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ABSTRACT

The paper describes and illustrates small shelly fossi's of Fommotian (Farly Cambrian) age from Chert-Phosphorite Member of Tal Forma-

T

tion, exposed in the PPCL Mine at Maldeota in Dehra Duan district, where it forms part of the southern limb of Mussoorie Syncline in Tewer
Himalaya. The recovered assemblage of small shelly fauna is mor.: or less preci:ely correlatable to fossil zones known from other we!l-c-tal

Early Cambrian sequences in the world.

The assemblage of small shelly fossils from Chert-Phosphorite Member of Tal Formation, consisting of hvolithids. paraconodonts and
other forms o uncertain affinity, is chronostratigraphically assigned to the oldest part of Tommotian Stage (trilobite-'acking basal Cambrian
of Russian (and Siberian) Platform, Mangolia or to the oldest fossil zone of Meishucunian Stage of Chinese sections.

INTRODUCTION

The Tal Formation in western Lesser Himalava
constitutes a well-understood lithostratigraphical unit
of the younger part of Krol Belt succession, which was
traditionally considered to be of Mesozoic ag: as a result
of the tentative suggestion put forth by Auden (1934).
Lately, however, the chronostratigraphic status of Krol
Belt sediments was disputed by Singh (1976, 1979),
who, in contrast to the traditional view, suggested these
to be of Precambrian age based on sedimentational
interpretations. Singh’s view also got support from the
lack of undisputed record of body fossils from the strata
of Krol Belt (Singh, 1981).

The above controversy on the age of Krol Belt
succession gradually began to be resolved with the
record of abundant and easily reproducible small shelly
fauna of Tommotian age from Chert-Phosphorite
Member of Tal Formation (Bhatt et al., 1983) and later
records of other fossil groups (including stromatolites and
ichno-fossils) from the material of Chert-Phosphorite
Member and several other younger horizons of 'I'al For-
mation (‘lewari, 1984) stromatolite of Tommotian age
from Chert-Phosphorite Member; Singh and Rai, 1983,
ichnofossils of upper Tommotian from Arenaceous
Member ; Rai and Singh, 1983, trilobite impressions of
Upper Tommotian or Atdabanian from Arenaceous
Member ; Kumar et al., 1983, gastropod and brachio-

pod of Atdabanian Stage from Calcareous Member in
Garhwal Synform ; Tripathi et al., 1984, assemblage of
brachiopod of Botomian Stage from Quartzite Member;
sec Table I for the different lithostratigraphic units of
Tal Formation). Thus about 700-800 m of basal se-
quence of Tal Formation has now revealed scuverdl
levels of fossiliferous beds which characterise all the
three stages of Early Cambrian. viz. Tommotian Stage,
Atdabanian Stage and Botomian Stage, as established in
tvpe sections in Siberian Platform.

The object of the present paper is to re-examine in
relative detail the various elements of small shelly fauna
recovered from of Chert-Phosphorite
Member of Tal Formation an< record the systematic

the meterial

these elements. This
study has resulted in mo.lification of identification in

palacontologial description of

the case of several elements since their first record earlier
(Bhatt e al., 1983).

PREPARATION OF SAMPLES

The samples yielding the shelly microfauna consist
of granular or finely layered phosphate rock or phosphate
mixed with shale. The samples come out from the out-
crop in a brittle, powdery form.

About 750 gm to 1000 gm of phosphate
was immersed in 109,-129%, acetic acid (glacial) forabout
20 days. The acid was changed after a period of every

sample
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Table 1. The inferred correlation of Chert-Phosphorite Member, Tal Formation, Lesser Himalaya, India in the Early Cambrian chrono-

stratigraphy; A-C-P  Zone :
E-S-Eb Zone : Eonovittatus-Sinosachites-Ebianotheca Zone.

5 days. Fine, macerated rock powder produced as a
consequence, was washed and dried for examination
under a binocular microscope.

It is likely that some alteration/modification in the
maceration process, viz. strength of acid, duration of
acid bath, shaking/stirring technique, may improve the
apparent quality of preservation of the microfauna,

Anabarites-Circotheca-Protohertzina  Zone, P-S-I. Zone :

Paragloborilus-Siphogonuchites-Lapworthella Zone,

although the factor of powdery nature of the parent
sample would remain constant.

SYSTEMATIC PALAEONTOLOGY

The microfauna of Chert-Phosphorite Member of
Tal Formation, consisting of small shelly fossils, is illug-
trated and described. Some of the typical and charac-
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teristic froms of paraconodonts, hyolithids and some
other shelly microfossils present in the recovered assem-
blage are considered sufficient to fix the age of the
stratigraphic horizon yielding the microfauna. Con-
sideration of more specialised aspects of taxonomy of
the recovered forms will need future specialist treatment.

The sudden spurt and radiation of animals with
shelly cover at the begining of Cambrian, i.e. in Tommo-
tian Stage, gave rise to parent stocks of several animal
phvla and orders. Many of these animal phyla and
orders appear to be short lived and rapidly evolved into
newer types, for Tommotian Stage skeletal faunas
“lack many important Cambro-Ordovician groups and
contain certain problematical forms not found in younger
strata” (Stanley, 1976). These palacontological obser-
vations on the evoutionary aspects of the earliest shelled
organisms have so far thwarted efforts for unanimity
towards one agreed scheme of zoological classification
for many of the Tommotian problematical shelled forms.
In the present work the original systematic classifica-
tion proposed by Missarzhevsky (1969) for hyolithids
is followed, except for the genus Tiksitheca, which has
been placed in Family ANABARITIDAE Miss., 1974,
Similarly for conodontids the classification proposed in
the Treatise on Invertebrate Paleontology (Clark, 1981) is
followed. The revision of the hyolithid genus ‘Circotheca’
lately proposed by Meshkhova et al. (1983) and Qian
Yi (1984) is not considered here and the original revised
definition of the genus (Missarzhevsky, 1969) is followed.
The conodontid genus Protohertzina has been placed in
Protoconodonia  (?Phylum Chaetognatha) by Bengtson
(1983).

Fig. 1 illustrates the location and stratigraphic
setting of the Tal sequence in Mussoorrie Syncline and
the litho-column of Chert-Phosphorite Member in
PPCL Mine. 42 channel samples, covering the entire
stratigraphic thickness of Chert-Phosphorite Member
at PPCL Mine, were examined for their microfauna.
Intense laboratory preparations would be necessary in
a future work before vertical differentiation of micro-
faunal zones, if at all definable in the sequence of Chert-
Phosphorite Member(total thickness in PPCL Mine is
12 m), can be attempted. For chronostratigraphic con-
siderations the record of small shelly fossils described
here should be taken as coming from the entire thickness
of Chert-Phosphorite Member, exposed at Maldeota in
Mussoorie Syncline.

The illustrated specimens are housed on SEM
stubs in the Repository Unit, Palacontology and Strati-
graphy Division, Geological Survey of India, Calcutta,
bearing G. S. I. Type Numbers 20076 to 20122.

Mollusca ?
Hyolitha MARrEK, 1963
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Fig. 1. Location and stratigraphic setting of Tal Formation at
Maldeota, Mussoorie Syncline, Lesser Himalaya, India and
the lithocolumn of Chert-Phosphorite Member of Tal
Formation at level-825 in Adit-1, PPCL Mine (geological

map after Shanker, 1975).

Order
Famil

(Grenus

Orthothecid MAarek, 1966
Allathecidae MissarzuEVSKY, 1969
Allatheca MissarRzHEVSKY, 1969

Allatheca concinna MISSARZHEVSKY
(PLL.I—17 & 17a)

1969 Ailathecaconcinna Missarzhevsky n. sp. Missarzhevsky (in Raaben,
Ed., 1981), p. 140, PL. I, Fig. 3, Pl. XII, Figs. 14 & 15.

The shell is straight with
cross-section. It is sculptured

assymetrically oval
with transverse folds
throughout the length. The transverse folds are, however,
not very prominent and are with rounded crests (Plate

I—17a).

Material One specimen

Repository : G. S. T. Type No. 20076
Family Circothecidae MissarzuEvVsKy, 1969
Genus Circotheca Sysoiev, 1958, emend. Missar-

ZHEVSKY, 1969
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Circotheca longiconica QQ1AN
Pl. 1—3, 3a, 4, 4a, 7 & 7a)

! cothema loagiconicr n. sp. Qlan, PL 1, Fizs. 3 & 9.
1933 Circotheca sp. 1; Bhatt et al., Pi. 1, Fig. 2.

The loag, slender, nearly straigat, smooth, hollow
cones with circular cross-section are almost identical to
forms recorded from central anl Southwest China by
Qian (1978). The degree of flare toward ths apical end
is restricte:] to 37°-6° and this small angle of divergence
imparts a slencer appeavance o the conical shells of this
species. The shell wzll is cdclicate and thin. Specimens
with both larger and smaller dimensions are available in
the collection.

Material © Abundant specimens

Repository © G. S. I. Type Nos. 20077,

20079

20078 &

Circotheca obesa QQIAN
{Pl. I—5 & 3a)

1978 Circothsca obesa n. sp. Qian, PL I, Figs. 1 & 2.
1983 Circotheca sp. 2; Bhatt et al., Pl. 1, Fig. 3.

The degree of divergence from
toward the apertural end is appreciably more

the apical end
in the
present form than in C. longiconica Qian. This charac-
teristic imparts a massive appearance to this species.
The shell is nearly straight in case of the present form.
In the cross-section, the outline is a circle, characteristic
of the genus. The angle at the apical end measures 12°,
which is the same as for the Chinese form originally
described by Qian (1978).
Material : Fair number of specimens

Repository : G. S. I. Type No. 20080

Circotheca sp.
(Pl. I—6, 6a & 11)

Some of the tubular, conical shells in the collection
have a circular cross-section and possess a thick shell
wall. These forms were found to be usually broken and,
therefore, no determination could be made. These
specimens arc placed under the genus Circotheca only
doubtfully for their unusually thick shell wall.

Through an examination of photomicrographs,
Dr. Jiang Zhiwen, Yunan Institute of Geological Sciences,
Kunming, P. R. C. (pers. comm. to Gopendra Kumar,
Geological Survey of India, Lucknow) opined that the
specimen at Plate 1-—6 was Turcutheca sp. But the unu-
sually thick shell wall for an orthothecid genus prohibits
us to make a final comment on the identification; al-
though the circular cross-section of the shells makes us
inclined, for the nresent. to place them in the genus
Circotheca.

Material © Fair nambe. ol specimens

Repository = G. S. 1. Type Nos. 20027 & 20082

Genus Turcutheca MISSARZHEVSKY, 1909

Turcutheca sp. indet. aff. 7. annar Svsoiev
(PL. I-—9 & 9aj

1959 Turcutheca annae (Sysoiev); Missarzhevsky (in Raaben Ed.
1981), PL.-I, Figs. 2, 5 & 7, Pi. XVI, Figs. | & Za.
1983 Trape:olkeca sp. 1; Bhatt et al., Pl. 1, Fig. 4.

The specimens are long anl sleader : the api
tip of the specimens is usually broken. The shell
nearly straight and in the cross-section, it is ovate with
one of the lateral sides narrower. The shells are usualls
not so well preserved (or damaged by acid during

maceration) as to show surface ornamentation.

The ovate cross-section with one of the lateral sides
narrower than the other is considered typical an!!
characteristic of 7. annae (Sys.).

Malterial

Repository :

Fair number of specimens

G. S. I. Type No. 20084

Turcutheca lubrica QIAN

(PL. I—2 & 2a)

1978 Turcutheca lubrica n. sp.; Qian, PL. 1, Figs. 4 & 6 .
1983 Turcutheca lubrica Qian; Xing Yusheng et al., Pl. 20, Fig. 19.

The shell is relatively stout and is feebly curved
toward one of the lateral sides. The cross-section is
broadly oval, with one of the lateral sides away from
which the shell curves, appearing little narrower,

The stout nature of the shell and curved profile
distinguishes this species from 7. annae (Sys.).

Material

Reposttory :

Fair number of specimens

G. S. I. Type No. 20085

Turcutheca maldeotaensis n. sp.

(Pl. T—8, 8a, 10 & 10a)

1983 Trapezotheca sp. 2; Bhattet al., Pl. 1, Fig. 5.

1983 Trapezotheca sp. 3; Bhatt et al., Pl. 1, Fig. 6.

1983 Turcutheca aff. T.. praenguis Jiang; Azmi and Pancholi, Pl I,
Fig. 11.

The shells of the species are relatively short, but
straight-and rather rapidly flaring toward the aperturz!
end. The shells are compressed along broader si

/1

this makes the corss-section thinly oval or egg-shaped.
The surface of the shell is smooth and shell wall delicate.

The new species differs from 7. aianae (Svs. in mor
compressed nature of broader sides and in possessing
a much greater angle of divergence of lateral sides. viz.
15°-20°. This angle in case of 7.
3°-5°. It differs from 7. pracnguis Jiang in having
of the sides narrower, as observed in

annac Svs. is onlv

“I'oss-secuan
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Malerial : Abun:lant spccimens
Repositorr © G. S. 1. Type Nos. 20086 & 20087
(FHolotypa, PI. I, Figs. 10 & 10a)

Eiymology : Its first record from Maldeota phospho-
rite deposits.

Phylum Conodonta EICHENBERG, 1930
Class Coonodonta EICHENBERG, 1930
Order Paraconodlontida MULLER, 1962
Superfamily Furnishinacea MULLER, 1981
Family Furnishinidae muLLErR & Nocawmr, 1971
Genus

Protohert zina MISSARZHEVSKY, 1973

Protohertzina anabarica MISSARZHEVSKY

(Pl. T—12, 12a & 13)

1973 Protoherizini anabarica Missarzhevsky; Missarzhevsky, p. 54,
Text-figs. 1-3, Pl. 9, Figs. 1-4 & 6.

1983 Protohertzina sp.; Bhatt et al., Pl. 1, Fig. 1.

1983 Hertzina sp. 2; Bhatt et al., Pl. 1, Fig. 9.

The elements of this species are long, coniform,
slender, proclined and nongeniculate. There is a well-
marked keel on the posterior side; the posterior median
keel becomes more prominent toward the basal cavity.
The sub-parallel posterio-lateral sides join to form a

rounded anterior side (Fig. 2). The basal cavity is deep,
reaching the tip of the cusp.

P

A

Cross-section of Protohertzina anabarica Miss.; A, anterior
side, P, Posterior side.

Fig. 2.

Material : Abundant specimens
Repository : G. S. I. Type Nos. 20088 & 20089

Protohertzina sp. indet. aff. P. robusta Qian
(PI. I—15)

1977 Protohertzina robusia n. sp.; Qian, p. 263.
1984 Protohertzina robusta Qian; Chen Ping, Pl 1, Fig. 13.

Some of the forms in the collection are relatively
short and stout and possess a pear-shaped outline of the
basal cavity, with a posterior median keel. These forms
show close affinity to P. robusta Qian.

Material : Few specimens

Repository © G. S. 1. Type No. 20090

Protohertzina siciformis MISSARZHEVSKY
(PI. I—14)

1973 Protohertzina siciformis n. sp.; Missarzhevsky, p. 58. P1. 9, Fig. 3.
1983 Hertzina sp. 13 Bhatt et al., Pl. 1, Fig. 8.

The elements of the species  arc long and slentler
and are characterised by a prominent posterior median
keel and rounded anterior side. The outline of the basal

cavity is typically pear-shapzd (Fig. 3 .

p

A

Cross-section of Protoli:rtzina  siciformis Miss; A, anterior
side, P, posterior side.

Fig. 3.

Material  : Fair number of specimens
Repository = G. S. I. Type No. 20091

Order and Superfamily indet.
Family Distacodidae
Ganloudina He, 1980

Grenus

Ganloudina ?sp.
(Pl. I—16)

1984 Ganloudina He; Yang Xianhe nad He Tinggui, p. 39.

The element is simple, coniform, proclined and
nongeniculate. The base of the element is distinct from
cusp.

Detailed identification has not been attempted due
to rarity of material. The recovered specimen has close
morphologic identity with the conodontiform Ganlou-
dina He (This identification has been suggested by
Dr.}Jiang Zhiwen, Yunan Institute of Geological Sciences,
Kunming, P. R. C.). Two new species of Ganloudina

He. have been illustrated more recently by Yang Xianhe
and He Tinggul (1984).

Material : One specimen
Repository = G. S. I. Type No. 20092

Order Foraminiferida eicuwarp, 1830

Genus indet.
(PL. 1I—14)

Test is agglutinated. The initial part is planispiral;
the later part of the test becoming uncoiled. Aperture is
terminal.

Material © One specimen
Repository : G. S. 1. Type No. 20093

Incertae sedis

Family : Anabaritidae MISSARZHEVSKY, 1974
Genus : Tiksitheca MISSARZHEVSKY, 1969
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Tiksitheca sp.
PL. I—I & la)

w=cimen illustrated here is cast in which only
srion shows preservation of original shell
'he cross-section of specimen is characteris-
criangular.  assuming the shape of an equi-
rriangle with straight sides and rounded apexes.

apical tp of the specimer is broken.
The well-kn Siberian species 7. liciv Miss.
has o grecs v rounded mriangular cross-section (Rozarnov,
2 PLW Fiz 13 . Another Siberian species T. koro-
1gh apparently more triangular in cross-
z< aopreciably more rounded sides than the
m Maldeota phosphorite. The Chinese species
7 Yue (Xing Yusheng et af., 1983, pl. 25, Figs.
1s also similar to 7. korobovi (Miss.) in cross-
though with greater angle of divergence at the
enl. The present lone specimen is broken at the
pical end and, therefore, no further specific determina-
rion can be made, pending Tadditional collection. The
haracter, however, emerges that the specimen

from
Maldeota has a triangular cross-section to a degree not
known in any of the presently established species of
the genus.

Material @ On single specimen

Repository + G. S. I. Type No. 20083

Incertae Sedis

Matkhanella H. Zurcarro, 1982

Miikhanella multa H. Zhegallo; from the Lower Camb-
t Western Mongolia; original designation.

Maikhanella sp.
(Pl. IT—16 & 16a)

lo in Rozanov, 1982), gen. nov.; Rozanov

‘11 is low. hood shaped. The apex (top) of

fted from the axis of symmetry toward
eripherv. The surface of the shell is ornamen-

1 small nodular protuberances, whichare arranged
o the shell outline (Plate II—16a). This is ar
t generic character. Only one (slightly broken)
specimen 1s available in the collection. Further exa-
the forms in the Maldeota material is,
herefore. not possible for the present. However, the
= characters of the shell, mentioned above, make
- that the specimen from Maldeota is identical
“ongolian form.

mination of

t record of the genus AMaikhanella H.
best of our knowledge, the first record
iside Mongolia. TIts first and the only

ar comes from the genotype locality

in Tommotian strata of Maikhan Mountain, Western
Mongolia.
Measurements (in mm) :

Length of shell
1.00

Width of shell
0.50

Height of shell
0.30

Material : One specimen
Repository : G. S. 1. Type No. 20094

Genus Olivooides QiaN, 1977

Type Species : Olivooides multisulcatus Qian, 1977; from the Lower
Cambrian (Meishucunian Stage) of Central and Southwest
China; original designation.

Olivooides sp.
(Pl. TIT—1-14)

They are globular hollow shells, with more or less
spherical shape. The outer surface of the shell wall may
be smooth (Pl. TII—I1-3) or irrcgularly shaped (Pl
I11—4-14). The former types (with smooth surface)
were earlier identified as Olivooides cf. alveus Qjan (Bhatt
et al., 1983, Pl. 1, Figs. 17 & 18). The latter types could
possibly be accommodated in the taxon Olivooides blan-
des Jiang (Luo et al., 1982, Pl. 19, Figs. 2-4;6; Dr. Jiang
Zhiwen, Yunan Institute of Geological Sciences, Kun-
ming, China, also suggests this identification).

Several of the broken specimens present in the
collection afford insight into the hollow globular shell
(PL. ITI—8-12, 14), which reveals irregularly developed
shell wall with lot of encrusted material on the inner
surface, giving a vuggy appearance. Sometimes the
shells are not exactly spherical and appear distorted by
compression (PL. ITT—10, 11, 13 & 14). Smooth forms
show porous shell wall in high resolution.

Further studies of these glublar shells are required
to understand the morphologic attributes with greater
precision, when their taxonomic position can also be
better understood.

Material : Abundant specimens

Repository : G. S. I. Type Nos. 20109 to 20122

Family Coleolidae FisHER, 1962

Genus Coleoloides WaLcoTT, 1889

Type Species : Coleoloides typicalis Walcott, 1889; from the Lower
Cambrian of Newfoundland; original designation.

. Coleoloides ? sp.
(PL. II—1-6, 11, 17 & 7, 12, 13)

These are mostly cylindrical casts of various radii,
apparently formed by tubular shells. Two types of
forms are distinguishable, Type A and Type B. Type
A (Plate II—1-6, 11, 17) Specimens with larger radii
(within the total range of morphotype) are more com-
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mon. In the profile view the forms are nearly straight
Plate IT—3) to less or more arcuate types (Plate II—
1. +. 6 . Sometimes a symmetrical looking bend at both
the ends is observed (Plate IT—2, 5). The most distingu-
ishing feature of Type A is the surface ornamentation,
which consists of parallel furrows along the length.
Some of the furrows appear more deeply etched than
the others. In Fig. 2 one of the deeper furrows has come
out sharply due to the particular angle toward light
source during photomicrography. Rarely forms with
extremely small radius are also present (Pl. II-—I11).

A typical feature of Type A is its light copper-
coloured tinge of the surface, which is present invariably
in all the specimens. This colouration is possibly linked
to some chemical factor in the composition of shell
wall which never occurs preserved, presumably having
altered or dissolved during fossilization. This character
forbids us to place these forms within the genus Coleoloides
Walcott straightaway. Type B (Plate 1I—7, 12, 13)-
These possess rounded tubular or cylindrical shapes,
irregularly deflected along length and do not have
longitudinal furrows as in Type A. Sometimes the
deflection appears symmetrical (Plate II—12), but such
forms are rare. Only one such form was recorded
(Plate IT—12). The surface is usually smooth (Plate
IT— 7, 12), but some specimens have irregular, coarse-
appearing surface of the cast (Plate II—13). Usually
casts are present (Plate 1I-—12, 13), rarely shell wall
also occurs preserved (Plate IT--7), where the shape of
a hollow tube is discernible. Inside the tube, there is the
infilling of irregularly encrusted shell material. Some
of these forms could be mistaken for Cambrotubulus
Missarzhevsky, an early Tommotian form, although
these are not even faintly conoidal, a character which
is essential according to the genotypic designation of
the genus Cambrotubulus Missarzhevsky (Missarzhevsky,
in Raaben, Ed., 1981).

In general the preservation of these forms is poor
and nothing further can be said about the identification
at this stage.

Material : Fair Number of specimens
Repository : G. S. I. Type Nos. 20096 to 20105

Incertae sedi_s
Genus Spirellus Jianc, 1982

T )92 Species - Syirellus colu nnaris Jianz, in Luo et al., 1982; from the

E3

Lower Cambrin of China; original designation.

Sparellus ? sp.
(PL IT—15)

Only one specimen, spirally coiled along an axis
and broadly rescmbling the Chinese form Spirellus

Jiang, is available in the collection. The spirally coiled
tube is non-flaring. The specimen is little distorted,
therefore, the present identification is only provisional.
Material : One specimen
Repository © G. S. I. Type No. 20095

Lapworthellidae MissarzH:vsky, 1966
Lapworthella CoBBoLp, 1921

F‘amily
Genus

Lapworthella ? sp.
(Pl. IT—8-10)

1983 Lapworthella spp.; Azmi, Pl. 9, Figs. 13-15 (not Fig. 12).

These forms are oval to elliptical in cross-section
and about straight to arcuate in the profile view. The
surface is smooth, without any regular ornamentation.
But small protuberances or nodes, through the length
of the casts, impart them an irregular look.

Some of the forms described as Lapworthella spp.
by Azmi (1983) are also grouped here as they also do
not show deep transverse folds characteristic of Lap-
worthella Cobbold.

Material : Fair number of specimens

Repository : G. S. I. Type Nos. 20106 to 20108

REMARKS ON THE MICROFAUNAL ASSEMBLAGE

The elements most abundant in the microfaunal
assemblage are the hyolithids Circotheca and Turcutheca,
the conodontid Protohertzina and the problematical
microfossil  Olivooides. The individual abuandance of
these elements through the column of Chert-Phosphorite
Member is varying at the different levels. Whereas
hyolithids and conodontid are frequency-wise generally
well-matched in the levels of their occurrence, some of
the levels in the sequence of Chert-Phosphorite Member
show exclusive dominance of Olivooides. Coleoloides ? and
Lapworthella ? are present in fair numbers, though never
as abundant as the above referred elements. Rest of
the forms are represented in the assemblage by rare
occurrences.

Some phosphatic pseudofossils ?, which are generally
globular in shape and include a variety of form outlines,
also occur in the material of Chert-Phosphorite Member,
sometimes in profusion in some of the levels. One of
these pseudofossils ? was illustrated earlier by Bhatt
et al. (1983, Pl. 2, Figs. 5, 10, 11).

CHRONOSTRATIGRAPHIC STATUS OF THE SMALL
SHELLY FAUNA FROM CHERT-PHOSPHORITE MEMBER,
TAL FORMATION, LESSER HIMALAYA

The marked presence of paraconodont Protokertzina
in thé microfaunal assemblage of Chert-Phosphorite
Member of Tal Formation is significant inasmuch as
the age connotation of the recovered microfaunal assem-
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blage and, thereby, of the host strata is concerned.
The genotype of Protohertzina, viz. P. anabarica Miss.,
which is abundantly present in some of the levels of
Chert-Phosphorite Member, was first described from
strata of Kotujkan river valley in the Anabar Shield of
Siberian Platform, U. S. S. R. (Missarzhevsky, 1973);
and according to the current Soviet literature the range
of occurrence of P. anabarica is restricted within Nemakit-
Daldynian Horizon (uppermost Proterozoic or Vendian)
to the basal part of Tommotian Stage (early Early
Cambrian; Sokolov and Fedonkin, 1984). The other
species of the genus P. siciformis Miss., characterises the
basal Tommotian strata of Karatau Ridge, Kazakhstan,
U. S. S. R. In the Chinese sections the range of occur-
rence of the above two species of Protohertzina is restricted
to the lower part of Meishucunian Stage (early Early
Cambrian) and the association of P. anabarica and P.
siciformis in the Maidiping Section, Lmei, Sichuan,
charvacterises the lowermost chronozone of Zone I of
Meishucunian Stage, viz.  Circotheca-Anabarites-Proto-
hertzina Zone (Xing Yusheng et al., 1984). The Chinese
species P. robusta () ian is restricted in occurrence to the
basal part of Meishucunian Stage in Shinzhonggou
Section, Ninggiang, Shaanxi, P. R. C. (Xing Yusheng
et al., 1984) and to the basal fossiliferous sequence in the
Meishucunian at Jijiapo, YichengWest Hubei, P.R. C.
(Chen Ping, 1984).

Amongst the hyolithids present in the material of
Chert-Phosphorite Member, the Chinese forms Circotheca
longiconica Qian and C. obesa QQ ian, which occur associated
and In profusion in the material under investigation,
characterise the basal chronozone or Zone I of Meishu-
cunian Stage (Xing Yusheng et al., 1984). The genus
Circotheca as such is also known to have maximum radia-
tion in the basal strata of Tommotian sequences in the
U. S. 5. R. (Raaben, Ed., 1981). Turcutheca lubrica
Qian is known from Unit 5 of Zhongycun Member,
Yushucun Formation, in the Chinese type section at
Meishucun and chracterises Zone T of Meishucunian
Stage (Luo et al., 1984). Turcutheca annae (Sys.) and
Allatheca concinna Miss. are known to range from the
upper part of Ajacicyathus  sunnaginicus- Tiksitheca licis
Zone to lower part of Dokidocyathus regularis Zone, which
together form the lower part of Tommotian Stage of
Siberian Platform and other east European Early
Cambrian sequences (Raaben, Ed., 1981). Tiksitheca
characterises  Aj. suniaginicus-T. licis Zone and is more
or less restricted to this fossil zone which forms the basal
sequence in the Tommotian Stage (Raaben, Ed., 1981).

The record of Incertae sedis genus Maikhanella H,
Zhegallo in the material of Chert-Phosphorite Member
at Maldeota should be highlighted. This is probably
the first record of the genus outside Mongolia, which

contains the genotype locality. Significantly, the type
species and the only species known so far of the genus
Maikhanella, viz. M. multa H. Zhegallo, forms the
guide fossil for Tiksitheca licis-Maikhanella multa Zone in
the Bayangol Formation of the reference section at
Salany-Gol, M. P. R., which is correlated with Aj.
sunnaginicus-T. licis Zoaz, the oldest fossil zone in
Tommotian Stagz in the Siberian Platform (Rozanov,
1982).

The conodontiform Ganloudina He is known from
Mofangyan Member of Dengying Formation, Nanjiang
area, Northern Sichuan, anl the associated small
shelly fauna is correlatel with lower part of Meishu-
cunian Stage and Nemakit-Daldynian Horizon of
Siberia (Yang Kianhe and He Tinggui, 1984).

DISCUSSION

shelly fauna of
carlier

The different elements of small
Chert-Phorphorite  Member were
variously a3 re-worked gondolellid conodonts (Srivastava,
1974). forminifera of Moravamminidae familv (Pat-
wardhan, 1978), foraminifera or ? porifera (Ahluwalia
1978), primitive coniform ccnodonts (Azmi et al., 1981),
various external and internal hard parts of annelids
(Singh and Shukla, 1981) and endothyrid foraminifera
(Kalia, 1982). Bhatt et al. (1983) critically examined
most of these reports and showed that these emerged
through insufficient and wrong identification of the
various elements of small shelly fauna of Tommotian
age present in the material of Chert Phosphorite Member.

Subsequent to this, a report of Lias (Lower Jurassic)
foraminiferal assemblage bcing present in the material
of Chert-Phosphorite Member at PPCL Mine, Mal-
deota, appeared (Srivastava et al., 1983), in which aga‘n
the presumed similari.y of oaly the external morphology
of certain problematical microfossils of tubular and
globular shapes of Tommotian age was tried to be
emphasized with some Lias foraminifera and thereby
wrongly inferring Lias age for the Chert-Phosphorite
Member of Tal Formation, without examination of
internal Parts which are so well-understood in case
of foraminifera. In another detailed report Azmi (1983)
gave a systematic description of the microfauna of
Chert-Phosphorite Member exposed at seven locations
in the Mussoorie Syncline, including the one at PPCL
Mine, and mentioned occurrence this time, in addition
to conodonts (Azmi et al., 1981), “hyolithid, hyolithel-
minthid, lapworthellid, chancelloriid, a few miscella-
neous forms of unknown affinity’’ in the microfauna
recovered. He, however, again strongly advocated a
Cambro-Ordovician bcundary beds status (within Early
Ordovician) for the chronostratigraphic level of Chert-
Phosphorite Member and argued that the elements of
Late Precambrian/Early Cambrian small shelly fauna

referred
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present in the assemblage came by re-working from older
strata. However, the said mixing of microfauna of two
diffe.ent ages cannot be accepted on following grounds :
1) The elements of small shelly fauna of Tommotian age
preseat in the material of Chert-Phosphorite Member
are extremely fragile ani still do not show signs of
abrasion or transport. ii) From available evidences, it
turns out that Krol-Tal sequence represents deposits of
continuous sedimentation without any hiatus (Singh and
Rai, 1983) and in this context the re-working of older
microfauna and its deposition in younger bed becomes
an untenable proposition. Further, many of the elements
ol small shelly fauna of Tommotian age recorded by
Azmi (1983) from Chert-Phosphorite Member of Tal
Formation are not known in the material of the suppo-
sedly older Tommotian sequence of chert and phosphc-
rite in Krol D at Durmala (Azmi and Pancholi, 1983).

The coniform conodonts of Cambro-Ordovician
age (Azmi, 1983 ; Fig. 9) illustrated by Azmi (1983;
Plates 1-4) have not been encountered by us in the
material of Chert-Phosphorite Member of Tal Forma-
tion, exposzd in PPCL Mine at Maldeota, Mussoorie
and our studies have revealed that the stratigraphic
level under discussion only yields small shelly fauna
referable to lower of part Tommotian Stage or lower
Part of Meishucunian Stage.

ACKNO VLEDGEMENTS

The authors thank Shri D. P. Dhoundial, Sr.
Deputy Director General, Geological Survey of India,
for taking a very keen interest in the present work and
for useful discussions on Krol-Tal geology from time to
time. They also thank Shri  C. Tripathi, Sr. Dzputy
Director General, G. S. 1., for encouragement. Shri
G. Kumar, G. S. I., L.ucknow, was helpful to the authors
by way of lending of relevant literature, helpful com-
ments on the manuscript and arranging the availablility
of opinions of Dr. Jiang Zhiwen, Yunan Institute of
Geological Sciences, Kunming, China and Dr. Nadez-
hda V. Iisakova, Palaeontological Institute of USSR,
Moscow, on authors’ identification of small shelly fossils
of Chert-Phosphorite Member of Tal Formation.

REFERENCES

\HLUWALIA, A. D. 1978. Discovery of Upper Palaeozoiz: fossils (fora-
minifera or ? porifera) from Mussooriz phosphorite, Lower Tal
Forma.ion, Kumaun Lower Himalaya, India. Conirib. Him.
Geol. 1 : 20-24.

AUDEN, J. B. 1934. The geology of the Krol Belt. Rec. Geol. Sur. India.
67 :357-451.

Azmi, R. J. 1983. Microfauna and age of the Lower Tal phosphorite
of Muss»yosie Syacline, Garhwal Lesser Himalaya, India. Him.
Gesl. 11 : 373-479.

Azwvy, R, J., Josar, M. N. anp Jurar, K. P. 1981. Discovery of Cam-
bro-Ordovician conodonts from the Mussoorie Tal phosphorite :

its significance in correlation of Lesser Himalaya. Contem. Geoscie
Res. in Him. (A. K. Sinha, E7i.) 1 : 245-250.

Azmr, R. J. anp Pancaorr, V. P, 1983, Early Gambrian (Tommotian)
conodonts and other shelly microfauna from the Upper Krol of
Mussoorie Syncline, Garhwal Lesser Himalaya, with remarks
on Precambrian-Cambrian boundary. Him. Geol. 11 : 360-372.

BincTson, S. 1983. The early history of the conodonts. Fossils and
Strata 15 : 5-1).

Birarr, D. K., Mavcaw, V. D., Misra, R. S. axp Srivasrava, J. P.
1983.  Shelly microfos;ils of Tommotian age (Lower Cambrian)
from Chert-Phosphorite Member of Lower Tal Formation.
Dehiradun dis rict, Uttar Pradesh. Geophytology. 13 : 116-123.

CHEN Ping. 198%. Discovery of Lower Cambrian small shelly fosil
from Jijiapo, Yichang, West Hubei and its significance. Prof:-
ssional Papers of Stratigraphy anl Palaeontology. 13 : 49-6%, Geolo-
gical Publishing House, Peking, China.

Crark, D. L. 1981. Classification (in Robins>1, R. D., Ed). Treatise
on Invertebrate Paleontology, Part, W. Miscellaneo:es. Supple-
ment 2-Conodonts : W 102-W 18). Geol. Soc. Amr. and Unio.
of Kansas, Lawrence.

CossoLp, E. S. 1921. Tae Cambrian horizons of Comley (Shropshire)
and thzir Brachiopoda, Pteropoda, Gastropoda, etc. Quart. Four.
Geol. S-c. London, 76 : 325-86.

Fisner, D. W. 1952. Small conoidal shells of uncertain affin’ties
Moore, R. C., Ed.). Treatise on Invertebrate Paleontol:g,. Par
W, Miscellanea : W90-W143. Geol. Soc. Amer. and Univ. of
Kansas Press (New York and Lawrence).

KarLta, Piasaa. 1932, Discovery of endothyrid foraminifers from
the b>dlsd Maldeota phosphoritzs, Garhwal Himalaya. Curr.
Sei. 51(10) : 519-520.

Kumar, G., Ramwa, B. K., Buatt, D. K. aND Jancpancr, B. S. 1983.
Lower Cambrian body-and trace-fossils from th= Tal Formation.
Garhwal Synform, Uttar Pradesh, India. Jour. Pal. Soc. India.
28 : 106-111.

Luo Hurniv. Jiane Zuiwey, Wo XicHe, Sone XueLiang, Ouvan
Lixetal. 1982. The Sinian-Cambrian boundary in eastern Yunan,
China. Yunan Institute of Geological Sciznces Mongr. 265 p.

Luo Humwin, Jiane Zaiwen, Wu Xicae, SoNG XUELIANG, OUvax
LN, XinG YusHeENnG, Liv Guizai, ZHANG SHISHA™ axD [0
Yo~xcHz (TrRANsLATED rrOM CHINESE INTO Excrrm By Liv
MonacQuam). 1984. Sinian-Cambrian stratotype section at Meishucun,
Jinning, Yunan, China. Published by People’s Publishing House,
Yunan, China.

Martews, S. C. AND MissaRzZHEVSKY, V. V. 1975. Small shelly
fossils of Late Precambrian and Early Cambrian age. Jour. Geol.
Soc. London. 131 : 289-304.

Mesuknova, N. P., Missarzuevsky, V. V., Sysoiev, V. A. AND
Vorkov, A. K. 1983. (in Sokolov, B. S. and Zhuravleva, I. T,
Eds.). Lower Cambrian stage subdivision of the Siberia. Atlas
of fossils. Trans. Inst. Geol. Geophy. 558 : 54-96.

Missarzuevsky, V. V. 1956. First discovery of Lapworthella in the
Lower Cambrian of thz Siberian Platform (in Russian). Paleont.
Zh. 2 :13-18.

MissaRzZHEVSKY, V. V. 1969. (in Raaben, Ed., 1981). The Tommo-
tian Stage and the Cambria1 lower boundary prob’em. Amcrind Publi-
shing Co. Pvt. Ltd., New Delh'.

MissARZHEV iKY, V. V. 1973, (in Zhuaravl:va, I. T.; Ed.). Conodon-
tiform organisms from beds close to thz Precambrian-Cambrian
boundary on the Siberian Platform and in Kazakhstan (in
Russian). Palaeontological and biostratigraphical problems in
the Lower Cambrian of Siberia and the Far East. : 57-59.
“Nauka’ Pub'ishing House, Novosib'rsk.

Miussarzievssy, V. V. 1974, Novai Danne O drebuishech Okame-
nelostyah Rannevo Kembryya Sybyrskoi platformy. V. kh,



SMALL SHELLY FISSILS OF EARLY CAMBRIAN 107

Biostratigrafia paleonts’ogin N2zhevs Kenbrya Europi Seber.ioi Asia,
M. Vauka o 179-189.

Qrax Y1 1377, Hyolitha and somz proble natica fromn the Lower
Cambrian Meishucun Stage in Central and S. \W. China. Acta.
Paleontol. Sinica. 15 + 255-275.

Qrax Y. 1978, The Early Cambrian hyolithids in Gentral and
Southwest China and their stratigraphical significance. Mem.
Nanjing Inst. Geol. Paleont.. 1cad. Sinica. 11 : 1-50.

Qiax Y. 198t Early Cambrian-Late Precambrian small shelly
faunal assemblage with a discussion on Cambrian-Precambrian
boundary in China. Academia Sinica, Development in geosciences,
Contrib. to 27th Intzrnatioir!  Geological Congress, 1984, Moscow,
Science Press, Beijing. China ¢ 9-20.

Raasex. M. L. Ed.). 1981. The Tommotian Stage and the Cambiran
[o:cer boadary proble n. Amerind Publishing Co. Pvt. Ltd., New
Delhi.

R V. axp 3ixed, [ B. 1933, Discovery of trilobite impressions in
the Arcaaczous Mezmber of Tal Formation, Mussoorie area,
India. Jour. Pal. Soc. India. 23 : 114-117.

Rozanov, A.Yu. (Editor-in-Chicf). 1982. The Precambrian/Cam-
brian boundary in the geosynclinal areas (the reference section
of Salany-Gol, M. P. R.). The joint Soviet-Mongolian palacontolo-
gical Trans. 18 : 1-15).

SHANKER, R. 1971. Stratigraphy and sedimentation of Tal Forma-
tion, Mussoorie Syncline, Uttar Pradesh. Four. Pal. Soc. India.
16 : 1-15.

SHANKER, R. 1975, Stratigraphic analysis of Chert Member of Lower
Tal Formation in Dehra Dun and Tehri districts, U. P. Rec.
Geol. Surv. India. 106 : 5%-74.

SixgH, I. B. 1976. Evolution ol Himalayas in the light of marine
transgressioas in the Peninsular and Extra-Peninsular India.
Proc. 125th Ann. Celebr. G. S. 1. Symposium, Lucknow (preprint).

Siveu, T. B. 1979. Some thoughts on the evolution of Himalaya and
the northern limit of the Indian Shield. Geol. Rdsch. 68 : 342-350.

SixcH, 1. B. 1981. A critical review of the fossil records in the Krol
Belt succession and its implications on the biostratigraphy and
palaco-geography of the Lesser Himalaya. Four. Pal. Soc. India.
25 : 148-168.

Sivew, 1. B. anp Rar, V. 1983. Fauna and biogenic structures in
Krol-Tal succession (Vendian-Early Cambrian), Lesser Hima-
laya : their bicstratizraphic and palacoecologica! significance.
Jour. Pal. Soc. India. 28 : 67-90.

Siver, Pooanp Suukra, S. D. 1981. Fossils from the Lower Tal :
their age and its bearing on the stratigraphy of Lesscr Himalaya.
Geosci. Jour. 2 2 157-175.

Sokorov, B. S. anp FeponkiN, M. A. 1984 The Vendian as the
terminal system of the Frecambrian. Episode. 7(1) : 12-19.
SrivasTava, J. P. 1974. Conodonts fron Carboniferous and Permian
rocks of Kashmir valley and from phosphorite zone of Mussoorie.

U. P. Pub. Centr. Adv. Stud. Geol. Panjab Univ. 10 : 109-111.

Srivastava, S. S., Goer, R. K., Jain, A. K., Awastai, A. K. axp
VERrRMA, R. M. 1983. Lower Jurassic foraminifera from the Chert-
Phosphorite Member of Tal Formation, Garhwal Lesser Hima-
laya and the age of the Krol Belt sediments. Curr. Sei. 52(23) :
1136-1139.

STANLEY, S. M. 1976. Fossil data and Precambrian-Cambrian evolu-
tionary transition. .dmer. Four. Sci. 276 : 56-76.

Tewarr, V. C. 1984, Discovery of the Lower Cambrian stromatolite
from the Mussoorie Tal phosphorite, India. Curr. Sei. 53(6
319-321.

Trreathi, C., Janceanci, B. S, BHATT, D. K., Kuvagr, G. axp
Ramva, B, K. 1984. Early Cambrian brachiopods from ‘Upper
Tal’. Mussoorie Syncline, Dehra Dun district, U. P., India.
Geophytology. 14(2) : 221-227.

XING YUsHENG, Ding QixiN, Luo Huinin, He TiNgaur, WANG Yax-
GENG el al. 1933, Tae Sinian-Cambrian boundary of China.
Bull. Inst. Geol. Chinese Acad. Geol. Sciences. 10 (special issuc on the
Sinian-Cambrian boundary in China).

Yanc Xianue anp He Tivcour. 1984, New small shelly fossils from
Lower Cambrian Meishucun Stage of Nanjiang area. Northern
Sichuan.  Professional Papers of stratigraphy and Palacontology. 13 :
35-48. Geological Publishing House, Peking, China.,

YN Jicnenc, Dine Lianranc, HE Tinccur, Li SHILIN AND SHEN
Lijuan. 1980. The Palaeontology and sedimentary environment
of the Sinian System in Emei-Genluo, Sichuan. Monograph :
1-231.

EXPLANATION OF PLATES

(All figures X50, except where mentioned otherwise)

PraTte I
1 & la Tiksitheca sp.; la, cross-section; G. S. I. Type No. 20083.
2 & 2a Turcutheca lubrica Qlan; 2a, cross-section; G. S. I. Type No. 20085,
3, 3a, 4,  Circotheca longiconica Qlan; 3a, 4a & 7a, cross-sections; G. S. 1.

4a, 7 & 7a Type Nos. 20077, 220078, 4, and 20079, 7.
5 & 3a

Circotheca obesa (Qian; 5a, cross-section; G. S. I. Type No. 20080.

6, 6a & 11 Circotheca ? sp.; 6a, cross-section, X130; 11, X100; G. S. I. Type Nos. 20081, 6, and 20082, 11.

8, 8a, 10 Turcutheca maldeotaensis n. sp.; 8a & 10a. cross-scctions; 10, holotype; G. S. I. Type Nos. 20086, 8, and 20087, 10.

& 10a

9 & 9a Turcutheca aff. T. annae (Sys.); 9a, cross-section; G. S. I. Type No. 20084, -

12, 12a &  Protohertzina anabarica Miss.; 12a, enlarged view of basal portion of 12, X130; posterior marginal keel : on the left-hand margin of
13 the photomicrograph 12 and in the middle of photomicrograph 13; G. S. I. Type Nos. 20088, 12, and 20089, 13.

14+ Protohertzina siciformis Miss; G. S. I. Type No. 20091.

15 Protohertzina aff. P. robusta Qian; posterior median keel on the left-hand margin of photomicrograph; G. S. I. Type No. 20090,

16 Ganloudina ? sp.; G. S. 1. Type No. 20092.

17 & 17a  Allatheca concinna Miss. ; 17a, enlarged view of apertural end of 17, X160; G. S. I. Type No. 20076,
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PraTe 1T

1-7, 11-  Coleoloides ? sp.; 1-6, 11 & 17, Typz A and 7, 12 & 13, Type B; G. S. I. Typz Nos. 20035, 1, 20097, 2, 20098, 3, 20099, 4, 20100, 5,
13 & 17 20101, 6,and 20102, 11 (Type A); 20103, 7,2010}, 12, and 20105, 13; 17, enlarge ]l view of the surface of 3 (Type A).

8-10 Lapworthella ? sp.; G. S. I. Type Nos. 20106, 8, 20107, 9, and 20103, 10.

14 Foraminiferida genus indet,; G. S. I. Type No. 20093.

15 Spirellus ? sp.; G. S. I. Type No. 20095.

16 & 16a Maikhanella sp.; 16, sidcview; 16a, top view showing arrargement of nodes parallel to the shell outline, X90; G..S.I. Type

No. 20094.

Prate 111

Olivooides sp.; 1,2,3, with smooth surface like in Olivooides alveus Qian; 4-14, with crumpled surface akin to Olivooides blandes
Jiang; G.S. I. Type Nos. 20109 to 20122 for specimens from 1 to 14 serially.
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