwards
from the umbo; in the largest specimen they are fainter, and arch out-
wards. The delthyrium varies in size, but has ah angle close to 90°and is closed
under the umbo in the two smaller specimens by a thick mass of callus
between the adminicular plates, forming an almost flat surface with two
depressions side by side near the middle. This thick plate is separated from
the dental plates by a narrow groove, and the edges of the dental plates,
which form a narrow ridge with a convex crest, are separated from the
interarea by another wider groove, sometimes lightly striated by growth
lines. In the largest specimen most of this detail has been masked by
secondary thickening. The lateral walls are very short, and the anterior
margins inelined at about 30° from the hinge, extending with slight forward
convexity to the suleus and fold. These arise at the umbones, and are in-
conspicuons posteriorly, the sulcus forming a concavity well defined by the
two lateral plicae, which beyond mid-length become swallowed as the suleus
widens. The dorsal fold becomes prominent close to the umbo, and is very
magsive in front, with a gently rounded crest, and no tongue, and to each
side the dorsal valve arches ventrally so that the dorsal valve is higher than
the ventral. Plicae are very low, with only the innermost pair clearly dis-
cernible, though two or three more pair lie laterally. The inner pair persist
to about mid-length, the remainder for a much shorter distance, of not even
10 mm. (ostae are broad and low, with rounded crests and narrow grooved
interspaces. On the large ventral valve from F 113 about 4 to 5 occur at
20 mm. from the umbo in 5 mm., of even size, except for an apparently
magsive inner costa at the crest of the innermost pair of plicae, On F 58
the density is only 4 costae in 5 mm. at 12 mm. from the umbo. The inner
cozta at the crest of the inner plicae is massive and one arises each. side, the
outer before the inner, and anferiorly becomes as strong as the middle
costa. Lateral bundles possibly have only twoe costas. A median costa
lies in the sulcus, and a lateral one possibly arises each side — details are
obscure. Fine radial capillae are well developed, 8 or 9 occurring per milli-
nmetre at 2 to 3 mm. from the umbo, and about 7 to 8 at 12 mm. from the
umhbo. Concentric growth lines are much finer, 16 oceurring per millimetre,
2 to 3 mm. from the umbo, and about 10 at 12 mm. from the umbo. Plicae
also very low on the dorsal valve, with 6 to 7 low costae in 5 mm. at T mm.
from the umbo.

Internal: Three specimens show internal features of the ventral valve,
One was leached naturally apart from inner shell, and so its exterior is poorly
known, the other two were leached in acid. In the natural mould and small
leached specimen the dental plates are low, and converge inwards at perhaps
115°, and are supported by low adminicula, diverging to the floor of the valve
at 130° to 140° with the outer sides buried in secondary shell. Fine denticles,
about 3 per millimetre, are developed along the hinge. A low narrow ridge
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runs up the posterior wall of the small specimen, and forms & myophragm over
the posterior half of the adductor platform. Two short ridges appear along
the mid-line in front, as though theie were a ridge in soft tissue, only partly
calcified. In the natural mould the myophragm is broad postericrly, and
persists to the anterior margin of ths field. In thesmallspecimentheadductors
widen steadily to the anterior margm of the field, are smooth postericrly,
and lightly striated longitudinally in front, and apparently separated anteri-
orly from the diductors by a low ridge. Those of the natural mould are more
clearly discernible for they are depressed below the diducters anteriorly,
as well as being defined by the low vidge each side, and their maximum width
lies near the anterior third of their length, in front of which the sides converge
slightly. As well as the longitudinal striae over the anterior two thirds, the
posterior rather smooth portion is marked by oblique strize which radiate
posteriorly from the myophragm across the posterior diductors, and curve
forward laterally. In front, the diductors are marked by ridges wlich inerease
by intercalation (2 to 3 per millimetre) and grooves, withtraces of finer ridges.

In the small specimen the posterior and lateral areas of the diductors are
rather smooth, and in both there is a change in inelination along the inner
side of the sulcus, close to the adductors. The remainder of the valve floor
is smooth apart from fine pustules and anterior costae in the small specimen,
but is pocked by a few deep pits posteriorly, and by low more or less radiating
grooves and ridges each side of the muzele field.

In the large specimen leached in acid, the teeth are supported by low
scapular-shaped dental plates which rest on short adminicula buried in
secondary shell. The dental plates diverge to the floor of the valve at 120° to
130° and diverge forwards at about 70° to 80°, There does not seem to be
a low umbonal callosity, but this part iz damaged. Hinge denticles cannot
be clearly digcerned, though the vertical siriae of the interarea seem to persist
for a short distance on to the inner side of the posterior wall. The median
quarter of the muscle field is occupied by a slightly raised adduetor platform,
divided by a median ridge and marked by a few longitudinal ridges and
grooves posteriorly, but otherwise smooth. Diductors are faintly marked
by longitudinal striae, and the remainder of the valve by low pustules, 2 to 3
per millimetre, as well ag low radiating vascular or genital markings. In
the large specimen from F 113 the veniral muscle field is poorly known. The
hinge is denticulate, 3.5 teeth occurring in 5 mm., and faint vaseular markings
are seen laterally on the ventral valve, whereas the dorsal interior is almost
smoocth.

Resemblances: These specimens agree well with F. nitiensis (DIENER)
from Kiunglung, Productus Shales, and Spiti, and perhaps the Lissar Valley
shells, though the Nepal specimens are a little too decorticated to allow
adequate comparizson of the ornameni. The. shells deseribed by DIENER
{1903} from the Lissar Valley seem to have better defined plicae than usual,
but this may not be significant. The specimens also recall Spirifer rostalinus
auritus Hosging (1931, pl. 8 A, figs. 4—7) with its similar shape, ventral
umbo, sulcus and median sulcal costa, but the plicas appear to be a little
stronger on this. form, and the. anterior marging to become more convex
at early maturity. They were treated as a variety of S, rostalinus, a relatively
long shell, which is highly transverse only at an early stage of growth,
before becoming subrectangular in shape at maturity.
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Spirifera byroensis GLAUERT (1912) figured by ETHERIDGE (1914, p. 25,
pl. 4, fig. 10; pl. 5, fig. 3; pl. 6, figs. 1—5) from the Lyons beds of Mt. Marmion
and Byro Station is a similar form, slightly less transverse perhaps, and with
finer costae and lower umbones, and lacking the strong median sulecal rib,
GLAUERT. (1912) in naming the species referted to the specimen figured from
Fossil Hill, Wyndham River, by Etueripge (1303, p. 15, pl. 1, fig. 8).
This would seem from the figure to lack fine bundled costae, the ornament
appearing to consist of fine plicae, much as in the species to which ETHERIDGE
referred the shell, Spirifer lata McCoy (1847), though distinguished by suleal
costae. GLAUERT also commented on the absence of ribs in bundles in
EmHERIDGE's S. late. Of the types described by GrLaUERT, the specimen
figured in ETHERIDGE {1914, pl. 8, fig. 1, and 2 if the same specimen} is here
designated lectotype.

Neospirifer tomiensiz BESKOSS0VA (In SaryYCEvVA ¢f al, 1963, p. 269, pl. 57,
figs. 1, la) is possibly congeneric, It is less transverse with slightly stronger
plicae than in F. ndtiensis.

Fusispirifer plicatus n. sp.
1928  Spirifer nitiensis (not DIENER) B1ow, p. 24, ph. 1, figs. 1, 2 a, b; pl. 4, figs. 8—13;
pl. 5, fig. 9.
Holotype: Specimen figured by Biow (1928, pl. 4, figs. I1 a, b), F 13186
{Geological Survey of India, Caleuttal.

Diagnosis: The specimens from the Agglomeratic Slate of Kashmir
which were referred to S. nitiensis by Brox (1928) are a little smaller than
DieNER’s specimens, and distinguished by the more prominent ventral
umbao, and stronger plicae, as well as other features. They are more narrowly
transverse than 8. byreensis from Western Australia. ’

Genus SPIRIFERELLA CerNySEV (1902)

Type species: Spirifer saranae DE VERNEUIL (1845).

Diagnosis: Oval shelis with heavily thickened ventral valve and seulp-
ture of plicae, ecostae, and pustules, interspaces narrow. Internal details
as for Neospirifer, ventral adminicula short, buried in secondary shell,
delthyrial plate tiny.

Discussion: FrREDERIKs (1924 a) crected the gehus Elivine and
Ozaxr (1931) the genus Dienerina for Spirifer tibetanus DIENER, FREDERIKS
stating that tibetanus is characterised by cancellate rather than pustulose
fine ornament. However specimens from Nepal that appear to belong to
tibetanus have a pustulose ornmament, much as in Spiriferella saranee. In
a recent summary of brachiopod genera Ivawova in SAryOEva (1960)
recognised the validity of Elivine but indicated the type genus as being
8. tibetanus CERNYZEv. It is probable that FREDERIKS interpreted fibe-
tanus from CERNYSEV's specimens. These are considered to belong to a
species not conspecific with fibetanus, and, if they are characterised by can-
cellate ornament, may be placed in a separate genus, although study of
Kashmir shells suggests that the distinction between cancellate and
pustulose ornament is not consistent even within a single collection,
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Spiriferella rajah (SALTER 1865)
Pl. 1, fig. 5; PL 8, fig. 2; PL 7, figs. 1, 2, 4; PL 11, fig. 2; PL 12, fig. 2

1865 Spirifer rajah SarTER, p. 59, 111

1866 8. rajeh Davipsow, p. 40, pl. 2, fig. 3.

1899 8. rajoh Diexer, p. 68, pl. 4, figs, 1—7; pl. 5, fig. 1.

1899 8. sp. indet., aff. rajah, DieNER, p. 71, pl. 4, fig. &

1203 5. rajah DIENER, p. 105, 131, 186, pl. 4, figs. 3—5.

1915 8. rajueh DIENER, p. 86, pl. 9, figs. 5, 6,

1941 Spiriferella rajah Muir-Woop, p. 36, pl. 2, figs. 2, 3: 9—I1L

{Possible aubspecies are omitted)

Material: About 14 ventral valves from F 117, showing internal detail,
but a little decorticated, and with the thin marging lost, A decorticated
ventral valve from F 147. A dorsal valve from F 58 might be conspecific.

Lectotype: When in England some years ago I failed to see the type
specimen or specimens named by SALTER, but was informed that they were
kept at Oxford.

Diagnosis: Ventral valve elongated, domed, heavily thickened, with
incurved massive umbo and narrow cardinal extremities, plicae strong,
interspaces narrow, sulcus comparatively shallow, its angle diminishing
antericrly. Distinguished from typical rajek by smaller cardinal extremities
and fewer costac.

Dimensions (in mm.): Ventral Valves From F 117,

W et e VRl S ol Qgeletdl, A
24 7.3  110° 20°  150° 9

21 35 . 12.5 80° 20--12° 1157 85 118

175 34 20.5 '

22 45 185 T0° 20— 8°  120°

23.8 505 20 75° 22— 5° 115°

205 39 24.5 85° 18—12° 70°

-31 40 18 11.5 145

266 34 105  120° 22—15° 122 115 3.2
31 396 155 90° 20—10°  140°

402 b4 20 110° 20—15° 130" 16.2 15 3.9

{Under sinal angle, the first figure indicates the angle at quarter length, the
second at the anterior margin)
Description:

External: The measurements apply only to the thickened posterior
part of the shell, the thin part around the commiszsure having been lost,
30 that the specimens would have been a little wider and longer, and con-
siderably higher. They have also been distorted at various angles, elongated
or crushed flat, and various angles diminished or exaggerated. It also seems
that some of the variation iz original, and that some specimens were more
elongated, with narrower umbones, than others. All are characterised by a
somewhat elongated outline, with a massive incurved umbo, and high
posterior walls sweeping out to very narrow cardinal extremities. In front
of the hinge the shell is well rounded, with the maximum width usually
in front of mid-length. Interareas are very high, and curve in large specimens
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through nwore than 90°. They are marked by vertical and transverse striae,
and interrupted for the median third of the length by a large delthyrium,
of which the sides converge posteriorly by about 30° before arching together
under the umbo. As now preserved the cardinal extremities are obtusely
rounded, exeept for one specimen, which has a tiny acute ear. Growth
lines suggest that up to a width of least 20 mm., up to 30 mm., the extremities
are obtuse, and that as the shell further increases in size, they become acute.
In cross profile the suleus is like a V with a rounded base, and though its
sides widen from umbo to anterior margin, the angle diminishes forward,
g0 that the angle between umbo and suleal edges at the anterior margin
is much less than between umbo and the margin at a half or quarter length.
The fold of the specimen from F 58 is narrow with a shallow interspace bet-
ween two costae, but no marked median claft. Ventral ornament consists
of four or five pairs of plicae increasing in height to the anterior margin,
and separated by narrower grooved interspaces. A median costa extends
for most of the length of the suleus. On most shells the primary costa on
the innermost pair of plicae coincides posteriolly with the plication, and
then branches into two within 10 s, of the umbonal tip, and the outer
costa again branches at about 20 mm. from the umbo. The inner may
branch again at about 30 mm. Two or three low costae may also develop
on the adjoining plication, and the outer pairs usually remain non-costate.
Beyond the plicae the lateral shell is smooth. Tts surface is worn so that
pustules have been lost, and only a few traces of growth-lines remain. One
leached specimen has traces of radial (7 per millimetre) and transverse
striae, possibly interrupted and pustulose, but pressrvation is too poor toaliow
certainty. Another, although riddled by tubes from Doring organisms,
has fine pustules (about 14 per millimetre) in concentric rows of 3 to 4 per
millimetre.

Four pair of plicae occur on the dorsal valve, and a strong costa arises
elose to the umbo each side of the fold.

Internal: Inseveral specimens the floor of the shellunder the delthyrium
is oceupied by a broad, rounded callosity, without anterior fork or median
groove, but the largest specimen has a double callositv—separated by a
shallow median groove which is deepest posteriorly, and persists anteriorly
beyond the umbonal. callosities (which stop jusé in front of the teeth)
as far as the adductor platform. Another specimen leachsd in hydrochloric
acid has a median and two low lateral ridges. Under the umbo of these two
specimens lies a tiny plate, above the floor of the delthyrium, and attached
to the posterior walls and dental plates to each side. Teeth are supported
by scapular-shaped long dental plates which converge inwards at about
1007 to 110°, with a eoncave inner face in some specimens, and supported by
adminicula which, largely buried in secondary shell, diverge to the floor
of the valve at about 40°, and extend little beyond the teeth. The muscle
field lies immediately in front, between the adminieule in most speeimens,
but also outside of it in the largest spscimen. The adductor platform is
narrow, slightly raised, and divided from the diductorzs by a groove. It is
subdivided posteriorly in the largest and leached specimens by a short
ridge which passes forward from the groove dividing the umbonsl callosity,
and by a median groove in other specimens. Tha suiface is convex and

Jaheh, Geoll Bo 4., 1966, Sondesband 12 t



50

iz marked by one or two longitudinal striae in most specimens and finely
striated in the leached internal mould. To each side the diductor scar is
marked by three shallow longitudinal grooves, and a few growth wrinkles
parallel to the anterior margin, as well as fine striations in the leached internal
mould.

The muscle field is raised anteriorly by resting on a ramp-like ridge under
the suleus, and this ridge passes to the anterior margin, with a narrow crest,
and concave sides. Large pustules lis over the remainder of the valve,
at about 5 to 7 in & mm.

The shell of the dorsal valve is less than 0.5 mm. thick, compared with
a thickness of 14 mm. for the largest ventral valve.

Resemblances: These specimens probably belong to Spiriferella
rajah of SavrER (1865), having the same massive incurved ventral umbo,
shallow suleng, and narrow interspaces between wide gently convex plicae,
and no cleft in the dorsal field. In the large specimen figured by Davipsoxw,
and several others, the sulcus, though widening, has a diminishing sinal
angle, just as in the Nepal specimens. Ofgenericimportance is the observation
at Caleutta of pustules on a specimen figured by DiENER from the Zewan
beds. In the specimen figured in 1915 (pi. 9, fig. 5) the dorsal valve has strong
eoncentric lamellae (3 to 6 per millimetre) with low pustules (3 to 4 per milli-
metre) along thair posterior upper surface. The ventral valve (pl. 9, fiz. 8)
has interleaved concenttic lamellae, and about 8 pustules per millimetre,
of definitely smaller size.

The Nepal specimens differ in two respects. They apparently have a
slightly narrower hinge, and definitely have fewer costae, in contrast to
the specimens figured as S. rajak by Davipsox {1866, pl. 2, fig. 3) and most
of the specimens described by Diexer (1899, pl. 4, figs, 1—7; pl. 5, fig. 1; |
1903, pl. 4, figs. 3—5; 1915, pl. 9, figs. 5—6), and Brorur (1916, pl. 119,
figs. 1, 2, 4, 5, 7). The differences are consistent enough to allow recognition
of a minor geographic subspecies for the Nepal specimens, distinet from those
of Kashmir, 8piti and Lissar Valley a little to the west but I defer taking
this step until relationships with vercherei DE VERNEUIL, vikiang Davinsox
and inferplicate ROTHPLETZ are more fully explored. It seems that the Nepal
gpectmens are much more closely related to 8. rajeh than these taxa, which
might however be regarded as subspecies of rajak, particularly ROTHPLETZ s
form. The specimens figured as 8. rajak by Muie-Woob (1841} are poorly
presexved and poorly figured, but are possibly comparable to the Nepalese
shells,

The difference between the Nepal specimens and Davipson's types are
not very significant. It is noteworthy that two dorsal valves figured from
Kashmir by DIENER as S. rajah (1899, pl. 4, fig. 2; 1915, pl. 9, fig. 5) and Spiri-
fer sp. indet. aff. S. rajak (1899, pl. 4, fig. 8) have few costae. At least two
Spiriferelle clusters vary considerably in the amount of costation. For
instance most of the Basleo specimens described by Brorni (1916, pl. 119,
figs. 1, 2, 4, &, 7, 9) have numerous costas, but several other specimens
(pl. 118, fig. 19; pl. 119, figs. 3, 6, 8, 11) have few costae, and a few internals
are figured, with the costae not displayed (pl. 120, figs. 1—6). However
most of the apparently non-costate specimens are all rather small, and could
have developed costae at a later stage of growth. Nevertheless there is
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some variation of costation, for a plaster duplicate of the specimen figured
by Brotol (1916, pl. 119, fig. 4), kindly presented from the University at
Amsterdam, clearly shows the presence of costae close to the umbo, well
before the size reached by the non-costate specimen of fig. 8. The variahility
in ornament, and especially the greater depth of the sulews and slightly
less rounded plicae of these Basleo forms suggest another distinet geographie
race, and it is interesting to note that Bro1vr (1816, pl. 118, fig. 11} figured
cancellate orhament without pustules. A median cleft is developed in the
fold, unlike the Nepal, Davinson’'s or MuIR-WooD’s specimens, but like
some of DIENER’s shells.

Perhaps the Timor specimens are identical with the S. inferplicata
RotupLETZ {1892) from Ajer Mati, in which case they could be treated as
S. rajah inderplicate. Unfortunately the types of inierplicate are so small
that adequate comparison is very difficult, though it may be noted that the
costaz curve outwards a little more than in the specimen figured by Broirx -
(1916, pl. 119, fig. 4). When examining the ROTHPLETZ specimens in 1957 1
considered that there was no apparent difference from Broinr's S. rajah,
especially in the dorsal valve. The two specimens are small, and probably
immaturs, despite the fact that the cardinal interarea ends abruptly, rather
than tapers to a point. Four costae were counted in the figured specimen
on a plication &t 18 mm. from the umbo, and thedelthyrial angle was measured
as 90° to 100°. The other {unfigured) specimen is non-costate,

Another group of Spiriferelle with even more variation in ornament,
though from single localities, was roferred to various taxa by GraBAU
(1931) in describing oeccurrences from Mongolia. Two costate shells were
referred to rejek (1931, pl. 22, figs. 1, 2) but one iz very fragmentary, and
the other an internal mould, difficult to compare with the material preserved
as shells from Kashmir and Spiti. Associatedlesscostate and non-costate shells
wers referred to S. salteri CERNYSEV var typice, and var wimant and var
stmplexr, and to 8. kzilhavi (von Bucu) and 8. keilhaviiformis FREDERIKS,
all from ths fossil locality F 1209 of the Spiriferelle bed. To judge from
tllustrations most of these aye likely to be conspecific, and although there may
be value in distinguishing morphological varieties, they are no more than
varieties. Certainly GRABAU’s reference of some non or sparsely costate
Spiriferella described by DrEXER and BroiLI to varieties of a species different
from associated rajoh seems unwarranted.

In 2 work not available in New Zealand DE VERNETIL (1867) described
from Barus Valley Spiriferelle vercherei, distinguished from 8. rejah of
Bpiti by its few costae. DIENER (1899) stated that the absence of costae wasg
due to weathering, and followed by Mvuir-Woop (1941), synonymised the
Barus Valley form with rajak. It is certainly clear from DIExER’s illustrations
that at least some Barus Valley specimens are costate (1899, pl. 4, fig. 1) and
some dorsal valves from Spiti and Mandakpal, not particularly weathered for
they still show growth-lines, have few costae (see above). Rerp (1925)
indeed also discounted the effect of weathering, and considered DEVERNEUIL S
taxon to be wvalid.

A number of specimens sent to me from K 13, the Spirifer rajeh horizon

at Mandakpal, Kashmir by Dr. Fucts possibly belong to vercherei and almost
certainly agree with S. vikiana Daviosox (1866). They have wide hinges
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and a transverse shape, two or three more pairs of plicae than in the Nepal
8. rajak and a cancellate fine surface ornament with few pustules, thus
differing at least to subspecific level. Costas are absent or rastricted to the
anterior margin, or to the inner plications. A number have a median sulcal
plication, and strong subplication each side of the sulcus along the inner edge
of the first pair of plicae, just as in the Tibetan shell referred by Tine Prr-
CuEN (1962, p. 462, pi. 3, figs. 2 a—c) to §. salteri. The sulcus of the Tibetan
shell is similar to that of the K 13 shells, but the hinge narrower and plicae
fewer. The Tibetan specimen differs from 8. salteri figured hy CERNYSEV
(1902, pl. 12, figs. 5, 6) in having a lower ventral interarea, narrower hinge
and suleus and fewer costae,

Lower Permian Chitral specimens assigned by REED (1925) to S. rajeh
and 8. wverchered vary in costation but are likely to be one species, even
though the “rajah” shells have wider sulcus, lower plicae and more costae
posteriorly than shells referred to werchered. The large number of plicas
{seven pairs), and rather narrow suleus that seems to be a little wider than
in some specimens of S. rajak suggests that they are slightly closer to vercherei,
Abgence of the hinge and dorsal valve makes further comparison difficult.
They are moderately close to the Nepal specimens in incurved umbo and
masgive posterior shoulders, but seem to have a mors clearly defined median
costa, & harrower veniral umbo, and narrower delthyium, and slightly wider
suleus and more numerous plicas. Aeceording to REED the ornament is can-
cellate, with pustules.

A Salt Range specimen recorded as vercherei by REED (1931 a, pl. 4,
fig. 12) is a small decorticated speciinen with a wider sulcus than in the Chitral
“vercherer”’, and so like that of Chitral S. “rajak”, but a little deeper. The
shell is wider and the plicae more widely diverging and of slightly greater
strength compared with Chitzal “rajad’.

The specimen compared to wvercherei by DieNER (18915, pl. 9, fig. 10)
was examined at Caleutéa, and found to have a punctate shell.

Of other references to 5. rajak, I have not seen the work by FREDERIKS
(1916) recording S. rajeh specimens which, coming from the Lower Permian,
are unlikely to be conspecific. The Indochinese specimens described by
Mawsuy (1912, p. 41, pl. 8, figs. 10 a—b) from the Lower Permian are probably
not conspecific, and the specimen compared in 1916 (Maxsvuy, pl. 3, fig. 7)
ig too poorly preserved to decipher,

The Yunnaun specimen referred by REep (1927, pl. 14, fig. 8) to 8. rajah
is closely costate, and unlikely to be elozely related.

According to Muir-Woon (1941, p. 40) a specimen figured by EVEREST
(1833, p. 2, fig. 23) as Producte and emended by J. de C. Sowespy (1833,
p. 278) to Spirifer striatus is probably 8. rajak.

Spiriferella tibetane (DIENER, 1897 a)
Pl 2, fig. 2; Pl 9, fig. 3; PL I2, figs. 3, 4; PL 13, figs. 1, 2, 4, 5.

1857 a Spirifer tibetanus THERER, p. 45, pl. 6, figs. 1—T7.
1903 8. #ibetanus Drewss, p. 17, 81.
cf. 1928 8. tibetanus HamizT, p. 37, pl. 7. figs. 1, 2.
7 of, 1934 &, tibetanus tenuisuloatus MERLA, p. 273, pl. 26, figs, J4-—21,
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Material: Nine ventral valves from F 108, five or six ventral valves
and a dorsal valve from F 130, rather squashed.

Lectotype: {Here designated.) Specimen figured by DiENER (1897 a,
pl. 6, figs. 1 a—e), F 6112, Geological Survey of India, Caleutta.

Diagnosis: Transverse to elongate shells with prolonged narrow ventral
umhbo, narrow cardinal extremities, deep wide suleus and well defined plicae
with moderately deep interspaces, dorsal fold with median cleft.

Dimensions (in mm.):

Width Length Helght Uﬂ’gﬂm ﬁﬂ;}; i‘fﬁ?ﬂ

Ventral Valves T 58
11.5 13 5 T0° 25° 100°
25 25 11.5 75° 25° 120°
35 44 135 95° 20° 150°
36 30 1056 150°
36 35.5 Il T0° age
33 41 11 45° 24° 2140°
47 29 11.5 110° 30°
52 33 13.5 T0° 27°

Ventral Valves F 130
40 59 13 80° 18°
ity 33 13 130° 23°

Dorsal Valve
Fold

39 73 6.5 2130° 147

Description:

External: As the measurements show, the shells appear to vary con-
giderably in relative length and height, and although many of the differences
may be ascribed to distortion, or breakage and loss of the anterior little
thickened margin, it appears that some of the variation is original—hoth
the very elongated and especially the largest transverse specimen from F 108
seeming to be relatively complete, and not very distorted, Partofthe variation
is due to the differing amount of incurvature of the ventral umbo, that of
the elongated specimen for instance being much less incurved than that of
the large transverse specimen, In most specimens the umbe is somewhat
attenuated and usually narrow, and the posterior walls are concave in
outline. Cardinal extremities are also narrow, non-alate and consistently
obtuse. The cardinal interarea is poorly exposed, but is obviously highly
curved. The maximum width of the shell lies just in front of mid-length.
The only dorsal valve available has been squashed, but seems to have a low
umbo extending a little beyond the hinge. The sulcus is moderately deep,
and V-shaped in cross-profile, with a concave base, the trans-suleal angle
varying from 130° in the largest specimen to 120° in the etongated speeimen,

*) Measured between hinge and lateral margin,
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and it widens steadily forward at much the same angle througheout its length.
The fold appears to be comparatively low and broad, but is flattened, and
has a deep median cleft. There are 12 to 16 plicae on the ventral valves,
moderately straight in outline with well rounded varying to somewhat
flattened crests, and narrow but moderately well defined interspaces. Within
about 5 mm. of the umbo the innermost pair of plicae subdivide, and the
inner branch forms a subplication in the large transverse shell, and a strong
costa in the elongated specimen. Costae vary. In the transverse and several
elongated specimens a narrow median suleal costa arises just in front of the
umbo, whereas it seems to be restricted to the anterior margin in the very
long shell, though this could be due to weathering. Apart from the innermost
branchk, the plicae remain non-costate for nearly 20 mom., and then the inner
four or sometimes five pairs subdivide usually into three costae of similar
height and width. In one clongated specimen the lateral plicae are not
costate, and the primary costa, after forming the inner branch, branches
again at 8 mm. from the umbo, and the inner one branches at 10 mm. The
outermost of these costae branches again just at the anterior margin,
together with the adjoining two pairs of plicae at a distance of over 25 mm.
from the umbo. In this specimen the costae are raised with flattened crests,
and the interspaces deep. In the hest preserved of the specimens from F 130,
the sulcus has a median costa, and the inner branch forms a prominent
subplication, which in one specimen branches again at about 10 mm. from the
umbo, The surface is rather worn, but seems to show traces of fine costae,
possibly up to five per plication anteriorly, a little finer than in the shells
from 108, whilst a large fragment has about 9 costae on a plication at about
80 mm. from the umbo. Atthe outermost cardinal extremities the shells appear
t0 Jack costae. Growth-steps are present at intervals. The fold of the dorsal
valve from ¥ 130 is subdivided by a deep median cleft, which commences
at the dorsal umbo. At about 45 mm. from the umbo there are six eostae,
though the pattern is complicated next to the fold. Laterally the shell seems
to be smooth, but is worn.

On parts of some shells from F 108 are regularly spaced pustules, about
6 per millimetre, and a finer pattern of tiny dense pustules, about 14 per
millimetre. They are possibly due to shell structure, for the surface seems
to be somewhat worn. A few growth-steps occur at intervals. On the other
hand the anterior part of the dorsal valve from F 130 has more convincing
pustules, radially aligned in rows, about 2 per millimetre with about 3 in
1 mm. along a row, divided by interspaces between growth lamellae. The
shell is a litéle worn over the crests of the plicae, where the pustules are
obliterated, so they do hot seem to be the product of weathering. Dense pits
and pustules, probably caused by weathering, are seen on the ventral valves
from this locality.

Resemblances: The specimens from ¥ 108 are particularly close to the
original Chiticun specimens described by DIENER (1897 a) in their narrow
extended ventral umbeo, rounded cardinal extremities, deep wide suleus,
median suleal costa and prominent inner branch, and arrangement of plicee
and costae. The elongated Nepal specimens are closest in shape, there being
few transverse shells in DIENER’s original lot. The specimens from F 130
have somewhat fine costae, but the dorsal fold is cleft medianly as in DIENER's
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specimens. The species is readily distinguished from §. rajah by the more
elongated ventral umbo, less massive posterior walls, rounded cardinal
extremities, deeper sulcus, wider deeper interspaces, cleft dorsal fold,
different costal pattern, and other details,

The Lower Permian specimens assigned to this species by CERNYSEV
{1902, pl. 7, figs. 2—46) are small globular specimens with a similar dorsal
cleft, and numerouns plicae but tend to have the position of maximum width
more posteriorly placed, the ventral umbo more massive, and the costae,
especially within the suleus and on the fold, arising closer to the umbones,
The resemblance to DIENER’s form seems to be only superficial. They have
a much more angular sulcus than in DIENER's specimens, and, having been
assigned to Elivinag FREDERIKS, presumably have a cancellate ornament with-
out pustules. Nor do Upper Carboniferous specimens described by Ozaxr
(1931) from Japan appear to be related. Two specimens figured from the
Schwagering princeps beds of Laos by Mansuy (1913 a, pl. 5, fig. 11; pl. 6,
figs. 1 a—d) have an angular sulcus also, and a moderately extended ventral
umbo, this being the main similarity to DigNER's species. A median cleft
does not seem to be developed in the fold of fig. 1 b, ¢, but is present in a dorsal
valve from the same locality that was assigned to §. interplicate of ROTHPLETZ.
The arrangement of costae differs considerably from that of 8. tibelana.

On the other hand the Basleo specimens described by HaMmreT (1928)
appear to be closely allied, having a similar outline, deep suleus, pointed
extended ventral umbo, and numerous plicae. Costae are not developed
over the plicae, but the specimens are small, a factor hindering complete
identification. The dorsal fold seems to have a median cleft, and the sulcus
a median costa, though the figures are not completely clear on this point.
Hameer (1928, p. 37) suggested that Spirifer bupangensis BEYRICH (1865,
pl. 1, fig. 6), listed by RorHPLETZ (1892, p. 79) and refigured by FRECH
and Noeriineg (1902, p. 589) might be conspecific, but it lacks a median
sulcal costa, and has two strong lateral suleal eostae arising very close to the
umbo. Perhaps HAMLET's specimens belong to this form —it is diffienlt
to tell from the few poor illustrations and certainly HAMLET's specimens
have less massive shoulders than in 8. kupengensis.

Mum-Woop (1941, p. 40} referred the Letti specimens of Brotrx (1915,
pl. 21, figs. 11 a, b; 17 a, b, 18) to 8. tibetanus. To judge from the illustrations
they might be allied in their extended ventral umbo and deep suleus, and
non-costate lateral plicae, and median suleal costa, but seem to havea different
ornament with many costae in the suleus and fold and few laterally. One
specimen (fig. 17 b) lacks fold costae, or median cleft. A Tibetan fragment
recorded by REsD (1930, p. 30, pl. 2, fig. 15) is too incomplete to interpret,
at least from the figure. A specimen named Spirifer tibetanus lata by MERLA
{1934, p. 21, fig. 25) is possibly close, having an extended umbo, a median
and strong lateral costae in the sulcus, which arise very close to the umbo.
Innermost plicae seem a little wider than usual, but the specimen could
he within the range of variation, though the small size prevents a confident
assessment. Narrower specimens were referred to the variety occidentalis
SCHELLWIEN (not WHITEAVES) by MERLA (1934, pl. 21, figs. 20—22), Whilst
moderately similar in outline, and with a dorsal median cleft they have
posterior walls that are convex rather than concave in outline. The work
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in which Rexz (1940 b, 187, p. pl. 6, figs. 4 a—b; 8 a—d) assigned further
specimens to 8. fbelawus oceidentalis is not available in New Zealand.

The Trogkofel specimens so-named by SCHELLWIEN {1900, pl. 11, figs. J0—
13) are certainly similar in general outline to tibetuna, but costae ave restricted
to the fold and sulcus, FREDERIKS (1932) referring the form to Elive lyra.

Upper Permian specimens named 8. #ibetanus lenuisulcatus MERLA
(1934) are figured as having an unusually strong median costa, and the inner-
most pair of plicae branches elose to the umbo and the posterior walls are
less conecave in outline than DIENER's types, approaching MERLA's occiden-
talis. Like many other specimens described by MERLaA, these appear to be
juveniles, and so arz very difficult to identify with confidence.

Genus MARTINIOPSIS {(WascgEN, 1883)

Type species: Martiniopsiz inflota WascEN (1883), designated by
Ernerince (1892, p. 238).

Diagnosis: Brachythyrid shells with shallow or no ventral sulecus,
low or no fold, no plicae, fine surface crhament of rounded pits or short
grooves or ridges in quincunxz. Ventral valve with umbonal ecallosity, dental
and adminicular plates, no median septum, dorsal valve with socket, crural
and adminicular plates, transverse spiralia, cardinal process and low median
septum. Shell pierced by talectae.

Discussion: Type specimens of varions species from the Salt Range and
Himalayas have been recently revised by WATERHOUSE (1965). It was shown
that differences from Campbell’s genus Ingelarelly and SAENI and SVRIVASTA-
va's genus Ambikelle ave very slight, apparently depending on the fineness
of the surface ornament. The emphasis placed by Brownx (1953) and Camp-
BELL {1959 a) on the absence of a sulcus is incorrect, several species having a
shallow suleus.

Martiniopsis  sp,
Pl. 14, fig. 1

Material: A broken natural internal mouid of & ventral valve with
part of the external mould from F 105,

Diagnesis: Maoderately large for the genus, transverse with long hinge
and shallow sulcus, widening anteriorly, low fold, pitted fine ornament,

Dimensions (in mm.):

N . Adminicnla Muscle field Adducator
Width Length Height Length Apart Length Width
347 28 9.5 G 3.8 8.8 0.8

External: Although the specimen is broken and obliquely distorted, it
appeats to have originally transverse, and moderately inflated, but the Iateral
and anterior marging are destroyed, =zo that this lacks eertainty. Posterior
walls are moderately high and concave in outline, the umbo now narrow
and prominent due to distortion, and the hinge long with an unusually
well developed interarea up to 2 smam. high, gently concave under the umbeo,
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and marked by strong subvertical grooves, some of which fork anteriorly.
The delthyrial angle is only 307, but has been narrowed by crushing, A
shallow sulcus is present, arising close to the umbo, and persisting to the
anferior margin with an angle of less than 10°. Fine surface ornament is
somewhat obscured by shearing, but appears to consist of small pits and
short surface grooves up to about 0.15 mm. long, about 8 to 10 per milli-
metre, but difficuit to measure with accuracy because of masking by white
crystals, and an oblique shear pattern, In places the ornament seems to
comprise 1idges or mounds rather than pits,

Internal: A long umbonal callogity iz developed with an eccentric
ridge on one side, Dental plates are close-set, and supported by short ad-
minicula which diverge anteriorly and to the floor of the valve, It is possible
that their posterior part has been lost with some of the muscle fiald, for
they seem to be unusually short and the posterior wall unusually thick with
over 3 mm. space between the internal and external moulds. The muscle
field extends beyond the adminicula, to taper just behind mid-length, and
consists of a narrow doubie adductor ridge, now damaged, and diduectors,
hoth marked by weak longitudinal strise. To each side the posterior quarter
or 30 of the floor of the valve is marked by radial ridges and grooves with
pits, and shallow dimples lie nearer the cardinal extremities.

Resemblances: The transverse shape, shallow suleus and fine pitted
ornament recall M. latouchesr DimNer {1911, p. 7, pl. 1, figs. 1—3; pl. 3,
fig. 1; WATsrRHOUSE, 1965, p. 168) from the Anthracolithie of the Shan States.
Internal details ave not well known for DIENER’s species, and further compar-
ison is hindered by the inecomplete preservation of the Nepal specimen
though it seems that the interarea might be better developed than in
latouchei. In length of hinge the specimen comes closer to M. inflats WasGEN
of the Upper Productus Limestone.

Genus SYRINGOTHY RIS WiNcHELL (1863)

Type species: Syringothyris typa WINCHELL (1863},

Diagnosis: Hinge at or close to maximum width of shell, ventral inter-
area very high, subdivided cach side of delthyrinm into inner vertically
striated and outer zone with only horizontal striations. Sulcus and fold
with low or no costae, numerous fine plicae to each side, shell punctate.
Dental and adminicular plates merge centrally with a hollow or filled syrinx,
dorsal plates in Spirifer, Neospirifer.

Discussion: Subansiria SAHNI and SeIvastava (1956) is possibly
congeneric, even though its syrinx is apparently more ventrally placed,
as emphasized by SsnuNI and Srivastava. Further data on the external
ornament would be of value, and possibly provide the basis for at least a
a subgeneric distinction from Syringothyris. Harr and CraRKE (1894) stated
that the shell surface of Syringothyris was finely punctate, and resembled “twil-
led clothe”. Samny and SeivasTava stated that their material is not pune-
tate. Inspection of the types at the Geological Burvey of India, Caleutta,
suggested that F' 17666 seems to have 6 fine pustules per millimetre, whereas
other specimens appear to have either 3 pustules or 6 striae per millimetre
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on the surface., Anocther specimen, F 17671, identified as Syringothyris of.
nagmargensis BIoN, has elongated grooves, rather as in Ingelarela, and
similar ornament is present on Kashmir specimens collected by Dr. G, Fucas.

Syringothyris lyddekeri f (DIENER, 1809)
PL 13, fig. 3
? 1883 Spirifer siriatus Lypperer, pl. 2, fig. 4.
? 1899  Spirifer lyddekers DIENER, p. 72, pl. 3, figs. 1—11.
¥ 1899 8. sp. indet. aff. ledeIcem DieNER, p. T4, pl. 5, fig. 2.
? 1915 Syringothyris Iyddekeri Diexer, p. 38, not pl. 4, figs. 3—8.
¥ 1928 S cuspidata lyddekeri Brow, p. 39, pl. 3, figs. 9—14.
1934 Spirifer lyddekeri MERLA, p. 275, pl. 27, fig. 11
1941 Syringothyris lyddeker:i Muvir-Woon, p. 40, pl. 2, fig. 8.

Material: An external mould of a ventral valve from the fine facies
of F 105, dubiously related, and a ventral valve and two dorsal valves and
broken specimen with valves conjoined, and several other fragments partly
expoged in matrix from the coarse facies of F 103.

Lectotype: (Designated by Muir-Woeop [1941, p. 41].) Specimen
figured by D1eNER (1899, pl. 3, fig. 7). F 6257, kept at Geological Survey of
India, Calcutta,

Diagnosis: Moderately but not extremely transverse, somewhat
variable in outline, cardinal extremities obtuse ar early growth stage, acute
later, ventral umho low, little incurved, moderately deep and wide suleus,
and high feld, without costae or median cleft.

Dimensions (in mm.):

Width Length Height Ug’,;"g{;ﬂ‘ i:,"g?; G}‘;‘f;{‘:‘
Ventral Vave
58 9.51 3.5+ 17° 150° fine matrix
+ 85 43 +14 ?140° 16*° coarse matrix
Dorsal Valve
92 725 711 122° 40°
Description:

External; The specimens are worn and broken, and internal details
not exposed. They are transverse in outline, with a low, little incurved
ventral minbo from which the posterier walls sweep with backward concavity
to the cardinal extremities. These are obtuse for a length of up to 50 mm.
in the large dorsal valve as in the small external mould of the ventral valve
and other small fragments, bu$ the large ventral valve appears to be as-
symetric, and to have an obtuse cardinal extremity up to 30 mm.from the
umbe on one side, and an acute angle of 35° to 40° at only 20 mm. on the
other. The angle appears to remain at about 40° for the full width on this
side. From the cardinal extremities the outline enrves gently forward to the
sulens and fold, without distinction between lateral and anterior margins.
In & small fragment the ventral interarea is 8 mm. high and curves through
perhaps 35°, with a relatively narrow delthyrium, enclosed by an angle
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of 60°. The external mould has a fragment of the interarea attached, lying
at right angles to the commissural plane, and marked by high slightly uneven
vertical ridges, 2 to 3 per millimetre, bifurcating towards the commissure,
and very fainf close-.set horizontal strise. Little is known of the interarea
on the large specimen, except that it is inclined at about 45° postero-ven-
trally from the commissure, and is gently curved.

The sulcus commeneces at the umbeo, and widens steadily to the anterior
margin, where it is possibly produced as a long tongue into the fold of the
dorsal valve. In the large specimen the suleus simply interrupts the otherwise
evenly curved profile across the ventral valve and has a concave U-shaped
floor. There is no =ign of sulcal costae in the worn specimens from the coarse
facies, but a very low median costa is seen in the external mould, suggesting
that the two may not be conspecific. The dorsal fold is low with a gently
eonvex crest, and steep sides. Ornament consists chiefly of low plicae with
well rounded erests and narrow groove-like interspaces. About 6 occur
within 5 mm. over the umbonal region in the large ventral valve, compared
with 3 to 4 anteriorly, and over 40 are present all together. Three to four
are present in & mm. near the mid-line at the anterior margin of the external
mould from the fine facies and in this specimen a total of 28 are present,
with the outer posterior shell smooth. The interspaces are notsonarrow in this
specimen, and the innermost pair of plicae lie below the sulcal crest. At least
38 plicae oceur on the large dorsal valve, with perhaps a few more laterally,
unless tha extremities are smooth like those of the external mould. Less
than 3 plicas occur in 5 mm. next to the fold near the anterior margin,
compared with 6 in & mm. laterally.

Faint traces of concentric growth lines are seen on the large dorsal
valve, but the surface of these specimens is too worn to reveal the nature of
the fine surface ornament. On the external mould of the specimen from the
fine facies, one plication has two or three low longttudinal striae, and the
shell is crossed by very slightly lamellose growth lines, about § per milli-
metre near the anterior margin, and 12 per millimetre laterally. The shell
is densely pitted (20 per millimetre) but is not clearly punctate,

Internal: A fragment with valves conjoined displays a low dorsal
median septum which possibly extends for half of the length of the valve,
A leached ventral valve shows a little of the adminiculs, wide spaced and
short, diverging anteriorly at about 70°.

Resemblances: These specimens agree in general shape and ornament
and size with the Ladakh shefls described as 8. lyddekeri by DIENER {1899).
The types have been examined at Caleutta, and several rubber casts prepared.
Thers are no suleal costae, the fold and sulcus flare anteriorly, and the
innermost pair of plicae lies at the edge or just within the suleus. Cardinal
extremities are obtuse t0 a width of only 20 mm. Tt should be noted that the
ridges each side of the dorsal fold, as shown in DIENER (1899, pl. 3, figs. 1,
2, 5-—7) are very insigrificant, lower than the median septum, and possibly
bordering ths muscle field. They are a little more prominent in the specimen
shown in Fig. 10. The dorsal valve has wide crural plates converging inwards
dorsally at a very high angle each side of a moderately large cardinal process,
and a low median septum extending to about mid-length. The specimen
of fig. 2 (F 6252) has slightly coarser costas and less conspicaous muscle
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sears than the others, and whereas the muscle scars ocenpy over half of the
length of the valve in fig. 1, they are only about a third of the length in
fig. 5. A mould of a ventral valve next to the dorsal valve of fig. 7 shows
the syrinx typical of the genus. About 5 pits per millimetre were counted
on a ventral mould of a ventral valve, more or less in rows, but none can
be seen on the latex casts.

The specimen figured by Davipson (1866, pl. 1, fig. 5) (not fig. 4 as stated
by Diexer, 1899, and Brawson, 1948}, as Spirifer sp. indet., was referred
to 8. lydekkeri by Diensr but has a inedian costa even more prominent
than that of the fine facies of F 105.

The specimen figured in DIENER (1899, pl. 5, fig. 2} as 8. aff. lyddekeri
would appear to be too elongated with unusually obtuse cardinal extremities
to be placed in Iyddekeri, as noted by Muir.Woop (1941), but, coming from
the same horizon as typical lyddeksri probably represents an unusual variant
of the species. The specimen of DiENer (1899, pl. 8, fiz. 5) is more or less
comparable.

Examination at Caleutta of the specimens referred to Syringothyris lyddeker:
from the Fenestella Shales by DIENER (1915, p. 38, pl. 4, figs. 3—6) suggested
they have 6 punctae per millimetre.

The Upper Agglomeratic specimens referred to Syringothyris cuspidate
lyddekert hy Brow (1928, p. 39, pl. 8, figs. 9—14) are rather variable in outline
but include shells that are more transverse than those of Dizner’s lot, and
appear to have slightly coarser plicae and a wider suleus with an angle near
30°. The curvature of the interarea ecannot he ascertained from figures
though fig. 14 suggests it is concave.

Brow (1928) referred Spirifer curzoni Diewer (1903, pl. 7, figs. 2—6)
to 8. lyddekeri. The Anthracolithic speciniens have a higher more triangular
ventral valve, almost fiat interarea, suleal angle of 40° and possibly finer
ribs, though I noted at Calcutéa that the two seemed close, apart from a
possibly wider and lower dersal fold, As noted below, internal differences
between the two are considerable. DIENER (1903) considered the two to be
distinguished by the strong econcentric lamellae of lyddeker.

The Yunnan specimen comypared to Spirifer lyddekeri by REED (1927,
pl. 13, fig. 10) has more outwardly curved costae, and is so incomplete that
identification must remain unreliable. The Laotian specimen of MaNsuy
{1912 b, pl. 8, fig. 9) is more elongated than DIEXER’s types. The Upper
Permian specimen from the Karakorum, deseribed by MERLA (1934) agrees
well with a small specimen represented from DIENER’s original lot (with
pl. 6, fig. 3), even having a similar pointed umbo, and fine lateral ribs,
though it perhaps is a little more transverse than usual. Another Upper
Permian specimen figured by Muir-Woop (1941) from the Lachi Series
is too poorly preserved to be assessed with accuracy. An incomplete dorsal
valve was figured from the Xuling Series as Spirifer striatus by LYDDEKER
(1883, pl. 2, fig. 4), aceording to Muvir-Woob (1941, p. 41). However none of
the Permian oceurrences of Nepal, Kashmir, Karakorum or Sikkim can be
considered as firmly established as identification has been based on few,
sometimes poorly preserved specimens, of which not one shows internal
detail.
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SBtratigraphic position of 8. lyddekeri.

Muir-Woop {1941, pp. 41, 42) apparently accepted DIENER's statement
of 1899 that the types of 8. lyddekeri came from the Zewan or Barus beds
north of Eishmakam, as well as from quartz sandstone of uncertain age from
the Laddakh Valley. However Diexer (1903) and Mippremrss (1909,
p. 319, 1910) later dizcovered that the locality north of Eishmakam underlay
the Upper Permian beds. Rubber moulds which I prepared at Caleatta from
specimens from both loealities show that the characteristic Lower Permian
SOamarophoria™ dowhatensts DIENER (1915) of the Fensstella beds is also
present, as eonfirmed by further collections from the region by Dr. G. Frons,
The apparent presence of 8. lyddeker: high in the Permian is anomalous,
but as noted above, is not well founded and calls for further enquiry.

Genug PUNCTOSPIRIFER Norta (1920}

Type species: Punclospirifer scabricosia NorTH (1920).

Diagnosis: Transverse plicate punctate Spiriferinids, broad sulcus
and fold without costae, and ornament of close-set concentric wrinkles and
radial stria=. Ventral valve with dental and adminicular plates and high
median septum, dorsal valve with crural plates, socket plates, spiralia,
possibly without jugum. (8ee CampsrELL, 1959 b}

Punctospirifer sp.
Pl 13, fig. 6
Material: A broken dorsal valve from F 108,

Diagnosis: Moderately large transverse specimen with high fold flaring
anferierly, and well rounded plicae, curving cutwards.

Dimensions {in mm.}:
Whlth Lomrthy Height Septinm Tmhbonal Angle

34 18.5 8 11 150°

Description: The specimen 1z moderately large, with a low umbe,
damaged ecardinal extremities, & moderatcly high fold with rounded crest,
flaring comsiderably near the anterior margin, and at least four pairs of
plicae which curve laterally outwards—one or two pairs were possibly
present at the cardinal extremities now desziroyed. Fine surface ornament
consists of concentiic growth wrinkles, 2 or 3 per millimetre, and what
appear to be fine short radial filae—7 to 8§ per millimetre, though it must be
emphasized that the poorness of preservation prevents certain determination
of the detail. A long median septum is present.

Resemblances: This specimen appears to belong to Punaclospirifer
from its external ornament and flaring fold. The Zewan specimens compared
to Spirifer kentuckensis SHUMARD by Diener (1899, pl. 5, figs. 11, 12) have
strong concentrics but are distinguished by alate exiremities, The Chiticun
specimens identified as Spiriferina cristate octoplicata SOWERBY by DIENER
(1897 a, p. 39, pl. 7, figs. 5—7T) are closer, with a flaring fold, outwardly
curved plicac, and low umbo, thongh they are a little smaller and seem to
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have a longer hinge. The Salt Range specimens so identified by Waseenw
(1883, pl. 49, figs. 3—7) have a long hinge and straight plicas, whereas the
Upper Productus shells referred by Wascen {1883, pl. 49, figs. 8, 9) to
Spiriferina multiplicata SOWERBY are a little closer in these respects, though
morz elongate. The Zewan specimen identified with §. eristafe fascigate
by DieNER {1915, pl. 9, figs. & a—d) is moderately similar in shape but the
fold does not appear to flare 85 mueh, and the plicae seem to be straighter,

Genus COLEIOTHYRIDINA BuckMaN {1906)

Type species: Athyris royssii Davipson (1862), not LEVEILLE (1835).

Diagnosis: Subeircular or oval biconvex shells with foramen, ventral
sulcus and dorsal fold in some species, ornament of fimbriate growth-lamellae
fringed anteriorly by spines. Testh supported by short dental lamellae.
Dorsal hinge plate perforated, adjoined by dental sockets, spiralia lateraily
directed, jugum complex, described by DunBar and Conpra {1932) as
saddle shaped, with a2 median process passing back to subdivide into two
lamellas which recurve dorsally parallel to the bases of the primary lamellae.

Cletothyriding subexpansa {WAAGEN, 1583)
PL &, fig. 3; PL 14, fig. 3
1883  Athyris subexpanse Waacex, p. 478, pl. 39, figs. 1—5.
1897a A. subexpansa DIENER, p. 61, pl. 10, fig. £,
of. 1809  Athyris of. expensa not Purprips, INENER, p. 58, pl. 6, figs. 11 a, b.
? 1915  Spirigera subexpanse DIENER, p. 94, pl. 10, fig. 4.
7 1944 Athyris (Cleiothyriding) gerardi not Diever, BeED, p. 260, pl. 36, figs. 4, b

Material: A dorsal valve, partly leached by nature from F 108, and a
natural internal mould of the ventral valve, with some of the external
ornament, from F 112.

Lectotype: (Here designated.) Specimen figured by WaacEN (1883,
pl. 39, fig. 4). T 3458, kept at Geological Survey of India, Calentta.

Diagnosis: Transverse little inflated shells with shallow anterior
ventral suleus, concave posterior walls, and 15 to 20 spines in 5 mm.
Dimensions (in mm.):

Cotlection Width Height Length Umbonal Cardizal

Angle Angle
108 36 21.5 8.5 127° 140°
112 21 16 5 2130°
Description:

External: The specimens are little inflated, and transversely oval in
outline with not very prominent nor incurved umbones, rounded cardinal
extremities, the posterior walls concave in outline and the maximum width
placed near the anterior third of the shell length. A shallow suleus of moderate
width commences over the anterior half of the ventral valve, though there
does not appear to be a corresponding fold on the dorsal valve. A few strong
concentric growth-wrinkles cross the valves over their anterior halves,
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and curtaing of spines arise from concentric lamellae, about 17 occurring
along 5 mm. near the anterior margin of the ventral valve, with slightly
swollen bases. Their length and radial spacing are not known,

Internal: The teeth are supported by plates which diverge anteriorly
at about 60° and pass almost vertically to the floor of the valve, though in
fact they are rather concave inwards, Between the plates the floor of the
valve is somewhat damaged, and the umbo lost, and in front of the anterior
termination of the plates, within the suleus, is a median groove, extending
just past the anterior third of the shell length, and joined posteriorly by
two low ridges, converging anteriorly at about 45°. The floor of the valve
is also traversed by other low radial ridges, two espectally prominent in
front of the dental plates, and seemingly marked by shallow pits, about
8 per millimetre in close-set rows, unless the pits are due to the grain of the
matrix.

Little of the eardinalia are visible in the dorsal valve, apart from the
base of socket plates, and a low median septum extending over the posterior
fourth of the shelllength. Bhort radially elongated ridges lie over the posterior
floor.

The zhell is about 0.5 mm. thick.

Resemblances: Few significant details of dimensions for the spines,
foramen, and interior details are available for the specimens from Nepal,
go that we must fall back on mere shape. Rather too many species seem to
have been described from the Salt Range by WaacEN and REED but one
of the most distinctive is €. subexrpansa, characterized by a transverse oval
outline, low umbo, and shallow suleus, The type (pl. 39, fig. 4) is cracked
a little on the right side of the ventral valve and exposes the ventral plates
a little and the anterior is damaged, but it stil] represents a nicely preserved
specimen. F 3457 has about 3 to 4 spines per millimetre.

It should be noted that the specimen shown in fig. 5 is inaccurately
figured and the aspect presenied in fig. 5 b now largely destroyed. The ven-
tral foramen faces dorsally in the type. The Chiticun specimen of DiENER
{1897 a) is very close, with a very shallow sulcus, and the Zewan specimens
{DiexzRr, 1915, p. 94, pl. 10, fig. 4} have a longer sulcus arising at the ventral
umbo and the posterior walls are much less concave in outline, though
DieNER noted that one of the four specimens has a shallow suleus, The
Chitral specimen described by RErp (1925, p. 53, p. 89, pl. 7, fig. 4) is close
in general appearance, but details of spines and foramen are not described,
REED noting that the specimens are poorly preserved. The Zewan specimen
described by DIENER (1809, pl. 6, figs. 11 a, b) as dikyris of expansa is close
and could be identieal, but has been much idealised in the figure to judge
from inspection of the specimen. It seems to lack a suleus. The somewhat
similar specimens from much the same horizon that were described as
Athyris capillots by WasaEN (1883, pl. 39, figs. 6—9; pl. 40, figs. 1—5;
pl. 42, fig. 15) have a similar spine density, but are apparently distinguished
by a deeper suleus anteriorly, and a more arched dorsal valve (F 3460—34463).
Also a shallow sulcug is present in the dorsal fold (pl. 40, fig. 1).

The Chitral specimen referred by ReEp (1925, pp. 53, 89, pl. 7, fig. 4)
to WAAGEN's species is moderately close in outline, but is likely to be part
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of the suite of Cleiothyriding from the same Iocality that were named
Athyris ailakensis by REED. This species is sommewhat variable in shape,
but is generally characterised by a suleus in each valve, and by an extended
ventral umbo.

The Maokou specimens described as Athyris off. suberpansa by ZHANG
and L1 (1962, pl. 4, figs. 1—06) are more elonyated and globular than WaaAcEN"s
types. Nor is there more than moderate similarity to the Arctic specimen
compared with . subzrpanse by HARKER and THORSTEINSSON (1960, p. 73,
pl. 24, figs. 1, 2}, Spines appear o he fewer and coarser on this specimen than
in the Nepal shells.

The Kuling spzcimens named A, gerardi by DiENgr (1899, pl. 6, figs. 12,
14} are very badly preserved, with no surface left, nor relinhle part of the
posterior plates. A smali foramen is present. They ate somewhat longer than
subexpansa, with straighter posterior walls and a long shallow suleus aceord-
ing to the figures, but could be close. A Kiunglung specimen of DIENER
(1897 b, pl. 5, fig. 3) named 4. royssii, later synonymised by DIENER {1899,
p. 59), is of much the same shape. Specimens later recorded as Athyris
gerardi from the Productus Shales of the Lissar Valley (1003, pl. 5, figs. 10,
11) are moderately siinilar in the outline of the posterior walls, whereas
one of the specimens named Spirigers gerardi by DIENER in the same work
(1899, pl. 9, figs. 6, 7} has concave posterior walls,

The Laos specimen of Mawsuy (1913 a, pl. &, figs. 7 a, b) is much narrower
and the Maping Limestone specimen of Grarav (1936, pl. 26, figs. 4 a, b)
seemingly lacks a suleus, and though its posterior walls ave less concave
in outline, is not unlike subexpansa. Such resemblance may be only super-
ficial, many of the details of GrRABATs specimen being undescribed.

CERNYSEV's (1902, pl. 43, figs. 1 —3) specimens of gerardi are less extended
posteriorly and more rounded in front of the hinge.

The Upper Productus Limestone specimens referred by REEp (1844,
pl. 36, figs. 4, 5) to gerardi also seem to be closely allied and perhaps identical
with subexpansa in shape, inecluding moderately concave posterior walls,
though there is no visible suleus in the figures except for a shallow anterior
m fig. 5.

The Upper Productus specimens named C. accole REED (1944, pl. 37,
figs. 1, 2) are moderately similar, especially fig. 2.—fig. 1 having the ventral
umbo more extended posteriorly. In fig. 2 b, the specimen is shown narrower
than it really is, The form recalls €. capillote in its low umbo and sulcate
retraction of growth-lines (without forming a depression in the transverse
profile} in the dorsal valve—like F 3465 of WaaGEN and REED's gerardi
(REED, 1944, p. 261}, But there are only 2 spines per millimetre, and growth
lamellae are more spaced posteriorly and the suleus seemns & Tittle wider.

Genus HOSKINGIA CamepeLe (1965}

Type species: Dielasma trigonopse Hoskineg (1933},

Diagnosis: Modervately large species with suleus in both valves, and
convex umbonal regions, dental plates, outer hinge plates, and inner hinge
plates forming a sessile septalivm, crural bases well developed, points high,
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loop terebratuloid, but without the transverse band, punctae 100 to 180 per
square millimetre.

Discussion: This genus is close in most respects to Beecheria HaiL
and Crankg, and the limits of the two genera are poorly defined, though it
is possible that punctation is consistently less dense in Hoskingia. The
Nepal form appears to be allied to Hoskingéia but has slightly different
muscle scars, the adductors being narrower and the diductors longer and
pedicle adjustor scars more subrectangular.

fHoskingia latoucheir (DIENER, 1903)
Pl 14, fig. 1
1397Th Diclasma sp. indet. DIENER, p. 48, pl. 3, fig. 5.

1903  Irelosma La Touche! DIENER, pp. 111, 192, pl. §, figs. T—9.
. 19158 Dielasma La Touchei DNENER, p. 97, pl. 10, figa. 13—14.

Material: A natural internal mould of a specimen from F 105 with
the dorsal valve largely destroyed.

Holotype: (By original designation.) Specimen figured by DIENER
(1903, pl. 5, figs. T a—d). Kept at Geological Survey of India, Calcutta.

Diagnosig: Large little inflated shell, a little less subtriangular than
latouchei types, with median convexity posteriorly on ventral valve, re-
placed by suleus in front. About 140 punctae per square millimetre. Foramen
small.

Dimensions (in mm.):

. . Dental plate Timbonal Cardina Sinal Hinge
Width  Length  Height  1ongi),  “Apart  Angle Angle Augle Width
26 42 6 8 4 65° 120° 30° 9.5

Description:

External: The specimen is of an elongated oval shape, and little inflated,
but not apparently flattened. The tip of the ventral umbo is oceupied
by a tiny foramen less than I mm. in diameter, which slopes at 1106° from
the anterior surface, facing posteriorly at about 80° from the commissure.
The dorsal umbo is low and the posterior part of the dorsal valve little in-
flated. The posterior walls are low and almost straight in ouiline, diverging
at 66° from the umbo to the rounded cardinal extremities, and the outline
then curving forward to the maximum width of the shell, placed at about
0.75 of the length, behind a broad anterior margin. The suleus occupies much
of the anterior half of the shell, but is replaced posteriorly by a convexity
over the muscle area. Walls of the sulcus are steep, and the floor broad and
gently eoncave. On one side of the suleus there seems to be a narrow plication
hordering the suleus, on the other, none.

Internal: Internal details are well displayed on the ventral valve. The
dental plates are short, and placed close to the posterior walls, converging
to the floor of the valve at about 60°, Between them is a large and long
musele field, depressed as much as 1.6 m#. below the floor of the valve
and extending almost to mid-length, with sides diverging anteriorly for 20°,
and covered by fine longitudinal striae (7 to 9 per millimetre). The posterior

Jahrb, Geol. B. A., 1966, Sonderband 12 5
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part between the dental plates is a little less depressed, and is subdivided
medianly by two narrow longitudinal grooves, and bordered by grooves
with a median ridge down the centre. At the anterior end of the dental
plates the muscle field widens a little and deepens abruptly, with a lohate
posterior margin, and fairly smooth in front, apart from fine growth striae
paralle] to the anterior margins and a wide shallow groove on one aide.
The median ridge is replaced anteriorly by a short median groove, and the
adductors, between the two median grooves, form a short broad ridge to each
side, extending for less than a third of the length of the field. To each side
the inner or true diductors are depressed below the outer diductors, or
pedicle adjustor scars, and the depression eontinues forward heyond the
anterior edge of the muscle field to the anterior margin of the shell, There
would seem to be about 12 pits per millimetre, but the number iz hard to
ascertain because of the coarseness of the matrix.

A small laminated cardinal process Hes under the dorsal umbo. The
umbonal region of the dorsal valve has been crushed and is not easy to inter-
pret. The sockets seem to be crenulated by both moderately coarse {3 per
millimetre) and much finer striae parallel to their anterior margins. A sessile
septalinm is suggested by growth wrinkles over the posterior floor, and
would seem to have been both pressed against the floor of the valve, and
mashed laterally to break and form a high median ridge. Aiternatively
there might indeed be a high median septum, no septalium, and crura stem-
ming from the socket plates, as in Pseudodielesma BRILL.

" Resemblances: The swollen median posterior part of the valve and
anterior sulcus typify Dielasma latouches DIENER from the Productus Shales
of Lissar Valley and Zewan beds of Kashmir. DieNer (1303) stated that
the foramen was large, but the one figured in DipNER (1903, pl. 5, fiz. 7 a)
is not particularly big. His specimens tend to be more triangular in outline,
except for the small speeimen figured as Dielasmea sp. Perhaps this difference
is partly to be explained by the small size of the Nepal specimen, but growth-
lines on IMENER’s large spectmens do not appear to show much change in
shape with increase in size. :

Carboniferous

Genus RHIPIDOMELLA OenLERT (1890)
Type species: Terebratule michelini L'EvEILLE {1835}

Diagnosis: Subeircular or oval shells, dorsal valve convex, ventral
valve convex or convexoc-concave, hinge short, ornament of ribs and spines,
shell punctate. Ventral adductors narrow, surrounded by large flabellate
diductors, dorsal sockets enclosed by short strong erural plates each side of
sturdy cardinal process, broad to narrow septum, adductors in two pairs.

Discussion: The Nepal specimens are unusually large and transverse
for Rhipidomella, but appear to belong to this genus from general shape,
ornament, and dorsal adductors, which form two subquadrate pairs much
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as figured by Davipson (1861, pl. 30, fig. 10} for R. michelini. Only the
anterior pair is prominent in a figure by Demawer (1934, pl. 2, fig. 6 a),
and CaMpBELL {1957, p. 61) considered that one pair was developed in Lower
Carboniferous forms such as Rhipidomella australis (McCoy, 1847) (and see
especially Rhipidomelle jortimuscula (CvaNcama, 1958, pl. 109, figs. 9, 10)
in contrast to two paits in Upper Carboniferous and Permian forms. It
seems difficult to accept this hypothesis since pre-Carboniferous form ascribed
to Rhipidomelle by ScHUCHERT and CooPER (1932) appear to have two pairs
of dorsal adductors, and some Permian forms such as R. cora d'ORBIGNY
(see Kozrowskr, 1914; CHRONIC in NEWELL ef al (1953) have a very faint
posterior pair., Perhaps more than one genus is involved.

Rhipidomella sp.
PL M4, fige. 2, 3. 5, 6; P 15, figs. 4, 6

Material: Two dorsal valves and two specimens with valves conjoined
from F 127. Three have been leached in acid, but the internal moulds
of the specimens with valves conjoined proved to be highly calearecus, and
were largely destroyed.

Diagnosis: Large transverse little inflated biconvex shells with shallow
suleus in each valve, up to 15 costae in & mm. anteriorly, spines emerge
abruptly from shell, two pairs of moderately impressed dorsal adductors.

Dimensions (in mm.):

wan e e g G
Ventral o _ .
41 134 8.8 136° 1 : 9
Dorsal '
33 28 3.5 135° 12 - 8
Description:

External: The specimens are litile inflated and transverse, with the
margins somewhat broken, and vaguely defined fo the extent that the dorsal
valve is possibly rather wider than it first appears. The ventral valve is more
inflated than the dorsal, with an inconspicuous umbo, and a weakly concave
interarea 3.5 swm. high, diverging anteriorly each dide of the umbo; and
bulging vutwards medianly in a triangular cohvexity that widens towards
the commissure, The dorsal umboe protrudes a little more posteriorly, but
no interarea is visible. The hinge seems to be a little less than half of the
width of the shell and the cardinal extremities highly obtuse at 150° to 160°.
No ears are differentiated, though the lateral extremities are a little flattened
on hoth valves, especially the dorsal, even becoming concave on one large
specimen. A shallow median sulcus with an angle of 15° arises over the
posterior third of the ventral valve, and fades in prominence anteriorly,
and an even shallower sulcus appears on the dorsal valve near mid-length,
and persists to the anterior margin, which is slightly recessed. Costellae
have rounded crests and steep sides, and interspaces of inverse profile. Growth
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lamellae are low but sharply defined on the decorticated ventral valve,
with a somewhat zig-zag pattern, arching anteriorly over the costellae.
On the leached internal mould of the dorsal valve the costellae become
finer anteriorly, inereasing from 7 in 5 mm. near mid-length to 11 near the
anterior margin. Increase is by intercalation. Interspaces are finely pitted
{15 to 20 per millimetre), but size and spacing of the pits vary considerably.
A few spines are seen anteriorly on the decorticated ventral valve, the costellae
dilating somewhat and the spine base oceupying most of the width of the
costella, but not prolonged posteriorly. On the leached external moulds
there are about 15 costellae in 5 mm. nesr the anterior margin, crossed by
irregulaily spaced short growth lamellae which do not arch, and lie 0.2 to
0.5 mm. apart. On the dorsal valve about 5 costellae oceur in 1 mm. near the
umbo, and about 3 in 1 mm. near the anterior margin, and growth lamellae
are as prominent as on the ventral valve. The most arresting feature of the
moulds are the spine-bases. Two sets are present. Large spine bases up to
0.5 mm. long and perhaps 0.2 to 0.3 mm. wide lie more or less in quincunx
over the valves, about 1 mm. apart, and entering the shell at a low angle close
to 15° under the costellae. There is also a dense pattern of finer tubules, over
the entire shell, less regularly arranged, about 15 occuring in 1 mm., these pre-
sumahly passing inte the pits seen externally.

Internal: Details of the ventral valve are not known. In the dorsal
valve, the dental sockets are enclosed between short outwardly curved
thick crural plates. In between lieg a stubby cardinal process with a round
crested anterior face that is marked by a shallow median ineision which
passes forward into a short median ridge. This ridge lies on a large broad
median septum which tapers anteriorly, extending no further than the poste-
rior third of the shell length. To each side is a deeply impressed adductor
complex, comprising a posterior wide subtriangular subdivision with one
or two grooves, and a larger, longer more or less subquadrate anterior
sudivision, the two separated by a low ridge. Low mounds and dimples cover
the posterior floor to each side, and the external ornament is visible anteriorly.

In the leached specimen with valves conjoined the dorzal shell is 2.5 mm.
thick at mid-length,

Resemblances: The specimen are characterised by their low inflation
and transverse outline. A specimen from Baroghil Ailak assigned by REED
(1925, pl. 7, fig. 13) to Sechizophoria aff. juresanensis CERNYSEV is less trans-
verse and has a prominent ventral umbo. A Kashmir Sekizophoria from the
Syringothyris Limestone figured by Diener (1915, pl. 1, figs. 10 a—d) is
much more inflated, more elongated and again has a more prominent ventral
umbo. Lower Carboniferous specimens from Yunnan referred by REED
(1927, pl. 8, figs. 3, 4) to Orthis ( Rhipidomella) mickelini are of comparable
size, but are more elongated and have slightly more prominent umbones,
and broad little inflated cardinal extremities. REED stated that the ventral
valve is & little more convex than the dorzal, that about 10 costae oceurin
5 mm., and that concentric ornament is not visible.

R. michelint also reaches a similar large size in Europe (of. PARCKELMANN,
1030, pl. 10, fig. 1) but is usually more elongated, The Nang-po 8. resupinaia
of Mansuy (1913 b, pl. 4, fig. 16} is also more elongated with fine costellae.
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On the other hand R. ostrogensis BEsNossova in SarvEmva ef af (1963,
P. 75, pl. 8, figs. 1-—4) iz similarly transverse and sulcate, but is even larger,
and appears to have slightly coarser costellae with narrower interspaces.

Orthotetid gen. and sp. indet.

Description: A fragment of external ornament from I 127. The poste-
rior part of the specimen is concave, and the anterior part convex, to judge
from the way the crnament is most emphasized. The outline of the specimen -
is obscured by matrix and breakage, but would seem from growth-lines to have
probably been subtriangular, with a narrow hinge and maximum width near
the anterior third of the shell length., About 18 costellae ocour in 5 mm.
postero-laterally, compared with 9 in § mm. in the middle of the shell,
anteriorly, Inerease is by intercalation. Crests are rounded, with interspaces
evenly concave and of similar width. No spines are visible, The entire shell
iz crossed by concentric wrinkles with erests just over | mm. apart anteriorly,
the costellae being highest at the wrinkles, and losing height in the inter-
spaces, The anterior edge of the wrinkles is a little steeper than the posterior
edge. There are faint signs of pores, at about 15 to 20 per millimetre.

Genus FOMARGINIFERA Mum-Woon (1930)

Type species: Productus longispinus SOWERBY (1814}

tEBomarginifera sp.
PL 14, fig. 4; PL 15, fig. 2

Material: A distorted ventral valve from F 111, with the shell removed
from the anterior half,

Diagnosis: Transverse shells with radial ribs, posterior concentric
Tugae.

Dimensionsg {in mm.):
Widih Length Height
41 19 13

Description: The specimen is transverse, and has been squeezed to
exaggerate the height and width, but was probably slightly transverse, with
a suboval outline, slightly obtuse cardinal extremities and moderately
steep posterior walls which diverge anteriorly at 140°. Hinge and umbo
are poorly preserved. Over the posterior part the shell is medianly flattened,
and in front, the internal mould is broadly and gently suleate. Low wrinkles
with crests just over 1 mm. apart cover the posterior third of the valve.
Otherwise the posterior surface of the posterior shell is too worn to show
much of the ornament apart from traces, but the inner mould in front is
marked by strong costae, up to 5 ocourring in & mm. each side of the suleus,
and becommg finer laterally, and very low anteriorly on the internal mould.
Details of spines and interior are not known.

Resemblances: In some respects this specimen compares with a
specimen from the Syringothyris Limestone near Ainu referred by DIENER
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(1915, p. 5, pb. I, figs. 2 a—e) i0 Productus longispinus SOWERBY, the
Kashmir specimen being smaller, but more or less comparable in costae,
posterior wrinkles, sulecus and shape. DIENER warned that the ornament was
fine in his specimens, and that they might belong to P. cora, but seemed
more confident of an affinity to lomgispinus for specimens from Lipak,
stating that the ornament was stronger than that of cora (1915, p. 124,
pl. 11, fig. 13), Zewan specimens compared to this species by DIENER
(1899, p. 26, pl. 1, fig. 11) are more transverse, with large ears and very
low eoncentric ornament, and are unlikely to be congeneric. Compared
with Productus longispinus, as figured in Sowerpy (1814, pl. 68, fig. 1);
Davipsorw (1861, pl. 35, figs. 5—17); Muir-Woop (1928, pl. 11, figs. 1—4)
and Muir-Woob and CooPER (1960, pl. 61, figs. 1--17) the costae are a little
coarser in the Nepa! form, but there could be, as far as is known, possible
agreement at generic level. However the poor preservation, and availahbility
of only one ventral valve renders even this uncertain.

Lower Carboniferouns specimens referred to longispinus from Shantung
by FrEcH {1911, pl. 12, figs. 1 a—e) are distinguished from the European
types by their larger ears, recalling Russian specimens figured by SARY(EvVA
and Soxorskasa (1952, pl. 45, fig. 231). Ta-shih-wo specimens of REED
(1927, pl. 9, figs. 5, 7) are transverse like the Nepal specimen, but have more
concentric  wrinkles,

Genug LINOPRODUCTUS Cuao (1927)

Tyvpe species: Productus cora d’ORBIaNY (1842).

Diagnosis: Concavo-convex Linoproductidae with geniculate trail,
distinguished from allied forms chiefly by ornament of radial costellae,
increasing by intercalation, crossed by low wrinkles restricted to flanks
on ventral valve, covering dise of dorsal valve, which has repeated trails
and diaphragms, or concentric lamellae externally. Spines rare or dorsal
valve, in row along hinge on ears and arising from costellae over ventral
valve, Ventral adductors considered by Muir-Woop and CooPER to be
non-dendritic in distinction to thosze of Ovatia.

Discussion: Muir-Woopn and Coorer (1960) imply that Lirnoproducius
is chiefly Upper Carboniferous and Permian in age, and tends to be transverse
in contrast to the elongate genus Lower Carboniferous genus Ovalie. The
Nepal and related Kashmir specimens appear to be exceptional in these re-
gards, being elongated, and apparently Lower Carboniferous in age, but
with musculature and dorsal ornament as in Linoproductus.

A Lower Carboniferous member of the Linoproductinae which has
apparently similar ventral muscle scars is Balakhonia SaARvYCEva (1963},
but species of this genus have less conspicuous wrinkles on the dorsal exterior,
and appear to have finer spines on the ventral valve, whereas a rare ventral
spine on the new form is as large as in L, cora (cf. Kozrowsxi, 1914; CeroN1C
in NEWELL ef al, 1953; Muir-Woop and CoopEir, 1960). Also the fine radial
filae seen on both valves of the new species are missing from B. kokdscharensis
{SarviEva, 1963, pl. 38, fig. 8 b), though they have not been reported in
Linoproductus either, suggesting the possibility that the species is of new
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generie rank. In form, Balakhonia is reminiscent of Striatifera rather than
Linoproductus.

Linoproductus pollex n. sp.
Pl 15, figs. 3, 5
1903  Productus lincatus {not Waacen) Diexer, p. 138, pl. 7, fig. 1.

1915  Producius cora (not d’OrBrexvy) DIENER, p. 3, pl. I, fig. 1; pl. 11, fig. 33.
1965 Produciug cora SAREsR, p. 94, figs. 1 a, 2a.

Material: A specimen with valves conjoined, from F 67, leached in acid,
Holotype: Specimen figured in pl. 15, figs. 3, 5, from F 67.

Diagnosis: Elougate shell with extremely incurved wventral umbo,
long steep massive umbonal shoulders, shallow median sulecus, coarse
costellae with fine radial filae, rare large spines.

Dimensions (in mm.):

Yentral Valve

Width Length Height wia AuCeRs o gth

34 50 15.5 4.7 7.5
Desecription:

External: The specimen is elongated with a strongly incurved umbo
and overturned posterior walls which diverge anteriorly at 120°. Ears are
small, snd the maximum width apparently placed well in front of the hinge.
A shallow median suleus and corresponding dorsal fold arise close to the
umbo, but do not widen much over the anterior half, and fade before reaching
the anterior margin. There is no obvious change in curvature between vis-
ceral dige and the very thin trail. Four or five low wrinkles lie to each side
of the umbo on the ventral valve, but fail to cross the visceral dise, and about
12 low wrinkles cross the disc of the dorsal valve, but none are present on
the trail. Costae cover the valves, about 6 ocomrring in 5 mm. on the ventral
valve at about 7 mm. from the umbo, compared with 7 in 5 mm. over the
anterior shell. Crests are rounded, and interspaces of similar width, and evenly
concave. Many are now bifurcate posteriorly, possibly due to decortication,
The shell surface is also covered by fine radial capillae, about 7 to 8 per
millimetre. Ventral spines leave no trace except for one large one 1.2 mm. wide
and 2 mm. long on the side of the suleus, and so are presumably few. There
seems to be no spines over the dorsal valve, apart from the posterior walls
and ears, which cannot be seen.

Internal: The adductor platform is subquadrate, subdivided by a median
groove which contains a median ridge, and relatively smooth apart from
very fine more or less longitudinal striae. To each sidethe diduetor impressions
are heavily scored by anastomosing ridges and very narrow grooves (about 3
in 2 mm.). The anterior margin of the diductors is ill-defined, the grooves
and ridges continuing into an anastomosing and pitted complex marked
by short fine striae and covering the posterior third of the sheli. This complex
passes forward inte slightly elongated pustules. Immediately in front of
the adductors the floor of the valve is densely pustuled, without ridges
for about 5 mm.



72

Resemblances: Of specimens from the same general region, the
closest are described from the Syringothyris limestone of Kashmir and Lipak
by DienEr (1915, p. 3, pl. 1, fig. I; pl. 11, fig. 33) as Productus cora d'Or-
BIGNY. They have steep posterior and lateral walls and low wrinkles laterally,
though the costae seem to be finer, at 8 or 9in 5 mm. to judge from the figure.
Sarkar (1965) has recently demonstrated the extremely incurved nature
of the ventral umbo. Another moderately comparable specimen is figured
as P. lineatus from the lower division of the Spiti Anthracolithic by DIENER
{1903, pl. 7, fig. 1), with incurved umbo and steep posterior walls, and
flattened non-sulcate venter. Specimens referred to P. core by DIENER
(111, pl. 3, figs. 3—13) from the Anthracolithic of the Shan States have
costae of similar density to those of the Kashmir shell, but are more transverse,
with large ears and many wrinkles. Baroghil Ailak specimens ascribed
to Productus cora lineatus WaaGEN by REED have slightly coarser ribs,
more narrowly diverging posterior walls, and a more rounded venter. They
are rather similar in shape to the P. cora shells described by CERNYSEV
{1902), but lack the transverse growth-lines of the Russian specimens.
Upper Productus Limestone specimens of L. Lineatus (WaAAGEN) which I
collected from Narmia and Chhiddru are certainly close, but appear to have
slightly finer ornament, slightly more rounded posterior walls, and to lack
a sulcus of any depth.

As figured by Muir-Woobp and Coorer (1960, pl. 111, figs. 3—6) L. cora
(d’OrBI6NY) is close in incurved umbo and steep posterior walls and lateral
wrinkles, but like many other species, has a slightly more rounded venter
and finer more sinuous radial ornament. L. platyumbonaius DUNBAR and-
Cowpra (1932, pl. 31, figs. 1—5) from the Pennsylvanian of Missouri and
Kansas is rather similar to the Nepal and Kashmir shells in ornament,
profile and presence of a suleus on at least some specimens, but there is no
indication on the Nepal spectinen of the anterior funneled trail and eonvergent
ornament.

Tournaisian specimens recorded from the Lower Burindi Group of New
South Wales by CAMBPELL (1956, p. 479, pl. 49, figs. 11—13) as Linoproducius
sp. have no suleus and finer ornament and more persistent wrinkles on the
ventral valve. But unlike most other species the Australian shells have a
somewhat comparable ventral umbo and fairly widely diverging posterior walls.
Internal details are obscured on the Australian ventral valves. Another perhaps
closer form, described as L. niigaensis CERNYAK in DEDOK and CERNYAK
(1260, p. 55, pl. 2, figs. 1—4) from the C;d beds of Taimyr Peninsula has
slightly finer costellae and more flaring margins, but is closely similar in
overall shape, with massive umbonal shoulders.

Productus yunnanensis Loczy (1890, 1897) as figured by Reep (1927,
pl. 8, figs. 1 a—d; pl. 9, figs. 1 a—Db) from the type locality in the Lower
Carboniferous of Ta-shih.wo, Yunnan, has a narrow attentuated urabo and
large ears and strong concentrie growth.lamellae. REED’s specimens were
referred to Balakhonia by Sarydeva (1963). The Malayan shell figured as
this species by MoIir-Woop (1948, p. 34, pl. 3, figs. § a—Dh) is very elongated
with enstellae of similar density, but still lacks such widely diverging
posterior walls.

A closer form is the Visean shell of Yunnan and Kansu, referred by CHAO
(1927, p. 135, pl. 14, figs. § a—c¢, 9—12}) to L. tenuistriatus (VERNEUIL,
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1845, p. 260, pl. 16, fig. 6), but these specimens and others figured under the
same name by CErwyBEV (1902, pl. 36, figs. 4, 5; pl. 55, fig. 6), DIENER
(1911, pl. 4, figs. 1, 2), SarvOEva and Soxordags (1952, pl. 20, fig. 141)
and others all have less widely diverging, more rounded posterior shoulders
on the ventral valve, and finer costellac. DIENER (1915, p. 4) also commented
on the similarity, and stated that his Kashmir species have more regular
ornament. The Malayan shells described by Muir-Woop (1948, pl. 3, figs. 1 a,
b, 2; pl. 5, fig. 3) differ in the same way, but do have coarse costellae of
strength comparable to those of L. pollex, whereas those described by
CHAQ are reported to have as many as 10 to 11 costellae in 5 mm., as in the
Russian specimens.

Apart from the absence of a flaring anterior trail, there is considerable
resemblance in shape to Productus productus (MarTIN) (see MUuIR-WooD,
1928, 1930), but the absence of concentric wrinkles from the posterior part
of the ventral valve of L. pollex suggests that this resemblance is only
superficial. According to Muir-Woon and Coorer (1960, p. 239) the internal
details of the ventral valve of MARTIN's species are still not known.

Tomiproductus tomikhensis SARYOEVA in SARYCEvVA ef al (1963, p. 206,
pl. 32, figs. 8—13) is similar in general shape and massive shoulders, but is
not considered congeneric, as it has a thicker dise, wrinkles over the ventral
valve, lacks the very fine radials of the new species, and has productoid
ridges over the ventral adductor platform. Tomilia SBARYEEVA is also super-
ficially similar, but also probably does not even belong to the same family.

The Mississippian Ovatia elongata MuIR-Woob and CooreR (1960, pl. 114,
figs. 1—4, 7, 11, 12} is more or less similarly elongated with steep posterior
walls, but has slightly finer ornament and no median suleus. An anterior
median sulcus is seen in one of the specimens figured as ?Cancrinelle vvaie
Harr (not PawbpER) by SarRvOEva and SoxorLs'kasa (19562, pl. 19, fig. 132),
Details of the dorsal exterior and ventral interior differ significantly in
Ovatia.

Genus FUSELLA McCox (1862)
Type species: Spirifera fusiformis PriLLIPs (1836),

Diagnosis: Mucronate throughout ontogeny, with orhament of costae
over suleus, fold and lateral slopes except parts of ears, some branching,
most simple, surface, covered by fine longitudinal filac. Dental plates
supported by short adminicula, dorsal valve with crural and socket plates,
no adminicula.

Discussion: The genus is based on a single specimen of moderate
preservation, as figured in Prmures (1836, pl. 9, figs. 10, 11}, Davipsow
{1858, pl. 13, figs. 15 a, b) and Browx (1849, pl. 51, figs. 4, 5). IvanNova in
Sarvéeva (1960, p. 269} included the species iornacensis DE KoNINCK in the
genus, thus altering the concept of the genus forwarded by Buckman (1908),
who considered that the ribs tended to be deficient medianly and that the
type iz in the smooth stage, when usunally all the ribs have been lost. Buck-
MaN referred species of several genera to Fuselle, including forms that belong
to the plicate alate genus Brachythyrina, which, like Brachythyris and
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Martinia, lacks ventral adminicula. If Ivawova's interpretation is correct,
Unispirifer CAMPBELL (1957) is almost certainly a synonym, as noted by
Ivawova. The type species of Unaspirifer is Spirifer striato-convolutus
Benson and Dux (1920). As a recently described genus, it is easier to re-
cognise than Fuselle, though cardinal details were scarely described by
CamPBELL, making with the poor reproduction of his figures, it difficult
to be certain that the Nepal form is exactly comparable. Another source
of doubt stems from the exact nature of the costation within the suleus.
CAMPBELL stressed, and perhaps exaggerated the significance of a median
sitleal costa, which he emphasized is invariably present, and arises at the
umbo. A median costa is present on the Nepal form, but is absent from the
umbonal tip. A peint of uncertainty lies in the nature of the hinge, which
is dentieulate in Unispirifer but not known in the Nepal specimens owing to
poor preservation.

Austrospirifer GLENISTER (1955) from the Middle and Upper Devonian
of Western Australia is apparently close, but GLENISTER stated that the
dental plates are attached only to the posterior wall, and not, or only very
slightly to the floor of the valve, and CamMPBELL (1957) considered that the
genus differed from Fnispirifer in its abzence of hinge denticles, and failure
of the plicae, or costas, to branch.

Fyszella mucronata nh. sp.
PL 153, fig. 1; PL 16, figs. 1—4, 6, 8

? 1903 Spirifer sp. indet. ex aff. curzoni DHENER, p. 150, pl. 7, fig. 7.
P 1903 Spirifer of. strangwayst DIENER, p. 146, pl. 7, figs. 8 a, b.
? 1916  Spirifer sp. ind. (of. bisulcatus BowerBY) DIENER, p. 8, pl. 1, fig. 5.

Material: A specimen with valves conjoined and a ventral valve, leached
in acid to show internal details, from F 127, and posterior fragments of
four worn ventral valves from F 67.

Holotype: Specimen figured in pl. 16, figs. 1, 2, from F 127,

Diagnosis: Transverse shells with outwardly curved costae, suleal
costae arizsing some distance in front of umbo, ears large.

Dimensions (in mm.):

Length Height Height Umbenal Cardinod Suleal
Width Length Dm-ﬁal Ven%ra} D:-rgsa.l Angrte Angle Angle
F 127
+45 18.5 10.5 85° 30° 207
+62 27 23 9 5.5 100° 20° 24°
Ceollectiong ) Muzcle field Adduetor
Number Width Width Length Widt!)
Tuternal
F 127 45 4.8 G 0.6
F 67 29 5.0 7.5 1.1
T
Description:

External: The two specimens from F 127 are transverse and moderately
inflated, with a moderately low, incurved ventral umbo, and concave inter-
area interrupted by a triangular delthyrium with an angle of 60° both in a
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specimen from F 127, and in one from F 67, Laterally the interarea stands
at about right angles to the commissure on the holotype, and is marked by
very fine vertical end longitudinal striations. The dorsal umbo is inconspieu-
ous and the dorsal interarea seemingly very low. Growth lines show that
the ears are extremely attenuated, with a low angle of about 20° — it is
thus probable that the holotype measured at least 80 mm. in width. The ears
are gently convex, and separated from the body of the shell by a low de-
pression which passes into a recession at the commissure. In front the outline
is gently rounded, with no distinction between the lateral and anterior
margins. A shallow sulcus commences at the ventral umbo and widens and
deepens steadily to the anterior margin, but remains shallow with a conecave
floor. The dorsal fold is very low. Both valves are covered by coarse costae,
numbering about 30, with low well rounded crests and somewhat narrower
interspaces. They curve outwards laterally, and possibly arise by bifur-
cation, though instances are rare, and most costae commence close to the
umbones. At least six oceur within the sulcus anteriorly, but their mode
of origin, as for those of the dorsal fold, is obscured by damage and matrix.
A prominent median costa arises 3 to 4 mm. in front of the umbonal tip.
The posterior part of the ears is marked only by growth lines, but costae
commence laterally in front of prominent growth-lines on the dorsal valve
of the holotype. The shell surface is also covered by fine longitudinal filae,
about 7 per millimetre, crossed at intervals of about 1 mam. by growth lamellae,

Internal: In the leached ventral valve from ¥ 127 a low convex delthyrial
filling marked by arched and continuous growth-lines underlies the umbo,
The posterior part passes laterally into a deep groove which borders the
delthyrium, and is separated from the interarea by a narrow ridge, followed
by a narrow groove. The anterior part of the filling tapers laterally, to
adjoin low dental plates, concave inwards, and supported by short high
gubparallel adminicula which pass down the posterior wall to rest on the
floor of the valve. They are wedge-shaped, tapering anteriorly to end in a
thin blade. A narrow groove passes across the delthyrial filling and down
the posterior wall, but does not reach the muscle field. The muscle field
is short and broad, with a low median ridge, between two concave adductor
impressions, each divided from the diductors by another low ridge. Anteriorly
these all break upintoseveralfineridges and grooves. Toeach side the diductor
impressions are lightly marked by wvery fine longitudinal striae, as well as
occasional growth rugae parallel to the anterior margin. The posterior
walls are dimpled, with rounded pits each a little less than I mm. apart
and to each side of the muscle field the floor of the valve is also marked by
a few low radiating ridges. Much finer pits and pustules seem to cover the
entire floor, about 12 oceurring per mitlimetre.

In the best preserved of the ventral valves from F 67, the muscle field
is larger, the adduectors of the same pattern, and the diductors more heavily
striated longitudinally. Deep pits lie over the posterior wall, and behind
the muscle field the posterior wall is depressed into a triangular pit marked
by fine vertical striations. Adminicular plates are very broad and short.
The other two specimens lack deep pits over the posterior wall, and have a
simple coneave triangular filling beneath the delthyrinm. On one the myo-
phragm is broad posteriorly and very narrow in front, and the diductors are
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crossed by oblique grooves passing postero-laterally. A median groove passes
for a short distance down the posterior wall between two subquadrate
thickenings. The two specimens may be variants of the speecies, having a
similar broad muscle field and short adminicula, or may belong to another
gpecies,

Resemblances: The specimen described from the Syringothyris
Limestone of Kashmir by Diexer (1915) is tentatively referred to this
species, because it is similarly transverse and comes from much the same
horizon ag the types. It has a lower umbonal region, and its outline is possibly
less retracted beneath the ears, and the sulcus seems to be slightly deeper.
The suleal costae seem to be somewhat more clearly exposed than in the
types so that examination should enlarge understanding of the species.

The genus is apparently represented by several specimens from the flaggy
Carboniferous limestone of the Spiti section. Inspection at Calentta of the
specimen considered by Diexgr (1903) to have affinities with S8, curzoni
showed that it has costae over the fold, and traces of 7 to 8 radial filae per
millimetre as in the Nepal specimens, and strong concentric lamellae. The
ventral valve figured as Spirifer aff, strangweysi by DIENER comes from the
same locality, and has the same crnament, without & median costa, according
to the figure.

From the same limestone DiENER (1503, p. 151, pl. 7, figs. 12 a—d}
also recorded two specimens as Spirifer (Ambocoelia 2) sp. ind. aff. fusiformi
PHiLLIPS, but the Spiti specimens lack alate extremities, as noted by DiENER,
and are probably not clozely related.

Of other forms one of the closest appears to be F. striatoconvolutus
(Bexsox and Duw, 1920, pl. 20, figs. 7, 8) also deseribed by CamMpBELL (1957,
pl. 14, figs. 1 —9; text-figs. 10 a, 11, 12) from the Middle and Upper Tournai-
sian beds of the Lower Burindi Group, Australia. This is almost as transverse
as the new form, but haz less outwardly curved lateral costae, and is said
to become less trangverse with increase in size, whereas the opposite appears
to be true for the new. species, although of course it may not be fully mature
and may have increased in length at a later stage of growth. The ears are
less developed on the Australian species. According to CaMPBELL (1957, p. 67)
only the median sinal costa and a primary costa each side arise at the umbo
{though in his main description the median costa is stated to arise within
‘a few mm.’ of the umbo). In the holotype of the new form several costae
arise very close to and probably at the umbonal tip, and the median costa
arises within a few millimetres from the tip.

Spirifer fusiformis is also close in its transverse outline, but would appear
from the figures of the type specimen to have a higher ventral interarea,
and more prominent dorsal fold. Many other details are not known.

F. kondomensis BEsNossova and F. osipovensis BEsNOssova in SAry-
GEva ef al (1963, pl. 52, figs. 3—86) are moderately transverse, but are distin-
guished from the new species by their slightly less alate cardinal extremities
and more diamond-shaped outline.

Other specimens are less transverse, including the Yunnan specimen
considered to be a variety of fornacensis by REep (1927, pl. 10, fig. 2).
As figured by de KoNINCK (1887, pl. 25, figs. 1-—13) F. tornacensis is certainly
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close, with ears that increase in sgize, but is slightly less transverse at even
early stages of growth, and has less outwardly curving costae.

The Lower Carboniferous form from Japan named Fuselle nippotrigo-
nalis by Mmxaro (1951, p. 372, pl. 2, fig. 5) lacks costae from the dorsal
fold and so is not congeneric,

Genus EOMARTINIOPSIS SoroLSgara (1941)

Type species: Eomartiniopsis elongata SOROLSKATA (1941).

Diagnosis: Oval shells with brachythyrid hinge, sulcus, fold and
very fine surface pits, no plicae or costae. Ventral adminicula long and sub-
parallel, adductor ridges as in Martiniopsis. Dorsal adminicula very short,

Eomartiniopsis of. helenae SoKoLSkaJa {1941)
PL 16, fig. 5

Material: Ventral valve from F 67, leached in hydrochloric acid to show
internal and external details.

Dimensions (in mm.):

P I R
+16 +19.5 8 7110° 5.1 6.2 1.0 10°
Description:

External: The shell is probably subpentagonal in outline, with a broad
glightly incurved umbo and moderately wide hinge and obtuse cardinal
extremities. The specimen has been reduced in width and increased in
height by distortion. Its ventral interarea is feebly defined, and interrupted
by & delthyrium which is somewhat arched immediately under the umbo,
with an angle of less than 40°.

The shell is smoothly convex apart from a narrow median suleus which
is rather angular in cross-section and commences possibly as a narrow greove
over the umbo and deepens rapidly heyond the posterior third. Some
longitudinal rugae are present on one side but these are probably due to
distortion. Surface ormament consists of minute pits, 15 to 20 per milli.
metre, lying in concentric rows.

Internal: The delthyrial filling lies helow the interarea from which
it is separated by a deep groove to each side. It is weakly convex near the
commissure, and has a large umbonal callosity which forks anteriorly. Dental
and adminicular plates lie in the same plane, passing vertically to the floor
of the valve, and heavily thickened posteriorly, so that they are wedge-shaped.
The adductora consist of two narrow ridges separated by a median groove.
Diduector impressions are lightly striated by longitudinal grooves, and are
deeply depressed below the rest of the floor, Vascular or goniophore pits and
dimples lie- over the posterior floor.

The posterior shell is about 1.5 mm. thick.

Resemblances: The extreme fineness of the ornament, the alignment and
shape of the dental and adminicular plates, and the nature of the delthyrial



filling distinguish the specimens from Permian species of Martintopsis.
In most respects the specimen appears to belong to Eomartiniopsis, hut of
course the absence of the dorsal valve prevents certain identification. In
the rounded, non-extended cardinal extremities, and the way in which the
suleus commences in front of the umbo, and deepens rapidly, the specimen
compares well with E. helenae SOKOLS'KAFA.

Of other species perhaps the closest is E. maximovae BEsxossova in
BARYOEVA ef ol (1963, pl. 57, fig. 9), but the sulcus of this commences in a
mote anterior position, and is wider at the anterior commissure.

Genus SYRINGOTHY RIS WinNcHELL (1863)

Syringothyris curzoni (DIENER, 1903) glaber n. subsp.
Pl 16, figs. 6-—8

Material: Single Jarge ventral valves from F 67 and 127, and two small
ventral valves from F 67.

Holotype: Specimen figured in pl. 16, fig. 7, from F 67.

Diagnosis: Closely allied to S. curzont (DIENER, 1903) in faintness
of ventral ornament, and position of syrinx, and low dental plates almost
in the plane of the adminicula, distinguished by less transverse shape,
narrower sulcus, longer more widely diverging adminicula, and diductors
with fewer markings.

Dimensions {in mm.):
Colleetion Adminicula

Number Width Length Height Longth Apart
127 36 45 10.5
87 ' 15 6 9 3
67 26 3L.5 15 25 5.5
Description:

External: The specimens are characterised by a long protruding
ventral umbo, of which the angle measures about 80°, extended low posterior
walls concave in outline towards the posterior margin, and obtuse cardinal
exfremities in front of which the shell is well rounded in outline. The
position of maximum width appears to have been just in front of the
hinge, but this is not certain because of distortion. The interarea is high,
concave and incurved, with a triangular shape, and ocoupied for the
middle sixth of its length by a delthyrium. The interarea of the small
specimen from F 67 which may belong to the subspecies has deep vertical
grooves, about 3 per millimetre, and a narrow high delthyrivm with an angle
of only 25°. Fainter vertical grooves appear on the large internal mould,
2 to 3 per millimétre. No ears are differentiated. A narrow suleus with an
angle of about 8° commences at the umbo and persists to the anterior margin,
with a very gently concave floor. The small specimen with strong vertical
markings on the interares has two plieae anteriorly one each side of the
suleus, but whether these are due to distortion or to represent an unusual
feature of the species, or show that the specimen is not conspecifie, is not
certain. There are faint traces of broad low costae on one side of the large
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leached specimen, about 3 costae oceurring in 5 msmn., but on other specimens
the surface of the shell is smooth apart from traces of low growth-lines.
The nature of fine surface ornament is not known for certain, but fragments
of worn shell appear to be clogely pitted, with about 10 pores per millimetre.

Internal: Two specimens show details of the interior. In the large
specimen the plates supporting the teeth pass converge slightly from the
teeth, and then diverge by about 20° to meet adminiculs diverging at 20°
to the floor of the valve, with thick bases over 2 mm. wide posteriorly. With
the heavy posterior thickening they appear to diverge from the posterior
wall, and are subparallet for wmost of their length, with slight inward con-
cavity, so that they converge a little anteriorly, Between the plates and next
to the delthyrial filling lies the hollow tubular syrinx, with a median groove
along its ventral surfaee, and a thick low septum with a wide dorsal base on it
dorsal surface. A low median septum traversez the muscle field, as well as
a few broad low ridges and shallow longitudinal grooves laterally, but there is
no clear differentiation into adductors and diductors. To each side of the
plates the floor of the valve is practically smooth apart from fine slightly
elongated pustules.

The other specimen differs considerably and is elther not related or
represents an early stage of development. Plates supporting the teeth are
long, and diverge slightly to the floor of the valve at about 50 ° and anteriorly
by about 10°, There is no obvious distinetion in angle of inclination between
dental and adminicular plates. In between these plates are two sturdy plates
that diverge away from the floor of the valve to fuse under the delthyrial
filling, forming a surface concave dorsally, that slopes dorsally from the
posterior floor. The surface is lined by arched growth-lamellae and traversed
longitudinally by a median ridge. There is no median hollow tube. Another
point of divergence from the large specimen is that the musecle field is deeply
deprassed below the floor of the valve to each side.

Resemblances: Few specimens of Syringothyris are so nearly smooth
as these valves from Nepal, apart from decorticated shells such as the one
figured as S. konnibalensis (SwarLow) from the Louisiana Limestone by
WeLLER (1014, pl. 68, fig. 4). However specimens collected from the upper
Syringothyris Limestone at Kotsu Hill, Kashmir, by Dr. G. Fucrs (K 22)
are comparable, with very low, or seemingly no costae. By comparison the
dorsal valves from the same locality have much more obvious costae, so
that the faintness of the ornament would seem to reflect the original nature
of the shell, and not just be due to decortication. The dental plates are short
and lie almost in the same plane as the adminicula, as in the Nepal specimens,
aud the syrinx oeccupies a similar position, whereas it liez closer to the floor
of the valve and dental plates are much higher in 8. lyddeker: DIENER.
On the other hand the Kashmir specimens are more transverse, and the ad-
minicula are shorter and diverge more anteriorly, and diduetors are marked
by hetter defined transverse ridges and grooves than in the Nepal specimens.
Other Kashmir specimens were deseribed as §. cuspidate MaArTIN from Eishma-
kam by DiENER (1915, p. 9, pl. 1, figs, 6—8), the figured specimensbeing slight-
ly transverse to elongate, with moderately to weakly defined costae, anda
wider sulcus than in the Nepal specimens, suggesting that the adminicula
are also likely to diverge more. DIENER's figures are certainly close to figures
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of cuspidate offered by Davipson (1858, pl. 8, figs. 19—24), though the
European specimens generally have more obtuse cardinal extremities, and
slightly stronger sometimes broader costae. Specimens ascribed to the
same species from limestone below the Kuling shales near Kuling by DIENER
(1899, p. 76, pl. 4, figs. 9, 10) are transverse with low costae, and coming
from an identical horizon, are likely to be conspecific, though details of their
morphology are poorly known, In 1903 DieNER referred the Syringothyris
Limestone specimens to a new species, Spirifer curzoni (1903, p. 147, pl. 7,
figs, 2—6), supposing that a syrinx was absent. But the presence of a syrinx
and punctation was established for the species by HaYDEK in the same
work, and the species abandoned in favour of cuspidate. Not having speci-
mens of cuspidaia before me, I am unable to assess the extent to which
D1EWER's species is really distinetive. Whatever its validity, it seems clear
that the Nepal shells are closely related to the Kashmir specimens, yet are
distinguished by their narrower sulcus, less widely diverging adminicula,
different muscle scars, and fainter ornament of the ventral valve. This is
perhaps best expressed by referring the Nepal shells to a new subspecies,

The new form is perhaps equally close to Syringothyris serence
SoKoL8KATA, which lacks radial ornament. As figured by SarvéEva and
SoxorL$xasa (1952, pl. 63, fig. 356) it is more transverse, with alate cardinal
extremities and a deeper wider sulcus, and the suggestion of more widely
diverging adminicula.

Syringothyriz skinderi SoxoLéKasa in SarvCEvVa et al (1963, p. 275,
pl. 47, figs. 3—T) has low to moderately strong ornament, but again is decid-
edly transverse with a deeper wider sulcus.

Genus PUNCTOSPIRIFER NortH {1920}
Punctospirifer sp.
Material: A ventral valve from F 127,
Dimensions (in mm.):

Width Length Height Ui ol Gi‘;’gi{?] iﬂ}ah],,
8.5 9.5 3.7 85° 1120° 17°

Deseription: The specimen is a small elongated ventral valve with
posteriorly extended umbo, coneave posterior walls, maximum width placed
behind mid.length, and a moderately deep suleus, rather U-shaped in cross-
profile, and bearing a low median costa. The lateral extremitios are possibly
lost, There are four pairs of outwardly curving plicae, of which the innermost
pair bordering the sulcus is by far the most prominent. The shell is traversed
by low even growth wrinkles, of which about 4 occur per millimetre, as well
as traces of much finer ¢concentric filae, about 12 to 15 per millimetre. There
are also fine longitudinal filae, about 10 to 12 per millimetre measured within
the suleus, The shell is pierced by about 7 pores per millimetre, more or
less in eoncentric rows, 8 rows being counted in 1 millimetre at mid-length
on the plication bordering the sulecus.

Discussion; Although the specimen is tentatively referred to Puncto-
spirifer becanse of the apparent absence of spines and presence of radial
threads these observations require confirmation from better preserved
material, and the generic position of the specimen is highly uncertain. Never-
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theless, the specimen is comparable to a foew species deseribed as Punclo-
spirifer from more or less comparable horizonz of the U. 8. 8. R.. Of Punclo-
spirifer figured in SakvOEvA and Soxorskara (1952) the closest is P. partitus
(PorTLOCK), with similar prominent umbo and median costa and high
inner plicae. Punctospirifer orlowi CERNYak in DEpok and CERNYAK
(1960, p. 67, pl. 9, figs. 7, 8) from C,2 beds of Taimyr Peninsula also has an
extended ventral umbo and narrowly diverging posterior walls, a suleal
costa, and low lateral plicae. No comparable specimens appear to have been
described from the Syringothyris Limestone of Kashmir, or Lipak beds of
Kanaur and Spiti.

Correlation of the faunas

1. Permian
A Interrelationships of the faunas.

As shown in Table 1, most of the Permian fossil localities have a more or
less similar fauna, with no unique species (F 58, 94, 129, 130, 147, 148, 117).
Faunas at the top of the suecession, especially F 112 and 108 have several
speciezs not found in underlying beds, partly at least because of facies,
the uppermost beds being more calcarecus. No definite difference in age
can be established. A sandstone and mudstone fauna from F 105, apparently
with obséure relationships to the remainder of the column, has a species akin
to a Lower Permian species, Syringothyris lyddekeri. Associated species
point to an Upper Permian age, though none are very well preserved, and
8. lyddekeri supposedly has Upper Permian representatives, so the fauna is
presumed to be of approximately the same age as the others.

B. Correlation with other faunas

Himalaya

The Permian faunas from Nepal are correlative in a general way with
the Himalayan faunaz described from the Zewan beds of Kashmir, the
Productus Shales of Kumwaon and Garwhal, the Kuling Shale and under-
lying sandstone of Spiti. Closest affinities lie with the Zewan faunas, follow-
ed by those of the Productus Shales, and there is less resemblance to the
moderately distinetive limestone faunas from Chiticun 1 and Malla Sangcha.
Most of these faunas have been rather lumped in the descriptions, so that
it does not seem possible to make refined correlations with any particular
zone within these faunas. The zonation proposed for the Zewan succession
by Havpew and MippreMIss is scarcely reflected in the Nepal sequence.
According to the scheme outlined by DIENER (1915) the basal zone is domi-
nated by Marginifera himalayensis, with dmdanthus waagenianus (= fusi-
Jormis} prominent, accompanied by Neospirifer moosakhatlensis, Fusispirifer
nitiensis, Spiriferella rajah, and Hoskingia latouchei. The middle zone is
dominated by 8. rajak and has N. moosakhailensis, and the uppermost zone
containg Xenaspis, various bivalves, Waagenoconcha purdoni, Costifering
indica, and rare A. fusiformis. DIBENER stressed thot there is not much
difference in age between the zones. The Nepal faunas come closest to those
of the basal zone, but do not fall into a zonal sequence comparable with that
of the Zewan succession. Marginifera comes in near the top of the Nepal

lakeh. Geol. B. A, 1966, Sonderband 12 6
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sequence, 4nidanthus fusiformis occurs at the bottom and top, Waagenocon-
cha purdoni at the bottom and mnear the top, N. moosakhailensis ranges
throughout, F. nitiensis at the bottom and top, Spiriferelle bottom and middle,
and Hoskingia latoucher at the base, the latter two as in the Zewan beds.

At Spiti the distinetion between the faunas of the Kuling Shales at the
top of the sequence, and the underlying sandstone has been masked by mix.
ture of eollections, but even so, DIENER considered there was little difference
in age between the two faunas. Three prominent spiriferoids of the Nepal
faunas are more characteristic of the sandstone, N. moosakhailensis, N. ravana,
and F. nitiensis as well as the Dielasmatid H. latouchei. 8. rajah, amongst
other forms, is found only in the overlying Kuling Shale. Yet in the Nepal
sequence, the order is in part reserved, 8. rajah preceding N. ravana, and
both are preceded and followed by F. nitiensis. No doubt facies has helped
to determine the appearance of the fossils, and there may be no time signi.
ficance at all. This lack of time significance appears to0 be supported by thg
occurrence of all four spiriferoid species together in the Productus Shales

In early work DIENER (1897 a) favoured a slightly olderage for the Chiticun
faunas, which he correlated with the upper Middle Productus Limestone,
compared with an Upper Productus Limestone correlation for the Productus
Shales, though this could not be firmly established (1897 b). The Zewan
faunag were also regarded as somewhat older than the Productus Shale faunas
(DIENER, 1899). Since the Nepal faunas have Spiriferella tihetana in common
with the Chiticun fauna, and agree well in other respects with the Zewan
fauna they might be a little older than the Productus Shales, which are con-
sidered to lie at the top of the Paleozoic sequence, not divided from the basal
Triassic by any visible unconformity. More recently however the Chiticun
and Zewan faunas have been regarded as approximately contemporaneous
with the Kuling and Productus Shales faunas. DIENER (1915} thus reviced
his correlation of the Zewan faunas which he came to consider closest to those
of the Productus Shales, and MumR-Woop (1941) also treated them all as
roughly contemporaneous. Of importance in this regard is the discovery
of the ammonoids Cyclolobus and Xenaspis at both Chiticun 1 and in the
Kuling Shales {DiexEr, 1915), Cyclolobus in the Productus Shales (PascoE,
1959, p. 310} and Xenaspis in the upper Zewan heds (DIENER,1915), Xenaspis
does enter the Salt Range succession earlier than Cyelolobus, so that the
Zewan beds could be a little older than the others, but, in view of the brachio-
pod affinities, not to any significant degree.

Correlation with the Salt Range Succession

In 1903, although reporting the oceurrence of Cyelolobus, DIENER
retained his upper Middle Productus correlation for the Chiticun 1 faunas
because Norrring had found X. carbonarius to be prolifically represented
at this horizon in the Salt Range. However Xenaspis extends into the Upper

TABLE 1:

Chart of brachiopod occurrences in the Permian of Nepal and nearby areas. A symbol
doubled in either the Middle or Upper Productus Limestone column shows where the
species is more abundant.
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Productus Limestone (REED, 1944, p. 505), and correlation with this high
horizon is generally preferred, Muir-Woop (1941} accepting such an age for
the Productus Shale at the top of the Kuling Series, and stating, without
giving detailed reasons, that the Lachi Series was equivalent to the Upper
Productus Limestone. Resp {1944, p. 378) accepted an Upper Productus
correlation for the Xuling Shales, and a Middle Produectus correlation for the
underlying sandstone. Although as indicated there is some meagre faunal
evidence to suggest that the Nepal brachiopod fannas need not be quite as
young as the uppermost Productus Shale, Kuling and other faunas, there is a
slight preponderance of Nepal species in common with the Upper rather than
the Middle Produectus Limestone. Not one of the Nepal series is restricted
in the Salt Range succession to the Middle Productus beds, whereas two
spe cies high in the Nepal sequence, Multispinula indica apart from a doubtful
occurrence, and Krofovia opuntia, do not occur below the Upper Productus
Limestone in the Salt Range. The tendency for Cleiothyridina subexpansa
to be more characteristic of the Middle Productus Limestone is counter-
bhalanced by Waagenoconcha purdoni, which is more abundant in the upper
division. Other affinities are summarized in the chart.

Chitral

Some similarities apparently lie with the succession two miles north of
Baroghil Ailak in the Chitral province, though REED (1925) identified
Fusulina and Schwagerina princeps and assigned an upper Carboniferous,
or what would now be Lower Permian age. The overall appearance of the
brachiopods except for some of the productids and molluses, especially the
gastropods, is suggestive of a higher horizon, but I have had no opportunity
to examine the fusulinids which must be decisive.

Karakorum

Considerable similarities exist between the faunas of Nepal and the Kara-
korum, but a full comparison has been hindered by my inability to examine
the faunas at first hand, and the lack of some literature, From the Remo
Valley PascoE (1959, p. 803) quoting Paroxa (1932), and De Terra (1932),
lists dnidanthus aagardi, Weagenoconcha purdoni, Neospivifer moosakhailensis,
Marginifera himalayensis, and Spiriferella tibetana. (Names are changed to
accord with current nomenclature) From near the source of the Shyok,
GorTANT (1920) listed faunas equivalent to the lower of the two Productus
Shale zones, including 4. aagards, M. himalayensis, S. tibetanus, S. interpli-
cate, Syringothyris aff. lyddekeri, Cleiothyridinag subexpansa. In the same area
a higher horizon has yielded Linoproductus lineatus. From the Lopingian
beds of Rimu, Karakorum, MErLA (1934) described W . purdonz, M. himalayen-
sts, 8. tibetana lenuisulcata, N. moosakhailensis, 8. lyddekeri, in name at
least close to the Nepal faunas, though the small size of the specimens pre-.
cludes much certainty in identification. Some of the specimens described
from his Lower Permian show some affinity, including varieties of 8. tibetanus,
and Anidanthus of. waagenianus, and A. aggard:i. RENZ (1940 a, b) listed or
figured Marginifera himalayensis, Linoproductus lineatus, Neospirifer
moosakhailensis, Fusispivifer nitiensis, Spiriferelle tibetana and occidentalis
from the Permo-Carboniferous of the Karakorum. '



Tibet

Spiriferella rajah has been identified from the Mount Everest region,
and TiNg Pe1.CHEN (1962) has described an upper Permian fauna from the
Kubei and Tsunbu districts with shells closely related to or identical with
Costiferina alata, Neospirifer moosakhailensis, and Spiriferelle vercherei.

Burma

The Kehsi Mansam fauna of the Southern Shan States described by
DiexnER (1911) includes shells identified as N. moosakhailensis and Strophalosia
of. indica, as well as Martiniopsis lalouchei and Linoproductus limeatus
which are close to Nepal specimens. The identification of Polydievodina
by DuNBar (1933) suggestz an Upper Permian age, but the fauna belongs
1o a slightly different province. The Mongolian faunas deseribed by GRaABAT
{1931), and various faunas from China have several species in common with
or allied to Nepalese forms.

Further correlations

As shown in Table 1, most of the remaining similarities lie with Productoid
species recorded from the North Caucasus by Lisarev (1936} and AmicE
{1878), and from the Basleo and related beds of Timor and Ajer Mati. The
Timor affinities have been treated somewhat cantiously in this work, and it
18 probably that differences between the forms from the two realms are of
no more than subspecific rank. Correlation is strengthened by an Upper
Productus Cyclolobus ammonite fauna in the Amerassi beds of Timer
{GErTH, 1950, p. 258), and Gerru (1950, p. 255) stated that Cyelolobus,
and Xenaspis first appeared in the Basleo or Timorites Stage.

A related fauna appears just below the Triassic in Madagascar, again
with Cyclolobus and Xenaspis.

C. Age of the Nepal Permian Faunas

The faunas with which the Nepal brachiopods are matched are widely
assumed to be of topmost Permian age, Tatarian in the world standard se-
quence, or bhelonging to the Cyclolobus zone of ammonoid subdivisions
{GLeExtsTER and FurnisH, 1961). As outlined above, there is some possibility
that the Nepal faunas are slightly older, but not to any significant degree,
and it seems likely that the faunas do belong to the Cyclolobus zone of
MirrLEr and ForwisH (1940). This ammonoid, frequently accompanied by
Xenaspis, is known at the top of the Permian succession, and immediately
below the basal Triassicin the Himalayan region, the Salt Range, Madagascar,
Timor, and Greenland.

Nevertheless, in spite of widespread consensus of opinion on the Cyclolobus
zone, some problems arise from granting it such a young age. The guestion
is too lengthy to be fully dizcussed here, but I would raise some arguments,
far from conclusive, to emphasize other aspects of the problem. In the first
place, the chief stress on the young age of the Cyclolobus ammonite group
comes from some American workers, who with a very imperfect Upper Per-
mian sequence, have also stressed the young age of the Yabeina Fusulinid
zone (THOMPSON, 1948), and have been followed in this regard by some, but
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not all Japanese workers. On the other hand SuEva (1963) has recently
criticised this correlation for Yabeina anditsallies, and shown that the Yabeina
zone is followed by two further very clearly fusulinid zones in Kueichow
and other parts of China. It is possibly significant that the Neoschwagering —
Yabeina zone in the New Zealand Permian sequencs (Horwirrook, 1951)
is followed by beds with Xenaspis carbonarius (WarERHOUSE, 1964 a, b, d)
the ammonoid which comes in just bslow and accompanies Cyclolobus.
Above Xenaspis in New Zealand come two distinet brachiopod zones,
below the basal Triassic. The Yabeina and Xenaspis were regarded by
WarerHOUSE (1963) as being lower Upper Permian.

One of the most arresting features of the brachiopods, bivalves and gastro-
pods aceompanying the Cyclolobus zone is that they differ little from those
of supposedly significantly older faunas. Thus the Greenland brachiopods
and bivalves were considered by Dunpar (1955) and NEwEeLL (1955) to be
Zechstoinian in affinities, or supposedly Kazanian apart from the Cyelolobus.
Only the presence of Cyclolobus compelled a topmost Permian age, as in
Duwear (1962, et al. 1960, 1962). Basleo brachiopods do not differ signifi-
cantly from those of slightly higher Indonesian faunas, and Gerra (1950)
reported Cyelolobus from ths Basleo beds, which are generally referred to
the Waagenoceras zone, or Kazanian Stage. In the SBalt Range the faunas
of the Upper Productus Limestone differ scarcely at all in overall appearance
from those of the Middle Productus Limestone, WAAGEN wishing to include
the upper part of the Middle Productus Limestone in the same major unit.
By contrast the topmost fauna of the New Zealand succesion is particularly
distinet from that the Yabeina-Xenaspis faunas below (WATERHOUSE,
1964 d, in press). Uppermost faunas from Japan contain most unusual
bivalves (Prof, N. D, NEWELL, pers. comm.). It seems just possible that part
of the sequence is missing from the Salt Range, Nepal, and other regions,
in spite of the evidence based on ammonite sequence and eveolution. Such
a gap is certainly not obvious in the field — Dr. FucHs has emphasized the
conformity of the succession in Nepal, and I have seen and admit the apparent
continuity of the sequence in the Salt Range, even though KummEeL and
TrrcEERT {1964) have found some evidence for reworking of Permian fossils
in the supposed bagal Triassic. The thesis that time is unrepresented in the
column is certainly one hard to support from the field, and musté be regarded
as an unsubstantiated hypothesis at this stage.

2. Carboniferous

Fhe older faunas from the Upper Paleozoic of Nepal are Lower Carbo-
niferous, and probably Upper Tournaisian in age. Closest resemblances lie
with the fauna of the Syringothyris Limestone of Kashmir and the Lipak
beds of Kanaur and Spiti (DIENER, 1899, 1903, 1915), with Linoproductus
pollex and PFuselle mucronate in common, and Eomarginifera and Syringo-
thyris closely allied, and perhaps identical to specific level. The fauna of the
Syringothyris Limestone differs considerably from Visean faunas of China,
Siberia, and Malaya (Muis.Woop, 1948) and is generally considered to be
Tournaisian. This age is reinforced by the affinities of the Nepal species.
The genus Fusella is especially characteristic of the Tournaisian of Europe
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and is found in Tournaisian beds of Australia, and Eomartiniopsis helenae
and Syringothyris setenae are listed in SARYEEvVA and Soxor$kaza {1952)
as coming from the basal Carboniferous Cml and CW. Rhipidomella
approaches R. mickelini. These correlations appear sufficiently firm to
withstand Productoid evidence for a slightly younger, perhaps Visean age,
suggested by Eomarginifera’s similarity to E. longispine which is chiefly
Visean and Namurian, and Linoproductus for which Muir-Woop and CoOPER
(1960, p. 298) list no species older than Upper Carboniferous. Not that
Productoids are considered to be less reliable time indicators, but in this
case the affinities of the Spiriferoids are specific, and the ranges of Productoid
genera possibly subject to revision.

Table 2
List of fossils from Carboniferous of Nepal
Speties Fossil localities
¥ 67 Fi127 F 111

Rhipidomella 8p. vovvvvre i vr i x
Orthotetid .......0viiiuiii ittt X
PHomarginifera 8p. ... ot it X
Linoproductus pollex n. 8p. ... .o nn. X
Fuselle mucronate D, SP. ......oviviiiie i X X
Bomartiniopsis cf, helenae SOKOLSKATA ........... ¥
Punclospirifer sp. o .o iiie it %
Syringothyris curzont glaber n. subsp. ............ x X

Table 3

Details of fossil localities from Nepal

Cﬁﬂfﬁﬁi;}“ Deseription

Carboniferous

127 TUppermost 25 m. of the dark limestone which is in the main Carbo-
niferous, N. of Barbong, Barbung Khola.

67 Highest beds of the dark limestone formation, transition into the
~ 111  Permian Quartzite-Sandstone-Shale formation; about 4 km. N. of
Barbong. Barbung Khola,

Permian

58 In 5 m. of sandstone, 25—30 m. above the limesitone of F 57 *)
or out of the lower third of the Quartzite-Sandstone formation.
West side of Tarap Khola, S. of Tarap.

105 At the foot of the steep East faces of the mountains W of Tukot,
Barbung Khola. The horizon ig not certain but the matrix suggests
the Quartzite-Sandstone formation.

*) F 57 is a Carboniferous locality 1 m#. below the Permian quartzites. No fossils
have been described from it in this report.
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94 A limestone layer of the upper shaly part of the Quartzite-Sandstone
formation. Upper course of the valley ENE of Terang, Babung
Khola.

129 Limestone layers of upper part (?) of Permian. NE of Charka
(Barbung Khola).

130 From shaly limestone of upper part of Permian, NE of Charka, N of
No. 129.

147 Approximately from the same horizon. SW of Dingju, Langu Valley.

148 Sarung Khola about 10 km. SSW of Dingju. In this northwestern
part of the mapped area, the Carboniferous limestone is missing
and typical Permian Quartzite series is replaced by soft arenaceous
shales with a single fossil.

117 Arenaceous shales of the pper part of the Quartzite-Sandstone
formation, from the ridge SW of the Tekochen Banjang between
Babung Khola and Tarap.

112 A layer of dark limestone of the upper beds of the Permian (15 m.
below the Lower Triassic), 7 km. N of Babung Khola.

113 Believed to belong to the same horizon as 112, a little N of No. 112,

108 TUppermost horizon of the Permian at base of limestone bed 1.5 m.
thick that contains a Lower Triassic fauna in its upper part. There
iz about 1 m. of unfossiliferous limestone between the Triassic
and the Permian faunas.
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Plate 1

Figs. 1, 4: Orthotetes bisuloatus n. sp. 1. holotype, ventral valve; 2. dorsal valve
Both specimes from F 112, x 2.

Figs, 2, 3: Multispinula indice (WasGEXN), 2, rubber latex cast of spines over the
umbo, x4; 3, internal mould of ventral valve x 2. Both from F 112.

Fig. 5: Spiviferelia rajah (SavreR), ventral valve from F 117, x L

Fig. 6: #Neochonetes ap. indet., dorsal valve from F 108, x 1.

Most specimens are distorted. They hame been generally mounted with the hinge
axis parallel to the top of the page.
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Figs. 1, 5:

Fig. 2:

Figs. 3, 4:

Plate 2

Hrotovia opuntio (WAAGEN), ventral and dorsal aspects of specimen from
F 112, < 2.

Spiriferella tibetana {DIENER), ventral valve from F 108, 1.
Orthotetes biswlcatus n. sp. 3, external mould of dorsal valve; 4, decorti-

cated internal mould of dorsal valve, showing muscle scars. Both from
F 112, x2.
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Plate 3

Fig. 1: Orthotetes bisuleatus n. sp., internal mould of dorsal valve from F 112,
showing crural plates, x<2.

Fig. 2: Spiriferelln rajoh {Savrer), decorticated dorsal valve from F 58, x L

Figa. 3—5: Marginifera sp. 3, 4, avterior and dise views of external mould of dorsal
valve; 6, decorticated ventral valve. Both from F 108, x 2.
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Figs. 1, 4, 5:

Yigs. 2, 3:

Fig. 6:

Plate 4

Awnidanthus fusiformis n. sp. 1, holotype, external mould of dorial valve
with umbonal and cardinal part of ventral valve, F 112, 2,

An umbonal fragment of an external mould of a ventral valve of Mult-
spinule indica (WaacEN) lies above. 4, 5§, decorticated ventral valves
from F 105, 2.

Waagenoconcha purdoni {Davipson). 2, ventral valve from F 112, x1;
3, extornal monld from umbonal shoulder of ventral valve from F 58,
4 8 approx. Anterior surface faces bottom of page.

Linoproductus lnentus ? (Waacrw), internal mould of ventral valve from
F 105, x1.
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Figs. 1, 4, 5:

Figa. 2, 3:

Plate 5

Costiferina alate n, sp. 1, natural internal mould of distorted veniral valve
showing musele scars, »0.75; 4, external mould of dorsal valve, with
posterior face of cardihal process, x1; §, external mould of dorsal valve,

with some shell attached, ears better preserved than inother two specimens,
»1. All from F 58,

Waagenoconcha purdond {Davipson). 2, external mould of dorsal valve,
showing ornament (the spines as dark spots, or holes in the matrix
but with hinge obseure); 3, internal mould of ventral valve. Both from
F 58, «1 approx.
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Plate 6

Figs. 1—3: Coslifrrina alote n. sp. I, internal mould of ventral valve, with radial
ragae visible anteriorly, x1; 2, externsl mould of dorsal valve with
posterior face of cardinal process and very alate cardinal exiremities,
x 0.75; 3, holotype, external mould of dersal valve with umbonal part
of ventral valve, x0.75 approx. All from F 58,
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Figs. 1, 2, 4:

Figs. 3, 5:

Plate 7

Spiriferella rojoh (SaLTER). 1, lateral view of ventral valve; 2, internal
mould of ventral valve showing muscle platform and dental and admini-
cular plates, with a little of the external mould ahove; 4, internal view
of ventral valve, see also pl. 11, fig. 2. All from ¥ 117, x1.

Costifering alata n. sp. 3, exterior mould of dorsal valve (with the trail
not visible, having heen bent back and under the specimen by distortion}
and ginglymus, and large ear, and internal mould of posterior part of
ventral valve, showing adductor scars elearly; &, internal mould of
ventral valve., Both from F 58, w1 approx.
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Figs. 1, 2:

Fig. 3:

Fig. 4:

Plate 8

Neospirifer moosakhatlensis (Davipsow), 1, stretched specimen with
valves conjoined and apparently very wide sulcus from F 130, x0.75;
2, anterior aspact with dorsal valve uppermost of gerontic specimen
with valves conjoined from F 113, 1.

Dictyoclostid gen. and sp. indet. in lower middle of figure, external mould
of dorsal valve. An internal mould of a ventral valve of Cleiothyridina
subexpanse (WaaGEN) lies at upper left, with fragment of external spines
along the edge of the specimen. Above the Dictyoclostid on the right
is an external mould of a ventral valve of Anidonthus fusiformiz n. ap.
Ventral valves of Multispinuly indice are representad by a fragment of
the exterior between the Dictyoclostid and Cleiothyriding, and part
of an internal mould to the lower left of the Dictyoelostid. F 112, = 2.

Costiferina alata n. sp., exterior of dorsal valve and ginglymus, from F 58,
x L
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Figs, 1, 4:

Fig. 2:

Fig. 3:

Fig. 5:

Plate 9

Neospirifer moosakhailensis {Davipsor). 1, ventral valvefrom F 130, x (.75
approx; 4, dorsal aspect of specimen with valves conjoined, much de-
corticated and partly obscured by matrix, from ¥ 108, =2,

N. ravane (DIENER}, internal mould of ventral valve, with some shell
remaining to right of muscle platform. From F 112, x 1.

Spiriferella tibetona (DIENER), s partly decorticated fragment of a ventral
valve from F 130, =1,

Fustspirifer nitiensts (IDIENER), internal mould and cardinal area of
ventral valve from F 58, x 1.
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Figs. 1, 2:

Fig. 3:

Fig. 4:

Plate 10

Neospirifer moosakhailensis (Davipson). 1, interior of ventral wvalve,
with posterior part of dorsal valve, from F 130, % 1; 2, ventral valve from
F 148, > 1.

Cletothyriding subexrpansa {WaaaeN), internal mould of dorsal valve
from F 1058, = 1.

Neospirifer ravana (DIENER), dorsal aspect of large specimen with valves
conjoined from F 112, < 0.75 approx.
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Plate 11

Figs. 1, 3, 4: Fustspirifer nitiensis (DIENER). 1, internal mould of ventral valve with
interarea from F 58, < 1; 3, 4, ventral and dorsal views of large decorti-

cated specimen, the median mass of fig. 3 being the muscle platform,
From T 113, = 0.66.

Fig. 2: Spiriferelle rajah (SALTER), ventral valve from F 117, x L.
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Fig. 1:

Fig. 2:

Fige. 3, 4:

Plate 12

Fusispirifer nitiensis (DIENFR), ventral valve partly decorticated, from
F 58, 0.9 approx.

Spiriferelle rajah {SALTER), ventral valve with angular cardinal extremity,
from F 117, = 1.

S, tibetang (THENER). 3, transverse ventral valve, »1; 4, elongate ventral
valve, « 2. Both from F 104,
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Plate 13

Figs. 1, 2, 4, 5: Spiriferella tibetane (DIENER). 1, b, ventral and damaged dorsal valves
from F 130, squashed and broken, < 1; 2, 4, ventral valves from F 108, x 1.

Fig. 3: Syringothyris lyddekeri ? {DIENER), distorted and worn ventral valve from
F 105, x1. .
Fig. 6: Punctospirifer sp., decorticated dorsal valve from F 108, x 1.
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Plate 14

Fig. 1: tHoskingia latouchei (DIENER) and Martiniopsis sp., ventral aspects of
internal mouldas from F 105, = F.

Figs. 2, 3, 8, 6: Rhipidomella sp. 2, 5, ventral and dorsal aspects of a small specimen
{subsequently destroyed by acid leaching), x1; 3, internal mould of
dorsal valve, x 2; 8, ventral valve, decorticated, x 2. All from F 127.

Fig. 4: Fomarginifera sp., distorted, partly decorticated ventral wvalve, Bee
also pl. 15, fig. 2. From F 111, ~1.
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Fig. 1:

Figs. 3, 5:

Figs, 4, 6:

Plate 15

Fusella mucronatg n. sp., internal mould of veniral valve from F 127,
2 2. See also pl. 16, fig, 4,

Eomarginifera sp., posterior aspect of ventral valve from F 111, x1.

Linoproductus pollex n. sp. 3, holotype, anterior aspect of specimen
hefore leaching in aecid, showing decorticated ventral valve posteriorly,
dise, and the external surface of the dorsal valve anteriorly; 5, more
posterior view of holotype after leaching, showing ventral muscle scars,
and exterior of dorsal valve under the wvisceral disc, From F 6%, x 1.

Rhipidomella sp. 4, veniral aspect of specimen with valves conjoined
before leaching in acid; 6, same specimen after leaching, showing external
mould of dorsal valve. The large and sinall tubules of matrix, represent-
ing pores through the sholl, are visible in the bottom left corner.
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Figs. 1—4, 7:
Fig. 5
Figs. 6—38

Plate 16

Fuselle mucrongia n. sp. 1, 2, ventral and dorsal aspeets of holotype,
with growth lines on left side of dorsal valve indicating rmucronste cardinal
extremities. From F 127, » 1; 3, internal mould of ventral valve, probably
more mature than that of pl. 146, fig. 1. From F 67, x2: 4, damaged
ventral valve with a little umbonal shell, see also pl. 15, fig. 1. From
F 127, :» 1. 6, 8, umbonal fragment of ventral valve, external and internal,
to left of Syringothyris, froin F 67, » 1.

FEomartiniopsis of helenae SOKOLSKATA, internal mould of distorted ventral
valve from F 67, = 1.

Syringothyris curzoni glaber n. subsp. B, 8, ventral valve before and after
leaching in arid, to right of Fuselle; 7, holotype ventral valve. Both from
F 67, = 1.
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Index of species and genera

{For the systematic deseriptions only the first page reference is recorded, and further
references in the particular description are likely to follow.) Subgenera are treated
as genera, and the correct generic identification is given in brackets.

A Dictyoclostus (= Costifering) of. indi.
cus 29
sp. indet, 29
Diclasma (= Hoskingia) La Touchei 65
sp. indet. 63

Ambikella 56
Ambocoelin aff. fusiforme 76
Anidanthus 19, 32

aagardi 84 .
diksoni 22 Dienariny ey e 84
fusifermis 6, 20, 81, 82, 83
rugosus 22 B
sinosus 22
springsurensis 14 Echinoconchus (= Waagenoconcha) waa-
waagenianus 81, 84 geni 25
Athyris (= Cledothyridina)} ailakensis 64 Eliva lyra 56
capillata 63 Eliving 47
cof. expansg 62 Eomarginifera 69, 86
of. gerardi 82 longispina 86
royssid 62 =p. 69, 87
subexpansy 6, 7, 62 Eomuastiniopsis 77, 66
Aulosteges dalhousi 26 elongata 77
Austrospirifer T4 helenae 78, 86
cf. helenge 77, 87
B marimorae 78
Balakhonia T2 F

Beecherin 65
Brachythyrine 73
Brachythyris 73

Fusella 73
fusiformis 73
kondomensis 76
mucronata 6, 7, 74, 85, 88
c nippotrigonalis 77
ostpovensis 76
striatoconvolutus 76
tornacensis 73
Fusispirifer 6, 43
nittensisz 44, 81—84
plicatus 6, 47
Fusulina 84

,Camarophoria®™ dowhatensis 61
Cancrivella 20
ovatia 73
Chonetes (= Neochonetes) dominus 11
variolata baroghilensis 11
Cletothyriding 62

aceola 64
capillata 63 H
gerardi 82 ]
subexpansa 62, 82, 84 Heterqlo?m sublameliote 15
Costiferina 26 Hoskingia 64
alata 6, 26, 82, 84 latouchei 65, 81-—33
aratus 29 trigonopse 64
fndica 26, 81
paucicostata 29 I
spiralis 20 Ingelarella 56
subcostate 29 K
subvexa 29
vishnu 29 Krotovie 15
Cyclolobus 6, 83, 85, 86 curvirestris 11
tnicracantha 17
D opuntic 15, 82, 84
pustulata 17
Derbyia oltestriota 10 senticosa 17
subsinuata 10 spinulosa 15
{ = Orthotetes} dorseplana 10 translate 17
Drctyoclostid 30, 82 wallaciana 17

-1

Jahrb. Geol. B. A., 1966, Sonderband 12
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L

Linoproductus 30, 70, 87
{ = Anidanthus) aagardi implicata 22
core 30, 70
core lineatus 30, 72
cora superba 31
= Anidanthus ?) of. kulikii 32
of. lahuseni 32
lineatus 30, 71, 82, 84, 85
lineatus girrensis 31
platyumbonatus 32
pollex 8, 7, 32, 71, 886, 87
sp. 72
springsurensis 19
simensis abrupta 32
tenuigtrialus 72

M

Marginifera 17
= Costiferina} gratiosus 30
hisnalayensis 18, 81, B2, 84
graelectus 19
sp. 17, 82
typica 17, B2
typica elongate 19
fypica tenuistriata 19
M artindopsis 56, 78
inflata 56
latouches 57, 5
&p. b6, 82
Megouaia 22
Multispinula 6, 11
tndica 12, 82
lamellosa linearis 12
mazwelli 11

Neochonetes 11
dominus 11
sp. indet, 11, 82
wagert 11
Neospirifer 33, 43
ambiensic 38
fasciger 33
{ = Fusispirifer) fosciger niticnois 34
kuberensis 38
marcout 36, 42
marcout undata 34
moosakhoilensis 6, 7, 34, 42, 8§1—8&5
(= Fusispivifer) nitiensis 44
oldhamianus 42
ravana 6, 7, 40, 82, 83
ravena plicatifera 34, 42
striatoparadorus 43
tibetensis 38
{ = Fusispirifer) tomiensis 47
watrakiensiz 40
warchenais 34
warchensis scabrosa 37

O

Orthis (= Rhipidomella) michelini 68
Ovrthotetes 8
biswloatus 6, 9, B2
kraffii 10
radiata 8§
sesniplanus 10
Orthotetid 69, 87
Ovatia elongata 73

P

Polydiexodinag 85
Producta { = Spiriferella) 52
Prodmma {= Costiferina) avotus 29
= Anidanthus) cora 21
Linoproductus} cora 30, 70
Anidanthus) cora angardi 22
Linoproductus} cora lineatus 30,
72
Costiferina} gratiosus 30
Megousia} eucharis 22
Costifering) indicus 6, 7, 26
W ha) R boldti 23
Lmoproductus) lineatus 6, 7, 30
Eomarginifera) longispinus 69
(= Krotovig) epuntin 6,7, 15
Productus productus 73
{= Waagenoconcha) purdoni 23
{= Waagenoconcha) serialis 25
{= Krotovia} spinulosus 15
{= Pseudomafg'&mfem) us&urmw 20
= ?Anidanthus) woay 21
{ = Balakhonia) yunwnanensis T2
Protoretepora ampla 18, 24, 38
Pgeudodiclesma 66
Pseudomnarginifera 20
Punctospirifer 61, 80
orlowi 81
partitus 81
scabricosta 61
sp. {A) 61, 82
sp. (B) 80, 87
Pustule (= Krotovia} micracantha 17
{ = Hrotovia) senticosa 17

B R e S e e "‘\.“"\""\"\

R

Rhipidomella 66
australis 87
cora 67
Jortimuscula 67
michelini 67, 86
ostrogensia 69
sp. 67, 87
FRugatia poreindicus 30
Ruthenia (= Waagenoconcha} purdoni
castrensiz 6, 7, 23
cireularis 23
mirkalanensis 23
paraliensis 23
prolongate 23
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3 (= ? Waagenoconcha) fugar 26
. . . . gerardi 12
Scbzzo»pho?'m‘ afgs_;mreeanews 68 (= Multispinida) indica 6, 7, 12
resupinata f. indica 85
Schwagerina princeps b5, 84 (= (;Mﬂ:!i@f@;mw) lamellosa Uinearis
Spirifer (= Neogpirifer) ambicnsiz 34 6,7, 12
cf. bisuleatus 74 i 6, 11
(= Fusispirifer) byroensis 6, 7, 44 tosa ;’ 7,15
{ = Suringothyris) curzoni 60, 76, 80 nodosa elongata 15
(= Neospirifer) fusciger 33 ] (= gen. nov.) plicosa 14
= Il;:ga;p;rngef} fasciger wmoosakheai- (= Mugmpinula)‘? rt;mmna 14
tenuispina 6, 7, 14
coiats: 55 Sephar o &
f= Fuselia} fusiformis 73 ] Subansivia 57
(= ? Punctospirifer) kentuckensis 61 Syringothywis 57, 78
(= Spiriferella) kupangensis 55 curzoni glaber 6, 7, 78, 87
;= ‘i@'ﬁm“;‘;ﬂi‘j‘c‘, e bori 58 cuspidata ™ .
—_— Uy]’ o AT 3 . E «eﬁ
(= Neospirifer) marcous ‘.10 ) ;;z;i Bl y‘s 70
(= ﬁ""gf‘”fe’"} moosakhailensis 6, 7, lyddekers 58, 79, 81, 82, 84
y fi. lyddekeri 34
{= Fusigpirifer) nitiensis 6, 7, 43 :erensc:e 26 *
{= Spiriferella) rajah 48 ehinderi 80
= Neospirifer) ravane 8, 7, 40 typas 57
{= ? Neospirifer) rostalinus 46
{ = Spiriferelia) sararce 47 T
{= Syringothyris) sp. indet. 60 L
sp. indet. aff. lyddekeri 58 gcjrebrgtula michelint 66
aff. curzond T4 tmorites 85
Tomilia 73

= Spiri indet. aff. rajak _
= ;Sépanfereua) sp. indet. aff. rajo Tomiproductus tomikhensis 73

= Fusella} cf. strangwaysi T4 v
(= Unispirifer} striatoconvolutus T4 . ]
{ = various genera) strialus 36, 52, Unispirifer 74
58, 60
{ = Spiriferella) tibetanus 6, 7, 47, 52 w
luta 52 Weaagenoceras 86
oceidentalis 55 Waagenoconcha 23
tenuisuloatus 84 abichi 25
{ = Neospirifer) timorensis 39 concors 26
Spiriferella 47 densipustulosa 25
ketlhavi 51 peeudopallicta 25
keilhaviiformis bl ] peeudotuberculate 25
tnterplicate 50, 55, 84 humboldti 23
rajah 6, 7, 48, 81—84 silveana 25
interplicata 51 wenie 25
salters typica 51 purdoni 23, 31-—84
saranae 47 castrensis 23
tibetana 6, 7, 52, 8234 circuluris 23
lata 55 mirkalenensis 23
occidentalis 55, 84 paraliensis 28
terusistlcata 84 prolongate 23
wverchere 50, 534
vihianae 50 o X
iriferina crista igata G2
Spirderina p}";mtf:‘é‘m 94 Xenaspis 81, 83, 85, 86
multiplicata 62 carbonarius 83, 85
Strophalosia 6, 7, 11 v
{= gen, incert.) blanfordi 15

{ = Muliispinula) densispinosa 15 Yadbetna 88, 86
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