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ABSTRACT

The upper part of Mo Chu Formation of Lingshi Basin has yicldf‘d fossi] pI:mF _n\z?m_""‘f' 'IWe
fossils are rather poorly preserved and amongst them identifiable species are. P.L‘Z_?,.".{'U.LI. e
\Oldham & Morris) Bose & Rov, Ptilophyllum  acatifoliun Mormns, EIJ::-:';.-:'};L: Jabalpurensis \F(’)S‘Ull::n'&t}‘
Halle, Pagiophyilum sp. A, Pagiophylium sp. B and Coniferocaulon cf. rojmahslense Lxu‘pm.“ The assemblage
somewhat resembles certain plant assemblages known from the Upper Gondwana of India.

INTRODUCTION

The Lingshi Basin is situated in the Tethyan belt of the Higher Himalava of
Bhutan (Text-fig. 1). It forms a WNW-ESE trending synclinorium flanked by the
older crystalline rocks in the south and east, while in the north and southwest lie respec-
tively the Tethyan sedimentaries of the Tsang Po Valley and Phari Basin of Tiber.

The plant-bearing rocks formin the part of Lingshi Group unconformably overlies
the Shodug Formation and occupies a large tract in the central part of the Lingshi syncli-
nerium.  The Lingshi Group consists of a lower 300-350 m thick fresh-water facies com-
prising laminated quartzite, sandstone and carbonaceous (plant bearing beds) shale and
an upper (1,000 m) marine sequence of dark carbonaceous slate and quartzite with thin
streaks of plant bearing shale (5-10 ¢m). The lower fresh-water facies is grouped under
Mo Chu Formation and is well developed in the southern and eastern parts of the basin.
The upper marine facies of rocks are grouped under Chebesa Formation and is predomi-
natly developed in the central and west central parts.

Mo Chu Formation—The succession starts (Text-fig. 2) with a 150 m thick sequence
of dark grey and grey laminated quartzite with thin interbeds of dark slate. The quart-
zite shows worm trails, while the shale comprises fragmentary plant impressions. This
is followed by a thin (5-6 m) bleached slate with ammonite remains which is followed
by a 100-150m thick sandstone, greenish feldspathic sandstone having fragmentary plant-
remains and thin bivalves. Further up, there is a 25 m thick dark carbonaceous plant-
bearing shale, with dark micaceous sandy slate and minor sandstone, which is overlain
by a 12 m thick carbonaceous and micaceous slate with Plantfossils. The latter two units
are exposed at locality F1 (Text-fig. 1). This is followed by a (
zite (often gritty) and pebbles with thin shale bands containi
been taken as the upper limit of the Mo Chu Formation,

Chebesa Formation—The succeeding Chebesa Formation is mainly made up of dark
carbonaceous slate and minor greenish arenite with remains of bivalves and
There are a few thin plant-bearing shale streaks (1-10 ¢m)
mation (localities F2 and F3 in Text-fig. 1).

The field evidences suggest that the Mo Chu Formation is the later
tion of broad Chebesa Form

15 m) grey to white quart-
ng ammonites which has

amamnonites.
in the lower part of this for-

al facies varia-
ation in the lower part. The lithostratigraphic assemblage
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of the Lingshi Group indicates that the overall sedimentation took place in near shore,

s marine conditions. . -
Shano“ETctpl)rtul\:o specimens (G.S. 1. nos. 19561 and 19562), all the fossils described bs‘.low
werc collected by one of us (T.M.G.) and Mr. K, P. Rcddy' from the upper part of Mo
Chu Formation exposed at locality F1 (Text-fig. 1) which lics about 4 km north of Yalc‘
La. The other two specimens were collected (by T.M.G. alone) ffom the basal part of
Chebesa Formation exposed at localities 2 and I3 (Text-fig. 1). The plant remains are
considered to be of middle to late Jurassic in age. A briel rcport on these fossils has
alrcady been given by Ganesan et al. (1980, 1982).

DESCRIPTION

Pachypteris sp. cf. P. indica (Oldham & Morris) Bose & Roy
Pl. 1, Tigs. 3, 4; Text-fig. 3D

Description—Detached pinnae, shape as a whole lanceolate; largest specimen measur-
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ing 10 cm in length and 2.5 cm in width. Rachis 1-2 mm wide, .surf:lcc smooth. Pin-
nules alternate, sometimes near apex subopposite, :1ttachcd by entirc base at an anglc. of
about 45°-50°, lincar, maximum length 2 em and breadth 2.5 mm, gl‘fldl;la“'\' bcc'omm'g
shorter and narrower towards apex; acroscopic margin contracted or straight, basiscopic
margin slightly decurrent, lateral margins entire; apex acute. Vf‘ms nbsgurv. |
Comparison—The pinnules of Pachypleris sp. cf. P. indica arce llk(" the Pmnulm of P.
indica (Oldham & Morris) Bose & Roy (1968) described from Sehora, .S.hcr River, Madhya
Pradesh. However, the pinnules ol (he specimens from Schora are slightly smaller than
those described here. Recantly, a large number of specimens of P. indica (yet 1o l')r; des-
cribed) have been  collected from Chawad River, Kachchh. Out of these, the pmnulm
of the larger specimens match exactly the pinnules of the presentspecimens.  The pinnules
of Pachypleris sp. cl. P. indica ave somewhat like the larger pinnules of P. lanceolata

Brongniart described by Harris (1964, fig. 55B), but in the latter pinnules have rounded
or obtuse apex.

Pdlophyllum acutifolium Morris
Pl. 1, Fig. 6; Tex:-fig. 3F

1982 Ptilophyllum sp. cf. P. acutifolium; Ganesan et al., p. 194, fig. 1.

Description—Pinnate frond, 7.7 cm long and 2.8 cm broad at its broadest region.
Exposed part of rachis about 3 mm wide, at places obliquely striated, near apical end
longitudinally striated. Pinnae attached on upper surface of rachis at an angle of 35°-
60°, closely set, sometimes pinnae bases touching each other. Pinnae linear, 1-1.8 cm
long and 3-4 cm wide, slightly falcate, margin entire, apex acute, acroscopic margin
straight or rarely curving downwards, basiscopic margin slightly decurrent. Veins
mostly obscure, 7-9 in number, forked or unforked, forking at different levels.

Comparison—The specimen resembles most the specimens of Plilophyllum acutifolium
figured by Bose anp KasaT (1972, pl. 1, figs. 1, 6)

Elatocladus jabalpurensis (Feistmantel) Halle
PL. 1, Fig. 7; P1. 2, Figs. 11, 12; Text-fig. 3 B, C

Description—Repeatedly branched leafy twig, branching at an angle of about
30°-50°. Stem about 1 mm wide. Leaves spirally arranged (in compressed state leaves
spreading out in one plane), pointing upwards, attached at an angle of 45°-65°
lanceolate, 0.8-1.1 cm long and 1.5-2 mm beoad, margins straight
slightly constricted, apex acute.
midvein.

, linear-
and parallel, base
Veins obscure, rarely in some showing a faintly marked

Comparison—The specimens figured closely here resemble the specimens >f Elato-
cladus jabalpurensis figured by FEISTMANTEL (1877, pl. 9, figs. 1-6 ; pl. 10, fig. 1) and
Saunt (1928, pl. 5, fig. 73). The Lingshi Basin specimens may also be compared with
the specimens of F. jabalpurensis figured by HarLe (1913, pl. 9, tig. 8). In the mode of
attachment of leaves and in gross features [, bseudolenerrima Maheshwari & Kumou an

Text-fig. 3. A, Pagiophyllum sp. A, G. 5. 1. No. 19572 ; x2. B-C, Elatocladus Jabalpurensis (Feistmantel)
Halle, G. S. 1. Nos. 19563 and 195645 x2. D, Pachypteris sp. ct. P. indica (Oldham & Morris) Base
& Roy, G. 5. 1. No. 19560; ~1. 1, Gladophlebis sp., G.S. 1. No. 19570 ; <2, I, Peilophylium acutis
Jolium Morris, G. S. 1. No. 19561 ; %2, @, Pagiophyllum sp. B, G, S. 1. No. 1973 . 1L
Pagiophyllum sp. A, G. S. 1. No. 19571 ; «9
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(1976) is similar to the specimens figured here ; however, dl{C to lackfwf'cuncl(- n he laige,
specimens further comparison is not possible. In Cxtcrxml featurcs {*.\]al)lz‘z‘/pun I»I.‘SI-\' (-{CSFM)’
€d here also resembles the twigs of E. persica Barnard S1967,) repor th{ roin (.x\‘“l‘ Gach,
Iran and Apterocladus lanceolatus Archangclsky (1966) described from Bajo Grﬂl]d("
Argentina.

Pagiophyllum sp. A
Pl. 2, Figs. 9, 13, 14; Text-fig. 3A, H

1982 s Lagiophyllum sp- ; Ganesan et al., p. 194, fig. 2.

Description—Branched leafy shoot, largest specimen measurins 133 cm in length,
branching at an angle of 40°-60°, branches 2.5-3 cm long. Both main axis and branches
covered with spirally arranged leaves. Leaves sessile, crowded, laterally spreading |
slightly curving upwards or distinctly falcate, keeled, 3-5 mm X 1.4 mm in size, free part
of leaves usually twice longer than broad, margin entire, apex pointed or acuminate,
acroscopic margin slightly curving upwards, basiscopic margin decurrent.

Comparison—Pagiophyllum sp. A is dis.inct from all the so-far-described Indian
species of Pagiophyllum. Amongst them it rescmbles most P. marwarensis Bose & Sukl.
Dev (1972), but in the latier the leaves are larger and more prominently keeled, In
branching habit and shape of leaves Pagiophyllum sp. A resembles most P. setosum (Phill.)
Seward described Ny DOLUDENKO AND ORLOVSKAYA (1976). The leaves of P. setosum (Phill.)
described by Jacos anp SHukLa (1955) arc less spreading than the leaves in the present
specimens.  The smaller leaves of Pagiophyllum sp. A may also be compared with the
leaves of Pagiophylium sp. cf. Hatburnia setosa (Phill.) Harris ligured by DeLre (1967).

Pagiophyllum sp. B
Pl. 2, Fig. 10; Text-fig. 3G

Description—Leafy shoot, measuring 4.7 em in length.
spreading but pointing forwards, curved, prominently kecled,
and about 1-1.5 mum in widih, apex acute, margin entire,

Gomparison—Pagiophyllum sp. B resembles some of the specimens of  P. rewaensis
Bose & Sukh-Dev (1972, pl. 2, fig. 9). The lauter, however, has more sprcading leaves.

The leaves of P. veronense Wesley (1956) are somewhai like the leaves of Pagiophyllum sp.
B, but in the former the leaves are more spreading.

Leaves helically borne,
typically 0.8-1 c¢m in length

Coniferocaulon sp. cf. C. rajmahalense Gupta
Pl. 1, Fig. 8

Description—Stem surface showing longitudinal ridges
and grooves, at places, showing elliptical protuberances me
and 0.3-0.5 cm in breadth.

Comparison—The specimen resembles most the specimens of Coniferocculon rajma-
halense figured by Bose (1957, pl. 1, fig. 9) and Bosg e¢ al. (1982, pl. 1, fig, 14)

and grooves. Within ridges
asuring 3.3-4.2 cm in length

INCERTAE SEDIS

Besides the specimens described above, the collection includes three more badly
preserved specimens whose affinities are not very clear.  Ouy of them two seem to belong
to a species of Cladophlebis (P1. 1, Figs. 1, 2; Text-fig. 38). Both (he specimens have minute
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pinnules whicl
1 Cr apy - . - . .
measure  1-1.5 em in length and 0.3-0.5 cm in breadth,  Tn nonc of the

pinnules veins are visible.
o sp<-ii];(:;h:,?i):13:jir,rll[(‘xl is a 'fra'gmcn' uf. Ptilophyllum lv.af (Pl. 1, Fig. 5)-. _”‘f”\ uniike
concealed by the )[ilnl) 'z:‘m (zftizfoltum d(?:c;(‘r‘lb(?d on preceding page, %hc r_a.(:hls is completely
Morris figured & : ]Ijoq:d o so the pinnac have r)l)ttls(:flpl(:(:s ll.k(t Ptilophyllum culc'lten.se
from P Cuwheme};n 1\ S AND ’KASAT (19/2, pl 'l, ﬁg. 7). .[‘hc specimen, howcvr:r', differs
BosE ANt K reor (lolf;gmy_rl n:)lrrl:)wcr pmniu*: like P. lonﬂrrz./‘rmm .Fcrﬁlm:ml(':] described I;))
the present specimen )‘-p + 40 18 1.8)' .l' urlier compartson i nigh paseilpis becmiss i
spe m vems arc missing in all the pinnac.

DISCUSSION

i T the Himalaya, the occurrenze of Mesozoic plant-hzaring beds have heen reported
rom Mo Chu Formation, Lingshi Basin, Bhutan (GANESAN ¢l al., 1980, 1982); Kaghcni-

Muklinbath, ‘Thakkhola Valley, Nepal (BARALE el al., 1978) and North of Indus Suture
Zone, Ladakh (SHARMA e al., 1980)

. In all thesc localities the plant assemblages arc
rather poor in species.

‘ In the collection from Lingshi Basin, there arc only thirtcen
e which can be referred to six gencra. The assemblage consists of ? Gladophlebis sp.,
Pa-clgyplem sp. cf. P. indica (Oldham & Morris) Bose & Roy, Plilophyllum acutifolium Morris,
Plilophyllum sp., Elatocladus jabalpurensis (Feistmantcl) Halle, Pagiophyllum sp. A, Pagiophy-
llum sp. Band Coniferocaulon sp. cf. C. rajmahalense Gupta. This asscmblage is distinct from
the onc described by BARALE el al. (1978) (rom Kagheni-Muktinath which is dominated
by species of Ptilophyllum (P. aculifolium and P. sp. cf. P. cutchense Morris) and a species of
Araucarioxylon (A. nepalensis). According to BARALE el al. (1978) Kagbeni-Muktinath
assemblage is like the assemblages met within the Upper Gondwana of Peninsular India,
especially the assemblage known from the older fossiliferous beds met within the Raj-
mahal Hills. The Lingshi Basin flora is more like thc assemblages met at some of the
localities in the Satpura Basin (Schora and Jatamau) and Kachchh (Kakadbhit, Kurbi
and Chawad River). The Lingshi plant-yielding beds seem to be slightly older in age
than the fossiliferous bed exposed at Kagheni-Muktinath and it is perhaps middle to
late Jurassic in age.

The Ladakh ~assemblage reported by SHARMA ¢t al. (1980) has recenily been re-
examined (the work is still under progress). It has, beside some of the plants earlier
reported by SHARMA ¢t al. (1980), also Klukia, Nilssonia, Jamiles, etc. ; as such, thc assem-
blage differs markedly from the Jurassic-Cretaccous assemblages known from the Upper
Gondwana of India and also the Lingshi Basin asscmblage.
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EXPLANATION OF PLATES

PrATE-]

1-2. ?Cladophlebis sp., G. S. I. Nos. 19569 and 19570.

x 1.
3-4. Pachypteris sp. cl. P. indica (Oldham & Morris) Bose & Roy, G. S. I. Nos. 19559 and 19560, x 1,
5. Ptilophyllum sp., G.S.I. No. 19562. x1.
6. Ptilophyllum acutifolium Morris, G.S.I1. No. 19561. x2,
7. Elatocladus jabalpurensis (Feistmantel) Halle, G. S. 1. 19564, 1.
8. Coniferocaulon sp. cf. C. rajmahalense Gupta, G. S. 1. No. 19575, x 1.
PLATE-2
9. Pagiophyllum sp. A., G. S. 1. No. 19572, x1.
10.  Pagiophyllum sp. B, G. S. 1. No. 19573. 1.
11. Elatocladus jabalpurensis (Feistmantel) Halle, G. S. 1. No. 19563, 1.
12. A part of the above magnified. %2,
13.  Pagiophyllum sp. A, G. S. 1. No. 19571. «1.

14. A part of the above magnified. x2.
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