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A plant megafossil assemblage comprising Cladopblebis sp.. Pachypteris specifica Feistmantel, a fragmentary leaf,
Ptilopbyllum acutifolium Morris, Araucarites minutus Bose & Maheshwari, Elatocladus tenerrimus (Feistmantel) Sahni,
Brachypbyllum (Allocladus?) sp., Coniferocaulon rajmabalense Gupta. Coniferocaulon? sp. and roots, is reported from
the coal-bearing Puna Formation, Tingri District, southern Xizang, Tibet. This assemblage represents the Assemblage Zone
9 (Sukh-Dev, 1988) of India and is considered Early Cretaceous in age. The similarity between the Puna florule and the
Indian flora extends further the northern limits of Gondwanaland into southern Tibet.
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THE Puna Formation crops out in the Zhaya River,
Puna county in the Tingri (Xégar) District, about 60
km north to Mount Qomolungma (Mt. Everest) (Text-
figure 1). Earlier, it was believed to be equivalent to
the lower part of the Middle to Late Jurassic Menkadum
Formation (Wang, 1987) or the Mengbu Formation (Yu
el al., 1983), a Jurassic marine formation in the Mount
Qomoiungma area. The succession and fossil-bearing
horizons of the Puna Formation are as follows : (Text-
figure 2)

Overlying beds : Limestones believed to be equivalent to the

upper part of the Menkadum Formation in the Mount Qomolungma
area

Puna Formation :
17

Greyish black carbonaceous sandstones and mudstones
with a coal seam ... 1.29 m
Dark grey siltstone, yielding? Macrocepbalites cf. etheridgei
(Spath) (84 PVID) (identified by Wang Yigang) in the upper
17.74 m

16.

Grey fine-grained sandstones

14.
13.
12.

N

Grey fine-grained sandstones with coal seams......4.55 m

Grey SHISIONE ..o 4.7 m
Black carbonaceous mudstones with a thin coal seam ...
..................................................................................... 053 m
Greyish white, medium-grained sandstones with thin coal
seams ...... 14.48 m
Greyish white, medium-grained quartzitic sandstones .....
..................................................................................... 303 m
Grey shale with thin-bedded sandstones ............... 155 m
COA SCATN ..ot 0.66 m

Alternations of greyish white medium-grained sandstones
and grevish black carbonaceous siltstone with fossil plants
in the upper part : Pachypteris? sp., Ptilophyllum acutifolium
Morris, Araucariles minutus Bose & Maheshwari,
Brachypbyllum (?Allocladus) sp., Coniferocaudon? sp. and
roots (84 PV), and indeterminable plants in the lower part

(84 PIV) oo 1.9 m
Black carbonaceous mudstones and a thin coal seam ...
..................................................................................... 0.25 m

Greyish white, medium-grained sandstones, with a layer
of grey siltstone 0.2 m thick art the top, yielding Pachypteris
specifica Feistmantel, Prilophyllum sp.. Araucariles minutus
Bose & Maheshwari, Elatocladus tenerrimus (Feistmante!)
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Text-figure 1—Map showing the localities of the Lower Cretaccous
Puna florule and other Mesozoic localities in the Himalayas :
Kagbeni (Barale er al.. 1978); Lingshi (Ganesan & Bose, 1982);
Tansen (Kimura et al., 1985).

Sahni, Brachypbytium (Allocladus?) sp., Coniferocaulon
rajmabalense Gupta and roots (84 PIID ................ 1.08 m
Black carbonaceous mudstones with a thin coal seam ..
..................................................................................... 0.36 m
Greyish white, medium-grained, quartzitic sandstones, with
a grey siltstonc 0.3 m thick at the top, yielding Cladophlebis
sp., Elatocladus tenerrimus (Feistmantel) Sahni,
and roots (84 PID ...

_-L\
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Brachypbyllum (Allocladus?) sp.,

1. Greyish white, medium-grained, quar[/mc sandstones with
thin-bedded siltstone in the upper part containing fragments
of Plants ... 13.2 m
...................................... Conformity...........oooo
Underlying beds : Grey, thick-bedded siltstone yielding indeterminable
ammonites, and bivalves Palaconeilo cf. asabarbitensis Cox and
Thracia? sp. (84 PI), identified by Wen Shixuan. believed to be
equivalent to the Middle Jurassic Niehnieh Hsiungla Formation.
On the basis of the doubtful macrocephalitid
ammonites the coal-bearing Puna Formation was referred
to Lower Callovian (Wu & Hong, 1987, 1989). In the
Lower part of the Menkadum Formation, ammonites
are well-preserved and much more abundant (Wang &
Zhang, 1974, Zhao, 1979) than in the Puna Formation.
The bivalves, found in the underlying siltstone,
appear to indicate a Bathonian or Callovian age. All
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Text-figure 2—Stratigraphical section of the Puna Formation in Puna
County, Tingri, showing the fossil-bearing horizons.
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the fossil plants of the Puna Formation have suffered
from metamorphism and usually have a shining surface.
Though coaly substance is commoniy present on the
specimens, no useful cuticles have been obtained by
maceration. All the specimens described in the present
paper were deposited in NIGPAS under the registration
number : PB14735-14760.

DESCRIPTION
Genus—Clado;bblebis Brongniart
Cladophlebis sp.

Pl 1, fig. 1, Text-fig. 3A

Description—Fragmentary pinna, rachis less than
1 mm wide. Pinnules alternate, deltoid, slightly falcate,
2-3.5 mm long and less than 2.5 mm wide at base.
Margin entire. Apex obtusely pointed. Midrib giving
off lateral veins at about 45°-60°; veins mostly forked
once.

Remarks—Only a fragmentary apical part of a pinna
is found with mostly once forked lateral veins.
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Text- ﬁgv 2 Cladopblebis sp.. PB14737, showing the shape of
pinm cnation; B,C, Pachypteris specifica Feistmantel,
PB4 1747, showing the shape of pinnae and venation;
scale -
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Genus—Pachypteris Brongniart
Pachypieris specifica Feistmantel 1870

Pl 1, figs 3, 4; Text-fig. 3B, C

Remarks—Two fragmentary bipinnate fronds have
been recovered, which resemble Pachypteris specifica
Feistmantel described by Bose and Banerji (1984) trom
Kachchh. India in gross features.

A fragmentary leaf
Pl 1, fig. 2

Description—Fragmentary leaf 10 mm long and 11
mm wide. Midrib about 1 mm wide at the lower part.
becoming evanescent upwards. Lateral veins make a
narrow angle, bifurcate at least twice.

Genus—Ptilophyllum Morris
Prilophytltum acutifolium Morris 1840
Pl 1. fig. 5

Kemarks—A couple of specimens, resembling £
aculifolivim Morris described by Bose and Banerji (1984),
can be compared with some other species of Prilophylivim
in shape and size, but their cuticular features are not
known.

Genus—Araucarites Presl
Araucarites minutus Bose & Maheshwari 1973
Pl. 1, figs 6-7: Text-fig. 4D, E
Remarks—These cone scales look similar to
Araucarites minufus described by Bose and Maheshwari
(1973) from the jabalpur Formation, India. Two of the

present specimens (PB14764, and 14765. unfigured)
are slightly larger in size.

Genus—Flatocladus Halle
Elaiocladus tenerrimus (Feistmantel) Sahni 1928

Pl 1, figs 8, 8a. Text-fig. 4A
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Text-figure 4—A. Llatocladies tenermmus (Feistmantel) Sabni, P1314742
det: B.C. Brachypbyllum (Alloclacdus?) sp.. PB14753. 14736:
D.E. Araucarites mintiins Bose & Maheshwari, PB14764. 147635:
scale = 1 mnu

Remarks—The presence of narrow and usually
straight leaves having obtuse apices and strongly
decurrent bases, giving off at wide angles. shows that
the present specimens belong to E. tenerrimus.

Genus—Brachyphyllum Brongniart
Brachyphyllum (Alloclaclus?) sp.
Pl 1, figs 9-11; Text-fig. 4B, C

Description—Fragmentary branched-leafy shoots,
bearing * rhomboidal leaves. Leaves small, close to
sparsely arranged and appressed to the stem. Upper
leaf short, triangular; lower leaf bulging out into a small
knob: some leaves keeled. Apex acute. Leaf-base cushion
+ rhomboidal.

PLATE 1

Cladophlebis sp.. PB14737. X3.

A fragmeniary leaf, PB14750. x3.

Pachypteris specifica Feistmantel. PB14746. 14747 both X2.

Ptilophylliem acutifolium Morris, PB14756. x1.

7 Araucarites minutis Bose & Maheshwari. PB14740. 14748,
both x2.
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Elatoclades tenerrins (Feistmantel) Sahni, PB14744, 8 x1. 8a
X €a.2.5.

9-11.  Brachyphvllum (Allocladies?) sp., PB14753, 14741, 14730, all x2.
12-13. Coniferocaulon rajmabalense Gupta. PB14766, 14763, x1.
14. Coniferocauton? sp., PB14751, X3.

15-18. Roots, PB14752. 14735, 14762, 14755: 15, 17, 18 x1. 16 x2.

8.8u4.
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Remarks—Three fragmentary leafy shoots bearing
+ rhomboidal leaves appressed to the stem are found.
These leaves show variation in the degree of their
closeness and presence of knob and keel on the convex
lower surface. Provisionally they are described as
Brachyphyllum (Allocladus?) sp. The present form is
somewhat comparable to Brachypbvilum regulare Borkar
& Chiplonkar 1973, B. eikaiostomum Sukh-Dev & Bose
1977 and Allocladus bansaensis Sukh-Dev & Zeba-Bano
1979 in external morphology, but are not identical.

Genus—Coniferocaulon Fliche
Coniferocaulon rajmabalense Gupta 1954
Pl 1, figs 12-13

Remarks—The specimens from the Puna Formation
match with C. rajmahalense Gupta 1954 reported from
Rajmahal Hills, Bihar, Madhya Pradesh (Bose, 1959),
Rajasthan (Bose et al., 1982) and Lingshi Basin, Bhutan
(Ganesan & Bose, 1982).

Coniferocaulon? sp.

Pl 1, fig. 14

Description—Stem 10 cm long, 1.7 cm wide at the
widest portion and incomplete. Stem surface showing
lenticular leaf-scars arranged spirally, 0.6-1.5 mm high
and 2-5 mm wide.

Remarks—The markings of grooves and ridges on
the stem surface in the present form are quite different
from Coniferocaulon rajmabalense.

Roots
Pl. 1, figs 15-18

Description—Two different types of roots are found.
One of them (Pl 1, fig. 17) consists of a main axis,
more than 8 ¢m long and 3 mm wide, and lateral
appendages up to 4 ¢m long and about 1 mm wide,
given off at angles of about 30°-60° from the axis. The
other type has a main axis about 2 mm thick and more
than 10.5 cm long, bearing lateral appendages of two
orders. Appendages of the first order long and linear;
ultimate appendages irregular in shape and size.

DISCUSSION

The present plant assemblage recovered from the
Puna Formation, Tingri District, southern Xizang (Tibet)
comprises Cladophblebis sp., Pachypteris specifica
Feistmantel, a fragmentary leaf, Ptilophyllum acutifolium
Morsris, Araucarites minutus Bose & Maheshwari,
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Elatocladus tenerrimus (Feistmantel) Sahni,
Brachyphyllum (Allocladus?) sp., Coniferocaulon
rajmabalense Gupta, Coniferocaulon? sp. and roots.
In this assemblage, ferns are rare and the pteridosperms
are represented by a single species Pachypteris specifica,
while cycadophytes and conifers are fairly well-
represented. In general composition the Tibetan plant
assemblage is closely comparable with that of Lingshi
Group in Bhutan (Ganesan & Bose, 1982). As such it
represents Assemblage Zone 9 established by Sukh-
Dev (1988) in the Mesozoic floras of the Indian
subcontinent, and is thus of Early Cretaceous and not
of Callovian or Jurassic as formerly believed. This close
identity of the Puna fossil florule with the Indian flora
further extends the northern limits of Gondwanaland
into Tingri District. southern Xizang (Tibet) in Mesozoic
times. The discovery of’ Glossopteris in Tingri District
has demonstrated that an association of southern Xizang
Block and the Indian Plate existed early in the Permian
(Hsi, 1976). According to the palaeomagnetic evidence
(Zhu & Tang, 1984), Indian Plate rifting took place by
the Middle Triassic and while small blocks started drifting
northwards in the Late Triassic. It appears from the
present study that at least in the Early Cretaceous the
southern Xizang Block was attached to the Indian Plate.
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