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THE GEOLOGICAL
EVOLUTION OF
TIBET

The Tibetan Plateau is a region that, because
of its remoteness, elevation and mystery, has
excited adventurers and explorers for centur-
ies. It has also fascinated Earth scientists, who
have regarded it as the type example of colli-
sion tectonics: collision between the Indian
and Eurasian continents. This book presents
the results of a two-month Geotraverse made
in 1985 through cooperation between
Academia Sinica and the Royal Society. Data
from a wide range of geological methods are
presented, along with a geological map of the
region traversed. The final chapter gives our
conclusions about the geological evolution of
the plateau by successive accretion of terranes
to the Eurasian continent, the collision of the
Indian and Eurasian continents, the doubling
in thickness of the Tibetan crust and the
dramatic Recent uplift of the plateau.

The photograph on the cover was taken by John
Dewey, and shows fluvial incision on the northern
flank of the southern Kunlun Mountains. The Kun-
lun Mountains, forming the northern ranges of the
Tibetan Plateau, have undergone strong uplift in
the past 5 Ma, resulting in deeply eroded river val-
leys with terraces perched high on valley sides. The
superimposed map, from the paper by Bill Kidd and
Peter Molnar, shows the main road from Lhasa to
Golmud, with rivers, faults and lower-hemisphere
projections of fault plane solutions of earthquakes.
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PREFACE

The Tibetan Plateau is a unique feature of the Earth’s surface. Its elevation, 5 km above sea
level, and a crust twice the normal thickness, have long been recognized as resulting from the
collision of the Indian and Eurasian continents. The region is regarded as the prime example
of collision tectonics. However, because Tibet was for long virtually inaccessible to geologists
from the rest of the world, the mechanism by which the Plateau evolved and by which the crust
was doubled in thickness, remained speculative.

During the past two decades, Chinese geologists have explored and systematically mapped
much of this vast and largely uninhabited region; Academia Sinica mounted a series of
geological expeditions. The results of this and other work were presented at an international
symposium on the Qinghai-Xizang (Tibet) Plateau in Beijing in 1980 and demonstrated on a
traverse through southern Tibet from Lhasa to Kathmandu.

The excitement generated by this introduction to the geology of Tibet led Professor Gansser,
Professor Molnar and me to the idea of a Geotraverse, based on the newly completed road from
Lhasa to Golmud across central and northern Tibet. Chinese colleagues were enthusiastic.
Because the Royal Society and Academia Sinica had an agreement for scientific cooperation,
I submitted our proposal to the Society and an agreement was eventually signed.

Chinese geologists chosen for the project prepared for the Geotraverse by making detailed
geological strip maps of the region to be covered and locating significant outcrops. In June
1985, the geologists, ten from the Royal Society side and fifteen from Academia Sinica,
assembled in Lhasa. The next two months were spent working across the Plateau.

The Chinese took complete responsibility for the logistics. A fleet of lorries and jeeps, loaded
with supplies, was driven into Tibet across the mountains and gorges from Chengdu. After
acclimatization in Lhasa, and work from there, we set off northwards towards Golmud. Along
the road, we stayed in military posts and, off it, in tents. Access to exposures was by jeep as far
as they could go (heavy rains had made much of the area a morass) then on foot. Rarely, we
used horses and yaks. Most of the food had to be brought in from outside.

We worked in small specialist groups, so understanding and friendships developed quickly.
The thorough preparation by the Chinese geologists meant that little time was wasted.

The large collections of rocks and fossils were divided between ourselves and our Chinese
colleagues for analysis and identification. Work on all this material is not yet complete; the
results so far obtained are presented in this volume. The conclusions were discussed at an
exceptionally successful conference in Beijing in 1986, followed by another geological traverse
from Lhasa to Kathmandu.

The 1985 Geotraverse was inevitably only a reconnaissance. Many important unsolved
problems remain. We hope that this is only the start of a collaboration between ourselves and
our Chinese colleagues, which has led already not only to the results presented here but also
to close and lasting friendships.

We acknowledge the wise and experienced leadership of Professor Chang Chengfa of the
Chinese team, the linguistic and organizational skills of Freddie Sun Yiyin and the remarkable
feats of the drivers of the jeeps. We thank Dr Peigi Wallace for editing the volume. Finally, we
thank the Royal Society and Academia Sinica for enabling us to carry out this project.

April 1988 ROBERT SHACKLETON
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4 PREFACE

Note

In reading the papers in this volume, reference should be made to the coloured geological
map (1:125000) in the pocket at the end of the volume, and to the microfiche copies of the
1:100000 maps on which all localities mentioned in the text are plotted, together with
structural and other field data. Copies of these maps, as well as satellite imagery and other
materials, will be housed in the British Museum of Natural History, where they are available
for study. Any type specimens of fossils will be preserved in Nanjing; duplicates of many of
themn will be housed in the BM.(N.H.).

Meanings of a few commonly used Chinese and Tibetan words may be useful: Co, Tso
(Tibetan), Hu (Chinese) = lake; Jiang = large river; Qu, He = river; Heyan = source of
river; Datan = valley; -gou = valley; -quan =spring (as in Wenquan: hot spring,
Budongquan: not-quite-frozen spring); Shan = mountains; Tagh = mountains; Tsangpo =
Zangbo; Jinsha = Yangtze = Yangzi.
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The Tibetan plateau: regional stratigraphic context and previous work

By Yin Jixiang!, Xu JunTao? Liu CHENGJIE' AND L1 Huan!

! Institute of Geology, Academia Sinica, P.O. Box 634, Beijing, People’s Republic of China
* Nanjing Institute of Geology & Palaeontology, Academia Sinica, Nanjing, People’s Republic of China

[One pullout]

A preliminary stratigraphic subdivision and correlation along the Qinghai-Xizang
(Tibet) highway from Lhasa to Golmud and its adjacent areas is presented in this
paper. The data used here are mainly observations on the 1985 Royal Society-
Academia Sinica Geotraverse, together with published and unpublished accounts.

1. INTRODUCTION

Investigation of the stratigraphy along the Qinghai—Xizang (Tibet) highway from Golmud to
Lhasa and its adjacent area started in the early 1950s. Field work in such a rugged and elevated
region is extremely difficult, hence the level of understanding of the stratigraphy is obviously
not comparable to that of other regions of China. This paper presents a preliminary strati-
graphic subdivision and correlation along the Qinghai—Xizang (Tibet) highway from Lhasa
to Golmud and its adjacent areas, as shown in the pullout (figure 23).

The data used here are mainly observations on the 1985 Royal Society—Academia Sinica
Geotraverse, together with published and unpublished accounts. Some published and un-
published data from outside the area surveyed are briefly introduced where necessary. Un-
published data come from the following sources.

(1) The Bureau of Geology and Mineral Resources of Qinghai Province, 1981; Report on
the Survey of Regional Geology, attached to the Geological Map of Qinghai Province (scale
1:200,000), People’s Republic of China: Golmud City Sheet, J-46-(35) ; Naij Tal Sheet, 1-46-
(5); Zhidoi Sheet, 1-46-(24); ibid. 1982; Aikengdeleisite Sheet, 1-47-(1); Zadoi Sheet, 1-46-
(30); tbid. 1983 ; Dongwenquan Sheet, 1-46-(6) ; Shanglaxiu Sheet, I-47-(25). The positions of
these seven sheets and of the traverse routes are shown in figure 1.

(2) Explanatory notes to the Geological Map of Qinghai Province (scale 1:1,000,000)
(Zhang Qizhen & Zhang Yifu 1981).

Fossil locality numbers, e.g. B60, refer to Smith & Xu, this volume, Appendix, to which
reference should be made for faunal lists.

2. STRATIGRAPHY

Three major provinces can be recognized along the Geotraverse route: from north to south
the Kunlun Terrane, the Qiangtang Terrane and the Lhasa Terrane. Figure 2 is a sketch map
of the geology of the northern part of the Kunlun Terrane. For an alternative interpretation
of the geology of this and other areas, see Leeder e¢f al. (this volume) and the map of the
Geotraverse compiled by Kidd et al. (this volume, Map, in pocket).
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Figure 1. Stratigraphical provinces along the Qinghai-Xizang (Tibet) highway from Lhasa to Golmud and
adjacent areas. 1-7 indicate the areas relerred to in the unpublished reports relevant to this paper: 1. Golmud
City Sheet, J-46-(35); 2. Naij Tal Sheet I-46-(5); 3. Dongwenquan Sheet 1-46-(6); 4. Aikengdeleisite Sheet
1-47-(1); 5. Zhidoi Sheet 1-46-(24); 6. Zadoi Sheet 1-46-(30); 7. Shanglaxiu Sheet 1-47-(25).

3. LATE PREcAMBRIAN AND CAMBRO—-SINIAN

The main development of supposed late Precambrian metamorphic rocks along the Geo-
traverse is in the Golmud—Naij Tal district in the Burhan Budai Mountains (figure 1). Sporadic
occurrences of metamorphosed rocks here referred to the Cambro-Sinian are exposed in the
southwestern Nyaingentanglha Mountains and south of Amdo (both in the Lhasa Terrane).

In the northern Burhan Budai Mountains, the lower unit, the Jinshuikou Group, is composed
of medium-grade metamorphic rocks. The upper part, the Binggou Group, consists of medium
to low-grade metamorphic rocks. They can be correlated with basement strata in the area of
the Qaidam Basin and the Altun Mountains (Wang Yunshan & Chen Jiniang 1984). In the
Daobangou Valley, 20 km south of Golmud, an incomplete section of the Binggou Group is
unconformably overlain by Upper Devonian basal conglomerates; it is at least 1800 m thick.
The lower part consists of grey and darkish-purple pebbly lithic greywackes, sericite-schists and
phyllites with subordinate marbles, while the upper part consists mainly of laminated marbles,
brecciated dolomitic marbles and dolomites with subordinate phyllites. The uppermost part of
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Ficure 2. A sketch map of the geology of the Golmud-Naij Tal district showing the stratigraphy (modified
from Golmud City Sheet and Naij Tal Sheet). 1. Quaternary (Q); 2. Naocangjianggou Formation (T,);
3. Hongshuichuan Formation (T,); 4. Carbonate Formation (P}); 5. Clastic Formation (P%); 6. Diaosu
Formation (C}), Sijiaoyanggou Formation (C}); 7. Dagangou Formation (C,); 8. Upper Member (Volcanics
Member) of Juchishan Formation (D}); 9. Lower Member (Clastics Member) of Juchishan Formation (D3);
10. ‘Fluxoturbidite Formation’ (O%); 11. Shihuichang Formation (O%); 12. Shuinichang Formation (O3);
13. Halabayigou Formation (O,); 14. Binggou Group, Wanbaogou Group (An<€); 15. Granite; 16. Granodi-
orite; 17. Diorite; 18. Gabbro; 19. Fault; 20. Unconformity; 21. Fossil localities; 22. Positions of sections.



8 YIN JIXIANG AND OTHERS

the Group is intruded by granites. Stromatolites found nearby to the east suggest that the
Binggou Group may be late Precambrian in age.

(a) Wanbaogou Group

In the southern Burhan Budai Mountains, possible late Precambrian belonging to the
Wanbaogou Group is only locally exposed in the Naij Tal district. Its stratigraphy, age and
correlation are all debatable because of the structural complexity and lack of fossil evidence in
the type section in Wanbaogou Valley, 15 km NW of Naij Tal (Zhu Zhizhi et al. 1985;
Li Guangcen & Lin Baoyu 1982). From our observations of the type section (figure 3 I-I') and
the principal reference section in Xiaonanchuan 20 km southwest of Naij Tal (figure 3 II-1I"),
the Wanbaogou Group is preliminarily divided into five formations in descending order as

follows:

Fault
Clastic Formation (more than 1615 m in thickness)
Carbonate Formation (more than 330 m)
Green Schist Formation (235 m)
Volcanic Formation (more than 400 m)
Haematite-bearing Clastic Formation (more than 250 m)

il

Fault

(1) Haematite-bearing Clastic Formation

This formation is exposed only locally in the central Wanbaogou Valley. Its base is truncated
by faulting; the topmost grey-white laminated marbles are conformably overlain by the
Volcanic Formation. It consists mainly of phyllitic slates alternating with thin-bedded or
lenticular dark grey marbles, greywackes and subordinate interbedded haematite-bearing
clastics in the upper part. The haematite-bearing clastics include, in ascending order, feldspar-
rich lithic greywackes, reddish-grey impure siliceous rocks, banded haematite-bearing
quartzites, banded oolitic haematite units 3-5 cm in thickness, silty slates and red, silicified,
dolomitic crystalline limestones as well as banded haematite-bearing calcite-quartz schists.

(i1) Volcanic Formation

In the Nay Tal district, the Volcanic Formation is repeated by folding and faulting. Dark
grey basic volcanics and subordinate andesites dominate the lower part. In Xiaonanchuan
(figure 3 II-II"), the formation has a conformable upper contact with the Green Schist
Formation and the basal part is obscured by Quaternary deposits.

Comophyton ? cylindricum
Maslov.

Ficure 3. A section of the Wanbaogou Group in Wanbaogou, Xiaonanchuan, Naij Tal District and Golmud
County (I-I” Wanbaogou section, II-II" Xiaonchuan section as shown in figure 2). 1. Conglomerate;
2. Sandstone; 3. Slate; 4. Green Schist; 5. Limestone; 6. Marble; 7. Dolomite; 8. Upper Basic volcanic rocks,
Lower: Andesite; 9. Hematite; 10. Granite.
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(iii) Green Schist Formation

The formation is well exposed in the Xiaonanchuan section and consists of grey-white
laminated marbles, silicified marbles and ferruginous dolomitic marbles in the lower 80 m;
grey-green laminated chlorite-quartz-schists and dark green actinolite-epidote-schists inter-
calated with basic volcanics in the middle 140 m; grey-green slate and subordinate laminated
marbles form the upper 15 m.

(iv) Carbonate Formation

In Wanbaogou, the formation consists mainly of grey-white silicified marbles, calcareous
dolomites, silicified dolomitic marbles and calcareous pisolitic micritic dolomites intercalated
with subordinate quartzites. The basal and upper contacts are faulted. In the Xiaonanchuan,
the top of the formation is overthrust by grey sandstones and slates ol Carboniferous age,
whereas the basal part is conformable on the Green Schist Formation.

(v) Clastic Formation

The lower and middle parts of the formation in Wanbaogou consist mainly of arenaceous
slates intercalated with feldspar-rich lithic greywacke. The upper 30 m comprise dark grey thin
cherts interbedded with siltstones and silicified marbles alternating with dark lenticular cherts
and banded chert-bearing marbles as well as marbles with sparse, angular pebbles up to
40 cm in diameter of dark, yellowish pink and brown crystalline limestone. These represent
debris flow deposits. The top and base are truncated by faulting.

The stromatolites Conophyton ? cylindricum Maslov, Conophyton cl. miloradovici Raaben and Cono-
phyton sp. have previously been recorded from the Carbonate Formation in the Wanbaogou
section (Zhu Zhizhi et al. 1985), who referred the Group to the late Precambrian. Similar fossils
were also found in the same formation east of the Xiaonanchuan and north of Naij Tal, and
suggest that the Wanbaogou Group may be roughly correlated with the Binggou Group. See
discussion on the age of these beds, however, in Smith & Xu (this volume).

(b) Nyaingentanglha Group

A suite of paragneisses (the Nyainqentanglha Group) is best exposed in the southwestern
Nyaingentanglha Shan. It is composed mainly of coarse-grained porphyritic-mica—gneiss and
garnet—biotite granitic gneiss with subordinate amphibolite or hornblendite, reaching am-
phibolite facies (Li Pu 1955), locally decreasing to green schist facies. The age of the latest
metamorphism of the Group, determined by whole rock Rb-Sr method, is 40-50 Ma, while the
inherited age of zircon, determined by U-Pb method, is 1200-2000 Ma (Xu Ronghua, pers.
comm.). It is assumed that the age of the main part of the Nyaingentanglha Group is
Precambrian or, though with no geochronological evidence, Cambro—Sinian; the possibility of
a part being younger cannot be ruled out (see Harris, Xu, Lewis, Hawkesworth & Zhang, this
volume).

(c) Amdo Schists

A suite of thick meta-sediments, informally named the Amdo Schists, outcrops for 40 km
along the traverse route between Amdo and Nagqu. The zircon age of metamorphosed
granodiorites intruded into this Schist, determined by U-Pb method, is 531*; Ma (Xu Rong-
hua et al. 1985). This magmatism is possibly comparable with the Pan-African Event in Africa
and Arabia (Gass 1982).
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4. ORDOVICIAN

The Ordovician, seen only around Naij Tal in the Kunlun Shan, was originally divided into
two formations, the Shuinichang Formation (lower Upper Ordovician) and the Shihuichang
Formation (upper Upper Ordovician) by Li Guangcen & Lin Baoyu (1982). New fossil
evidence and structural interpretations lead us to propose the following revised subdivision
(figure 4):

Fault
‘Fluxoturbidite Formation' (Of)
Shihuichang Formation (O})

Fault
Shuinichang Formation (O3)

Fauit
Halabayigou Formation (O,)

Fault
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FiGure 4. Generalized columns of the Ordovician in the Naij Tal district, Golmud County. 1. Lenticular limestone;
2. Oolitic limestone; 3. Argillaceous limestone; 4. Crystalline limestone; 5. Marble; 6. Slate; 7. Phyllite;
8. Graywacke, sandstone; 9. Pebbly sandstone; 10. Sandy turbidite; 11. Fluxoturbidite.
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(i) Halabayigou Formation (O,)

In the type section, situated on the eastern bank of the Golmud River north of Shihuichang,
the main part of the formation is dominated by a monotonous flyschoid succession of grey slates
alternating with thin-bedded sandstones. The upper part (about 150 m) is composed of
phyllites and slates intercalated with subordinate dark limestones, oolitic limestones and marls
as well as schistose brecciated marbles. The lower contact of the formation is not exposed and
the upper contact is faulted. Li Guangcen & Lin Baoyu (1982) considered the Halabayigou
Formation to be Silurian in age. However, one poor fragment of trilobite from the dark

limestones at the top of the Formation indicates a possible early Ordovician age for these beds
(loc. B100).

(i1) Shuinichang Formation (O3)

The formation is best exposed along both banks of the Golmud River between Kunlun
Bridge and Shihuichang; it is faulted against the Shihuichang Formation to the north and the
Triassic or older sequences to the south (figure 2). The lower part of the formation is dominated
by greywackes and phyllites intercalated with subordinate oolitic marbles, laminated marbles
and dark grey crystalline limestones, they yield abundant corals (the ‘Foerstephyllum golmudense
— Rhabdotetradium qinghaiense — Neoplasmoporella golmudense Assemblage’), dated as early late
Ordovician (Li Guangcen & Lin Baoyu 1982; Lin Baoyu 1985). The middle part consists
mainly of grey schistose feldspar-rich lithic greywackes and meta-lithic quartz greywackes
intercalated with subordinate phyllites; the upper part consists of pebbly grits and feldspar-rich
lithic greywackes interbedded in the topmost sequence with slates and schistose fluxoturbidites
(50 m).

(iii) Shihuichang Formation (O3)

This formation outcrops to the west of Shuhuichang and near the western bank of the
Golmud River where it is mainly composed of laminated marbles and bioclastic crystallised
limestones; some pyrite-bearing lithic quartz sandstones, arenaceous shales and silicified lime-
stones are interbedded in the lower part. The contact with the overlying ‘Fluxoturbidite
Formation’ in the north is conformable.

The limestones yield corals, bivalves and crinoids, some of which are poorly preserved
indicating that they are not in situ fossils. The corals have affinities with the ‘Agetolites—
Wormispora—Plasmoporella Assemblage’. Their age is late late Ordovician (Li Guangcen &
Lin Baoyu 1982; Lin Baoyu 1985).

(iv) ‘Fluxoturbidite Formation’ (O3)

Along the western bank of the Golmud River, a suite of clastics with subordinate submarine
mass-flow deposits, informally named the ‘Fluxoturbidite Formation’, rests conformably on
the Shihuichang Formation. The lower sandy turbidites are intercalated with pebbly feldspar-
rich lithic greywackes and calcareous shales with fragments of crinoid stems; the middle of the
formation consists of fluxoturbidites and sandy turbidites. Two layers of thin-bedded crys-
tallised limestone in the lower part yield a few corals and conodonts (B102). The top is faulted
against Carboniferous strata to the north.
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For a detailed sedimentalogical and palaeoenvironmental description of the Ordovician, see
Leeder et al. (this volume).

Generally speaking, the Ordovician in the Naij Tal district has undergone low-grade
metamorphism and strong deformation and has few fossil-bearing horizons. No section showing
the complete sequence through the Ordovician has yet been established. The fossiliferous
Upper Ordovician observed in this area may be correlated in lithology and fossils with the
Tieshidasi Group in the Qimantage Mountains southwest of the Qaidam Basin and the
Tanjianshan Group of the northern part of the Qaidam Basin (Xu Xian et al. 1982).

5. SILURIAN

No proven Silurian is found in the eastern Kunlun Terrane or the Qiangtang Terrane except
in the ' Yidun-Zhongdian district’ in the eastern part of the Qiangtang Terrane, where Middle
and Upper Silurian strata are present. Outcrops of Silurian strata are, however, widespread in
the Xainza district west of Nam Co in the Lhasa Terrane. The lower limestones yield corals,
nautiloids, gastropods, stromatoporoids, brachiopods, bryozoa and crinoid stems of early and
mid Silurian age. The upper part is mainly composed of sericite—chlorite phyllites alternating
with quartzites. It is unfossiliferous but may be late Silurian in age as it rests conformably on
the underlying Lower and Middle Silurian.

In the Xainza district, about 150 km SSW of Donggqiao, the Lower Silurian is represented
by graptolitic shale and the Middle and Upper Silurian mainly by carbonates bearing
cephalopods, corals and conodonts. It rests conformably on an Ordovician sequence and
is disconformably overlain by the Devonian (Lin Baoyu 19834; Xu Hankui ef al. 1981).

6. DEVONIAN

Devonian deposits along the Geotraverse route may be divided into two facies: terrestrial
sediments cropping out at Daobangou 20 km south of Golmud in the Kunlun Terrane and
marine deposits sporadically found to the west of Dongqiao in the northern part of the Lhasa
Terrane. Only the former was observed.

(a) Juchishan Formation

Unmetamorphosed terrestrial clastic and volcanic rocks seen at Daobangou and Dishantou
along the eastern and western banks of the Golmud River are here designated the Juchishan
Formation after the Juchi Mountains south of Daobangou. The lower part of the Formation
comprises basal conglomerate, slate, arenaceous mudstone, lithic feldspar-rich sandstone with
subordinate siltstone intercalated with amygdaloidal andesite and meta-trachybasalt; the
upper part is dominantly andesite intercalated with basalt and dacite, followed by purple
massive rhyolite or perlitic rhyolite with subordinate sandstone, volcanic breccia and tuff. The
basal conglomerate of the formation in the Daobangou section rests unconformably on the
Precambrian Binggou Group while the volcanic rocks of the upper part (see Pearce & Mei, this
volume) pass disconformably upward into the coarse clastic rocks or volcanic rocks of the
Lower Carboniferous. The Juchishan Formation, whose age is inferred to be late Devonian
(figure 5), can be roughly correlated, in sequence and lithology, with the Harzha Group in the
Qimantage Mountains northwest of Golmud (Xu Xian e al. 1982).
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Figure 5. Columnar section of the Juchishan Forination at Juchi Mountain, south of Daobangou, Golmud
County. 1. Rhyolite, perlitic rhyolite; 2. Andesite, dacite; 3. Volcanic breccia; 4. Basalt; 5. Sandstone;
6. Siltstone; 7. Conglomerate.

7. CARBONIFEROUS

Carboniferous strata are widespread in the Kunlun, Qiangtang and Lhasa Terranes.

(a) Golmud District, Kunlun Terrane

Good sections of fossiliferous Carboniferous rocks are exposed near Dagangou and Halaguole
in the mid Burhan Budai Mountains, though only the Dagangou section was examined
(figures 6 and 7).

(1) Dagangou Formation (C,)

The Dagangou section lies to the east of the Golmud River. The lower part of the formation
(1012 m thick), consists mainly of terrestrial sandstones with subordinate rhyolite, basalt and
tuff at different horizons. Some shallow-water sedimentary structures including cross-bedding
and ripple marks were observed. The middle part is composed of white, medium- to thick-
bedded quartzose sandstone, purple siltstone with subordinate pebbly sandstone and fine-
grained conglomerate; medium-scale cross-bedding in sandstones of fluvial facies is common.
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Ficure 6. Sketch map of the distribution of the Carboniferous and the Permian in the Burhan Budai
Mountains.
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ceous breccia; 13. Andesite-basalt; 14. Basalt; 15. Metamorphosed intermediate-basic volcanic rocks;
16. Siliceous rock.
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The upper part, about 60 m thick, consists of grey, medium-bedded limestones, with sporadic
reefs intercalated with subordinate carbonaceous shale or thin coal seams yielding brachiopods,
corals and a few trilobites and crinoid stems (loc. B108) indicating a late Visean age.

(ii) Diaosu Formation (C}, 380 m)

The Diaosu Formation rests conformably on the Dagangou Formation. The lower 140 m
consists of arenaceous shale interbedded with thin-bedded sandstone, carbonaceous shale and
thin-bedded bioclastic limestones yielding brachiopods (loc. B108); the upper part is charac-
terised by a rhythmic succession which is in turn succeeded upwards by a succession of thin-
bedded conglomerate, sandstone, shale and limestone intercalated with subordinate rhyolite at
higher levels. The succession yields brachiopods, corals, fusilinaceans and conodonts (loc. B108,
first limestone unit).

The Carboniferous succession in the Dagangou section is in turn succeeded upwards by a
sequence of terrestrial, alternating marine and terrestrial and neritic deposits representing a
transgressive succession. The fossil assemblages of the Dagangou Formation are predominantly
benthonic and fixed fauna, while those of the Diaosu Formation and the Permian Sijiaoyanggou
Formation include larger benthic foraminifera.

A flyschoid sequence exposed in Xiaonanchuan southwest of Naij Tal shows a southward
increase in metamorphic grade from greenschist in the north to low amphibolite facies in the
south (near the Xidatan Fault). The sequence has tectonic contacts both to the north and to
the south and the thicknesses seen is estimated at over 2000 m. Some spores and pollen, the
‘Laevigatosporites—Reinshospora Assemblage’, have been reported, although not described or
figured, from the lower part of the sequence in Xiaonanchuan. Based on this assemblage, the
age is considered to be ‘Middle and Late Carboniferous’ (Zhu Zhizhi e/ al. 1985).
Lithologically the sequence is roughly similar to the Halaguole Group to the east near
Numbhon, so it is taken to be early Carboniferous in age, although it may be Cambro—
Ordovician (see Leeder ¢t al., this volume).

(b) Tuotuoheyan—Zadoi District, Qiangtang Terrane

Carboniferous strata are mainly developed in the Zadoi and Qamdo districts east of the
traverse route. However, a tectonic slice, previously referred to the Lower Permian, was
discovered at Kaixinling. The strata, about 300 m thick, consist of thick-bedded or massive
limestones with fusulinaceans (loc. B60). Quasifusulina longissima is a species found in the
Mapingian in Hunan, Guizhou, Zhejiang, Gansu and Ningxia Provinces; it is also found at the
top of the Taiyuan Formation in Shanxi Province. The fusuline-bearing strata are referred to
the late Carboniferous of Chinese workers (mid Lower Permian of non-Chinese workers).

Several good Permo—Carboniferous sections are found in the Zadoi and Qamdo districts. To
the west of Qamdo, the Lower Carboniferous is composed mainly of carbonates in the lower
part and thick coal-bearing clastic rocks in the upper part. The Permian is carbonates; the
contact of the Lower Carboniferous with the underlying Devonian is conformable, that of the
early Permian with the overlying late Permian disconformable (Dong Deyuan & Mu Xinan
1984). In the Zadoi district, between Kaixinling and Qamdo, the Lower Carboniferous is
composed of limestones intercalated with coal, gypsum and purple clastics with intermediate-
acidic volcanics at different levels; it yields early Carboniferous corals and brachipods. The
early Permian (late Carboniferous of Chinese workers) consists mainly of purple clastic rocks
intercalated with subordinate carbonates with intermediate-basic and intermediate-acidic
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volcanic rocks and bears Lower Permian fusulinaceans (Zadoi Sheet). The Carboniferous is
disconformable on the underlying Devonian; the contact with the overlying Permian is obscure.

(¢) Lhasa District, Lhasa Terrane

Carboniferous sediments are widespread in the Lhunzhub district and are also sporadically
exposed to the south of Jang Co in the north of the Lhasa Terrane. So far, fossiliferous Lower
Carboniferous has only been found in the Maizhokunggar district 60 km northeast of Lhasa
where it is composed mainly of quartzose sandstones alternating with slates and subordinate
limestones bearing the coral Kueichowphyllum sp. It is over 600 m thick (Li Pu 1955).

The type section of the Pondo Group at Urulung village west of Pondo is predominantly
composed of diamictites, i.e. pebbly arenaceous mudstone, pebbly siltstone and pebbly sand-
stone intercalated with siltstone, mudstone and lenticular conglomerate. The basal part is
intruded by granites and the topmost part grades conformably into the early Permian Urulung
Formation; it is more than 1000 m thick. Pebbles within the diamictites are of diverse com-
position, dominantly quartzite with subordinate limestone, slate and granite. The diamictites
generally appear to be massive and structureless but some sedimentary structures including
bioturbation, graded bedding and pseudo-dropstones may be seen, suggesting that part of the
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Ficure 8. A section of the Pondo Group at Urulung village, west of Pondo town, Lhunzhub County. (From Yin
Jixiang & Wan Chuanfen, in press.) 1. Quaternary deposits; 2. Volcanic rocks (Linzizong Formation);
3. Limestone (Urulung Formation and Lobadoi Formation); 4. Diamictite (Pondo Group); 5. Granite;

6. Fault.
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diamictites originated as submarine gravity current deposits. Fossils from the upper part, on
the whole, belong to the ‘Bandoproductus Fauna’ which may be compared, in horizon and
characteristics, with the ‘Stepanoviella Fauna’ which occurs in Kashmir and Australia (Chen
Chuzhen & Wang Yujing 1984). Exposures of the Pondo Group on the East Hill of Damxung
City, 26 km northwest of Urulung village, are fossiliferous (locs. B17-21); the fossils suggest a
late Carboniferous/early Permian age (figure 8).

8. PERMIAN
Permian strata are widespread in the Kunlun, Qiangtang and Lhasa Terranes.

(@) Golmud District, Kunlun Terrane

(1) Siiaoyanggou Formation

The base of this formation was not observed. However, other work indicates that it lies
conformably on the Diaosu Formation (The Compiling Group of the Charts of Stratigraphical
Units Sequences of Qinghai 1980). The lower part of the formation, exposed on the southern
bank of the lower Dagangou Valley near the Golmud River, mainly consists of siltstone and
pebbly sandstone intercalated with carbonates. The top is truncated by a fault; about 284 m
is seen. The upper part is dominantly composed of andesitic basalts. The age of these basalts
is questionable: for an alternative interpretation, see Smith & Xu, and Leeder et al., this
volume.

(b) Nay Tal District, Kunlun Terrane

The Permian forms an E-W trending belt in the western part and a NW-SE trending belt
in the southeastern part of the southern Burhan Budai Mountains and is developed immediately
to the south of the Carboniferous. It forms the bulk of the strata exposed in the Anyemaqen
Mountains between Alag Lake and Magen and extends westwards to Naij Tal (figure 6). In the
eastern part of the outcrop, between Alag Lake and Maqen, the Permian sequence is associated
with a number of small ultramafic bodies which have long been believed to be ophiolites; this
belt has been regarded as the Southern Kunlun Suture (Li Baotian 1984). In the western part
of the outcrop, between Alag Lake and Naij Tal, the Permian contains a great deal of basic,
intermediate-basic and intermediate-acid volcanic rocks; no ultramafic rocks have been found.
In the Naij Tal district, the Lower Permian succession is well-exposed at Nangou south of
Kunlun Bridge, along the southern bank of the Xueshui River and the Tuolugou as well as
along both banks of the Dongdatan Valley, while fossiliferous Upper Permian is found only
along the Upper Xueshui River and in the Xugui district to the east of the Geotraverse route.
No true flysch sediments typical of deep water facies have been found in the Permian of the
Kunlun Shan despite its tremendous thickness (figure 9). A generalized Permian sequence in
the Naij Tal district is as follows.

Overlying beds Neogene red beds

Unconformity
Upper Permian (after ‘Dongwenquan Sheet’)

Upper Part Carbonates and calcirudite intercalated with tuff; carbonates
yield early late Permian Araxoceratid ammonoids and the
brachiopods Neophricodothyris cf. asiatica (Chao), Waageniles sp.
and Buxtonia sp.

Lower Part Conglomerate and pebbly sandstone with subordinate thin-
bedded limestone.

2 Vol. 327. A
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Paraconformity
Lower Permian (after ‘Dongwenquan Sheet’ and ‘Naij Tal Sheet’)
Carbonate Rock Formation (P?) or (P3) Bioclastic limestone intercalated with subordinate calcareous

shale and quartzose sandstone, limestone yielding
fusulinaceans: Verbeeckina, Schwagerina, Neoschwagerina and
Sumatrina; corals: Iranophyllum and Wenzelella etc. (log.
M855/7). The sequence is generally intensely deformed. (This
formation is considered by non-Chinese workers to be of early
late Permian age on forams.)

Clastic Rock Formation (Pf)
Upper Part Limestone alternating with slate and phyllite intercalated
with lenticular conglomerate and thin-bedded limestone.

Lower Part Schistose sandstone and conglomerate, schistose rhyolitic
brecciated lava, rhyolite and tuff intercalated with siltstone,
pebbly sandstones and subordinate dolomite.
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Ficure 9. Correlation of the Lower Permian in the Burhan Budai Mountains. (1) After Naij Tal Sheet; (2)
After Dongwenquan Sheet; (3) After Aikengdeleisite Sheet. 1. Conglomerate; 2. Pebbly sandstone; 3. Sand-
stone; 4. Siltstone; 5. Slate; 6. Limestone; 7. Arenaccous limestone; 8. Dolomite; 9. Calcirudite; 10. Tufl;
11. Rhyolite; 12. Siliceous rocks; 13. Andesite; 14. Basalt.
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In the Halaguole district to the south of Numhon, the Lower Permian is predominantly basic
and intermediate volcanic rocks. The fossiliferous limestone at the bottom the upper Lower
Permian rests conformably on the fossiliferous topmost limestone of the lower Lower Permian

(of non-Chinese usage).
(¢) Wuli-Kaixinling District, Qiangtang Terrane
The core of the Kaixinling-Nangqen anticlinorium is formed of Permian. Good sections

mostly occur in the Zadoi or Nangqen districts east of the Geotraverse route. However, several
small, incomplete and faulted sections of the same strata are exposed in the Wuli-Kaixinling

district (figure 10).
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Ficure 10. Columnar section of the Permian in the Wuli-Kaixinling district. 1. Sandstone; 2. Shale, mudstone;
3. Coal series; 4. Limestone; 5. Brecciated limestone ; 6. Arenaceous limestone; 7. Cherty limestone ; 8. Andesite;

9. Intermediate-basic volcanics; 10. Basalt.

(1) Kaixinling Group (P;) or (P3)

The Kaixinling Group includes the lower Carbonate Rock Formation which is faulted
against the upper Volcanic Rock Formation. The limestones and sandstones of the thick
Carbonate Rock Formation bear fusulinaceans (loc. 60), suggesting a Lower Permian (Chinese

usage) or lower Upper Permian (non-Chinese usage) age. Among them, Verbeekina verbeck:,
2-2
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Neoschwagerina haydeni, N. craticulifera and Parafusulina mulliseplata belong to the Neoschwagerina
and Yabeina— Neomisellina zones of the Maokouan stage; the age is inferred to be late early
Permian (early late Permian of Western authors). The Volcanic Rocks Formation (at least
380 m) is composed of grey, green and purple basic and intermediate volcanic rocks in the
lower part and amygdaloidal basalts intercalated with sandstone and slate in the upper

part.

(i1) Wuli Group (P,)

The lower Coal-bearing Clastic and Volcanic Rock unit of the Group is 288-534 m thick at
Kaixinling coal mine and at the East Hill of Wuli and is dominantly composed of carbonaceous
shale intercalated with coal, sandstone, andesite, bioclastic calcareous sandstone and dark grey
thin-bedded limestone as well as silty mudstone at different levels. Carbonaceous sandstones
from the East Hill of Wuli yield brachiopods, bivalves and gastropods (loc. B59). In addition,
some brachiopods, bivalves and plant fossils were collected from Kaixinling (loc. B66). The
following plant fossils from the same locality have previously been reported: Gigantopteris
nicotianaefolia Schenk, G. largreli Halle, Lobatannularia ensifolia Halle, Calamites cf. gigae Brogn.,
Asterophyllites sp., Pecopteris arborescens Goeppert, P. (Ptychocarpus) ascuata Halle, Cladophlebis sp.,
Taeniopteris multinervis Weiss, etc. (Pan Guan 1957). Brachiopods from both Wuli and
Kaixinling belong to the same fauna but the horizon of the fossils from Wuli is probably slightly
lower than that of the same fossils from Kaixinling. The fauna suggests a late Permian age.

The limestones, sandstones and shales of the overlying Carbonate Rocks Unit exposed to the
east of Wuli is conformable on the Coal-bearing Clastic and Volcanic Rocks Unit; it reportedly
yields the brachipods Perigegarella cf. castellata Wang and Spiriferella cf. pertumida Diener (The
Compiling Group of the Charts of Stratigraphic Units Sequences of Qinghai 1980).

The Permian of the Kaixinling-Wuli district is comparable in fauna and lithology to that
of the Qamdo district to the east except that the upper part of the Upper Permian exposed at
Wauli is mainly composed of carbonates while it is volcanic in Qamdo. The palaeofloral
assemblage of the Wuli Group is essentially allied to that of the Tuoba Formation in the
Qamdo (Li Xingxue et al. 1982) and the Yushu districts (He Yuanliang & Zhang Shanzhen
1984) as well as that of the Ryaggor Caka Formation to the west in the Amugang-Mayingangri
region. All may be referred to the late Permian Cathaysian flora (Li Xingxue & Yao Zhaoqi

1983).
(d) Lhasa District, Lhasa Terrane

Lower Permian strata are widespread in the Lhasa district and are unconformably overlain
by Mesozoic strata. The Lower Permian may be divided into two formations, the lower
Urulung Formation (limestones and sandstones) and the overlying Luobadoi Formation. The
Lielonggou Formation is Upper Permian. These formations have been investigated in detail by
the Scientific Expedition to the Xizang (Tibet) Plateau of the Chinese Academy of Sciences in
the 1970s and a summary of these formations from published data is as follows.

(1) Urulung Formation (P})

This formation (40 m) has yielded Artinskian brachiopods, corals and bryozoa: Fluctuaria cf.
mongolica (Denier), Transennatia gratiosus (Waagen), Cancrinella cancriniformis (Tsch.) (brachio-
pods), Praewenizelella cf. multiseptata (Enderle) (coral).
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(ii) Luobadoi Formation (P%)

The formation (about 640 m thick) is conformable on the Urulung Formation and is com-
posed of limestones intercalated with subordinate siltstone and marble; it has yielded the
Kungurian fusilinaceans Neoschwagerina globularis Wang, Sheng et Zhang, N. margaritae Deprat,
Yabeina shiraiwensis Ozawa, and the corals Iranophyllum minor Wu and [lpciphyllum percicum
(Douglas) (Chen Chuzhen & Wang Yujing 1984). The upper part of the formation is
absent.

(1ii) Lielonggou Formation (P,)

The lower part of the formation is truncated by faulting. The upper part passes conformably
into or is paraconformable with the overlying Chaqupu Group of early and mid-Triassic age.
It is mainly composed of sandstone intercalated with thin-bedded or lenticular andesite and
andesite-basalts at different levels. The grain size of the sandstone increases upward in the
upper part of the sequence and fragments of plant fossils appear representing a prograding
sequence. It contains brachiopods, bivalves and bryozoa (loc. B11); the formation has been
referred to the Upper Permian by Sun Dongli e al. (1981).

A coal-bearing clastic rock sequence more than 700 m thick exposed in the Xiagangjiang
district (84° 15" E, 30° 26" N) in the western part of the Lhasa Terrane has been reported as
displaying a ‘mixed flora’ of the Eurasian and Gondwanan Continents (Li Xingxue et al.
1985). However, neither typical elements of the Gondwanan flora nor those of the Cathysian
flora were found in the ‘mixed flora’, which showed both features unique to the Lhasa Terrane
and features relating the Terrane to the Cathaysian palaeolandmass to the northeast and
Gondwanaland to the south.

9. TriASSIC

Triassic sediments are widely distributed in the Kunlun and Qiangtang Terranes but occur
only sporadically in the Lhasa Terrane (figure 11).

(a) Naiy Tal Region, Kunlun Terrane
(i) Burhan Budai Subregion

This subregion lies to the north of the major Xidatan-Xugui-Magen fault. The Lower
Triassic Hongshuichuan Formation, 1346 m in thickness (figure 12), has a lower part mainly
composed of conglomerate, lithic feldspathic sandstone, pebbly sandstone and siltstone re-
portedly resting unconformably on Ordovician and Precambrian (Wanbaogou Group) sedi-
ments. The reputed basal conglomerate, 100 m thick, consists of pebbles and boulders of
sandstone, tuff, quartzite, limestone and granite; they range in diameter from 4 cm to 1 m and
are well-rounded or subrounded. The upper part is calcareous. The Middle Triassic Nao-
cangjiangou Formation is over 2000 m thick. The lower part is composed of quartzose feld-
spathic sandstone intercalated with siltstone and slate, the upper part is mainly composed of
slate with siltstone and sandstone interlayers, the top is unseen. Thick intermediate-acid
volcanics are intercalated in the middle part of the Hongshuichuan Formation and in the lower
part of the Naocangjiangou Formation about 150 km east of Golmud.

The early Triassic brachiopod Pseudospiriferina cf. tsinghaiensis Yang et Ti has been reported



Ficure 11. Distribution of Triassic sediments in the Kunlun and the Qiangtang Terranes. I. The East Kunlun
Terrane: I-1, The Lower to Middle Triassic marine sediments in Burhan Budai Mt.; I-2, The Triassic
terrestrial sediments—Babaoshan Group in Burhan Budai Mt.; I-3, The Triassic flysch-Bayan Har
Group in Burhan Budai Mt. II. The Qiangtang Terrane: II-1-A, The Triassic Baitang Group is dominated
by calc-alkaline volcanics; II-1-B, ‘Ophiolite-Island arc complex belt’; I1-1-G, Alterations of terrestrial and
marine coal-bearing clastics (island arc belt); II-2, Triassic sediments in ‘Back-arc basin’-Gyiza Group;
I1-3, Alternations of terrestrial and marine coal-bearing clastics=Tumain-gela Formation at the southern
margin of Qiangtang Terrane; 11-4, The uplift region—*Zadoi oldland’ during Triassic.

from the upper part of the Hongshuichuan Formation in the West Hill of Wanbaogou Valley.
The Anisian bivalve Posidonia cf. bosniaca Bittner and the ammonoid Leiophyllites sp. were
previously found from the Naocangjiangou Formation 10 km west of Wanbaogou. Ladinian
sediments have not yet been found from the Burhan Budai Mountains (see Naij Tal Sheet).
Abundant brachiopods, bivalves and ammonoids were found in supposed equivalents of the
Hongshuichuan and the Naocangjiangou Formations in the eastern Burhan Budai Mountains;
the assemblages display features of a mixture of typical Tethyan and Boreal faunas (Sun Dongli
& Ye Songling 1982; The Research Group on the Triassic of the Wuhan Geological College
and Qinghai Institute of Geology 1979; Yin Hongfu & Ling Qiuxian 1986; He Yuanliang &
Yin Jiarun 1983; Wang Yigang & Chen Guolong 1984). Late Permian brachipods were
collected (loc. B91) during the Geotraverse from greyish-white limestone probably equivalent
to the middle part of the original Hongshuichuan Formation.

The terrestrial coal-bearing clastics (Babaoshan Group) yield abundant plant fossils similar
to the late Triassic ‘Dictyophyllum—Clathropteris flora’ of South China (Wu Shunqging & Wu
Xiangwu 1982; Wu Shunqing 1983) and the brackish water bivalve Ultschamiella, suggesting
that a brief late Triassic transgression took place in this area.
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FicurE 12. Correlation of columnar sections of Triassic sediments in the Burhan Budai Mountain area. 1) Modified
from Naij Tal Sheet, Wanbaogou section and Wenquangou section. 2) fbid., Xueshuihe section. 3) and 4)
Modified from Aikengdeleisite Sheet. 1. Conglomerate; 2. Pebbly sandstone; 3. Sandstone; 4. Siltstone; 5.
Shale, slate; 6. Limestone; 7. Oolitic limestone; 8. Argillaceous banded limestone; 9. Argillaceous limestone;;
10. Brecciated limestone; 11. Dolomite; 12. Calcirudite; 13. Tuff; 14. Rhyolite; 15. Granite.

(11) Bayan Har Subregion

The Bayan Har Subregion is situated between the Qiangtang Terrane, the Yangtze Terrane
and the Burhan Budai-West Qinling Mountains. The Triassic sediments in the subregion are
composed mainly of fairly monotonous sandstones and shales. They outcrop sporadically over
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150 km in the area from Budongquan to Beiluheyan along the Geotraverse route and are well
represented by the sections at Coal-mine Valley and on the northern side of the Kunlun Shan
Pass. On the southern side of the Xidatan, the sequence contains ‘exotic blocks’ of sandstone,
limestone, granite, conglomerate and slate, which range in diameter from several cms to tens
of metres; they are arranged mainly along the schistosity. Some limestone blocks are reported
to bear Carboniferous—Permian fossils similar to those from the Burhan Budai Mountains.
Break-ups are seen between the blocks and the matrixes suggesting later structural deformation
(Li Guangcen & Lin Baoyu 1982; Zhu Zhizhi et al. 1984; see also Coward ef al., this volume,
figure 4). These we interpret as olistostromes. A previous discovery of the ammonoids Meekoceras
and Mesohedenstroemia from an equivalent horizon in the East Wenquan region close to the east
of Xidatan indicates that these olistostrome-bearing strata of mid-late early Triassic age
represent the lower Bayan Har Group in the northern part of the ‘Bayan Har Fold System’
(see Naij Tal Sheet).

The bivalve Halobia has been found from the sandstone and slates of the Upper Bayan Har
Group in the Wudaoliang area (The Compiling Group of the Charts of Stratigraphical Units
Sequences of Qinghai 1980). The Triassic sediments at the southern margin of the ‘Bayan Har
Fold System’ in the Zhidoi area are composed mainly of distal turbidites with a typical Bouma
sequence intercalated with cherts and pelagic limestones yielding Halobia. They are thrust
southward on the Upper Triassic Baitang Group (Yin Jixiang, unpublished field mapping,
1967).

The ‘Bayan Har Fold System’ is a thick Triassic terrigenous sequence of clastic turbidites
(Zou Dingbang et al. 1984) without volcanics. Small granitoid intrusives (213 Ma K—Ar age
for the granodiorite at Wudaoliang) occur. The major fauna recorded is Tethyan-type
planktonic thin-shelled bivalves and other plankton. The paraconformity between the lower
Bayan Har Group and the Upper Permian has been seen only south of Magen (The Research
Group on the Triassic of Wuhan Geological College and Qinghai Institute of Geology 1979;
Wang Yigang & Sun Dongli 1985). Based on the aeromagnetic survey (Cai Zhenjing 1984),
magmatism and deep faulting are not well-developed in the region where Triassic sediments
occur, implying a hardened basement. It is probable that there is a Palaeozoic basement in the
northern part of the Bayan Har Fold System, while in its southern part, nearer to the ‘Litian
Lake—Jinsha River Suture Zone’, there is an accretion prism or subduction complex. The
asymmetry of the Triassic sedimentation in the Bayan Har and Songpan—Garze fold systems,
with shallow-water characteristics in the north and northeast and abyssal or bathyal deposits
to the south (Zhang Qinwen 1981; Liu Baotian 1984) suggests that the Bayan Har Group
represents a forearc basin.

(b) Tuotuoheyan—Zador District, Qiangtang Terrane
(1) Zhidoi—Yushu Subregion

This subregion, 18-45 km in width, lies at the northern or northeastern margin of the
Qiangtang Terrane. In its western part, west of Erdaogou towards Xijir Ulun Lake, thick
Triassic sandstones and siltstones with carbonaceous shale and coal seams are exposed ; they are
associated with serpentinised ultrabasic rock in Chawuma Mountain 60-70 km west of
Beiluheyan (Zhang Qizhen & Zhang Yifu 1981). Late Triassic bivalves and plants have
been reported.

The Triassic in the Zhidoi area (the middle part of the subregion) is called the Baitang
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FiGuRe 13. Sections of the Baitang Group in Duocai-Damjong, Zhidoi County, Qinghai Province.
1. Conglomerate; 2. Pebbly sandstone; 3. Sandstone; 4 Siltstone; 5. Limestone; 6. Marble; 7. Shale and
slate; 8. Andesite; 9. Volcanic breccia; 10. Pillow lava; 11. Flysch.

Group; it has yielded late Triassic brachiopod, bivalve, coral, ammonoid and gastropod faunas
of Tethyan type (Zhao Rongli 1982). The Group contains enormous amounts of volcanics and
outcrops around Damjong—Duocai in Zhidoi County, where it was surveyed by some Chinese
stratigraphers after the Joint Geotraverse (figure 13).

At Duocai (figure 13, I-1"), the Baitang Group can be subdivided into five suites separated
from each other by faults; the first four of these occur in the Songmorong-Yangzhilong section
at Damjong village (figure 13, III-III"). These sections suggest that the volcanic component
increases and carbonates decrease eastwards (figure 14).

The five suites of the Baitang Group represent five sedimentary associations; from bottom
to top and south to north: (1) variegated clastic; (2) intermediate-basic volcanic (including
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Ficure 14. Correlation of columnar sections of the Baitang Group in the Zhidoi~Yushu subregion. 1) Ref.
Shanglaxiu Sheet. 1. Crystalline limestone, limestone; 2. Oolitic limestone; 3. Calcareous mudstone; 4. Shale
and slate; 5. Siltstone; 6. Sandstone; 7. Pebbly sandstone; 8. Conglomerate; 9. Tuff; 10. Andesite;
11. Intermediate-acidic volcanics; 12. Dacite; 13. Basalt; 14. Pillow lava; 15. Jasper.

pillow lavas); (3) carbonate; (4) intermediate-acidic and flysch; and (5) carbonate. ‘The
southern volcanic rock belt’ (association 2) extends along the strike to the Baitang district south
of Yushu, while the ‘northern volcanic rock belt’ (association 4) extends along strike to
Chumda, north of Yushu, and joins with the ‘Ophiolite-island arc complex belt’. Chemical
analyses (85YR16a, 85YR18) indicate that the calc-alkaline pillow lavas of association 2 are
comparable with island arc volcanics (Zhao Rongli 1982).

Flute casts and graded bedding are found in the greywackes of suite 4. The angular and ill-
sorted lithic clasts are composed mainly of volcanics and subordinate chert indicating that they
were deposited rapidly near the source region. The carbonates of suites 3 and 5 are made up
mainly of micritic bioclastic limestone and a little oolitic limestone. They yield numerous
bivalves and brachiopods at some horizons and display platform and platform-margin slope
facies. Judging from the alternating layers of lower neritic clastics passing up into submarine
basic lava, platform carbonates and sandstone and slate of flysch facies, it appears that the
Baitang Group was deposited in a mobile tectonic setting. Widespread intrusions of grano-



REGIONAL STRATIGRAPHY 27

diorite and the occurrence of a few small ultrabasic and gabbro bodies suggest that the Baitang
Group represents a late Triassic mature island arc.

The outcrop of the upper part (suites 4 and 5) of the Baitang Group at Damjong widens
gradually eastwards to 2040 km around Chumda-Xiwu north of Yushu. Here the rocks have
undergone low grade metamorphism. The thickness of the volcanics is over 2500 m. There are
more than ten small tectonic lenses of ophiolite, mainly serpentinite, gabbro and pillow lava
and basic dyke swarms, such as the ophiolites in Gala village, only 150-200 m in width. The
ophiolites are commonly intruded by granodiorites, granites and quartzose diorite. This series
extends southeastwards to the Garze and Litang areas of western Sichuan Province, joining the
ophiolitic melange of MorB type there (Jiang Yaoming 1984). The authors interpret these
ophiolitic associations as an ‘Ophiolite-island arc complex belt’ rather than as another
stratigraphic unit as some authors have suggested.

Thus the rocks exposed in the Zhidoi-Yushu region where the ‘Litian Lake—Jinsha Suture
Zone’ passes through vary greatly in lithology, metamorphism and tectonic deformation and
form a complicated collision zone (figure 15).
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Figure 15. Sketch map of the ophiolite-island arc complex belt in Damjong-Yushu. 1. Bayan Har Group (T,,);
2. Tuotuoheyan-Ziqu fold zone (Middle-Upper Triassic and part of the Palaeozoic sediments); 3. Southern
volcanic rock belt of the Baitang Group; 4. Ophiolite-island arc complex belt; 5. Diabase dykes; 6. Ultramafic
rock (or ophiolite); 7. Granodiorite; 8. Granite; 9. Yanshiping Group (J,,); 10. Fault.

(i1) Tuotuoheyan—Ziqu Subregion

The Gyiza Group (Middle and Upper Triassic) is intermittently exposed between Wuli and
Yanshiping. At Zakongjian, 30 km southeast of Wuli, the variegated clastics of the Dongmao-
long Formation and the Xiaogiaco Formation carbonates are exposed. These are equivalent
to the lower and middle parts respectively of the Gyiza Group (the stratotype) south of Yushu.
The Dongmaolong Formation, 630 m thick, rests unconformably on the Lower Permian
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volcanics. Its lower part consists of fluvial pebbly sandstone, coarse lithic quartzose sandstone
and grey conglomerate. The clasts are of quartzite, andesite, tuff and cherts originating from
the island arc to the north. The upper part consists of dark calc-alkaline to alkaline purple
andesites and basalts, chemically similar to those of the Baitang Group. The conformably
overlying Xiaoqiaco Formation, over 370 m thick, is covered by Tertiary red beds. This
comprises grey medium- to thick-bedded limestone with chert bands in the lower part and
bioclastic limestone above. Late Triassic fossils (brachipods, bivalves, foraminifers, conodonts,
crinoids etc.) indicate a mid Norian age (loc. B67).

The Gyiza Group (Middle to Upper Triassic) outcrops in the Ziqu River Valley, southern
Yushu, south of the Geotraverse route, where it reaches over 4000 m in thickness. The lower
Dongmaolong Formation of purple clastics with inter-layers of iron-bearing deposits, carbon-
aceous shale, thin-bedded limestone and gypsum yields fossil plants and marine bivalves. Such
Anisian ammonoids as Balalonites gracilis Arthaler, Paraceratites trinodosus (Mojs.) and Anisian to
Ladinian bivalves, foraminifers and brachiopods collected from the Dongmaolong Formation
(Chen Chuzhen, personal communication) indicate a complete Middle Triassic sequence. The
upper Dongmaolong Formation yields early Carnian brachipods, bivalves, foraminifers, etc.
(Ma Fubao et al. 1984). The Carnian—Norian ammonoids Trachyceras cf. aon (Munster),
Tropites sp. and Pseudocardioceras sp. have been recorded from the Xiaoqiaco Formation, which
is mainly composed of dolomites and limestones representing platform and platform-marginal
slope facies.

The Jiagenda Formation, conformable on the Xiaoqiaco Formation, is composed of alternate
terrestrial-marine coal-bearing clastics, bioclastic limestones and intermediate-acidic tuffs. The
sandstone and shale are intercalated with gypsum and show shallow water ripple-marks and
cross-bedding near the ‘Zadoi oldland’ (Ma Fubao et al. 1984; Zheng Yanzhong 1984).

The Tumaingela Formation on the southern slope of the Tanggula Mountains is composed
of terrestrial-marine coal-bearing clastics of late Triassic age and is laterally equivalent to the
upper part of the Gyiza Group (Wu Xiangwu 1982).

The Anisian—Norian marine invertebrate fauna from the Gyiza Group is Tethyan while the
Clathropteris meniscioides—Pterophyllum minutum plant assemblage belongs to the Dictyophyllum—
Clathropteris Norian flora of South China (Chen Guolong ef al. 1982; Yin Hongfu & Ling
Qiuxian 1986; Wu Shunqing 1983; Ma Fubao et al. 1984) (figure 16).

No Lower Triassic sediments have yet been discovered in southern Qinghai. The Middle-
Upper Triassic sediments of the Gyiza Group are very similar to those in the Burhan Budai
Mountains (Kunlun Terrane), overlapping or unconformable on older rocks. They represent
back arc deposits related to tensional tectonics.

(¢} Lhasa District, Lhasa Terrane

Fossiliferous Triassic sediments in the Lhasa Terrane are found at Quesangwenquan in
Doilungdeqen County and at Mailonggang and Qibunong in Lhunzhub County. The East
Hill section of Quesangwenquan provides the best exposures. Despite previous work on this
section (Chen Guoming e/ al. 1980; Sun Dongli ¢! al. 1981; Gu Qingge et al. 1980), the
classification, age and lithological description are still confused. Based on the observations of
Yin Jixiang and Sun Yiyin in 1981 and fieldwork during this Geotraverse, the following
sequence has been deduced from this section (figure 17).
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Ficure 16. Correlation of the Gyiza Group in the Tuotucheyan—Zadoi region. 1) After Zhidoi County Sheet; 2)
After Zadoi County Sheet; 3) After Shanglaxiu Sheet. 1. Limestone; 2. Argillaceous limestone ; 3. Banded chert
limestone; 4. Shelly limestone: 5. Bioclastic limestone; 6. Banded chert dolomite; 7. Dolomite; 8. Dolomitic
limestone; 9. Marble; 10. Arenaceous limestone; 11. Shale and slate; 12. Siltstone; 13. Sandstone; 14. Pebbly
sandstone; 15. Conglomerate; 16. Intermediate volcanics; 17. Basic volcanics; 18. Tuff; 19. Iron Formation;
20. Gypsum; 21. Coal; 22. Cross-bedding.

Overlying strata: Jurassic sandstone and conglomerate (Quesangwenquan Formation)

Unconformity
‘Yeba Formation’ (T,):
Ferruginous, chamosite-cemented sandstone and thin-bedded sandstone with
plant fragments (13 m thick) in the lower part: variegated andesite, altered
andesite basalts with basic tuff, brecciated basalt and tuffaceous pebbly sandstone
interlayers in the middle and upper parts.

Paraconformity

Chaqupu Group (T, ,):
Upper Formation (T%): Intermediate-basic welded breccia in the lower and middle parts with haematite
lenses at the base, 66 m thick; medium- to thin-bedded limestone, oolitic lime-
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stone interlayered with banded shelly limestone and arenaceous shale in the
upper part yielding bivalves, gastropods and crinoids; bivalves:? Leptochondria f.
michaeli Assman, ? Pseudocorbula sp., Myophoriopsis aff. lineata (Munster), Modiolus
sp., Myophoria (Costatoria) curvirotris Schlotheim emend. Seeb, Entolium sp.

Paraconformity

Middle Formation (T}): Medium to thick-bedded grey limestone with layers of argillaceous limestone,
altered tufl, with 5 m thin-bedded altered volcanics at the base, yielding
crinoids, ammonoids, brachiopods and bivalves from the argillaceous limestone;
Bivalves:? Lima sp. aff. L. tarnowitzensis Assmann, Myophoria (Elegantinia) sp., M.
(Neoschizodus) laevigata (Zeithen), Entolium subdemissum (Munster), Pleuromya cf.
JSassaensis Wissm., Plagiostoma sp. 81 m.

Lower Formation (T,): 1.7 to 2 m thick arenaceous limestone intercalated with epidotic marble at the
base and brachiopod-bearing limestone and oolitic limestone in the middle and
upper parts. 125 m,

Conformity

Underlying strata: Upper Permian Sandstone (Lielonggou Formation)
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Ficure 17. The Triassic section at Quesangwenquan in Doilungdegen County. 1. Oolitic and shelly limestone;
2. Alternating siltstone and arenaceous shale; 3. Tuffaceous mudstone intercalated with altered andesite and
andesitic basalt; 4. Conglomerate; 5. Intermediate-basic lava, tuff and volcanic breccia; 6. Intermediate-basic
welded breccia; 7. Altered ignimbrite; 8. Altered volcanics — ‘greenstone’; 9. Hematite lens and ferruginous
sandstone; 10. Fossil localities.

Fossils previously reported from the Lower Triassic in the Himalayas and the Far East
Coastal Province of the U.S.S.R. were collected from the limestones of the Chaqupu Group,
such as the brachiopods Neowellerella lielonggouensis Sun, Abrekia chaqupuensis Sun, Paranorellina
dutlongdeqingensis Sun, the conodont Neospathodus homeri (Bender) and the gastropod Natica cf.
subtilistriata Frech (Sun Dongli ef al. 1981). Anisian brachiopods and ammonoids have been
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collected from the middle Chaqupu Group; this assemblage resembles the late Anisian Palaeo-
tethyan ammonoid fauna of northern Tibet and the Alps more closely than the Neotethyan
ammonoid fauna of the same age in the Himalayas (Gu Qingge ¢! al. 1980). Most fossils from
the upper formation are Middle Triassic genera, only Myoaphoriopsis aff. lineata is similar to M.
lineata commonly seen in the Ladinian in Europe. These bivalve-bearing strata could be
Ladinian as the underlying strata are late Anisian. The volcanics of the ‘Yeba Formation’ are
interposed between fossil-bearing Middle Jurassic sandy conglomerate and the Chaqupu
Formation, so a late Triassic age is ascribed to them. Similar volcanics are found near Dagze.
The Multidisciplined Survey of the Bureau of Geology and Mineral Resources of Tibet named
them the ‘Yeba Formation’ in 1979 based on the sequence observed at Yeba. The Yeba
Formation is deduced to be late Triassic since it is unconformably capped by Jurassic limestone
and Thecosmilia was found from strata equivalent to the lower part of the Yeba Formation
elsewhere in the Lhasa region. Chinese and French geologists previously took the Yeba
Formation to be Upper Cretaceous because they believed it to be faulted against the overlying
Upper Jurassic Duodigou Formation and to rest conformably on the Lower Cretaceous (Wang
Naiwen 1983). As the relations of the volcanics are still obscure and the volcanics may be of
different ages, further study is needed. However, palynomorphs indicate a late Carboniferous
or Permian age.

10. Jurassic

Fossiliferous marine Jurassic strata are restricted to the Qiangtang and Lhasa Terranes. The
Kunlun Terrane was mountainous during Jurassic times: a small amount of coal-bearing
clastics was deposited in fault basins.

(a) The Southern Mountain of Xidatan, Kunlun Terrane

The coal-bearing strata of the abandoned coal mine near Xidatan in the Bayan Har
subregion form a 65 m thick and 1 km long wedge-like slab which is bounded by faults and
surrounded by the Lower Bayan Har Group. The clastics contain five or six layers of poor-
quality coal seams (about 10 cm thick) containing early to mid Jurassic plant fossils, such as
Eborasia lobifolia (Phillips) Thomas and Ciliatopteris pectinata Wu (see Naij Tal Sheet).

(b) Yanshiping—Amdo Region, Qiangtang Terrane

From Yanshiping south to Amdo, Jurassic strata are dominant, forming a synclinorium
centred on the Tanggula Mountains. Despite previous studies of this area (Sun Dongli &
Zhang Binggao 1979; The Compiling Group of Charts of Stratigraphical Units Sequence of
Qinghai 1980; Li Guangcen & Lao Xiong 1982; Jiang Zhongti 1983), the classification,
correlation and age of the units are still confused. Here we assign the ‘ Yanshiping Group’ to
the suite of alternating terrestrial/marine molasse on the basis of the data published in the
Stratigraphical Charts of Qinghai Province.

Based on field observations at Wenquan and data from Jiang Zhongti (1983), the Yanshiping
Group is divided into five suites, in which four clastic-carbonate rhythms are observed (figure
18). The total thickness attains 5021 m. For a detailed sedimentological description, see Leeder
el al., this volume. The sequence in ascending order is as follows.

Suite 1 (1000 m). This is truncated by a fault at the bottom. The lower and middle parts are
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Figure 18. Correlation of the Jurassic on the northern slope of the Tanggula Mountains. (D) and ) Modified
from the ‘Wenquan Section’ and the ‘Yanshiping Section’ by Jiang Zhongti (1983, pp. 92-96). 1. Con-
glomerate; 2. Sandstone; 3. Siltstone; 4. Mudstone; 5. Shale; 6. Clay-boulder mudstone; 7. Arenaceous shale;
8. Muddy limestone; 9. Limestone; 10. Bioclastic and shelly limestones; 11. Oolitic limestone ; 12. Coal seams;
13. Ripple marks; 14. Cross-bedding.

purplish-red mudstone, siltstone interbedded with sandstone and conglomerate lenses (888 m).
Cross- and convolute-bedding are very common in the sandstone and the palaeocurrents were

southwards. The upper part is composed of fossiliferous limestone, argillaceous and shelly
limestones, 122 m thick (loc. B57).
Suite 2 (437 m). The lower part is composed of variegated sandstone, arenaceous mudstone
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and shale with dinoflagellates (loc. B58, lower shales) (184 m) with asymmetrical current
ripple marks on the sandstone surfaces. The upper part is of oolitic limestone, shelly limestone
and mudstone (253 m). Both are fossiliferous (loc. B58).

Sutte 3 (1191 m). The lower part, 445 m thick, is composed of interbedded variegated
sandstone, arenaceous shale and mudstone with thin-layered argillaceous limestone bands.
Some cross-bedding and a few plant fragments are found in the red siltstone; the upper part,
746 m thick, consists of grey bioclastic and arenaceous limestone; some cross-bedding, wave-
ripple marks and storm flow rollers are found in the medium-thick bedded limestone at the top.
Palaeocurrents trend NW 320°. Fossil bivalves were collected from the limestone in the upper
part (loc. B58, beds 37-45).

Suite 4 (1135 m). The lower part (472 m) consists of interbedded variegated arenaceous shale
and siltstone with intercalations of mudstone and thin-bedded bioclastic limestone. The upper
part, 663 m thick, is composed of limestone, marls and bioclastic limestone with siltstone and
mudstone intercalations bearing fossil bivalves (loc. B58).

Suite 5 (599 m). The lower part is dominated by grey siltstone interbedded with micrites,
while the upper part is brown and grey bivalve-bearing siltstone and fine sandstone intercalated
with argillaceous siltstone.

The bottom of the Yanshiping section is covered but it is assumed that the Jurassic un-
conformably overlies the Middle and Upper Triassic Gyiza Group. Cupreous intermediate
volcanics are intercalated in the red clastics in the lower part of the Yanshiping Group south
of Yanshiping.

The Yanshiping Group on the northern slope of the Tanggula Shan is composed mainly of
fine-grained clastics with channel sandstones and conglomerate lenses with abundant well-
preserved shallow-water structures, such as cross-bedding, mud cracks and ripple marks. The
carbonates are mainly bioclastic, shelly and oolitic limestones with some cross-bedding and
storm flow rollers. These structures suggest that the Yanshiping Group was rapidly deposited
in terrestrial, littoral and neritic environments.

The carbonates of the Yanshiping Group on the southern slope of the Tanggula Mountains
are much thinner than those on the northern slope. The rhythmic clastics and carbonates seen
in the Yanshiping and Wenquan sections are less evident on the southern slope. North of 114th
Highway Maintenance Squad, the strata are mainly variegated red/grey clastics whereas
further south the dominant rocks are limestones interbedded with grey clastics, implying
increasingly marine conditions southwards.

Li Guangcen & Lao Xiong (1982) noted that the Jurassic in the Wenquan region is more
than 5375 m thick, and thins both southwards and northwards, implying that this was the area
of maximum subsidence. Changes in thicknesses of carbonate units, palaeocurrents and the
thickness of the Yanshiping Group support the assumption that a Jurassic elevated belt of
Palaeozoic strata in the present Tanggula Mountains area (from Wenquan to Amdo)
influenced the adjacent sedimentary basins. It is concluded that the Yanshiping Group rep-
resents an overlapping sequence of foreland and neritic sediments in a paralic molasse basin
at the northern margin of the Neotethys.

The age of the Yanshiping Group is mid- to late Jurassic. The lower part of Suite 2 in the
Wenquan section yields dinoflagellates including Pareodinia ceratophora, a typical widely dis-
tributed Bajocian/Bathonian species, whereas the abundant brachiopod and bivalve fossils

from Suites 1, 2 and 3 exhibit noticeable endemic features, i.e. most of the genera and species
3 Vol. 327. A
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are also elements of the Liuwan Formation in Western Yunnan and the Namyau series in
North Burma, both mid-Jurassic. This represents a biogeographical subprovince at the north-
ern margin of East Tethys during the Jurassic (Yin Jixiang & Fang Zhongjing 1973; Reed
1936; Buckman 1917). The abundant non-marine bivalves of Suite 4 are also found in the
Upper Jurassic of Sichuan and Yunnan Provinces. Furthermore, Peregrinoconcha, reported from
this formation (The Compiling Group of ‘Bivalve Fossils of China’ 1976; Zhang Zuoming
et al. 1980) is typical of the ‘Jingxing Fauna’ of Yunnan; this fauna is generally taken as late
Jurassic or late Jurassic/early Cretaceous. When discussing the age of the Yanshiping Group,
Sun Dongli & Zhang Binggao (1979) noted the occurrence of the freshwater bivalves Nippon-
onaia sinensis Nie and Undulatula tanggulaensis Gu in strata equivalent to Suite 5 of the
Yanshiping Group. Nippononaia sinensis Nie is a key element of the Upper Jurassic fauna in
western Liaoning Province. Thus the existence of the Upper Jurassic in the Yanshiping Group
is certain. In the Wenquan area, Suites 4 and 5 are characterized by the Undulatula Fauna of
late Jurassic age.

Four km west of the highway at Wuli, non-marine Jurassic bivalves were collected (loc. B64)
from a coal series previously taken to be late Permian. From a section at Yanshiping, many
individual bivalve fossils were also collected (loc. B56). Combined with the bivalve fossils
Lamprotula (Eolamprotula) cremeri (Frech) and L. (E.) subquadrata Gu found in the Wenquan area
(The Compiling Group of ‘Bivalve Fossils of China’ 1976, pp. 315-316), these fossils belong
to the Lamprotula (Eolamprotula)—Pseudocardinia fauna widespread in Asia during the Jurassic.

The shales on the eastern bank of the Jiebu River, south of Tanggula Shan, yield dino-
flagellates and the argillaceous limestone 80 m above this yields abundant poorly preserved
ammonoids (loc. B50). The age of the dinoflagellate Pareodinia ceratophora from Suite 2 in the
Wenquan section is early Bajocian. The ammonoid Stephanoceras is Upper Bajocian (i.e. the
‘Middle Inferior Oolite’ of Britain), hence, both fossil-bearing beds are Bajocian (but see loc.
B60). The strata beneath the dinoflagellate-bearing beds are covered ; ammonoid-bearing beds
pass gradually up into medium- to thin-bedded limestones yielding Bathonian brachiopods and
bivalves (loc. B51). In 1961, Yin Jixiang collected bivalves and gastropods of Bathonian age
from the same limestone: Astarte subcardiformis Fan, Protocardia lamellosa Fan, Grammatodon
minutus Fan, Trigoria sp. (Fan Jiasong 1965). These strata are however reported to yield late
Jurassic ammonoids ( Jiang Zhongti 1983). Bathonian brachiopod and bivalve fossils were also
collected 4 km southwest of 114th Highway Maintenance Squad (loc. B49).

(¢} Lhasa Region, Lhasa Terrane

The Jurassic may be divided on facies into three subregions, which are, from north to south:
the Dongqiao—-Nagqu Subregion, the Doilungdeqen—Lhunzhub Subregion and the Sangri

Subregion.

(1) Donggiao- Nagqu Subregion

The subregion is bounded to the north by the Banggong-Dongqiao-Nujiang fault zone
which separates it from the Qiangtang Terrane. However, lithostratigraphical features seem to
be transitional across this boundary. The southern boundary is a line from Qilingco-Duoba-
Senco-Jiuzila-Sangba (i.e. the northern marginal fault of the Nyaingentanglha Shan).
The Jurassic in this region is intensely deformed constituting a synclinorium with destroyed
limbs. The lithofacies changes notably, both across and along strike; it is associated with
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ophiolites. The stratigraphy is complicated and despite several geological surveys and the
discovery of early to late Jurassic fossils, the basic stratigraphy remains uncertain (Li Pu 1955;
Wang Mingzhou & Cheng Liren 1980; Jiang Zhongti 1983 ; Han Tonglin 1983, 1984; Wang
Naiwen 1983, 1985).

The early Jurassic fossiliferous strata are restricted to a small, narrow area from the Lunpola
Basin eastward to the east of Amdo in the northern part of the subregion. Early and middle
Jurassic ammonoids and bivalves were collected from the grey argillaceous limestone, shale and
nodular shale in the ‘Zhamunaqu’ (the present ‘Raoqinlongbaqu’) section, 19 km northeast
of Amdo (loc. B45). The fossiliferous strata are 200-300 m thick and situated on the southern
limb of a syncline; they grade gradually upward into shale and bioclastic limestones. Gram-
moceras is a zone indicator of the European Toarcian stage (Yeovilian of Britain), and Soninia
(Soninia) a zone indicator of the Upper Bajocian (‘Middle Inferior Oolite’ of Britain),
suggesting that the fossiliferous strata are upper Lower Jurassic to lower Middle Jurassic. The
bivalve Hippopodium ponderosum (Gu Zhiwei 1982) and the ammonoids Giveliceras and Arnioceras
(Jiang Zhongti 1983), zone fossils of the European Sinemurian stage, are an earlier fauna, from
a horizon probably lower than that from which fossils were collected during the 1985
Geotraverse.

The Sinemurian ammonoids Baucaulticeras cf. baucaultianum (d’Orbigny), Angulticeras cf.
lacunatum (Backman) and the fossil plant Cladophlebis sp. were recorded (Wen Shixuan 1984)
from pelites and shales at the northern and southern margins of the Lunpola Basin, 60 km
west of Dongqgiao. These neritic sediments are a westward extension of the Lower Jurassic
from the northeast of Amdo. The underlying strata are concealed; upwards these strata
cannot be distinctly separated from the Middle Jurassic fossil-bearing strata.

The flysch series widely distributed in the lake region from Dongqiao to Jang Co has been
variously named (Wang Mingzhou & Cheng Liren 1980; Wang Naiwen 1983). These names
are abandoned here because there are no appropriate stratotype sections and the precise timing
for these units is uncertain. Here the name ‘Lake Area Flysch’ is temporarily substituted for
the previous names.

Some pillow lavas dipping southwestward crop out at Luobuzhong Hill 8 km southeast of
Donggiao and grade upward into a flysch sequence, both being intensely deformed. Grading
in the flysch in Erong valley south of Luobuzhong Hill suggests the sequence near the lava is
inverted. A detailed sedimentological description is given by Leeder ¢f al., this volume.

The transitions from volcanoclastic and argillo-calcareous to arenaceous-argillaceous flysch,
and from pelitic to neritic bioclastics upwards to terrestrial clasts represent environmental
changes from pelagic to continental slope. The occurrence of olistostromes implies a steep slope
and unstable sedimentary environment.

The ‘Lake Area Flysch’ elsewhere is composed of intercalations or lenses of limestone
turbidites, intermediate-basic volcanics, fine-grained conglomerates, pebbly sandstones, and
neritic bioclastic limestones attaining a thickness of over 4000 m.

The argillaceous graywacke on the northern bank of Jang Co yields abundant orientated
gastropods and other fossils showing a southward palaeocurrent (loc. B32). The strata, pre-
viously regarded as Triassic, yield the coral Stylosmilia (Middle Jurassic to early Cretaceous).
The faunal assemblage indicates these strata are Upper Jurassic.

From the slate and limestone in the west hill of Murong, Jiaqiong village at the western bank
of the Daru Co, previous workers have collected Middle Jurassic bivalves: Inoceramus cf. kudot,

3-2
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Protocardia cf. hepingxiangensis, P. strichlandi, Astarte sp., Camptonectes (Camptonectes) sp., Grammatodon
(Indogrammatodon)? sp. Late Jurassic fossils found in limestone interlayers north of the
Luoertai-Regala area, southeast of Luobuzhong, include hexacorals, hydroid stromatopora:
Enallhelia? sp., Microsolena agariaformis, Epismilia? sp., Actinarea sp., Spongiomorpha (Heptastylopsis)
asiatica, Parastromatopora delicata (Wang Mingzhou & Cheng Liren 1980). In the limestone 3 km
north of 26th Highway Maintenance Squad (E 91°47’, N 31° 43") north of Nagqu, the top
Jurassic gastropod assemblage Nerinea, Nerinella, Ptygmatis and Pseudomelania was found (Yin
Jixiang 1964). Late Jurassic ammonoids Himalayites, Pseudocadoceras, Lilloetia, the gastropod
Aptyriella and some bivalves were found at Guishan (Jienu) on the northern bank of the
Xiaqiong Co (Liao Weihua & Chen Tingen 1984). The above fossils found at various localities
in the lake area verify that the ‘Lake Area Flysch’ is of mid-late Jurassic age. North of
Donggqiao, there is a series of ophiolitic clastic rocks. A limestone sequence unconformably
overlying the ophiolites yielded late Jurassic to early Cretaceous plant fossils, stromatopora and
bivalves (Wang Mingzhou & Cheng Liren 1980; Wen Shixuan 1984). Hence, the upper age
limit of the ‘Lake Area Flysch’ should be earlier than late late Jurassic.

The lithofacies of the ‘Lake Area Flysch’ changes remarkably eastward towards the upper
Nujiang River. Fossiliferous Middle Jurassic with a red conglomerate at the base overlies the
Amdo Schists and the Upper Triassic (Tumaingela Formation). The upper Middle Jurassic,
1130 m thick, comprises oolitic limestone, mudstone and bioclastic limestone interlayered with
andesite and volcanic breccia without flysch structures. The base of the Upper Jurassic consists
of red and grey conglomerates and granitoid conglomerates, also resting on Amdo schists and
the Middle Jurassic northwest of Xiaqiuka. The middle and upper parts are arenaceous slate
interlayered with nodular slate, fine conglomerate and pebbly sandstone of flysch facies. The
late Jurassic ammonoids Virgatosphinctes, Aspidoceras and Berriasella are reported from the nod-
ules. The Upper Jurassic is more than 2300 m thick (Han Tonglin 1983).

(ii) Doilungdegen—Lhunzhub Subregion

This subregion is separated from the Sangri subregion to the south by a line between
Doilungdeqen and Lhasa. The Jurassic here lies in three roughly E-W trending belts. The
northern belt runs from the southeast of Nam Co-Deqen, east through Doilungdegen County,
passing south of Nam Co to Sangba; the middle and southern belts lie north and south of the
Cretaceous red bed basin north of Lhasa. The middle and northern belts are separated by the
Carboniferous—Permian and Nyainqentanglha metamorphic rocks.

The Jurassic in the northern belt is well developed near Deqen. According to Han Tonglin
(1983, 1984), the unfossiliferous lower part, 1200 m thick and unconformable on Permian,
consists of basal conglomerate, tuffaceous and pebbly sandstone. The middle part, 800 m thick,
comprises intermediate-basic volcanics with tuffaceous sandstone, siltstone and conglomerate,
yielding the ostracodes Damonella and Lycopterocypris, the foraminifers Quinqueloculina, Textularia
and Endothyranella, the coral Goniopora sp., bivalves, brachipods and crinoids. The ostracodes
and foraminifers from the middle and upper parts are of late Jurassic age.

The Jurassic in the middle belt, well-exposed at Quesangsi (figure 19), was studied by Yin
Jixiang and Sun Yiyin in 1981 and later by the Chinese-French geologists. The lower part of
the Middle Jurassic, the Quesangwenquan Formation, unconformable on Triassic volcanics, is
33 m of interbedded volcanic conglomerate. The middle part is 85 m of interbedded sandstone
and shale with amygdaloidal andesite intercalations and yielded the bivalves Protocardia aff.
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Ficure 19. Columnar section of the Jurassic at Quesangsi. * The fossil list of ammonoids is from Wang Naiwen
et al. (1983). 1. Conglomerate; 2. Sandstone; 3. Shale, nodular shale; 4. Limestone; 5. Shelly limestone and
bioclastic limestone; 6. Argillaceous shale; 7. Andesite; 8. Andesitic basalt; 9. Volcanic breccia.

lamellosa Fan, Astarte extensa (Phillip), Pleuromya sp., P. uniformis (Sowerby), Pteroperna sp., and
? Anisocardia (Antiquicyprina) sp. The upper 40 m comprises greyish-purple and green andesite
basalts and volcanic breccia. Chinese and French geologists recorded the bivalves Astartoides
dingriensis Wen, A. gambaensis Wen & Lan and Pleurotomaria spitiensis Spitz, and also the plant
fossils Ptilophyllum sp. and Zamites sp. from the Quesangwenquan Formation. The bivalves
recorded commonly occur in the Upper Jurassic, e.g. Astarte extensa in Basu, East Xizang
(Tibet), Astartoides dingriensis and A. gambaensis from the Upper Jurassic in the Mt. Qomolangma
(Everest) region; Protocardia aff. lamellosa has affinity with specimens from the Bathonian at
114th Highway Maintenance Squad in the Qiangtang Terrane.

The Upper Jurassic (Duodigou Formation) is 580 m in thickness, the lower 60 m argillaceous
limestone interbedded with shale, shelly limestone and fine sandstone yielding Protocardia sp.;
the upper 468 m limestone and bioclastics with argillaceous limestone layers; the topmost beds
(52 m) are nodular limestones and siltstones with minor thin-bedded limestones which
gradually pass upwards into the Lower Cretaceous Linbuzong Formation. From the top shale
of the Duodigou Formation, Virgatosphinctes sp. and Aulocosphinctes sp. (Wang Naiwen et al. 1983)

indicating a Berriasian (latest Jurassic of Chinese workers, early Cretaceous of others) age, were
found.
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Faulting and magmatism obscure the Jurassic in the southern belt; Duodigou Formation
limestones dominate the Upper Jurassic near Lhasa. Gastropods (Nerinea, Cossmannea) and
corals are recorded from them.

The primary Jurassic sequence in the subregion is basal conglomerate, interbedded sandstone
shale and carbonate-shale, representing a complete transgression-regression cycle. The Jurassic
thickens northwards. Flexural folds caused by sea-bottom slumping in the Duodigou limestone
and volcanics in the strata equivalent to the Quesangwenquan Formation imply deposition in
an unstable shallow-water environment (figure 19).

(111) Sangri Subregion

This subregion is bounded by the Yarlung-Zangbo Suture Zone to the south. The
fossiliferous Jurassic and the overlying inseparable Cretaceous mainly occur north of the
Yarlung-Zangbo River, especially in the Oin region of Sangri and Nedong County. The
Jurassic—Cretaceous beds mainly occur as caps and country rocks to the granitoids and are
variably metamorphosed. A suite of andesites/quartz andesites grading into metasiltstones,
hornstone skarns, marbles and calcirudites, over 650 m thick, occurs immediately north of
the Yarlung-Zangbo Suture Zone east of Zetang and represents the lower part of the
Sangri Group. From the marble, the Second Geological Surveying Team of Xizang Auton-
omous Region collected gastropods, bivalves, corals etc., among which the gastropod Ptygmatis
nodosa Voltz is widely spread in the Kimmeridgian of Europe and Elegantella conoidalis Peel is
also found in the Ruac Series in the Crimea, U.S.S.R. Hence, the fossiliferous strata are late
Jurassic (Yang Shengqiu & Wang Huiji 1985). The Sangri Group resembles the Doudigou
Formation in sequence and lithology, except that it contains enormous amounts of calc-alkali
volcanics, which implies that the Sangri Group was deposited under the influence of the
Gangdise island arc at the southern margin of the Lhasa Terrane.

11. CRETACEOUS

The marine Cretaceous in the Tibetan Plateau is restricted to the Lhasa Terrane. The
Terrane is divided into three subregions.

(a) Pangkog—Nam Co Subregion

This area lies west of Nagqu in the lake region from Nam Co to Pangkog Co. Two major
sedimentary facies of the early early Cretaceous are found. Firstly, terrestrial beds with marine
intercalations, the Douba Formation are distributed around the southern margin of the
Baingoin Basin and extend westwards to the west of Nam Co. Secondly, in the lake area north
of the Bangoin Basin, the lowest Cretaceous, the Xiaqiongco Formation, is mainly composed
of marine clastics and volcanics while the Langshan Formation is composed of neritic car-
bonates of late early to early late Cretaceous age (Ma Xiaoda 1981; Wang Naiwen 1983).

(1) Duoba Formation

The base of the Douba Formation on the northern slopes of Langshan Mountain in the
Douba region, Baingoin County, is thrust southwestward over Tertiary pebbly sandstone. The
lower part is composed of purple arenaceous conglomerate-pebbly sandstone—siltstone—
mudstone rhythms. The middle part is formed of rhythms of grey or greyish-green grits—
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siltstone-mudstone and the upper part of rhythms of interlayered grey or purple fine sand-
stone—siltstone-mudstone. The whole sequence fines upward. Individual beds of the lower
sandstone and conglomerate are commonly 10-15 m in thickness and 50-80 m in length
with fluvial facies cross-bedding. Pebbles in the conglomerate are well-rounded and sorted
and composed of mudstone, limestone, granite and occasional mafic rock. The lower part
of the Duoba Formation on the southern slope of Langshan Mountain is grey sandstone and
conglomerate intercalated with nodular shale. Derived Orbitolina are found in the calcareous
sandstone. The thickness of the Duoba Formation is over 1300 m; it is faulted against the under-
lying Qusongbo Formation (Han Xiangtao et al. 1983). The Duoba Formation passes litho-
logically into the Xiagiongco Formation to the north.

(i) Xiagiongco Formation

The Xiaqiongco Formation occurs in the Guiya—Raibadange-Gushan area of Xiaqiong
Lake, north of Pangkog Lake, and is composed mainly of rhythmic alternations of variegated
fine-grained calcareous sandstone, mudstone and quartzose sandstone interlayered with purple
and green siliceous mudstone, amygdaloidal basalt and bioclastic limestone. It passes upward
into the Langshan Formation. The base is covered ; only some 300 m of strata can be seen. The
lower part has yielded the ammonoids, Neocosmoceras, Spiticeras, Neocomites, Calliphylloceras,
Thurmaniceras, Killianella, Sarasinella; the corals Acrosmilia, Montlivaltia, and bivalves, gastropods,
foraminifers and echinoids as well as a few plant fossils such as Zamiophyllum. The age of the
fossil-bearing beds is Berriasian-Hauterivian (Han Xiangtao et al. 1983 ; Liang Shousheng &
Xia Jinbao 1983; Wang Naiwen 1983). North of Gushan, east of Xiaqiong Lake, palae-
ontological collections were made from equivalent beds (locs. B29-32).

(111) Langshan Formation

The Langshan Formation forms the core of a syncline in the Duoba region and is composed
mainly of grey limestones and biolithites with argillaceous limestone, siltstone and mudstone
intercalations, up to 700-900 m thick. The upper part is absent in the section. The biolithites
consist of Orbitolina limestone, rudist bioclastic limestone and calcareous algal limestone
yielding abundant fossils (Zhang Binggao et al. 1981; Han Xiangtao ef al. 1983; Liang
Shousheng & Xia Jinbao 1983; Yu Wen & Xia Jinbao 1985). During the Geotraverse,
extensive fossil collections were made (loc. B28). The nerineid (gastropod) species are all
common in the Aptian of Europe and the Middle East. Most of the foraminifers are found in
the Albian. If the previous identification of Orbitolina concava is reliable, the age range should
extend to the Cenomanian (but see Smith & Xu, this volume). The bivalves and other fossils
may range from early to late Cretaceous. Equivalent strata near Xungmai, Xainza County,
west of Langshan Mountain, also yield Orbitolina (0.} birmanica associated with an Albian-
Cenomanian brachiopod assemblage (Liao Weihua & Chen Tingen 1984). Since the upper-
most part of the Langshan Formation is absent in the Langshan section, the Langshan
Formation may extend into the Cenomanian, although the sequence may be inverted.

The Cretaceous sections along Gushan-Hongyashan and the northern bank of Xiaqiong
Lake have been worked on previously but the stratigraphy is still confused. The authors agree
with Ma Xiaoda (1981) that these sequences are equivalents of the Langshan Formation,
because of their lithological and palaeontological similarities. The Cretaceous on the northern
bank of Xiaqiong Lake is more than 1600 m thick and is composed mainly of limestone and
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biolithites in the lower and upper parts, interlayered with quartzose sandstone, siltstone and
bioclastic limestone in the middle part. At Hongyashan, the upper limestone is unconformably
overlain by Tertiary red beds. The Cretaceous in this region yields abundant corals, brachio-
pods, foraminifers and echinoids, but no Orbitolina (foraminifera), despite its common
occurrence in the Langshan Formation, which might either suggest a difference in biofacies
between the two regions during Cretaceous times, or, alternatively, a different age. The
limestone of the uppermost Langshan section supposedly yields rudists similar to those from the
late Cretaceous in the Mount Qomolangma (Everest) region (Wang Naiwen 1983). However,
the fossils associated with the rudists, especially the brachiopods Orbirhynchia, Lunpolaia,
Trochifera and Yuezhuella, are very similar to those of the Langshan Formation at Xungmai
southwest of the Baingoin Basin (Ye Songling & Yang Shengqiu 1979), hence the Cretaceous
sequence on the northern bank of Xiaqiong Lake seems to be no younger than Cenomanian
(see also Smith & Xu and Leeder ef al., this volume).

Around Donggiao, a series with ophiolitic sandstone and conglomerate at the bottom,
picotite-bearing sandstone, siltstone and carbonaceous shale in the lower part and interbedded
bioclastic limestone and thin-bedded sandy conglomerates in the upper part unconformably
overlies the ophiolites south of Zige Tang Lake. The clastics in the lower part yield the plants
Ptilophyllum, Podozamites, Cladophlebis, Baiera and Nilssonia: the limestone in the upper part yields
the stromatopora Milleoporella, Milleporidium, Parastromatopora, Cladocoropus and Astrorhizopora,
and the bivalves Pterinella, Mytilus, Placunopsis and Protocardia. These fossils range from latest
Jurassic to earliest Cretaceous (Wen Shixuan 1984; Wang Mingzhou & Cheng Liren
1980).

(6) Dotlungdegen—Lhunzhub Subregion

The Cretaceous around Lhunzhub, Lhasa region, has been studied in detail previously; the
sequence 1s as follows.

(1) Linbuzong Formation

The Linbuzong Formation, of which coal-bearing terrestrial clastics form the major part, is
300-1000 m thick and conformably overlies the Upper Jurassic Duodigou Formation. In
Quesangsi, it yields plant fossils (loc. B69). From the same locality, Wang Naiwen e al. (1983)
collected Weichselia reticulata (Stockes & Webb) Ward and Onchyopsis sp. This assemblage is
similar to that of the Wealden Stage in Europe and is correlatable with the plant assemblages
from the Duoni Formation, Nujiang River (Duan Shuying et al. 1977; Li Pu 1955). Both
represent fossil plant assemblages of a swamp environment along the continental margin or the
central uplift region of the Lhasa Terrane.

(i1) Chumulong Formation

Succeeding the Linbuzong Formation, the Chumulong Formation (700-1000 m) is com-
posed mainly of terrestrial quartzose sandstone, conglomerate with variegated arenaceous
shale and some irregularly distributed andesites and andesitic ignimbrites.

(1) Takena Formation

Succeeding the Chumulong Formation and overlain unconformably by volcanics of the
Linzizong Formation, the Takena Formation is divided into two members, the lower Penbo
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Member and the upper Lhunzhub Member. The Penbo Member, interbedded grey marine
limestone, siltstone and argillaceous limestone, is 170-300 m thick. Aptian-Albian fossils such
as the foraminifers Orbitolina (Mesorbitolina) texana (Roemer), O. (FEorbitolina) prisca Zhang,
0. (Columnorbitolina) tibetica Cotter, O. (Columnorbitolina) pengboensis Zhang, the ammonoids
Acanthohoplites sp., Uhligella cf. chansayensia (Jacob), Paracycloceras? sp., Parahoplites cf.
melchioris Anthula and echinoids, gastropods, bivalves, marine vertebrates, shrimps and crabs
have been recorded from it (Wang Naiwen et al. 1983; Chen Chuzhen & Wang Yujing
1984).

The Lhunzhub member, 600-1000 m thick, consists mainly of interbedded marine and
terrestrial variegated siltstones and mudstones intercalated with argillaceous limestone,
irregularly distributed andesite and ignimbrites. The bivalve Amphidonte reported from the
argillaceous limestone is supposed to be Cenomanian in age.

(c) Sangri Subregion

The Sangri Group is developed along the southern margin of the Lhasa Terrane, immedi-
ately neighbouring the Yarlung-Zangbo Suture Zone. It is an unsubdivided Upper Jurassic
to Lower Cretaceous stratigraphical unit over 4500 m thick. The principal components of the
Lower Cretaceous part of the Group are rhythmic alternations of volcanics, clastics and
carbonates. The volcanics pass from intermediate-basic upward into intermediate-acidic and
further into acidic rocks. Bivalves, corals and gastropods are recorded from the limestone (Xu
Baowen ef al. 1982); the nerineid gastropods are similar to those from the lower part of the
Langshan Formation in the Baingoin district (Yang Shengqiu & Wang Huiji 1985).

The marine Cretaceous of the Lhasa Terrane is restricted to the lake area west of Nagqu;
east of Nagqu, along the middle Nujiang River, there are only Lower Cretaceous marine bands
in a non-marine sequence, and further east or southeast only terrestrial Cretaceous beds crop
out. The uppermost Cretaceous marine beds in the eastern part of the lake area and the Lhasa
area are similar in age, i.e. Aptian to Cenomanian. The Cretaceous east of the lake area is
characterised by ‘platform’ neritic clastics and carbonates which overlie the Middle to Upper
Jurassic flysch and indicate the beginning of the decline of the Banggong Lake-Dongqgiao—
Nujiang River ‘back-arc basin’. The Cretaceous in the Lhasa area is dominated by terrestrial
deposits indicating fluvial, lacustrine or neritic environments in the central uplifted area of the
Lhasa Terrane. The thick calc-alkaline volcanics associated with sediments in the Sangri area

are interpreted as deposits at the frontal margin of the Gangdise magmatic island arc (figure
20).

12. TERTIARY

The Tertiary in the Geotraverse region is represented by fluviatile, lacustrine and piedmont
sediments. Due to the scarcity of fossils and strong deformation, it is difficult to reconstruct the
morphology or recognise lateral facies changes in the Tertiary basins or correlate them. Hence
the Tertiary period is the most poorly understood stratigraphically in the Tibetan Plateau.
From the northern slope of the Tanggula Mountains to the Bayan Har Mountains, the Tertiary
is represented by the Fenghuoshan Group and in the Nyaingentanglha Mountains southward
to the Yarlung-Zangbo Suture zone by the Linzizong Formation.
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(a) Fenghuoshan Basin

From Tongtianheyan northward to Budongquan (about 220 km), the Tertiary was deposited
in a single basin in two suites of red beds, separated by an unconformable contact. The lower
red beds, the Fenghuoshan Group, are widely distributed around the Tuotuo River, Erdaogou
and Fenghuoshan, dipping steeply with many folds. They form high mountains, and are more
than 3000 m thick. The lower part, composed of interbedded purple-red mudstones with
quartzose sandstones, unconformably overlies older rocks with a basal conglomerate; the
middle part is composed of dark purple quartzose sandstone and siltstone with mudstone
intercalations; the upper part is purple sandstone. A cupreous sandstone layer occurs at the
boundary of the lower and middle parts. Some irregularly distributed gypsum and shallow
water sedimentary structures such as cross-bedding, ripple and rill marks are frequently found
in the sandstones. From the argillaceous limestone of the lower part on the northern slope of
the Fenghuoshan west of Erdaogou, a fossil assemblage was collected (loc. B69), which indicates
an early Palaecogene, i.e. Palacocene and/or early Eocene age.

The upper red beds, unconformable on the Fenghuoshan Group, are called the Chabaoma
Group. The Chabaoma Group, in contrast to the complexly deformed Fenghuoshan Group,
dips very gently and is more than 300 m thick. The base is a soil-coloured sandy conglomerate;
the lower part consists of interbedded yellowish-brown or grey mudstone and fine-grained
sandstone ; the upper part is grey mudstone and shale with argillaceous limestone intercalations.
Palynomorphs (loc. M216) indicate a Neogene age.

(b) Lunpola Basin

The Lunpola Basin is roughly 200 km long and 15-20 km wide, elongated east-west. The
Tertiary Lunpola Group in the basin is up to 3800 m thick. The lower Niubao Formation and
the upper Denggen Formation are conformable.

The Niubao Formation, 450 to 2700 m thick, rests unconformably on the Cretaceous. The
lower part is mainly composed of purple-red conglomerates and sandstones intercalated with
purple-red mudstone; the middle part has interbedded grey mudstone and shale with aren-
aceous conglomerates and crystal tuffaceous intercalations; the upper part is interbedded
mudstone, argillaceous limestone, siltstone and fine-grained sandstone. Abundant Palaeogene
ostracods, spores and pollen, charophyta and gastropods are found.

The Dengqen Formation is 300-1100 m thick; the lower part is composed mainly of
mudstone, shale and fine-grained sandstone with oolitic sandstone and argillaceous limestone
interlayers; the middle part is grey shale and mudstone with oil shale, siltstone and tuffaceous
intercalations; the upper part is mudstone, shale, argillaceous limestone and siltstone alter-
nating with brown mudstone and tuff yielding abundant Neogene ostracods, spores and pollen
and some gastropods, fishes and insects (Wang Kaifa e al. 1975; Xia Jinbao 1983; Wu Yimin
1983).

(¢) Linzizong Basin

The Linzizong Basin extends from Pengbo Farm to Doilungdeqen and westward to the north
of Lhasa City. The Tertiary in the Basin comprises calc-alkaline volcanics interbedded with
purple-red sandstones, conglomerates and siltstones unconformably overlying the Cretaceous.
The volcanics, dated at 40-70 Ma, formed in the eastern part of the Gangdise magmatic arc
(Wang Songchan 1984; Yin Jixiang et al. 1980).
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13. DISCUSSION AND SUMMARY

It is quite probable that the Jitang Group of the Hengduan Mountains, the Jiayugiao Group
of the Lhorong—Dengqen district (southeastern part of the Qiangtang Terrane) and the
Amugang Group in the west of that terrane may all be correlated with the ‘Amdo Schists’ and
the Nyainqentanglha Group of Cambro-Sinian age (but see Harris, Xu, Lewis, Hawkesworth
& Zhang, this volume) in the Lhasa Terrane. All the rocks mentioned above may be part of
the basement formed by the ‘ Pan-African Event’ of Gondwanaland during late Precambrian
times. The late Precambrian metamorphic rocks in the Burhan Budai Mountains in the
Kunlun Terrane, long referred to the basement series of Laurasia, differ markedly from the
rocks mentioned above.

The lithological and palaeontological characteristics of the Ordovician in the Lhasa Terrane
are similar to the Ordovician in the Himalayas (Lin Baoyu 1983 4) but slightly different from
those in the Qiangtang Terrane. The Lower Ordovician in the Qiangtang Terrane is dis-
conformably or unconformably overlain by Middle Devonian (Dong Deyuan & Mu Xinan
1984). The Ordovician sequences of both the Qiangtang and the Lhasa Terranes are
lithologically and faunally diverse compared with that of the Kunlun Terrane.

It is interesting that no fossil-bearing Silurian sequence is found in the Kunlun Terrane or
the central and western parts of the Qiangtang Terrane. The Silurian of the Lhasa Terrane has
a similar fauna to that of the Himalayas but contrasting lithology.

Complete Devonian sequences, conformable or paraconformable on Silurian, have been
reported from the Lhasa and Himalayan Terranes. No Lower Devonian occurs in the Qiang-
tang Terrane except in the eastern Yidun-Zhongdian region, where a complex sequence
through the Devonian has long been known. It consists of carbonate rocks closely resembling
those of South China or the Yangtze region. The Middle and Upper Devonian of the Qiangtang
Terrane are characterised by a regressive sequence with subordinate intermediate volcanic
rocks. The basal, coarse, clastic rocks of molasse facies lie unconformably on the Lower
Ordovician sequence or low grade Cambro-Sinian metamorphics. In the Kunlun Terrane,
only terrestrial Upper Devonian deposits occur, molasse facies in the lower part and an
enormous amount of basic to acidic volcanics in the upper part. They rest unconformably on
Precambrian metamorphics. The Upper Devonian in the Qimantage Range northwest of the
Burhan Budai Mountains, mainly composed of alternations of terrestrial and marine deposits,
also unconformably overlies Lower Ordovician. Thus the Devonian strata of the Qiangtang
and Kunlun Terranes shows common characters in their sedimentary history as the first
sediments of the tectono-stratigraphic phase which stretched from mid- or late-Devonian to
late Triassic.

The widespread Carboniferous succession of the Lhasa and western Qiangtang Terranes is
characterised by flyschoid sediments (especially in the Upper Carboniferous), intermediate-
basic volcanics, diamictites and a ‘cold water fauna’, while the Carboniferous in the Kunlun
Terrane and the central and eastern parts of the Qiangtang Terrane is characterized by
enormous amounts of basic to acidic volcanics intercalated with coal-bearing clastic rocks and
yielding a fauna like that of South China or the Yangtze Province. In both the Qiangtang and
Kunlun Terranes, the Lower Carboniferous is far thicker than the Upper Carboniferous.

The Permian sequences in the Qiangtang and Kunlun Terranes have common charac-
teristics.
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(1) The Permian sequence is well-developed in both Terranes.

(2) The preserved thickness of the Lower Permian is far greater than that of the Upper
Permian and the total thickness of the Permian and Carboniferous strata in each terrane reaches
8000 m and more.

(3) Voluminous basic and intermediate-acid volcanics occur at different levels, associated
with shallow-sea flyschoid clastics and carbonates. No typical deep-water flysch deposits are
found.

(4) The Permian is generally overlain unconformably or paraconformably by Mesozoic
strata except in the western part of the Qiangtang Terrane, where Upper Permian coal-bearing
clastics grade conformably into Lower Triassic strata.

(5) The Qiangtang Terrane, with its Giganlopteris flora in the Upper Permian coal-bearing
series, and the Kunlun Terrane are referred to one biogeographical province with a Cathysian
flora.

In the Lhasa Terrane, Lower Permian strata are unconformably overlain by Mesozoic
deposits. In a small outcrop northwest of Lhasa the Upper Permian grades upwards into the
Lower Triassic. The early Permian faunas from the Lhasa Terrane are similar to those of the
Tethyan Himalayas, so-called ‘cold water faunas’. At the beginning of the late early Permian,
the sedimentary environments in these regions changed rapidly and the Tethyan fauna ap-
peared, replacing the ‘cold water fauna’. From late early Permian times, the Lhasa Terrane
began to share sedimentary features with synchronous sediments in the Qiangtang, Kunlun
and South China Terranes (Ching Yukan ef a/. 1977; Lin Baoyu 1983 4). A so-called ‘mixed
flora’ in the Lower Permian was reported from the western part of the Lhasa Terrane (Li
Xingxue et al. 1985) but typical elements of the Gondwanan or the Cathaysian flora were not
discovered in it. Some elements of the so-called ‘cold water fauna’ were also reported from the
western part of the Qiangtang Terrane in early Permian strata resembling those of the Tethyan
Himalayas.

Along the Geotraverse route, Triassic deposits, widespread in the Kunlun and Qiangtang
Terranes, have been identified as representing a trench-island arc system at the continental
margins of the northern and southern parts of Palaeotethys respectively. The Jielong Group
(T,) and the Baitang Group (T,) are characterised by enormous amounts of calc-alkaline
volcanics, tentatively attributed to an island arc environment at the northern margin of the
Qiangtang Terrane, whereas the Gyiza (T, ;) and Tumaingela (T;) Groups outcropping to
the south of the Baitang Group are platform-type sediments. These are succeeded by variegated
clastics, carbonates and coal-bearing clastics, with subordinate calc-alkaline volcanics and are
preliminarily interpreted as back-arc basin deposits behind the Baitang island arc. The Bayan
Har Mountains are mainly formed of the Bayan Har Group, referred to the fore-arc basin at
the southern margin of the Kunlun Terrane. The Lower and Middle Triassic marine strata in
the Burhan Budai Mountains, of platform-type, are succeeded by coarse clastics, carbonates
and flyschoid clastics with calc-alkaline volcanics, whereas the terrestrial Upper Triassic strata
in the eastern part of the Burhan Budai Mountains, east of the Geotraverse route, are mainly
coal-bearing clastics and an enormous amount of calc-alkaline volcanics, tentatively interpreted
as back-arc basin deposits. However, the nature and location of the island arc there needs further
exploration. The Triassic strata widespread in the Kunlun and Qiangtang Terranes commonly
overlap or unconformably overlie Palaeozoic or late Precambrian strata. We believe that this
unconformity is related to tensional tectonics resulting in the emergence and development of
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the Palacotethyan rift system or embryo ocean. Triassic strata in the Lhasa Terrane may
represent deposits along the passive continental margin of the northern Neotethyan ocean.

Along the Geotraverse route, marine Jurassic deposits are restricted to the Lhasa and
Qiangtang Terranes. In the Qiangtang Terrane, the Middle and Upper Jurassic lies uncon-
formably on Triassic or Palaeozoic and comprises alternating terrestrial and marine sediments.
They may be regarded as a result of repeated deposition of molasse in a foreland basin in the
southern part of the Bayan Har fold belt or Palaeotethyan orogenic belt and marine
transgression of the Tethyan ocean. It is suggested that the Sangri Group (J,-K,) in the south,
the Quesangwenquan Formation (J,) and Duodigou Formation (J,) in the central area, and
the ‘Lake Area flysch’ (J, ,) in the north may represent the deposits of the Gangdise island arc,
inter-arc basin or transitional belt, and back-arc basin of the northern Neotethys respectively.

Marine Cretaceous is restricted to the Lhasa Terrane. The highest marine horizon in the
northern part of the Lhasa Terrane is the Langshan Formation, late Aptian to Cenomanian
in age. The Cretaceous in the central and northern parts of the terrane represents post-flysch
deposits in the back-arc basin. These are succeeded by coarse clastic and carbonate associations
of platform-type. The lower Cretaceous exposed in the southern part of the terrane contains
voluminous calc-alkaline volcanics and represents deposits of the Gangdise island arc belt. No
fossiliferous Cretaceous strata have been found along the Geotraverse route in the Qiangtang
Terrane, but early Cretaceous terrestrial sediments may occur beyond the Geotraverse
route.

The Tertiary continental red beds are mainly developed in the central and northern parts
of the Lhasa, Qiangtang and Kunlun Terranes. Marine Palaeogene sediments are found only
in the ‘Xigaze fore-arc basin’ south of the Gangdise island arc of the Lhasa Terrane. The
foraminifer-bearing early Eocene of the Zhongba district, 450 km WNW of Xigaze City, may
represent the highest marine beds in the Lhasa Terrane.

Based on the foregoing, the evolution of the Palaeotethys and Banggong Lake-Dongqiao-
Nujiang River back-arc basin has been deduced as follows.

Three stages can be recognized in the pre-Jurassic evolution of the Palaeotethyan domain
in the Kunlun and Qiangtang Terranes: pre-Ordovician, Ordovician and Devonian-Triassic
(figure 21). The late Palaeozoic evolution of the Palaeotethyan Ocean in the Tibetan Plateau
may itself be divided into stages.

I. Middle and late Devonian to early Permian (D, ,—P')).

The Pangaean basement was broken up, producing the ‘Kunlun rift system’; further
splitting led to the emergence of new oceanic crust and sedimentation in symmetric rim
basins.

II. Late early Permian to late Permian (P?-P,); the sea-floor spreading stage.
Palaeotethys expanded rapidly.

ITI. Early Triassic to Middle Triassic (T,~T,); the sea-floor consumption stage.
The Palaeotethyan oceanic crust was subducted along two subduction zones towards
both the southern margin of the northern continent and the northern margin of the
Xizang (Tibet) microcontinent (Qiangtang—Lhasa Terrane) respectively, resulting in
the emergence of two mobile continental margins facing each other.

IV. Early late Triassic to middle late Triassic (T*,—T?,); the shrinking stage.
The Palacotethyan ocean narrowed rapidly and was completely consumed by sub-
duction until only a narrow relict shallow sea was left.
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V. Late Triassic to early Jurassic (T®,—],); the initial collision stage.

The relict sea eventually vanished and the Xizang (Tibet) microcontinent collided with
the northern continent and accreted into a united ancient Asian continent. The junction
of these two continents is called ‘Litian Lake—Jinsha River Suture Zone’.

Middle and late Jurassic (], 4); the strong collision and deformation stage.

The collision and accretion of the Xizang (Tibet) microcontinent with the northern
continent persisted into the late Jurassic, resulting in intense folding, thrusting and
magmatic activity and the gradual uplift of the present Kunluns including the Bayan
Har Mountains and the Tanggula Mountains. This created the Palaeotethyan or
Indosinian orogenic belt. Foreland-type molasse basins were developed in the southern
part of the orogenic belt and overlapped the marginal basins of the northern continent.

VL

As a result of the disappearance of the Palaeotethyan ocean in the Qinghai—Xizang (Tibet)
Plateau in the latest Triassic, the western part of the present Qiangtang Terrane rotated
clockwise and separated in an opposite direction from the present Lhasa Terrane. This led, in
the early Jurassic, to the formation of a wedged rift system, widening westward and closing
eastward. Because of spreading behind the Gangdise arc, caused by early subduction of the
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Neotethyan ocean in the mid-]Jurassic, the rift system extended eastwards and southeastwards
as far as western Burma, leading to a mature back-arc basin along the Banggong Lakc
Donggiao-Nujiang River line. The continuous marine environments from late Triassic to early
late Cretaceous, and Jurassic emplacement of ophiolites, are restricted to the central belt of the
back-arc basin west of Dengqen. East and southeast of Dengqgen, in the middle and lower
reaches of the Nujiang River and western Burma, no marine early or late Jurassic or Cretaceous
sequences have been found.

The evidence that the Banggong Lake-Dongqiao-Nujiang River back-arc basin developed
from a rift system at the continental margin is as follows.

(1) Basic and acidic volcanics are best developed along the central axial line of the back-
arc basin in the Middle and Upper Jurassic.

(2) The transition from continental to marine deposits in the Middle Jurassic has been
found in the lake region of northern Xizang (Tibet) and along the Nujiang River.

(3) A distinct regional unconformity between Middle or Upper Jurassic strata and the
underlying strata occurs at both the northern and southern continental margins of the back-
arc basin.

(4) Jurassic evaporites (gypsum) and continental red beds are widespread in the Tanggula
and Hengduan Mountains in the northeast, while contemporaneous coal-series occur only in
the Gangdise-Nyainqentanglha Mountains in the south.

(6) After the disappearance of the back-arc basin in early late Cretaceous times, Tertiary
red molasse developed in these basins (figure 22).
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FIGure 22. Diagram of the major geological events along the Qinghai-Xizang (Tibet) Highway from Lhasa
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Ficure 23. Division and correlation of the strata along the Qinghai-Xizang Highway from Lhasa to Golmud and adjacent regions,
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Thus the tectono-stratigraphical evolution of the Banggong Lake-Donggiao-Nujiang River
back-arc basin may be suggested.
1. Late Triassic to early Jurassic (T,-],); Early evolutionary stage.
A change from continental rifting to initial expanding, resulting in the emergence of a
narrow gulf closing towards the east.

1. Middle Jurassic to mid Late Jurassic (J,-J?%;); Sea-floor spreading-shrinking stage.
Deposition of flysch and new oceanic crust in the central belt of the back-arc basin and
contemporaneous subduction and obduction of oceanic crust were in progress;
ophiolites were dismembered and sandwiched into the flysch sequences.

II1. Late Jurassic to early late Cretaceous (J*,~K',); initial collision stage.
As a result of the collision of the Gangdise arc with the northern continent, flysch and
oceanic deposition ended to be replaced by shallow sea sedimentation in the relict
sea.

IV. Late Cretaceous to Palacogene (K?,-E); the collision and deformation stage.

After the disappearance of the marine facies, continental sedimentation of red molasse
soon occurred. The welded line of the northern continent and the Gangdise arc is called
the Banggong Lake-Dongqgiao-Dengqgen Suture Zone.
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Palaeontological collections made on the 1985 Geotraverse are used to date the
associated strata and provide information about palaeoenvironments. A biostrati-
graphical and palaeoenvironmental framework for the Tibetan plateau is constructed.
The crucial stratigraphical and palaeontological evidence for dating volcanic
sequences, flysch basins, open oceanic sediments, latest marine sediments and ter-
restrial red beds in each terrane is reviewed. A quantitative palaeobiogeographical
analysis from the Carboniferous to early Triassic is presented for the Tibetan fauna
and flora, to establish the biotic relationships between the various terranes. This is
based largely on coral, brachiopod and fusulinid distributional data, but other groups
have also been analysed, including the Permian terrestrial flora. This analysis demon-
strates a clear diversity gradient from equatorial or sub-equatorial biotas in the
north to temperate biotas in the south during the late Palaeozoic. No suture line
consistently marks the position of a faunal/floral break during the late Palaeozoic and
there appears to have been no physical barrier (such as a large ocean) to biotic
dispersal between Tibetan terranes at this time. Climate is seen as the most likely
factor dominating biotic distribution in this region and the early Permian glaciation
had a profound effect on marine faunal distributions in Tibet.

1. INTRODUCTION

Palaeontology provides three kinds of evidence which are crucial to our understanding of
Tibetan geology. Firstly, fossils provide a biostratigraphical framework. Competent taxonomists can
use the stratigraphical succession of evolving biotas to construct a highly resolved and refined
time framework, without which it would be more or less impossible to place data from other
geological subdisciplines in relative context. The time resolution achievable using fossils, even
in remote parts of the world such as Tibet, is generally in the order of 5 Ma, and may sometimes
be considerably less. Secondly, fossils provide a great deal of evidence concerning palaeoenvironments. By
using a knowledge of an organism’s functional morphology, trace fossil data and general
concepts of community structure, a considerable amount can be deduced about the palaeo-
environment in which the fossils once lived. A knowledge of palaeoenvironments is important
in making palaeogeographical reconstructions and therefore in placing constraints on plate
tectonic models. Usually the palaeontological data are combined with facies analysis of the
sediments to build up a detailed picture of the evolution of environments, as we have done here.
Leeder et al. (this volume) combine palaeontological evidence concerning palaeoenvironments
with sedimentological data to provide an overall synthesis. Thirdly, fossil distributions provide
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biogeographical data. The geographical distribution of fossil taxa can be analysed rigorously to
determine the degree of effective biotic exchange between regions; this places constraints on
palaeogeographical and palacomagnetic reconstructions and plate tectonic models.

2. BIOSTRATIGRAPHICAL FRAMEWORK

Details of the regional biostratigraphical setting have largely been outlined by Yin et al. (this
volume), but a few additional points are worth stressing here. Approximately 2500 specimens
of macrofossil and several hundred microfossil samples were collected during this expedition.
These have been studied in both the Nanjing Institute of Palaeontology and in the British
Museum (Natural History) and, indeed, work is still proceeding on the mammoth task of
identifying this material. The Appendix lists those fossils that have been identified to date,
together with notes on their occurrence and palaeoenvironmental setting. The approximate
position for all localities for which palaeontological data have been collected is shown later in
figure 15. Some age-diagnostic Permian and Cretaceous foraminifera are shown in plate 1.

The geological subdivisions that have been adopted in this chapter follow Harland et al.
(1982), with the exception of the Permian. International correlation of Permian strata has been
problematic until recently, but there is now emerging a general broad consensus of opinion
(viz. Waterhouse 1976; Kanmera ¢t al. 1976; Iranian—Japanese research group 1981; Ross
1970, 19824a; Toriyama 1984; Dickins 19854). In the Chinese literature, the Asselian and
Sakmarian stages are placed as Upper Carboniferous, whereas throughout Europe and North
America the Permian is considered to start at the base of the Asselian with the first appearance
of the fusulinid Pseudoschwagerina as a useful marker. Higher stages in the Permian are often
referred to Russian type sections, but there is still some dispute as to their correlation outside
Russia. In this paper, therefore, we have adopted the Chinese subdivisions of the Permian,
since there is a broad similarity between the total fauna of China and Tibet, and because these
stages have been widely applied in the Chinese literature of this region. There are four stages,
the Qixian, Maokouan, Longtanian and Changxinian, defined largely on the larger benthic
foraminifera (see Wang, Sheng & Zhang 1981). Broadly speaking, the Qixian is equivalent to
the Artinskian, the Maokouan to the Ufimian and Kungurian, the Longtanian to the
Kazanian and the Changxinian to the Tartarian. In figure 1, each of the four stages is given
the nominal duration of 5 Ma.

For the aims of this expedition, there are certain rocks whose dating is more critical than
others for constructing plate tectonic models. These are volcanic sequences, flysch sequences,
oceanic sediments, Auviatile red beds and the latest marine sediments present in each terrane.
The evidence for dating these strata is outlined below.

Volcanic strala
(a) Lhasa Terrane

(1) Dagze volcanics. A relatively thick sequence of sheet-flow basalts and pyroclastics with
interbedded mudrocks is found to the south of Lhasa towards the southern margin of the Lhasa
Terrane. The interbedded mudrocks have yielded simple fern palynomorphs (see Appendix:
locality M15) indicating a late Carboniferous or Permian age. Previously, these volcanics had
been considered as probably Triassic in age.

(i1) Chisan volcanics. In the Chisan district, north of Lhasa, volcanics overlie a sequence of
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limestones, which at one horizon yield a late Anisian (Triassic) marine fauna of ammonoids
(Gu, He & Wang 1980; see also Appendix, loc. B12). This would suggest a Ladinian (Middle
Triassic) age for these volcanics.

(iii) Takena Formation. In the northern part of the Lhasa Terrane, around Naqu, Amdo and
Jang Co, there is an extensive sequence of volcanics and associated intrusive sheets. These have
been dated radiometrically as between 110 and 75 Ma (i.e. Upper Cretaceous) by Coulon
et al. (1986).

(iv) Jienong Group. Wang (1983 a) has recorded the presence of andesitic volcanics inter-
bedded in the Jienong Group, dated as Lower to Middle Jurassic on the evidence of ammonites.
We have not been able to confirm this as the only volcanics of Jurassic age that we examined
were in the Damqiao area associated with oceanic chert beds.

(v) Sangri Group. This is a thick ‘eugeosynclinal’ sequence found along the southern margin
of the Lhasa terrane. The stratigraphical sequence is complex and includes thick and extensive
volcanics. Interbedded sediments have yielded Tithonian to Aptian (latest Jurassic to Lower
Cretaceous) faunas (Yang & Wang 1985). This sequence was not examined by our expedition.

(vi) Linzizong Formation. North of Lhasa a sequence of calcalkaline volcanics is interbedded
with continental clastics. There is no fossil evidence for the age of these red beds, but the
succession unconformably overlies folded and eroded Upper Cretaceous strata of the Takena
Formation and can be no older than latest Cretaceous. Radiometric dating of the interbedded
volcanics (Maluski et al. 1982) suggests a late Cretaceous/early Palaeocene age.

(b) Qiangtang Terrane

(1) Kaixinling Group. Basaltic and andesitic flows within this sequence at Kaixinling lie within
a sequence that includes limestones yielding Maokouan fusulinids (early Upper Permian) and
a fluvial sequence with an Upper Permian flora [see Appendix, locs B59 and B60]. This suggests
that the volcanics are late Permian in age. Volcanics are found at a similar horizon in the
Qamdo region further to the east (Dong & Mu 1984).

(i1) Batang Group. At Zhakongjian, in the northern part of the Qiangtang terrane, there is a
thick sequence of andesitic volcanics overlying a fluvial sequence of conglomerates and sand-
stones and themselves directly overlain by a marine clastic and carbonate sequence of Norian
age (Upper Triassic) [see Appendix, loc. B67]. These volcanics are probably therefore early late
Triassic (Carnian or early Norian) in age.

(11) Yanshiping Group. Near Wenquan, just north of the Tanggula Pass, there is a sequence
of basaltic volcanics which lies at the base of an enormously thick fluviatile red bed sequence.
Within this red bed sequence there are occasional marine incursions which date the succession
as Bathonian/Callovian {(Middle Jurassic). The age of the volcanics is therefore likely to be
early mid Jurassic.

(¢) Kunlun Terrane

(1) Juchishan and Dagangou Formations. In the Dagangou valley, to the north of Naij Tal in the
northern Kunlun Shan, there is a series of volcanic outcrops that has been mapped previously
as two formations, one Devonian in age, the other Carboniferous. Although there is a fossil-
iferous sequence of late Visean/early Namurian (mid Carboniferous) fluvio-deltaic sediments
[see Appendix, loc. B108], the stratigraphical relationship between this fossil-bearing sequence
and both groups of volcanics is problematic. The ‘Devonian’ volcanic sequence appears to
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underlie a thick basal sequence of conglomerates and arkosic sandstones which themselves are
conformably overlain by the fossiliferous mid Carboniferous strata, suggesting that there is-a
genuine late Devonian or early Carboniferous volcanic sequence here. However, the so-called
‘Carboniferous’ volcanics show fault-bounded contacts with the Carboniferous sequence
where examined by us and we suspect them to be fault-bounded blocks of Devonian volcanics,
Alternatively, they may be younger volcanics (?Permo-Triassic) downfaulted into this area,

(ii) Permian Volcanics. In the north Kunlun Mountains a number of local stratigraphical
names has been applied to early Permian (Asselian-Sakmarian) volcanics that are found
interbedded with fusulinid-bearing limestones (Qinghai Stratigraphical Working Group 1980:
see also Yin ef al., this volume). Unfortunately, no volcanics interbedded with dateable Permian
sediments were seen by our expedition. However, we suspect that the thick sequence of volcanics
seen to the southeast of Naij Tal (the Wanbaogou Group) may be Permian in age.

The Wanbaogou Group, outcropping from Wanbaogou in the west to the Kunlun bridge in
the east, comprises a thick sequence of resedimented tuffs and basaltic volcanics, with occasional
crystalline limestones. This sequence has been attributed to the pre-Cambrian on account of
the discovery of Conophyton, a supposedly pre-Cambrian stromatolite, within one of the lime-
stones in the Wanbaogou valley (Zhu, Zhao & Zheng 1985). However, this identification
needs confirmation since in the same paper they assign a Jurassic/Cretaceous age to Upper
Ordovician strata on the misidentification of platyceratid gastropods as Mesozoic bivalves.
At one locality (B88 - see Appendix), one of these limestones contained badly recrystallized
crinoidal debris indicating an age no older than Ordovician. As this sequence of resedimented
tuffs, volcanics and limestones appears to grade up into late Permian limestones in the
Wanbaogou valley, they are tentatively assigned to the early Permian.

Flysch basins
(a) Lhasa terrane

(1) Flysch type sequences interbedded with volcanics (the Jienong Formation) occur in the
Jang Co region in the northern part of the Lhasa Terrane. Wang (1983 a) records ammonites
from this succession which range in age from Sinemurian to Callovian (Lower to Middle
Jurassic) while Girardeau et al. (1984) report an Aalenian (Middle Jurassic) age on the basis
of gastropods. Our sparse evidence suggests a slightly younger age. At locality B48, near Amdo
close to the line of the Banggong Suture, we logged a continuous sequence which commenced
with shallow Auvio-marine sediments, with periodic bands of Cladocoropsis, mostly broken and
transported. This graded upwards into a fine sand/shale turbiditic flysch sequence containing
derived nerineid gastropod and other shelf faunas, similar to those occurring at Jang Co (locs
B32 and B33). The occurrence of Cladocoropsis (Upper Jurassic) in the underlying beds places
this flysch sequence as late Jurassic or possibly even early Cretaceous.

(i1) In the very south, adjacent to the Zangbo Suture, flysch-type sediments are intermixed
with volcanics (the Sangri Formation). From these sediments Yang & Wang (1985) have
discovered latest Jurassic (Tithonian) to Lower Cretaceous (Aptian) fossils.

(b) Qiangtang and Kunlun Terranes

(1) Bayan Kala Group. A thick sequence of turbidites and contourites occurs extensively over
the northern part of the Qiangtang Terrane. Its precise thickness is impossible to gauge due
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to the considerable repetition produced by tectonic slicing. No fossil evidence was found by us
to date this sequence. However, further to the east, previous Chinese geological teams have
been more successful (He & Yin 1983). According to their work, the sequence commences with
sandstone-dominated clastics that have yielded species of the bivalve Claria indicative of an
early Induian age (basal Triassic). Proper flysch-type sedimentation does not appear to have
commenced until slightly later, in the late Induian or Olenian. Fossil evidence for a mid Triassic
age has also been found; the highest beds in this sequence have yielded the bivalves Halobia and
Daonella and are late mid Triassic or early late Triassic in age. Thus the whole flysch sequence
appears to be entirely Triassic in age.

Oceanic sediments
(a) Zangbo Suture

Distal fan turbidites and radiolarian cherts are found along the line of the Zangbo Suture,
but were not examined by our expedition. Wang & Sheng (1982) have described Upper
Triassic radiolaria from cherts associated with deep water clastics in the Gyirong district, as
well as Upper Jurassic radiolaria from shales with lentiform limestones in the Gyangze district.
Wu & Li (1982) and Wu (1984, 1986, and unpublished manuscript) have described latest
Jurassic (Tithonian), Berriasian, late Valanginian and late Albian-?Cenomanian (all Cre-
taceous) radiolaria from cherts along this suture. Deep water clastics of Valanginian and
Albian to Cenomanian age have also been proved (Wu 1984, 1986). The formation of the
olistostrome associated with the Zangbo Suture has been dated on the basis of radiolaria in
the sedimentary matrix as Turonian (Upper Cretaceous) (Wu ef al. 1982), but there may also
have been olistrostrome formation as late as Maastrichtian to produce the intermixing of
Globotruncana-bearing limestones of Campanian/Maastrichtian age and Triassic strata. It is,
however, not yet clear whether this is syndepositional or post-depositional mixing.

There is thus evidence for oceanic sediments associated with the Zangbo Suture from the late
Triassic to the end of the early Cretaceous (the majority being early Cretaceous in age). There
is also evidence that ophiolite emplacement and olistostrome formation had started by the
Turonian (Upper Cretaceous).

(b) Banggong Suture

Oceanic cherts and fine clastics associated with the Dongqiao ophiolite sequence along the
Banggong Suture were examined, but unfortunately samples collected proved to have no
determinable radiolaria. However, Wang (1984) reported a radiolarian assemblage from these
cherts which he suggested was probably late Jurassic in age and Li (1986) has recently described
an early Tithonian (Upper Jurassic) radiolarian fauna from cherts in this suture zone.

The timing of obduction for the ophiolite and chert sequence is bracketed by an apparently
conformable (though faulted) sequence just to the west of Dongqiao (loc. B41) previously
described by Girardeau ef al. (1984). Here the ophiolite suite is overlain unconformably by a
three metre palaeosol followed by a fluviomarine sequence with the alga Cladocoropsis and other
fossils. This dates the overlying sediments as Upper Jurassic and no later than Tithonian (latest
Jurassic).

At another locality near Dongqiao (loc. B39), a deep water clastic sequence with thin
limestones contains a melange horizon with chert, pillow lava and limestone olistoliths. The age
of the clastic sequence is unknown, since only indeterminate radiolaria were collected, but the
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limestone blocks in the melange are fossiliferous and yield a fauna of corals, stromatoporoids
and echinoid spines, including ?Pseudocidaris maresi (Cotteau). The fauna from these limestone
blocks exactly matches that found from late Jurassic (Kimmeridgian) to early Cretaceous
(?Valanginian) reef limestones of the Xiaqiong Co region to the west [see Appendix, locs
B28-B30]. Erosion of emplaced ophiolitic material was obviously taking place after lithification
of this late Jurassic/early Cretaceous limestone, possibly in the latter part of the Lower

Cretaceous.
Latest marine strata

Dating of the latest marine strata in each terrane helps to bracket the timing of final closure
of epicontinental seas following collision. There is a progressive increase in the age of the latest
marine strata from south to north.

(a) Himalayan Terrane

South of the Zangbo Suture, in the Himalayan Terrane, the youngest marine strata appear
to be Lutetian (early mid Eocene), to judge by the occurrence of foraminifera including
Orbitolites complanatus (Zhang 1981, Wang 1983 4). Pan e al. (1984) report Palacogene marine
sediments from immediately north of the Zangbo Suture to the west of our traverse, but this
clearly represents deposition associated with the closing seaway along this suture zone.

(b) Lhasa Terrane

In the Lhasa Terrane, strata as young as Maastrichtian (uppermost Cretaceous) have been
reported [rom the Bange region (Wang 1983 4; Wang & Bassoullet 1984; Pan 1985), but this
is decidedly questionable. The one locality that our expedition visited from which Wang
(1983 4) reported Upper Cretaceous fauna (loc. B31 —see Appendix) turned out to have
Albian/Cenomanian orbitoline foraminiferans, and the gastropods described by Pan (1985)
are not by themselves convincing evidence for a late Cretaceous age. The highest marine strata
in this region are therefore late early Cretaceous in age, though there is the possibility that
marine conditions may have continued into the lower Upper Cretaceous. Previous suggestions
that the Langshan Formation extended into the Cenomanian have recently been shown to be
wrong (Zhang 1986).

(c) Quangtang Terrane

In the Qiangtang Terrane, the youngest fully marine strata found are seen around Amdo and
are late Jurassic (Kimmeridgian) in age [Appendix, loc. B50]. Marine incursions into a
predominantly continental red bed sequence occurred in the Middle and possibly Upper
Jurassic of the Amdo region, but to the north of Yanshiping no marine strata younger than
Norian (Upper Triassic) are found, suggesting that the marine incursions were coming from
the south. This deduction is supported by sedimentary studies (Leeder ef al., this volume).

(d) Kunlun Terrane

Finally, in the Kunlun Terrane, the oldest marine beds encountered by our expedition are
late Permian in age. The section in the Wanbaogou Valley, west of Naij Tal, originally
considered to be early Triassic in age (e.g. Li & Lin 1982; Chang el al. 1986) is now known
to have an Upper Permian fauna (Appendix, loc. B91). It is clear that there are outcrops of
Induian to Anisian (Lower to Middle Triassic) marine strata to the north in the South Qilian
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Mountains, where a diverse ammonoid and brachiopod fauna has been reported (Yang e al.
1983). Whether similar aged beds exist in the Kunlun Shan remains to be proved.

The record of marine Mesozoic (Jurassic or Cretaceous) by Zhu, Zhao & Zheng (1985) has
also been disproved by our expedition, as these beds are late Ordovician in age (see Appendix,
loc. B98).

Continental red beds

These are the most difficult to date accurately.

(a) Lhasa Terrane

(i) Linbuzong Formation. Extensive fluvial red bed sequences with occasional marine incursions
occur to the north of Lhasa [e.g. Appendix, loc. B16]. Fossils from these marine to brackish
horizons indicate a latest Jurassic (Tithonian) to early Cretaceous age (Bassoullet ef al. 1984,
Wang & Sun 1983) near the base of this sequence. Plant fossils from higher in the sequence
[Appendix, loc. B16a] suggest an early Cretaceous age. The whole succession is overlain by
clastics and limestones yielding Aptian to Albian (upper Lower Cretaceous) orbitoline for-
aminiferans, the transition being seen in the Baingoin district by our expedition.

(i) Lhunzhub Member of the Takena Formation. The major marine incursion of Aptian/Albian
age, the Pembo Group, which overlies the Linbuzong Formation, is itself overlain by a sequence
of variegated clastics known as the Lhunzhub Member. As these are folded and overlain
uncomformably in turn by the possibly Palacocene Linzizong Formation, they are likely to be
early late Cretaceous in age, although we have no internal faunal or floral data to support
this.

(i) Linzizong Formation. These volcanics, with intercalated red beds, unconformably overlie
the Upper Cretaceous Takena Formation. There is no independent fossil evidence as to their
age, but radiometric dating of some basal volcanics suggests they are Palaeocene (see Maluski
el al. 1982).

(b) Qiangtang Terrane

(1) Kaixinling Group. In the Kaixinling district of the central Qiangtang Terrane, a sequence
of continental clastics overlies limestones with a Maokouan (early Upper Permian) fauna of
fusulinid foraminiferans [Appendix, locs B59 and B60] and themselves contain an Upper
Permian plant flora. These red beds, which have intercalated volcanics, are late Permian in
age.

(1) Batang Group. At Wuli, near the northern margin of the Qiangtang Terrane, a thick
sequence of Upper Triassic volcanics is underlain by a red clastic sequence of continental origin.
A precise age for these beds cannot be proposed, but their conformable relationship with
overlying Norian strata suggests that they are probably early late Triassic (Carnian) in age.
Late Upper Triassic (Norian) red beds cap the sequence and have yielded plant fossils from
further east around Qamdo (Wu 1982).

(i) Yanshiping Group. From around Amdo to just north of Wenquan, on either side of the
Tanggula Mountains, there is an extensive sequence of red beds (over 2 km in thickness) with
occasional brackish to marine incursions. The fauna from the marine horizons ranges in age
from Bathonian to Kimmeridgian [Appendix, locs B49, B50, B51, B56, B57 and B58]. A
probable equivalent succession is seen at Wuli, to the north, where continental clastics with
thin coal seams, previously attributed to the Permian, yielded Middle Jurassic non-marine
bivalves belonging to the genus Pseudocardinia.
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(iv) Fenghuoshan Group. Around Erdaogou, to the north of the Qiangtang Terrane, is another
thick sequence of continental red beds. There are no marine incursions within this sequence,
but thin lacustrine limestones yielded charophytes and palynomorphs [Appendix, locs Bgg
and B74] which indicate a ?Palaeocene or early Eocene age for these beds.

(c) Kunlun Terrane

(1) Juchishan Formation. In the region of Dagangou, in the northern Kunlun Mountains, red
siltstones and fine sands are overlain by fluviatile arkosic sandstones and gravels. These reach
several kilometres in thickness and are conformably overlain by a marine limestone/shale
sequence of latest Visean or early Namurian age (mid Carboniferous) [Appendix, loc. B108].
They are therefore most likely to be early Carboniferous in age.

(i) Lower Jurassic red beds are also reported from this region (Qinghai Stratigraphical
Working Group 1980), based on the identification of palynomorphs. However, no positive
evidence for Jurassic red beds was found by our team. A sizeable outcrop of continental clastic
sediments was examined in the north Kunlun Shan, at localities B103 and B104. No fossils were
obtained from these strata to provide a clue as to their age, but they are probably post-
Carboniferous, since they are not cut by any dykes or sills, in stark contrast to the immediately
adjacent Carboniferous sequence. These have previously been mapped as Jurassic, but are best
considered as late Palaeozoic or Mesozoic.

(1i) A small outcrop of continental, plant-bearing clastic sediments is found in the Xidatan
valley at locality B88. There are no diagnostic palynormorphs in our samples and the macro-
fossil material is scrappy. However, it does hint at a Mesozoic rather than Palaeozoic age for
these beds.

The biostratigraphical data is summarized in figure 1. This shows the distribution of broad

Ficure 1. Biostratigraphy of the Tibetan plateau. This diagram summarizes the distribution of broad rock types and
facies from Carboniferous to Recent across the Tibetan plateau. Areas left blank represent time spans for which
there is no record of deposition.
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palaeoenvironments and rock types across the Tibetan plateau and has been compiled from our
own observations, supplemented where necessary with data from published sources. Facies
are distinguished on faunal and lithological grounds, and divided into the following types:
fluviatile; coastal plain; clastic marine shelf; carbonate marine shelf; continental rise and
oceanic. Volcanics are separated into rift, active continental margin and post collisional on the
basis of data presented by Pearce (this volume). Palaeoenvironments and geological history are
discussed more fully by Leeder ¢t al. (this volume).

3. BIOGEOGRAPHICAL ANALYSIS

In principle it should be possible to use a knowledge of the distribution of fossil biotas to set
some constraints on palaeogeographical reconstructions. The underlying rationale is that, in
comparing the biotas from a number of regions, those with many members in common come
from areas which maintain (or maintained until relatively recently in the past) a large degree
of biotic exchange and migration with one another, whereas conversely those with few
members in common have been isolated from one another for a relatively greater length of
time. Temperature also plays a role in restricting the distribution of taxa and distributions of
fossil taxa may help define climatic belts.

However, in practice several problems enter into any biogeographical analysis which make
the task much less simple than would first appear, and which are sometimes overlooked. First
there is the problem of the vagaries of the fossil record. For example, the absence of a fossil
taxon from one region may be genuine, or may be a pseudo-absence produced by collection
failure or the absence of exposures of rocks of the right facies. This is clearly a particularly
pressing problem in palaeobiogeographical studies of poorly studied regions of the world such
as Tibet.

A second problem arises because all taxa are to a greater or lesser extent facies-restricted.
Within the same region, adjacent facies may support quite different biotas. To avoid this
problem, either the region’s biota must be sampled over as broad a range of facies as possible,
or the biotas of very specific facies only must be compared. In practice, because of the sheer
impossibility of recognizing subtle, yet important, differences in habitat within the fossil record,
by far the best approach is to sample as widely as possible within one broad habitat (such as
‘shallow marine’ or ‘terrestrial’).

A third problem arises from diversity gradients. In most rigorous methods of analysis,
variation in biotic diversity for whatever cause (genuine diversity gradient or sampling prob-
lems) will affect the result. Thus evidence of a depleted biota is not sufficient by itself to
establish provinciality; only endemicity is significant.

Finally, there are very many different methods of analysis which do not necessarily produce
the same results. The more rigorous and explicit the method, the easier it is for others to assess.

Biogeographical analysis of the fossil biota of the Tibetan plateau is particularly difficult for
the following three reasons.

(1) Despite the tremendous effort over the last decade, primarily by Chinese scientists, to
understand the geology of the Tibetan plateau and record its fossil biota, our knowledge of the
fossil fauna and floral of this region is still at an elementary stage. A great deal of field and
laboratory work remains to be done.

(2) Consequently, there remain some fairly serious problems in correlation both within the
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region and also with other parts of the world. A broad picture has emerged over the last decade
but the biostratigraphical time scale in many places is still very coarse and in need of refinement.

(3) Because fossil taxa from this region are generally neither abundant nor well preserved,
there are serious taxonomic difficulties. The small sample sizes mean that variation within
populations is rarely established, which has had the unfortunate result that there has been a
great deal of taxonomic oversplitting at all levels. Poor preservation also makes systematic
determinations difficult. We have strong reservations about the quality of the taxonomic data,
but have expertise in only a small proportion of the Tibetan fauna and flora. Published
taxonomic determinations have therefore had to be taken on trust without the possibility of
checking for accuracy or consistency.

Because of the numerous problems mentioned above, one might wonder whether it was not
premature to attempt a biogeographical analysis in a region such as Tibet where sampling is
poor and taxonomy uncertain. Whether or not this is correct, there have already been numerous
attempts to define past biogeographical provinces and reconstruct palaeogeographies on the
data that is available, (viz. Allegre e/ al. 1984; Dickins 19854; Dickins & Shah 1981; Fan
1985; Gu ¢t al. 1980; He & Zhang 1984; Jin 1985; Li, Yao & Deng 1982; Liang & Wang
1983; Liao & Xia 1985; Lin 1983, 1984; Liu 1981 ; Liu & Cui 1983 ; Ross & Ross 1985; Wang
1984; Wang & Mu 1984; Waterhouse & Bonham Carter 1975; Xia 1983; Yang & Fan 1983;
Zhang & He 1985; Zhang & Wu 1983 ; Zhang et al. 1985). These have largely been descriptive
and anecdotal in form and for this reason are difficult to assess or compare with rival hypotheses.
Furthermore, in many cases it has been only a small proportion of the total biota that has been
used. It is therefore necessary to undertake a more rigorous analysis of the data as it stands, with
all its inconsistencies and limitations, in order to discover precisely what the available data
really does imply about Tibetan palaeogeography. This analysis must be considered as a very
preliminary attempt to investigate Tibetan palaeobiogeography.

4. APPROACH

Our primary interest is to discover the historical pattern of relationships of the biotas from
the three strip-like terranes that constitute the Tibetan Plateau, with respect to biotas of the
Indian and Eurasian plates between which they now lie sandwiched. We specifically wish to
ask the question ‘at a particular time, is the biota of terrane x closer in character to that of the
Himalayas (Indian Terrane) or of the Qilian (Eurasian Terrane)?’

Methods of biogeographical analysis currently employed to probe such questions in a
rigorous way are vicariance biogeography, multivariate analysis and parsimony analysis of
endemism. Unfortunately, vicariance biogeography is not an option in this case because the
method requires a taxonomic group whose relationships have been determined cladistically
and which has at least one species unique to each terrane. No single taxon from Tibet fulfils
these criteria. Left with the choice of multivariate analysis or parsimony analysis of endemism,
we have chosen to adopt the latter (for details of this method see Rosen & Smith (1988)).
The advantage of parsimony analysis of endemism is that it produces a cladogram of sample
areas directly interpretable in terms of relative recency of biotic contact between sample areas.
The method nests sample areas hierarchically according to the taxa that are shared between
them. A dichotomously branching tree is calculated relating the areas which requires the fewest
reversals and parallelisms of data (maximum parsimony).
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(a) Choice of sample areas

The often difficult and subjective choice of sample areas for analysis is made simple in thijs
case because of the highly specific problem that we are investigating, namely the relationships
of the three suture-bounded terranes that compose the Tibetan Plateau. Geological boundarjes
delimit our sample areas (figure 2). Thus the region to the south of the Zangbo Suture is the
Himalayan Terrane (H); that between the Zangbo and Banggong Sutures, the Lhasa Terrane

Ficure 2. Outline map of Xizang and Qinghai provinces (Tibetan Plateau), China, showing the sample areas
(terranes) used in the biogeographical analysis and their boundaries (suture zones).

(L); that between the Banggong and Jinsha Sutures, the Qiangtang Terrane (Qa); that
between the Jinsha Suture and the major fault marking the northern margin of the Kunluns,
the Kunlun Terrane (K); and the area to the north of the Qaidam basin in Qinghai Province,
the Qilian Terrane (Qi). The biota within each terrane is treated as a single entity and data
from different localities within it are amalgamated. Note that the western part of the Qiangtang
Terrane of previous authors (e.g. Wen 1984 : Rutog district, etc.) is omitted from consideration
here, since it appears to be part of the Lhasa Terrane, both lithologically and faunally, and
ought to be treated as a separate sample area in analysis.

(b) Level of analysis and data set

Biogeographical analyses were attempted for biotas from the Lower Carboniferous through
to the Middle Triassic. No analyses were attempted for geological periods before the Lower
Carboniferous because rocks of the appropriate ages are not represented in each terrane. The
pattern of plates after the Triassic is little disputed and there is sufficient independent evidence
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on which to base palaeogeographical reconstruction. Thus the prime aim of this analysis is to
establish the relationships of terranes prior to the establishment of a large Tethyan ocean
represented now by the Zangbo Suture. Faunal and floral lists of genera were compiled for
specific geological periods (generally a single stage) for each terrane, based largely on the
published Chinese literature, but supplemented wherever possible with our own data. We
chose to work at the taxonomic level of genus for practical reasons. As noted above, species level
taxonomy appeared to us to be oversplit, with few species apparently found outside their type
area, let alone in more than one terrane. Genera appeared to be somewhat more consistently
used and provided sufficient endemism to be of use.

Taxa that are unique to just one terrane are uninformative about how that area relates 10
others. It is only those taxa that are recorded from two or more terranes that can provide the
necessary data from which to assess area relationships. The full taxonomic lists for each sample
area were thus culled to remove all taxa unique to a single area. In practice only a few major
groups were abundant enough to analyse with this method.

(¢) Interpolation of ranges

Because our knowledge of the fossil biota of Tibet is still very preliminary, the problem of
pseudo-absences in the data is acute. In order to try to minimize this, we have made one
assumption, namely that the five sample areas remain in their same relative positions through
time. Although major barriers to biotic exchange could appear and disappear between adjacent
terranes, it is assumed that no terrane switched position (‘leap-frogged’) relative to its neigh-
bours along the north/south transect. This seems eminently reasonable since the three
terranes form long narrow strips running east/west. Accepting this, then a taxon’s range can
be interpolated between its most southerly and northerly records. Where a taxon is present in
two non-adjacent terranes, then its absence in the intervening terranes is ascribed to collection
failure or absence of the appropriate facies.

The culled data set of taxonomic ranges was then analysed following the parsimony analysis
of endemism method outlined by Rosen & Smith (1988). For each time period analysed,
only a few major groups were used, those being the most important and best studied. The
results for each taxonomic group were kept separate and then compared to check for con-
gruence. Where there is a high degree of congruence between the results from different
taxonomic groups then more reliance can be placed on the results. In most cases the data
matrixes were small enough to carry out a parsimony analysis empirically, without the aid of
computer programs.

5. REsuLTs

(a) Late Dinantian (Visean)
(i) Correlation
This is the first period for which there is a good record of fossiliferous marine strata across
the plateau. Correlation within the Qiangtang, Kunlun and Qilian Terranes is well established
on the brachiopod and coral faunas (Jin & Sun 1981; Chen 1984), which are closely com-
parable in all three regions. Correlation into the Lhasa and Himalayan Terranes is less well
established and no detailed stratigraphy is yet available.

5 Vol. 327. A
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(11) Corals (figure 3)

The Qiangtang, Kunlun and Qilian Terranes share a very similar coral fauna dominated by
Eurasian elements. It is a high diversity fauna dominated by compound rugose corals or large
solitary rugose corals with complex dissepimentation, typical of a shallow marine carbonate
shelf environment. Stromatoporoids and chaetetids are also common. Many of the genera are
part of a fairly cosmopolitan equatorial fauna (e.g. Lithostrotion, Lonsdaleia), but there are also
genera which are found only in the South China Block (e.g. Yunnanophyllum, Kueichophyllum).

There is a marked drop in diversity to the south of the Qiangtang Terrane and corals from
the Lhasa and Himalayan Terranes are on first sight very different. This is solely due (o the
loss of compound genera. The sparse fauna of small solitary rugose corals without dissepiments
or thickened axial edges and of tabulate corals is composed of genera that have also been
reported as present in the Qiangtang-Kunlun—Qilian biota. Notably, there are no endemic
forms unique to the Lhasa-Himalaya region.

Visean - corals
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Figure 3. Taxon/area matrix of late Dinantian coral distribution across the Tibetan Plateau. H = Himalayan
Terrane; L = Lhasa Terrane; Qa = Qiangtang Terrane; K = Kunlun Terrane; Qi = Qilian Terrane. Only
genera found in two or more terrancs are included: each line represents the range of a genus; black circles =
presence recorded; dashed lines = interpolation of range through a terrane from which the taxon has not yet
been recorded. Summary cladogram of sample areas is shown at the base. Data from many sourccs. Taxa are
as follows: 1, Zaphrentoides; 2, Caninophyllum; 3, Caninia; 4, Cyathaxonia; 5, Barrandeophyllum; 6, Meniscophyllum;
7, Zaphrentites; 8, Rhopalolasma; 9, Amplexus; 10, Zaphriphyllum; 11, Neoclisiophyllum ; 12, Clisiophyllum; 13,
Stelechophyllum ; 14, Lophophyllum; 15, Hunanoclisia; 16, Qinghaiphyllum; 17, Chaetetes;, 18, Michelinia; 19, Ekvaso-
phyllum ; 20, Kueichouphyllum ; 21, Kueichoupora ; 22, Lithostrotion; 23, Heterocaninia; 24, Syringopora;, 25, Hexaphyllia;
26, Dibunophyllum; 27, Lonsdaleia; 28, Aulina; 29, Palaeosmilia; 30, .S'y/)honnp/zy/lid; 31, Carcinophyllum; 32,
Gangamophyllum; 33, Arachnolasma; 34, Yunanophyllum; 35, Diphyphyllum. :
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(iii) Brachiopods (figure 4)

The brachiopod data produce a result congruent with that from corals. Brachiopods are
rather more widespread in their distribution, with a less marked drop in diversity between the
Qiangtang and Lhasa Terranes. As with corals, there appears to be a continuous decline in
diversity from north to south, with no genus endemic to the Lhasa-Himalaya region.

Visean - brachiopods
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Figure 4. Taxon/area matrix and cladogram of late Dinantian brachiopods. Symbols as in figure 2. Taxa are as
follows: 1, Fusella; 2, ‘ Chonetes’; 3, Waagenoconcha ; 4, Pugilis; 5, Delepinea; 6, Schuchertella; 7, Rotaia; 8, Balakhonia;
9, Tylothyris; 10, Ectochoristites; 11, Striatifera; 12, Gigantoproductus; 13, Linoproductus; 14, Syringothyris; 15, Ovatia;
16, Neospirifer; 17, Marginatia; 18, Composita; 19, ‘Spirifer’; 20, Eomarginifera; 21, Dictyoclostus ; 22, Dielasma; 23,
Buxtonia; 24, Brachythyris; 25, Marginifera; 26, Pugnax; 27, Hustedia; 28, Fluctuaria; 29, * Productus’; 30, Plicatifera;
31, Rhupidomella; 32, Punctospirifer; 33, Phricodothyris; 34, Martinia; 35, Overtonia ; 36, Schellwienella ; 37, Semiplanus ;
38, Crurithyris; 39, Camaratoechia; 40, Megachonetes; 41, Echinoconchus; 42, Cleiothyridina; 43, Antiquatonia; 44,
Uncinella; 45, Rugosochonetes; 46, Pustula; 47, Leptagonia; 48, Kansuella; 49, Grandispirifer; 50, Cancrinella.
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(iv) Interpretation

The marine fauna of this period can be divided into a highly diverse, shallow carbonate shelf
community dominated by compound rugose corals, solitary rugose corals with dissepiments,
stromatoporoids and brachiopods in the north, and a low diversity, deeper water clastic
community dominated by brachiopods, fenestellid bryozoans, crinoids and small simple solitary
rugose corals to the south. Clearly the faunas of the Qiangtang, Kunlun and Qilian Terranes
are closely comparable, and indeed show the same detailed biostratigraphical succession. The
coral data suggest that these three areas also maintained a close connection with the South
China Block at this time.

The differences between the two faunas are striking but cannot be taken as evidence for there
being a major palaeogeographical break coincidental with the Banggong Suture at this period
as some have suggested (e.g. Fan 1985). This is because different facies are being compared (off-
shore deeper shelf clastics with shallow subtidal carbonates). What is clear from this analysis
is that there is a decrease in diversity southwards and that in both taxonomic groups the Lhasa
Terrane shares more fauna in common with areas to the north than it does with the Himalayan
region. This may be a genuine latitudinal effect, with the progressive loss of tropical/subtropical
faunas southwards into more temperate regions. But it is equally possible that it is a depth-
related phenomenon, with diverse shallow water communities being replaced to the south by
reduced diversity deeper water communities. In particular, the absence of a single genus
endemic to the Lhasa-Himalaya region at this time argues strongly against there being a
separate ‘Gondwanan’ province south of the Banggong Suture. Faunal analysis provides no
evidence for there having been provinciality of biotas across this region at this time.

(b) Early Permian
(1) Correlation

Where they occur, we have used the occurrence of fusulinids belonging to the Pseudo-
schwagerina assemblage to define this period. In the Lhasa and Himalayan Terranes, there are
no larger benthic foraminiferans and correlation has been done on the basis of brachiopod
faunas (Wang & Mu 1984).

(i1) Fusulinids (figure 5)

Fusulinids are found only in the Qiangtang, Kunlun and Qilian Terranes. They are generally
thought to be shallow water and tropical to warm temperate in distribution (Ross 19824).
Many of the genera are also shared with the South China Block. Their distribution matches
that seen for Visean compound rugose corals. Although there are slightly more genera shared
in common between the Kunlun and Qiangtang Terranes, there is no real evidence for
separation of these three areas.

(ii1) Corals

The number of coral genera known from this period is relatively small and few genera are
known from more than one terrane, therefore no quantitative analysis is possible. Broadly
speaking, however, coral distribution appears much as it was in the Visean, with compound
rugose corals restricted to the Qiangtang, Kunlun and Qilian Terranes and small solitary
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Early Permian - fusulinids

H L Qa K Qi

Figure 5. Taxon/area matrix and cladogram of early Permian (Asselian/Sakmarian) fusulinid genera. Symbols as
in figure 2. Data from many sources. Genera are as follows: 1, Paraschwagerina; 2, Schwagerina; 3, Schubertella;
4, Pseudofusuling; 5, Quasifusulina; 6, Ozawainella; 7, Triticites; 8, Rugosofusulina; 9, Eoparafusulina; 10, Pseudo-
schwagerina; 11, Boultonia; 12, Sphaeroschwagerina.

rugose corals dominatine in the Lhasa and Himalayan Terranes. Simply on number of taxa,
there does appear to have been a southward shift in peak coral diversity from the Qilian Terrane
in the mid Carboniferous to the Qiangtang Terrane in the early Permian. This may be due to
collection failure or may be genuine and result from the increasingly more fluviatile conditions
that apparently developed towards the north.

(iv) Brachiopods (figure 6)

Only relatively few taxa are recorded from the Qiangtang—Kunlun—Qilian region making
interpretation of results difficult. The Lhasa Terrane has a fauna that has shared elements both

Early Permian - brachiopods
H L Qa K-Qi

FiGure 6. Taxon/area matrix and cladogram of early Permian brachiopods. Symbols as in figure 2. Data from
many sources. T'axa are as follows: 1, Dictyoclostus; 2, Neospirifer; 3, Linoproductus ; 4, Martinia; 5, Cancrinella; 6,
Orthotetes; 1, Orthotichia; 8, Marginifera; 9, Chaoiella; 10, Choristites; 11, Punctospirifer; 12, Stenoschisma; 13,
Stepanoviella; 14, Brachythryis; 15, Syringothyris; 16, Trigonotreta; 17, Packmannella.
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with the Himalayan Terrane to the south (six genera) and with terranes to the north (five
genera). Clearly Lhasa holds an intermediate position with the possibility of faunal exchangc

in both directions.

(v) Interpretation

The dichotomy between shallow carbonate marine communities to the north of the Banggong
Suture and deeper water shelf clastics communities to the south seen during the Carboniferoys
continues here into the early Permian. Our sparse knowledge of the fauna from north of the
Banggong Suture hampers interpretation of the biogeography at this time, but there is at least
some hint of faunal similarity between Lhasa and the Himalayas.

(c) Qixian
(i) Correlation
Larger benthic foraminiferans provide a sound basis for correlation between most regions,
the only exception being the Himalayan Terrane, from which they are absent. Here brachio-
pods are once again used, although the precise correlation is somewhat tentative.

(i1) . usulinids

For the first time fusulinids extend into the carbonate facies of the Lhasa Terrane (Para-
Susulina, Pseudofusulina, Nankinella, etc.). They are most diverse in the Qiangtang Terrane,
becoming less numerous further north, possibly because of the predominance of near-shore
fluvio-deltaic conditions.

(1i1) Corals (figure 7)

Here we find corals are relatively uncommon in the Qiangtang—Kunlun—Qilian region;
those that are present are predominantly compound rugose forms (e.g. Wentzellophyllum,
Polythecalis) or large solitary rugose corals with well developed dissepimentation (e.g. Caninia).
Some small solitary rugose forms also occur. To the south, in the Lhasa and Himalayan
Terranes, there are many genera of small, solitary rugose corals, (though this may to some
extent be a product of taxonomic oversplitting), some of which are not present to the
north,

Qixia - corals
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Ficure 7. Taxon/area matrix and cladogram of Qixian coral genera: data from many sources. Symbols as in figure
2. Genera are as follows: 1, Lophophyllidium ; 2, Wannerophyllum; 3, Cyathocarina; 4, Verbeekiella; 5, Trachylasma;,
6, Plerophyllum; 1, Lytvolasma; 8, Protomichelinia; 9, Sechuanophyllum; 10, Yatsengia.



PALAEONTOLOGY 71

(iv) Brachiopods (figure 8)

As for the corals, there appears to be close links between the brachiopods of the Lhasa and
Himalayan regions at this time, with several genera and even species (e.g. Calliomarginata,
Costiferina indica, Stenoschisma purdoni) uniquely shared between these two regions. There are also
a couple of genera shared uniquely between the Qiangtang, Kunlun and Qilian Terranes
(Uncinunella, Neoplicatifer), though the fauna of this area is still relatively poorly known.

Qixia - brachiopods

Ficure 8. Taxon/area matrix and cladogram of Qixian brachiopods: data from many sources. Symbols as in
figure 2. Genera are as follows: 1, Dielasma; 2, Spiriferellina; 3, Streptorhynchus; 4, Linoproductus ; 5, Squamularia;
6, Waagenoconcha; 7, Punctospirifer; 8, Dictyoclostus; 9, Marginifera; 10, Cancrinella; 11, Athyris; 12, Martinia; 13,
Neospirifer ; 14, Stenoschisma; 15, Costiferina; 16, Stepanoviella; 17, Cleiothyridina ; 18, Caliomarginata; 19, Anadanthus;
20, Neoplicatifera; 21, Uncinunella; 22, Haydenella.

(iv) Interpretation

The marine fauna of the Qixian provides some good evidence from coral and brachiopod
data in support of a faunal tie between the Lhasa and Himalayan Terranes. This, however, is
unsupported by the distribution of fusulinids. This suggests that the Lhasa Terrane occupied
a somewhat intermediate position between the Himalayas and the Qiangtang—Kunlun—Qilian
regions, and the faunal distribution pattern is probably best explained as a product of lati-
tudinal gradient, or facies change.

(d) Maokouan

(1) Correlation

The larger benthic foraminiferans provide the key to correlation from the Lhasa Terrane
northwards ( Verbeekina assemblage), but once again correlation into the Himalayan Terrane is
somewhat tentative and based on brachiopods.
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(ii) Fusulinids (figure 9)

As in the Qixian, fusulinids occur from the Lhasa Terrane northwards, though they are mog;
abundant and diverse in the Qiangtang—Kunlun terranes. There is a hint that the fauna from
the Qiangtang and Kunlun Terranes is more closely comparable than either is to the Qilian
Terrane at this time.

(iii) Corals (figure 10)

Compound rugose corals (e.g. Wentzellites, Lonsdaleastraea) and larger solitary rugose corals

with complex dissepimentation (e.g. [ranophyllum), generally considered to be part of the

Tethyan equatorial reefoidal fauna, are widely distributed at this time. They are present to the
north of the Banggong Suture, but are also now known from the Lhasa Terrane, where a diverse

Maokou - fusulinids

H L Qa K Qi

F1GURE 9. Taxon/area matrix and cladogram of Maokouan fusulinids: data from many sources. Symbols as in figure
2. Genera arc as follows: 1, Verbeekina; 2, Neoschwagerina; 3, Rugososchwagerina; 4, Chusenella; 5, Yangchienia;
6, Nankinella; 7, Sumatrina; 8, Yabeina; 9, Schubertella; 10, Parafusuling; 11, Pseudofusuling; 12, Ozawainella;
13, Khalerina; 14, Monodiexodina; 15, Polydiexodina; 16, Schwagerina; 17, Afghanella.

Maokou - corals
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Ficure 10. Taxon/area matrix and cladogram of Mackouan coral gencra: data from many sources. Symbols as
in figure 2. Genera are as follows: 1, Wannerophyllum; 2, Amplexocarina; 3, Trachylasma; 4, Tomasiphyllum;
0, Wentzelella; 6, Waagenophyllum ; 7, Iranophyllum; 8, Syringopera; 9, Ipciphylium; 10, Duplophylium.
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reefoidal community has been described by Lin (1983, 1984). This fauna is accompanied by
other corals and stromatoporoids. In the Himalayan Terrane only small solitary rugose corals
without dissepimentation are known (e.g. Trachylasma, Lytvolasma), some of which are also
found in the more diverse faunas to the north. The affinities of the Lhasa Terrane at this period
lie clearly with the Qiangtang Terrane and the South China Block.

(iv) Brachiopods (figure 11)

The brachiopod fauna is relatively large and the analysis shows a rather complex mosaic of
overlapping ranges. However, the predominant clustering suggests that the strongest faunal
affinity lies between the Lhasa, Qiangtang and Kunlun Terranes. This region has several
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FiGure 11. Taxon/arca matrix and cladogram of Maokouan brachiopod genera: data from many sources. Symbols
as in figure 2. Genera are as follows: 1, Chonetes; 2, Phricodothyris; 3, Waagenoconcha ; 4, Stenoschisma; 5, Neospirifer;
6, Anidanthus; 7, Spiriferella; 8, Chonetella; 9, Haydenella; 10, Dielasma; 11, Marginifera; 12, Martinia; 13,
Orthotetina; 14, Linoproductus; 15, Streptorhynchus; 16, Spiriferellina; 17, Leptodus; 18, Composita; 19, Spirigerella; 20,
Chonetinella; 21, Terebratuloidea; 22, Nolothyris; 23, Hustedia; 24, Cancrinella; 25, Spinomarginifera; 26, Waagenites,
27, Derbyia; 28, Araxathyris; 29, Neoplicatifera; 30, Dictyoclostus; 31, Squamularia; 32, Enteletes; 33, Costiferina;
34, Calliomarginata; 35, Oldhamia; 36, Compressoproductus; 37, Neowellerella; 38, Uncinunellina; 39, Gefonia; 40,
Tyloplecta; 41, Alexania; 42, ‘ Echinoconchus’; 43, Urushtenia; 44, Punciospirifer; 45, Buxtonia; 46, Megaderbyia,
47, Compressoproductus.
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genera in common (e.g. Spinomargintfera, Neoplicatifera, Araxathyris). There are also some genera
restricted to the Qiangtang-Kunlun—Qilian region. Diversity is lower both in the Qilian and
the Himalayan Terranes. Apart from Cleiothyridina, there is no evidence for taxa shared uniquely
between the Lhasa and Himalayan terranes.

(v) Interpretation

There is little doubt that the faunal affinities of the Lhasa Terrane now lie strongly with the
region north of the Banggong Suture, and with the South China Block, where a similar coral
and fusulinid fauna is recorded. The brachiopod data also support this, although the distri-
bution of taxa is much less internally congruent.

(e) Permian flora
(1) Floral distributions (figure 12)

The Permian flora has been much used in biogeographical analysis, but suffers from the same
sorts of problems as are encountered in the marine faunas. The material from the Tibetan
Plateau, though sometimes well preserved in detailed structure, is generally rather scrappy,
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Figure 12. Taxon/area matrix and cladogram of carly Upper Permian plant genera: sce table | for sources of data.
Symbols as in figure 2. Genera are as follows: 1, Pecopteris s.1.; 2, Chladophlebis; 3, Sphenophyllum ; 4, Lobatannularia;
5, Phyllotheca; 6. Noeggerathiopsis; 7, Glossopleris ; 8, GGangamapteris; 9, Lobitannularia sinensis; 10, Lepidodendron; 11.
Gugantopteris; 12, Gigantonoclea; 13, Rajahia.

making determination difficult. There is also the general problem of correlating non-marine
beds. ‘T'hus there has been a tendency to talk about the Permian flora as a whole without
ensuring that more or less contemporary floras are being compared. Floral lists for the principal
localities are listed in table 1. From this it is seen that the Gondwanan flora of the Himalayas
is Qixian in age, whereas the Cathaysian floras of Qiangtang and Qilian are Longtanian
or later in age. However, there is a reasonable flora reported from the Mamal Formation
(= Kazanian; carly Upper Permian) of Kashmir that can be compared (Singh et al. 1982).

The results of the analysis are presented in figure 12. This suggests that the Qiangtang flora
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TABLE 1. PERMIAN FLORA (GENERA) OF THE QINGHAI-XIZANG PLATEAU
AND ADJACENT REGIONS

(Regions and source for data are as follows: 1, South China Block (a = Longtanian: b = Changxinian); Li, Yao
& Deng 1982. 2, Qilian Mountains (Longtanian); Liu 1984. 3, Qiangtang Terrane (a = Maokouan, b =
Changxinian); He & Zhang 1984, Li, Yao & Deng 1982, this expedition. 4, Lhasa Terrane (stage uncertain); Li
et al. 1985. Southern Tibet, S of Zangbo suture (Qixian); Li 1983 ; 6 Kashmir (a = Qixian, b = Maokouan); Singh
et al. 1982.)

Regions
1 2 3 4 5 6
b . . a b

[

Lepidodendron x
Sphenophyllum
Annularia
Paracalamiles
Lobatannularia
Schizoneura
Rajahia

‘ Pecopteris’
Chladophlebis
Fascipteris
Compsopteris
Gigantopteris x
Gigantonoclea
Sphenapteris
Taeniopterts X
Rhizamopteris .
Rhipidopsts x x
Selaginellites

Alethopteris . .
? Neuropteridium . - x
?Pterophylum

Calamites .o X
Cordaites . x . . . .
Glossopterts .. . .o . X X X
Gangamapteris .. . .o . . X X
Stellotheca .o . . X
Noeggerathiopsis

?Plagiozamites

Cardiocarpus

Carpolithus

Phyllotheca . . .
Odontopteris .o . X

x
x
x -
x

X X+ X X X X -
X X X X - X X X X X X o
x x
X X X X X X X X X X X X X X
X X X X X X X v X+ X
2

x
X X -
x

X X X X -

X X X X X

at this time shared a number of elements in common with the Qilian Terrane and the South
China Block. Thus we find Rajahia, Compsopteris, Gigantopteris and Gigantonoclea in Qiangtang, all
of which are considered to be elements of the south Cathaysian flora (see He & Zhang 1984).
The sparse flora reported from Qilian has taxa that are either widespread or suggest Cathaysian
affinities.

In the Himalayas there is a reduced diversity flora with Gangamopteris and Glossopteris as
endemic elements of a Gondwanan flora. Some taxa are common to both areas (Pecopteris s.1.,
Sphenopteris, Sphenophyllum) and are cosmopolitan in distribution. Lobatannularia is generally
considered to be a Cathaysian genus, but Singh et al. (1982) has reported this genus from
Kashmir, and Li et al. (1985) have suggested that Stellotheca from the Himalayan region of
Tibet is also synonymous with Lobatannularia. Lobatannularia does not extend southwards into
more typical Gondwanan floras of India.
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The reported flora from the Lhasa Terrane (Li et al. 1985) is very poorly preserved and
determinations are tentative. It includes none of the characteristic elements of either the
Gondwanan or Cathaysian floras and is therefore difficult to place. Li et al. (1985) interpreteq
some elements of the flora as Noeggerathiopsis and Phyllotheca, which are elements of the Indian
Gondwanan flora. They also claimed that there were Cathaysian elements in the flora, namely
Pecopteris spp., but this form genus is best considered as more cosmopolitan in distribution. The
remainder of the flora is inconclusive as to its affinities.

(ii) Interpretation

The floral distribution supports the hypothesis that the Qiangtang Terrane and areas to the
north were in close biotic contact at this time with the South China Block. Clearly some genera
are more restricted in their range (e.g. Gigantopteris) while others have a broader range (e.g.
Lobatannularia) and are less geographically restricted. This flora is considered by palaeobotanists
to be characteristic of humid tropical to subtropical regions. The Himalayan Terrane flora on
the other hand is characteristic of the more southern temperate regions. The flora from the
Lhasa Terrane may have closer affinities with the Gondwanan flora, but the evidence for this
is at present exceedingly tenuous and cannot be relied upon. The clear dichotomy in terrestrial
flora between India to the south and the Qiangtang Terrane to South China Block region to
the north may well have been maintained by the broad shelf sea that existed across the Lhasa
Terrane at this time.

(f) Upper Anisian ammonoids

Ammonoids form the basis for subdividing the Triassic in the Tibetan Plateau and there is
no real problem in correlating across this region. The Lhasa Terrane has only an Upper Anisian
fauna, and so the analysis is restricted to this time period. No marine fauna of this age is known
from the Qilian region and the Kunlun fauna comes from the Bayan Kala Group (see He &
Yin 1983). The analysis (figure 13) shows clear evidence for the Lhasa Terrane sharing closer
faunal relations with the Qiangtang and Kunlun Terranes rather than with the Himalayan
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Figure 13. Taxon/area matrix and cladogram of Upper Anisian (Middle Triassic) ammonoids: data from many
sources. Symbols as in figure 2. Genera arc as follows: 1, Gymnites; 2, Hollandites; 3, Leiophyllites; 4, Japoniles;
5, Buddhaites; 6, Anagymnites; 1, Ussurites; 8, Anacrocordiceras; 9, Paraceratites; 10, Reiflingites; 11, Balatonites; 12,
Acrochordiceras; 13, Aristoptychites; 14, Paracrochordites; 15, Procladiscites; 16, Cuccoceras.
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Terrane. Xia & Liao (1986) have previously suggested that the Qiangtang ammonoids are
European in appearance, and a similar conclusion has been drawn from coral data (Xia &
Liao 1986). The ammonoid fauna from Lhasa also shows a preponderance of European
(Tethyan) genera and species, with more similarity to the faunas of the Alps than to those of
the Himalayan region (Gu, He & Wang 1980).

6. DISCUSSION AND INTERPRETATION

The analyses presented above, covering the period from early Carboniferous to Middle
Triassic, provide a rigorous assessment of the available taxonomic data on the biotic rela-
tionships of the Tibetan terranes. The changes in area relationships through time are sum-
marized in figure 14, and what now remains to be done is a synthesis of this data to provide
an overall picture.

Visean

Early Permian

Mid Permian

Marine Non-marine

H L Qa K Qi H L Qa Qi
W \"\>/

Mid Triassic

Ficure 14. Summary diagram of area cladograms showing the changing relationships of sample locality areas
through time. Note the change in position of the Lhasa Terrane in the early Permian. Symbols as in figure 2.
For further discussion see text.

Firstly, what undoubtedly stands out is the cohesiveness of the Qiangtang—Kunlun—Qilian
region throughout the late Palaeozoic. In the later part of the Permian, the Kunlun-Qilian
biotic connection appears to become less strong, but this is just as likely to be due to sampling
problems as to any genuine biogeographical divergence between these regions. The overall
similarity of the biota is demonstrated by marine coral, brachiopod and fusulinid data, and by
non-marine plant data. Furthermore, the fauna and flora of this large region also have close
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connections with that found in the South China Block, as demonstrated by the shared endemjc
genera of corals.

What is also clear is that for most of the late Palaeozoic there was a diversity gradient in the
marine fauna from north to south, with taxa becoming progressively lost southwards. In the
Permian there is an unambiguous dichotomy in the flora between the temperate flora of
the Himalayas and the more humid equatorial flora of Qiangtang and Qilian, but the position
of the Lhasa Terrane remains unclear.

Less clear is the question of whether there was a significant faunal break coincidental with
one of the sutures that might indicate the presence of an oceanic barrier. Different workers have
at different times argued that one or other of the suture zones represent the remains of a large
Prototethyan ocean. For example, initially the Zangbo Suture zone was considered to mark the
northern margin of Gondwanaland, but Chinese work to the north of this suture in the 1970s
has tended to disprove this theory. Currently, argument seems to centre around whether the
Banggong Suture or the Jinsha Suture marks the Palaeotethys Ocean (viz. Yang & Fan 1983;
Wang 1984).

A major oceanic break could only be positioned at either the Zangbo Suture or the Banggong
Suture if we accept the Qiangtang—Kunlun-Qilian region as a cohesive biotic region. Previous
claims as to the position of this disjunction have been based almost entirely on comparisons of
faunas from different facies (shallow water carbonate facies with deeper water clastic facies).
Thus although facies differences are potentially significant, the apparent differences in marine
faunas could just as easily be attributed to, for example, changes in depth across a broad
continental shelf. The absence of any evidence for two centres of endemism in marine faunas
across the Tibetan Plateau, except possibly in the early part of the Permian (Asselian to
Qixian), does not support the idea that there was a significant oceanic barrier to biotic exchange
in the late Palaeozoic. The supposedly characteristic Gondwanan marine fauna of the southern
terranes is simply a reduced diversity fauna in a clastic facies.

The problem is most acutely demonstrated by the apparent switch in faunal affinities of the
Lhasa Terrane during the late Palaezoic. In the earliest Permian, the marine fauna of Lhasa
shows strongest ties with the Himalayan Terrane. By the Qixian there is evidence of mixed
faunal affinities and by the Maokouan the fauna of the Lhasa Terrane shows unambiguous
links with the Qiangtang Terrane and the South China Block. This well established fact (see
for example Lin 1984 ; Dickins 19854) has posed a significant problem to those searching for
a place in Tibet to insert a major ocean during the late Palaeozoic, since the boundary appears
to migrate with time: from the Banggong Suture in the early Permian, to the Zangbo Suture
by the late Permian.

However, the change in marine faunas and their affinities is also correlated with a change
in lithofacies. Where offshore clastic facies like those of the Himalayan region prevail, the fauna
resembles that of the Himalayan region, but with the onset of carbonate ramp toe conditions
a mixed fauna is found. The establishment of shallow water carbonate shelf facies in the Lhasa
Terrane, similar to contemporary facies in the Qiangtang Terrane, results in similar faunas
being present in these two areas. A double oscillation in affinities is also demonstrated within
a single section in the Ali district of the southern Karakoram Mountains (Liang et al. 1983)
where it again appears to be facies-related.

What then are the possible explanations to account for the distribution of faunas in the late
Palaeozoic, and for the change in affinities of the biota of the Lhasa Terrane in particular? We
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think that there are three possibilities worth considering; plate migration, sea level changes,

and shifts in climatic belts. ) o
(1) Plate migration

Under this model the Lhasa Terrane is initially part of the marginal shelf platform of the
Gondwanan complex during the early Permian, and then migrates northwards during the
Qixian stage to become part of the Qiangtang-Kunlun complex by the Maokouan.

This model can be rejected on several grounds. There is no independent evidence to suggest
that subduction and collision took place between the Lhasa and Qiangtang Terranes during
the Permian; all available evidence suggests that the Banggong Suture was a Jurassic creation.
Furthermore, it is more or less impossible to explain why the Qiangtang Terrane should have
both kinds of facies/faunas under this model (mixtites and Himalayan fauna to the west around
Rutog and Ali, shelf carbonates with a diverse ‘warm water’ fauna in central and eastern
Xizang). Even if we assume that the western portion of the Qiangtang Terrane is in reality part
of the Lhasa Terrane and that the Banggong Suture has been wrongly traced eastwards in
Xizang, there is still the problem of the double oscillation of faunal affinities noted in Ali.

(i1) Sea level changes

Under this model a southward-prograding shore face would bring a carbonate platform
across the continental shelf producing a migration of depth-related facies southwards. Only
when suitable shallow water conditions were established were diverse coral/brachiopod/
stromatoporoid communities able to flourish.

Although there may be some evidence that marine conditions were progressively lost through
the Carboniferous and Permian in the northern part of the Tibetan Plateau, and that shelf
carbonate platforms were initiated in the Lhasa region in the Permian (see Leeder et al., this
volume), this model cannot explain all the features. Clearly the fauna is to some extent depth-
related, but there is evidence of tidally-influenced clastic sediments at Chisan Ka (see Leeder
et al., this volume) which show that itis not a simple dichotomy between deep water and shallow
water communities, and thus the model is rejected.

(1i1) Shift in climatic belts

Under this model the faunas would be controlled to a large extent by latitudinal variation
in climate (which would also control the development of carbonate shelf facies). During the
end-Carboniferous glaciation the climatic gradient would be at a maximum and the equatorial
belt of high diversity faunas would be relatively restricted, but with amelioration of conditions
the gradient would decrease and the equatorial high diversity belt expand southwards. Dickins
(1977, 1978, 1984, 19854, b, ¢) has provided a very strong case in favour of significant climatic
changes taking place during the late Carboniferous and Permian.

This is to some extent supported by the observation that the maximum evidence for
regionalization of the marine fauna coincides with the period of glaciation and that immediately
following. It could also account for variation within a single plate, for example, by assuming
that the Qiangtang region is orientated at a high angle to the climatic belts during the Permian
(Wang 1984) or by invoking an appropriate pattern of oceanic circulation. [A more simple
explanation, however, would be that the mixed fauna in the Qiangtang Terrane during the
Permian reflects bathymetric differences across the region.] It would also explain the diversity
gradient so obviously picked up in the biogeographical analysis outlined above.
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This last explanation, probably in conjunction with sea level changes, is our favoured mode].
Note then that this carries with it certain implications about late Palaeozoic palaeogeography.

(i) The various terranes from Qilian to northern India extended from an equatoria] or
subequatorial position in the north to a temperate position in the south during the late
Palaczoic. This is based on diversity gradients of the total fauna, coral distribution and flora]
distribution, but also receives independent confirmation from the limited palaeogcomagne[ic
data available (see Lin & Watts, this volume, who place the Kunlun Shan at approximately
20° south of the palaeoequator) and from the occurrence of late Carboniferous/early Permian
glacio-marine facies in the southern block (see Leeder et al., this volume).

(ii) The boundary between these two climatic regions fluctuated through time across the
Qiangtang and Lhasa Terranes according to global conditions. There can be little doubt that
significant changes in climate were taking place in the late Palaeozoic (see Dickins 1984,
19854, b, ¢) which affected the distribution of the biota.

(iii) Because the biotas from equatorial and temperate zones appear to cross terrane
boundaries (suture zones) without impediment as global climatic conditions changed, no
single suture zone can be recognized as the location of a ‘Palaeotethyan’ ocean on faunal (or
facies) evidence.

(iv) The overlapping nature of faunal and lithological ranges through time (e.g. the ex-
tension of a compound rugose coral fauna into the Lhasa Terrane in the Maokouan; the
extension of mixtite facies into the Qiangtang Terrane in the Asselian) suggests that there was
no consistent physical barrier other than climate across this region. Specifically, we see no
evidence for significant oceanic barriers within this region during the late Palaeozoic. The
continuity of both faunas and lithofacies across suture zones at different times is more in keeping
with the idea of a continuous epicontinental shelf. The alternative of having a series of island
terranes is possible, but less appealing because of the absence of firm evidence of continental
rise or deep ocean sediments of this age on any of the terranes. Whatever break there was
between island terranes under this model was not significant enough to affect the fauna and
left no record in the sedimentary succession.

Wang (1984) has previously suggested that the regions to the south of the Jinsha Suture all
formed one large continuous plate with India (the Qingzangindia Plate), and recently Dickins
(19854) and Dickins & Shah (1981) have also hinted that the Tibetan Plateau was all one
region continuous with India in the late Palaeozoic. Our evidence not only supports this view,
but also raises doubts about supposing that any major oceanic barrier existed between the
Qilian/South China Block and India in the late Palaeozoic. This view was also put forward
by Crawford (1974) who argued that the entire Tibetan Plateau was contiguous with India
and Gondwanaland and that the boundary lay to the north along the Tien Shan.

7. SUMMARY

1. The late Palacozoic biota ranged from equatorial or sub-equatorial in the north to
temperate (southern) in the south.

2. Climatic fluctuation on a global scale controlled the distribution of the biota of this region
during the late Palaeozoic and no suture zone can be identified as a consistent boundary
between ‘Gondwanan’ (i.e. temperate southern) and ‘Cathaysian’ (i.e. equatorial) biotas.

3. Itis therefore suggested that either the whole region formed one continuous shelf region
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at this time, or that, under an island terrane model, the terranes formed ‘island’ platforms
spread out across the region more or less uniformly. There is no evidence for any consistent
dichotomy at one particular suture zone, nor for any one suture zone marking a significant
barrier to faunal dispersal.

4. There is no evidence for any Upper Palaeozoic continental rise or oceanic sediments on
the Tibetan plateau. The earliest evidence is of early Triassic turbidites and late Triassic
radiolarian cherts. This is contrary to the expectations of an island terrane model.

5. The breakup of this region may date from the Permian.
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APPENDIX 1. PALAEONTOLOGICAL DATA

The following determinations represent the combined work of a large number of experts, not only in the British Muscum (Natural
History) and Nanjing Institute of Palacontology, but also in Universities and Rescarch Establishments of Britwain, Furope and
the United States of America. These experts and their addresses are listed beneath. The initials of each expert are given wherever
appropriate to indicate the source of the determination and any comments that may accompany it.

The localities are not listed in stratigraphical order, rather for each prefix letter they are in order of collection during the
expedition, starting with localities in the south and c¢nding with those in the north. The alphabetical prefixes identify the various
working groups of the expedition. Figure 15 shows the approximate position for all localities for which we have collected
palacontological data. The map names and grid references refer 1o the 1: 100000 scale geographical maps used as ficld maps
during the expedition. A set of these is lodged in the British Muscum (Natural History). No field maps were available for the
Baingoin region and reference should be made to our field maps (Kidd e al., this volume: microfiche 2 in pocket) for precise
locations of fossil samples.

Each locality number generally refers to a section that was logged. In many cases simplified stratigraphical logs of these sections
are presented in Leeder ¢ al., this volume) where the precise horizons from which samples were collected are sometimes marked.
In other cases, where the section is small or unimportant, there is no accompanying sketch log (o consult. Where fossils were
found from more than one horizon in the section, individual sample numbers are also given, thus, for example, under locality
B50 there are a number of sample horizons, each one designated by its bed number in the field logs (e.g. B50.118).

For cach entry there is a briel statement about geographical locality, age, and, where appropriate, palacocnvironment. Many
determinations, such as those of Foraminifera, are at a provisional (generic) level pending further work. In other cases (notably
amongst the corals) the work of identifying the material has only just commenced and only the occurrence of such material is
noted. Some age-diagnostic Permian and Cretaceous foraminifera are illustrated in plate 1.

A complete suite of macrolossils [rom this expedition is housed in the Nanjing Institute of Palaeontology, Academia Sinica,
Nanjing, China, together with micropalaeontological samples determined by Chinese workers. Where duplicate material was
collected a representative sample is also housed in the British Museum (Natural History), London, where there is also a complete
set of micropalacontological samples detcrmined by British scientists. A duplicate set of palynological samples is held by the
British Geological Survey, Keyworth, Nottinghamshire.

List of contributors

ABS Dr Andrew B. Smith, BM(NH).

BRR  Dr Brian R. Rosen, BM(NH).

CHCB Dr C. H. C. Brunton, BM(NH).

CP Dr Colin Patterson, BM(NH).

CPP Mr C. P. Palmer, BM(NH).

CRH Dr C. R. Hill, BM(NH).

CS Dr Colin Scrutton, Department of Geology, University of Newcastle upon Tyne, NE1 7RU, U.K.

EAP Proflessor E. A. Pessagno, Department of Geology, University of Texas at Dallas, Box 688, Richardson, Texas 75080,
U.S.A.

FZZ Dr Fang Zongzie, Nanjing Institute of Palaeontology.

GW Dr G. Warrington, British Geological Survey, Keyworth, Nottingham, U.K.

JBR Dr J. B. Riding, British Geological Survey, Keyworth, Nottingham, U.K.

Jjc Mr J. Collins, 63 Oakhurst Grove, London SE22 1AH, U.K.

JEPW Dr J. E. P. Whittaker, BM(NH).

JWN  Professor J. W. Neale, Department of Geology, The University, Hull, HU6 7RX, U.K.

LXX  Professor Li Xingxue, Nanjing Institute of Palaeontology.

MCB Dr M. C. Boulter, Palynology Research Unit, North East London Polytechnic, Romford Road, London E15 4LZ,
U.K.

MDS  Dr M. D. Simmons, BP Research Centre, Sunbury on Thames, Middlesex TW16 7LN, U.K.

MF Dr Monique Feist, Departement de Géologie, Université de Montpellier, Montpellier, France.

MKH Dr M. K. Howarth, BM(NH).

NJM  Dr N. J. Morris, BM(NH).

PDT  Dr P. D. Taylor, BM(NH).

PV Pamela Vaughan, Department of Geology, The Open University, Milton Keynes, MK7 6AA, UK.

PS Dr P. Skelton, Department of Geology, The Open University, Milton Keynes, MK7 6AA, U K.

RAF  Dr R. A. Fortey, BM(NH).

RHW  Dr R. H. Wagner, Jardin Botanico de Cordoba, Apartado de Correos 3048, Cordoba, Spain.

RJC Mr R. J. Cleevely, BM(NH).

RO Dr R. Owen, The National Museum of Wales, Cardiff.

RW Dr Rachel Wood, Institut fur Palaontologie (WE 3), Freie Universitat Berlin, F.R.G.

SDL Dr Sun Dongli, Nanjing Institute of Palaecontology.

SFM Mr S. F. Morris, BM(NH).

WCY  Dr Wang Chengyuan, Nanjing Institute of Palacontology.

WHR  Wu Haoruo, Institute of Geology, Academia Sinica, Beijing.

WSX  Wen Shixuan, Nanjing Institute of Palacontology.

Wz Wang Zhen, Nanjing Institute of Palacontology.
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Ficure 15. Strip map of the Geotraverse route showing the principal fossil localities listed in the Appendix.
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XJT Dr Xue Juntao, Nanjing Institute of Palaecontology.
YCH Dr Ye Chunhuei, Nanjing Institute of Palacontology.
YW Dr Yu Wen, Nanjing Institute of Palacontology.

ZLJ Dr Zhang Lujing, Nanjing Institute of Palacontology.
ZLX  Dr Zhang Linxin, Nanjing Institute of Palacontology.
ZZK  Dr Zhu Zhikang, Nanjing Institute of Palacontology.

Locality B1. Section at Urulung, north cast of Lhasa (Pangduo sheet, grid ref. 63,328E 33,624N). Near the top of the Pondo
Group: Early Permian (Asselian/Sakmarian). The fossils come from a thin calcarcous sandstone bed and represent an
allochthonous assemblage probably of storm deposit origins at or near wave base.

Brachiopoda (CHCB)

Moucrospiriferinella cl. undulosa Waterhouse
cf. Cancrinelloides monticulus Waterhouse
cl. Chonetes ambiensis Waagen

Locality B2. Section at Urulung, north cast of Lhasa (Pangduo sheet, grid ref. 66,324E 33,626N).

B2.11. Thin storm deposit bed of allochthonous bryozoan debris within the Urulung Formation: Qixian Stage, Lower Permian.
About 50 m below base of limestones.

Bryozoa (PDT)
Meekopora sp.
Goniocladia sp.
?Girtypora sp.
Streblotrypa sp.
Polypora sp.

‘ Fenestella’ sp.

Loose limestones derived from the Lobadoi Formation which here forms a steep clifl face: Neoschwagerina Zone, Maokoan,
Upper Permian. Taese are micritic limestones with a sparse derived fauna of corals and fusulinids, interpreted as carbonate ramp
facies.

Foraminifera
‘Contains the fusv ine Rugososchwagerina (see plate 1, figures 1, 6) and specimens of the smaller benthic foraminifer, Pachyphloia.
Species of the fornier have previously been recorded from Tibet by Wang ef al. (1981) from the Lobadoi Formation (Majula

Member) and the Ombo Formation. According to Kanmera ef al. (1976), Rugososchwagerina is restricted to the Neoschwagerina Zonc
of the Maokouan . itage’ (JEPW).

(ZLX)

Rugoseschwagerina x zangica (Wang, Sheng & Zhang)
Nankinella inflata (Colani)

Schwagerina sp.

Corals

Locality B3. Exposures near the roadside approximately 1 km south of the village of Qibulung, Lhasa Terrane (Pangduo
sheet, grid ref. 63,3’ 2E 33,306N). Limestone/shale turbidite sequence interpreted as shell-basin or shelf-margin facies. Qibulung
Formation, Chaqupu Group; ?Carnian, Upper Triassic.

Bivalves (NJM)
Halobia cl. charlyana Mojsisovics (probably Carnian but just possibly Lower Norian: common).

Locality B4. 600 m south of locality B3. Well bedded micritic limestones with shales. Allochthonous fauna includes
recrystallised branched ?stromatoporoid. crinoidal debris, micromorphic gastropods. [ragmentary picces of scleractinian coral
and bivalve. Interpreted as carbonate ramp facies. Mailonggang Formation: Carnian. Upper Triassic.

Crinoids (ABS)

*Isocrinus’ candelabrum Bather (columnals); a species [rom the Carnian of southern Europe.

Locality BS. 1 km south of locality B3. Limestonc/shale sequence with transported shelf fauna of corals and bivalves, probably
shell basinal facies. Mailonggang Formation; Carnian/Norian, Upper Triassic.

Bivalves and Corals

Locality B11. OQutcrops on the hillside approximately 500 m east of Chisan Ka hot springs, Lhasa Block: (Maqu sheet, grid
rel. 62,882E 33,255N). See Leeder ef al. (this volume) figure 6 for logged section. Here Permian cross-bedded sands of shoreface
facies are overlain by thick-bedded sparsely [ossiliferous micritic limestones.

B11, bed 9: Tuffaceous quartz sand, slightly calcarcous within cross-bedded sand unit interpreted as distal shoreface sand.
?Urulung Formation, Lower Permian.

Brachiopods (CHCB).

Badly preserved productaccan; marginiferid

*Chaoiella latisinuata Jing & Sun

?Rectimarginifera sp.

Bryozoans (PDT)

Indet. fenestellids
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B11, bed 23: Basal bed of limestone sequence. Permo-Triassic.

Indeterminate crinoid stem fragments.

B11, bed 37: Thick bedded fossiliferous micritic limestone approximately 40 m above the base of the limestone sequence,

Foraminifera (JEPW) .
A dolomite with abundant macrofossil shell fragments [mostly rhynchenellids, but also some ostracodes and crinoid debris).

There are a few, poorly preserved foraminifera belonging either to Angulodiscus or Glomospira. Age, probably Triassic.’

Locality B12. Outcrop on hillslope 100 m cast of Chisan Ka hot springs, Lhasa Terranc (Maqu sheet, grid ref. 62,876
32,256N). Black micritic limestone overlying prominent disconformity; Chaqupu Group, Upper Anisian, lower Middle
Triassic.

Ammonoids (MKH)
Paraceralites elegans Mojsisovics

Brachiopods (SDL)

Nudirostralina substrinodosi (Yang & Xu)
Costirhynchopsis cf. sinensis (Yang & Xu)
Bivalves (NJM)

Indet. pteriomorph

Locality B16. Outcrops forming cliff to the south of Chisan monastery, Lhasa Terrane (Maqu sheet, grid rel. 62,850
33,236N). Plant-bearing sandstones in a fuviatile red bed sequence; Lingbuzong Formation, late Jurassic or carly
Cretaceous.

B16; near the base ol the succession.
Plants (CRH)

* Pitlophyllum cutchense Morris. There is no exact match in the regional literature, but very similar leaves also referred to this species
are known from the Jurassic of Kazakhstan. P. caucasicum Doludenko & Svanidze from the Upper Jurassic of Georgia, U.S.S.R,,
is very similar and has preserved cuticles, but the venation appears to be much more dense. The Japanese Upper Jurassic to
Lower Cretaceous specimens figured by Oishi (1940, pl. 32 figs 1-3) as P. pecten sensu lato also look very similar and have a
comparable vein density. The Indian type material described by Morris includes a broader range of leaf and pinna form than
this Tibetan collection but amongst them are some more or less identical leaves.

¢ P. cutchense is a broadly defined and probably rather artificial species, now used mainly as a catch-all for material with short
pinnae of which the cuticle is unknown. It is a suitable provisional determination for the Tibetan specimens until much larger
samples showing more detail become available. Age: Mesozoic. The most closely comparable material from elsewhere ranges from
Middle Jurassic through to Lower Cretaceous.

‘ Ptilophyllum sp. A, cl. P. cutchense Morris. Differs [rom the above species mainly in its smaller size. Broadly similar material from
the Gondwanan Mesozoic has been relerred directly to P. cutchense Morris. Material from the Jurassic of the Kazakhstan, also
refered to P. culchense, is more similar than the Gondwanan material but is larger. Age: Middle Jurassic to Lower
Cretaceous.

‘?Ptilophyllum sp. B: leaf fragment. The general appearance of the pinnac is of Pterophyllum but the pinna base (based solely on
one or two of the better preserved pinnac) appears rounded acroscopically and slightly decurrent basiscopically, as in Plilophyllum.
I know of no other species of Ptilophyllum which exactly resembles this leaf and none referred to Plerophyllum that resembles it
closely. Age; Permian to Middle(?) Cretaceous. The most similar material comes from the late Triassic and Lower
Cretaceous.

‘Indeterminate bennettitalean leaf fragments. Though often described as Ptilophyllum or Zamiophyllum, leafl fragments such as thesc
are not sufficiently well preserved to identify securely to genus or species.

‘ Pagiophyllum sp. A, cl. P. astrachanense Doludenko. Similar material has been identified in the Chinese literature as Sphenolepts sp.,
a characteristically Cretaceous genus, but there is an equal or greater resemblance to several other species worldwide that have
been given various generic names with little justification. Because of lack of epidermal detail and absence of attached or associated
cones the present material is placed in the form genus Pagiophyllum following Harris (1979). This species lies at or near the
boundary of Pagiophyllum with Geinitzia, but has a leaf shape closer to the former. The genus ranges from Triassic to Recent but
is most characteristic of Jurassic and Lower Cretaceous floras.

“Geinitzia sp. A. Branching coniferous shoots of which the epidermal details are unknown. Shoots of this form are typical of the
Mesozoic taxodiaceous genus Elatides. E. harrisii Zhou from the Lower Cretaceous of Liaoning differs in its longer and straighter
leaves. Similar material from East Asia has been named E. curvifolia (Dunker), but full comparison of the Tibetan material with
other species is precluded by the lack of epidermal detail. Age (of genus) Late Triassic to Lower Cretaceous.

‘Age of the flora. Duan et al. (1977) previously recorded from this locality the fern Weichselia reticulata, a highly characteristic
member of Lower Cretaccous floras worldwide, but extending back into the Middle Jurassic in some localities. The advanced
fern Onychiopsis, also recorded by them, is similarly characteristic of Lower Cretaceous floras, but the photographs of this material
(as published) are not entirely convincing. The present sample considerably augments botanical knowledge of the flora as a whole
but adds little to estimating its age. The sample could equally on palacobotanical grounds be ?Middle to Late Jurassic as well
as Lower Cretaccous. In gencral the flora is composed of cosmopolitan clements, although il Geinitzia sp. A does turn out to be
a species of Elatides, this genus has never previously been reported from Gondwana.’
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B16b; approximately 100 m above the base.

Plants (CRH)
*Indet. cycad or cycadophyte leal: it could be Nilssonia (in which the pinnules do not meet over the rachis) or one of a number
of bennettitalcan genera such as Plerophyllum or Zamiophyllum scen from the abaxial surface. The material is insufficient to
identify .

Locality B17. Outcrops along track running southeast of Damxung, immediately southeast of the summit of the pass, 3 km
southcast of Damxung, Lhasa Terrane (Damxung sheet, grid ref. 63,232E 33,772N). Cleaved mudrocks of offshore marine shelf
facies. Pondo Group, beds within mixtite sequence; ?late Carhoniferous - Asselian, Lower Permian.

Brachiopods (CHCB)

Punctospirifer of. tamugangensis Zhang
?Phricodothyris sp. cf. astaticus (Chao)
mucronate spiriferid — ?Alispirifer sp.

large productacean — ?Chaoiella cl. grundwaldty (Krotov)
?Linoproductid {ragments

?Spinatrypa khalfini Alekseeva

Rhipidomellid

Bryozoans (PDT)

Fenestella s.1.

?Polypora sp.

?* Thamniscus’

Indet. trepostome bryozoans

Indet. rhabdomesine cryptostome bryozoans
Bivalves (NJM)

Paleyoldia sp. (common)

Gastropods (RJC)

Peruvispira sp.

Indet. crinoid debris

Locality B18. As abovce, 20 m southeast from the summit: at top of mixtites.

Brachiopods (CHCB)

Schuchertella sp.

A chonetid with no cxternal ribbing — cl. Tornquistia tropicalis Grant
Mucronate spiriferid — ?Alispirifer sp.

Lochengia [ = Cyrtospirifer] sp. cl. L. lochengensis Grabau & Yoh
Davidsoniacean indet.

Bryozoans (PDT)

Fenestella sp. s.l.

?Reteporidra sp.

Indet. trepostome bryozoans

Bivalves (NJM)

Ptychopteria sp.

Indet. crinoid debris

Locality B19. As for locality B17, 50 m southeast of the summit. Beds within the mixtite unit.
Brachiopods (CHCB)
Large spirilerid — ? Alispirifer sp.
Indet. Davidsonacean
cl. Chaoiella grunwaldti (Krotov)
Conulariid (ZZK)
cl. Notoconularia tenuistriata (McCoy)
Bivalves (NJM)
Deltopecten sp.

Indet. crinoid debris

Locality B20. Outcrops along valley side approximately 6 km southeast of Damxung along a trackway (Damxung sheet, grid
ref. 63,260E 33,749N). Finely laminated mudrock with thin calcareous bands, interpreted as offshore clastic shelf facies. Pondo
Group, ?Upper Carboniferous.

Brachiopods (CHCB)
Chonetid sp. - ?anopliid
Martiniid indet.

cl. Crurithyris sp.
Gastropods (RJC)
Peruvispira sp.
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Locality B21. Outcrop forming small cliff on the northern side of the valley, 8.5 km southeast of Damxung, along the
trackway running from Damxung southeastwards (Damxung shect, grid ref. 63,275E 33,734N). Pondo Group, ?early Upper

Carboniferous.

Brachiopods (CHCB)

Sculptospirifer cl. acutiplicatis (Su)
?Martiniid

Crinoids (ABS)

Cyphostelechinus sp. (columnals)
Indet. crinoid and bryozoan debris

Locality B24. Outcrop forming a steep cliff to the south of Duoba village, Baingoin District, Lhasa Block. Limestones ang
calcareous shales of shallow marine facies. Langshan Formation; Aptian/Albian, Lower Cretaceous. [The sequence is aparently
inverted].

Foraminifera (JEPW & MDS) [From first massive limestone approximately 50 m above top of red beds].
*An Orbitolina Limestone which contains good large embryons with alveolae indicating the subgenus O. (Mesorbitoling). Other
foraminilera include Daxia. Age; Early Cretaceous, Albian.’ (see plate 1, figure 10).

Bivalves (NJM & PS) [B24, bed 99; approximately 25 m above start of limestones]
Praeradiolites sp.

Locality B25. Outcrops up the left bank of a north/south gulley in the north-facing Lang Shan scarp face, approximately
2 Km ESE of Duoba Village, Baingoin District, Lhasa Terrane. A thick sequence of shallow marine calcareous shales and
limestones of lagoonal facies, with rudist recfs. There is one clastic horizon in the sequence that is ?hypomarine. The sequence
is inverted, based on foraminiferan dating of the beds. Langshan Formation; Aptian/Albian, Lower Cretaceous. Individual beds
are as follows:

B2S, beds 15 & 17.

Foraminifera (JEPW & MDS)

‘An Orbitolina limestone. The embryons show alveolae, which according to Shroeder (1975) would place them within the
subgenus Orbitolina { Mesorbitolina). Other foraminifera include Pseudocyclammina and Cuneolina. Age; early Cretaceous, Middle to
Late Albian.’

B25, bed 30.

Foraminifera (JEPW & MDS)
* An Orbitolina limestone with 0. (Mesorbitolina). Other foraminifera include Trochospira and miliolids. Age; early Cretaceous, late
Albian.’

B2S5, bed 32.

Gastropods (NJM & YW)

Tylostoma sp. (common)

Bivalves (NJM)

' Concentrically ribbed infaunal bivalves, badly preserved; possibly small Astartidae. Also a fragment of ?Liopistha’

B2S, bed 33.

Foraminifera (JEPW & MDS)

“An Orbitolina limestone with O. (Mesorbitolina) and Palorbitolinoides. Age; carly Cretaccous, late Aptian to Albian.” (sce plate 1,
figure 7).

B25, bed 38.

Bivalves iINJM & PS)

Offneria sp. {top Lower Aptian]

* Praeradiolites’ hedini Douville. This species was first described [rom Aksai Chin in Western Tibet, associated with orbitolines. On
the basis of the general similarity of this species with P. fleuriani from the Cenomanian of Aquitaine, Douville suggested that this
species might be Cenomanian. In fact the two species are hardly similar at all and there is no reason to believe that Douville
was correct, Yang ef al. described further material attributed to Praeradiolites [rom the Ngari arca of western Tibet; it was here
associated with Requenidace and again orbiwlines. P. hedini was identified as occurring in Lower Albian to Cenomanian deposits,
but it would appear that the Cenomanian age was based on Douville's assertion, rather than on independent evidence. In the
arca around Gilgit and another locality in Western Alghanistan * Praeradiolites’ gilgitensis (a probable synonym ol “ P’ hedini)
occurs with Hortopleura lamberti, a species restricted o near the Aptian - Albian boundary. There scems little doubt that all this
material is of late Aptian to carly Albian age.

B25, bed 44.

Bivalves (NJM & PS)

* Praeradiolites™ hedini Douville
B25, bed 45.

Foraminilera « JEPW & MDS)

“An Orbitoling limestone. Good, very large embryons are preserved, sugeesting 0. (Mesorbitolina). Other foraminifera include
Ammobaculites and Palacodictyoconus. Age; carly Cretaceous, probably Albian.’
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Algae (MDS)
Neomeris budaense Johnson

B25, bed 54.

Foraminifera (JEPW & MDS)
* An Orbitolina limestone containing O. (Mesorbitolina) and Praeorbitoling and other foraminifera including Cuneolina and Daxia. Age;
early Cretaceous, Aptian or Albian.’ (See plate 1, figures 12.)

B2S, bed 66.

Foraminifera (JEPW & MDS)

* An Orbitolina limestone. Gopd embryons are available and these show a primitive condition of the genus 0. ( Mesorbitolina). Other
foraminifera include Cuneolina sp., Vercorsella and miliolids. Age; early Cretaccous, late Aptian.’ (Sec plate 1, figures B and
11.)

B2S5, bed 72.

Foraminifera (JEPW & MDS)
‘An Orbitolina limestone with Eopalorbitolina: an interesting find as this genus was thought 1o be endemic to western Europe. Age,
early Cretaceous, Late Barremian’. (Sec plate 1, figure 8.)

B2S, bed 77.

Foraminifera (JEPW & MDS)
*An Orbitolina limestone. The embryons are rather primitive and indicate Praeorbitolina. Age; early Cretaceous, early Aptian.’

B2S, bed 87.

Foraminifera (JEPW & MDS)
‘An Orbitolina limestone. Both matrix-lree and random thin sections show good embryons referable to a primitive species of
0. (Mesorbitolina). The foraminifer Cuneolina is also present. Age; early Cretaceous, Aptian.’

B2S, upper beds (loose).

Gastropods
Trocharia sp. (YW): indet. nerineid (PV)

Locality B28. Outcrops on the north side of Xiaqiong Lake, approximately 50 km northwest of Baingoin, Lhasa Terranc (see
Kidd et al., field maps on microfiche; also logged section, Leeder et al. figure 9). Massive dolomitised limestones scparated by
siltstone sequences. Three main reefoidal limestones form prominent sharp features and are of immediately subtidal marine shell
facies. The interbedded siltstone facies represents back-reef mud flats and beachrock environments. Xiaqiongco Formation; late
Jurassic (Upper Oxfordian/Kimmeridgian) to Lower Cretaceous (Valanginian).

First limestone

Foraminiferans (PDT)
Placopsilina — type encrusting species.

Sclerosponge (PDT)
Neuropora sp.

Chaetetid (BRR & RW) [from top bed]
Blastochaetetes angoulensis Fischer [Kimmeridgian species)

Scleractinian corals (BRR) [from top beds]

Pseudocoenia sp.

Fungiastraea arachnoides (Parkinson)

Stylosmilta cf. michelini Milne Edwards & Haime

Stylina bangoinensis Liao

Stylosmilia sp.

Myriophyllia cf. rastellina (Michelin): this coral differs from M. rastellina in being lamellar rather than massive.
‘This fauna mostly indicates a Late Oxfordian or Kimmeridgian age.’

Octocoral (BRR)

>Polytremacis sp.

Bryozoans (PDT)

Berenicea sp.

?Discosparsa sp.

Proboscina sp.

Gastropods (PV)

Phaneroptyxis sp. (common)
Eunerinea sp.

Adicoptyxis sp. cl. A. valdensis (Pictet & Campiche). This genus is typically Lower Cretaceous.
Bivalves (NJM)

Indet. oysters

Echinoids (ABS) [from top bed]
Trochotiara sp.
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Saleniid; either Salemia or Hyposalenia, but details of apical disc not seen and determination not possible. Age; Saleniids similar
to this range from Kimmeridgian to late Cretaceous.

Second limestone
Brachiopods (terebratulids), stromatoporoids and bivalves.

Beachrock between second and third limestones

Serpulid-encrusted surface.

Third limestone

Stromatoporoids

Bivalves (NJM)

Lophid oyster, genus indet.

Echinoids (ABS)

Pseudocidaris ?maresi (Cotteau). Large, club-shaped spines similar to these have been reported from the Neocomian of Algeria,
the Valanginian/Hauterivian of Portugal and the Bau Formation of Kutching, Borneo (Lower Cretaceous). They are also
probably synonymous with spines reported as ‘late Jurassic’ [rom Japan, under the name Firmacidaris neumayri Nisiyama.

Locality B29. Outcrop ol massive limestone 1 km to the southeast of locality B28. Xiaqiongco Formation, late Jurassic - early
Cretaceous. For locality see field map (Kidd et al., this volume: microfiche 2, in pocket). Shallow reefoidal limestone.

Chaetetids (BRR & RW)
Blastochaetetes angoulensis Fischer [Kimmeridgian species]

Coral (BRR)
Stylina bangoinensis Liao [late Jurassic species)

Locality B30. Siltstones above the main limestone sequence of locs B28 & B29, conformably underlying a fuviodeltaic
sequence 1.5 km east of locality B28 and 0.5 km north of locality B29, north side of Xiaqiong Lake, Baingoin district, Lhasa
Terrane (see field maps, Kidd et al., this volume: microfiche 2, in pocket) for a log of this section see Leeder et al., this volume,
fig. 11). Very shallow back reef marine lagoonal [acies, with strand-line deposits. Xiagiongco Formation; Lower Cretaceous,
Valanginian to Hauterivian.

Foraminifera (JEPW & MDS)
A fine sandstone containing a species of Pseudocyclammina. Age; Valanginian to ?Aptian. (See plate 1, figure 14.)

Serpulids (ABS)
Serpula sp. s.s.

Gastropods
Cryptaulax sp. (YW). ‘The overall shell shape and lack of internal folds are characteristic of Aphanoptyxis’. (PV)

Echinoids (ABS)

Numerous specimens, all badly crushed and distorted, of a heart-shaped atelostomate echinoid. The apical disc is not seen in
any specimen but appears to be compact rather than elongate, indicating it is a spatangoid, rather than a holasteroid. There
are no fascioles developed thus it belongs to the family Toxasteridae. The frontal ambulacrum is sunken and shows no evidence
of two forms of pore pairs (hence it is not Heteraster). The petals also are not sunken and the anterior pair are curved anteriorly.
This is almost certainly Toxaster sp., closest to the Neocomian T. cordiformis Breynius. The unsunken nature of the petals is a
primitive feature and suggests an earlier rather than later species within the range of this genus (Berriasian — Hauterivian).
Also plates and spines of a cidarid. The spines are very large (10 cm) and coarsely thorned, with a flattened shaft. These come
from the genus Rhabdocidaris and are indistinguishable from those of R. tuberosa (Gras) from the Valanginian of southern
Europe.

Locality B31. Scarp face exposures near base of hill approximately 5 km NNE of locality B28, on the north side of Xiagiong
Lake (see field map (Kidd et al., this volume : microfiche 2, in pocket for locality). Biosparite limestones with shell beds of oysters,
rudists and stromatoporoids, and with some terebratulids. Hanshan Formation [= Langshan Formation]; Albian, early
Cretaccous.

Foraminifera (JEPW & MDS)
Orbitolina sp. Age; Albian — Cenomanian.

Stromatoporoids and Brachiopods

Bivalves (MDS)
‘In thin section radiolitid rudist bivalve debris is seen. Age; must be Albian or younger.’

Locality B32. Cleaved mudrock with thin calcareous sandy horizons exposed on the end of a narrow spit extending from the
northern margin into Jang Lake (Jang Co shect, grid ref. 62,960E 34,984N). Continental slope turbidites with transported
shallow shelf fauna. Lake Area Flysch; probably late Jurassic.

Fragmentary scleractinian compound corals and stromatoporoids including Stylosmifia sp. (LWH)

Gastropods

‘There are at least three different genera present in this material. (1) Aptyxiella or Nerinella (long, thin tapering shells are
characteristic of both genera and the fold structure which would distinguish betwceen them is not scen). (2) > Trochalta. (3)
Eunerinea.” (PV)

‘Aptyxis sp.” (YW)
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Bivalves (NJM)

Camptonectes sp. (badly distorted)

Cirripedes (SFM)

“A single valve of a scalpellid cirripede in which the lateral margins and apex arc ill preserved. 11 can be identified as a tergum
from the apico-basal ridge which is wide, flat and increases in width towards the basal angle. This is characteristic (though not
exclusively so) of the genera Archaeolepas and Eolepas, both Upper Jurassic in age, and is much rarer at other times.’

Locality B33. As for locality B32; exposures along the north edge of Jang Lake {Jang Co sheet, grid rel. 62,956F
34,095N).
Algae (GE)
Indet. cyanophylte algac (common)

Gastropods
As at locality B32 (PV & YW)

Locality B39. Outcrop on the northwest side of a small valley 7 km southeast of Dongqiao village, Banggong Suture zone
(Donggqiao sheet, grid ref. 63,045E 35,384N). Silts and fine sands with thin bedded calcarcnitic limestones; ?distal fan turbidite
shelf facies. Latest Jurassic or Lower Cretaccous.

Trace fossils (ABS) [in silts)
Chondrites (abundant)

Laminaria

Rhizocorallium

Radiolaria (EAP) {calcarenite]
‘The single specimen appears to be a yet unnamed Jurassic/Cretaccous Spumellarian’
WHR records the following genera:
Paronaella

Pseudodictyomitra

Patulibrachium

Praeconocaryomma

Crucella

?Hemicryptocapsa

Archaeospongoprunum

Fauna from limestone blocks within a bedded olistostrome, composed predominantly of chert and basalt.
Stromatoporoids and Corals

Echinoids (ABS)

Large club-shaped spines identical to those found in the third limestone at locality B28, and referable w0 ?Pseudocidars maresi
(Cotteau).

Locality B41. Outcrop on the hillside southwest of Zige Tang Lake approximately 10 km northwest of Donggiao village,
Banggong Suture zone (Zige Tang Co map, grid ref. 62,916E 35,504N). Sequence overlying ophiolite;; for log sce Leeder et al.,
this volume, figure 9. Includes shore-lacies shallow marine limestones at top. Late Jurassic.

B41, bed 19. [plant bed]

Plants (CRH)

‘Gross form is poorly preserved but preservation of leal cuticles is good. Matenial includes Cyparissidium sp., a poorly preserved,
branching shoot fragment with needle-like leaves and poorly prescrved shoots which most probably belong o Brachyphyllum but
might possibly turn out to belong to Pagiophyllum or even Cyparissidium. These forms are most commonly found in Middle to
Upper Jurassic floras.’

B41, beds 26-28.

Sclerosponge (BRR)

Cladocoropsis sp.

Corals

Gastropods (NJM & R]JC)

Eunerinea sp.

Ampullella sp.

? Nerinea (Ptygmatis) sp.

Pseudomellanid genus indet.

Bivalves (NJM)

Arcomytilus sp.

‘The bivalves and gastropods suggest a Middle or Upper Jurassic age.’
Locality B42. Outcrop forming prominent conical hill, approximately 15 km northeast of Amdo, Banggong Suture Zone

(112th Station sheet, grid refl. 63,920E 35,888N). Oolitic limestones, shallow marine shell facies. Zhamunaqu Formation; Lower/
Middlc Jurassic.
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Basal oolitic/oncolitic limestone.

Brachiopods (CHCB)
Koninckinacean, ?Cadomella sp.

Higher massive oolitic limestones.

Gastropods (RJC)

Procerithium (Xystrella?) sp.

Bivalves (NJM) . o .

Pernopecten or Propeamussium sp. The distinguishing feature which is the ribbing on the inner shell surface of the latter is no
exposed.

Crinoids (ABS) _ .
Pentagonal isocrinid stem ossicles with smooth latera and simple petaloid crenulariae — ?Balanocrinus or Isocrinus.

Locality B45. Outcrop along the floor of a small valley immediately to the south ol the conical hill of loc. B42, approximately
15 km northeast of Amdo, Banggong Suture Zone (112th Station sheet, grid rel. 63,928E 35,868N). Black shale with thin bands
of calcareous nodules, interpreted as offshore shelf basinal facies. Zhamunaqu Formation; Middle Jurassic (Bajocian; sauzei Zone
in part).

Bivalves (NJM)

Ceratomya cf. bajociana d’Orbigny
Propeamussium sp.

Chlamys-like pectinacean

Astartidae sp. A: possibly Nicaniella sp.
Small Gryphaea-like oyster

?Geruvillella sp. ([ragment)

?Palaceonucula sp.

?Mesosacella sp.

?Isocyprina sp.

Corbulidae fragment resembling Corbulamima sp.

Ammonites (MKH)

Euhoploceras adicra (Waagen) ; Lower Bajocian, discites Zone or sauzei Zone.

Dorsetensia sp. indet. (2 small [ragments); Lower Bajocian sauzei Zone.

Phylloceras sp. indct.

Fontannesia cf. luculenta Buckman; Lower Bajocian, discites Zone. [the precise location of this specimen within the sequence is
uncertain. I it is much lower than the other specimens then it could be the Upper Toarcian Dumortieria].

Crustacean (JC)
Protocarcinus ?hebes Meyer: carapace

Locality B48. Outcrops along the east bank of a small stream, approximately 4 km southeast of the conical hill of loc. B42,
some 15 km northeast of Amdo, Banggong Suture Zone (§12th Station sheet, grid rel. 63,945E 35,852N). Cross-bedded sands
with shale and thin bioclastic limestones of shallow fluvio-marine facies. ?Zhamunaqu Formation; Upper Jurassic.

Lower beds in sequence

Sclerosponge (BRR)
Cladocoropsts sp.

Stromatoporoid

Top beds at bend in stream: at start of flysch sequence.

Gastropods (PV)
Aptyxiella or Nerinella; similar to locality B32/33

Locality B49. Material excavated in a marmot burrow from immediately above a submarinc lithified surface, outcropping on
the hillside 800 m north of the road, approximately 17 km ENE of Amdo, Qiangtang Terrane (112th Station shect, grid rel
63,875E 35,918N). Yanshiping Group; Bathonian/Callovian, Middle Jurassic.

Gastropods (NJM)
Internal mould of a small ?Naticacea

Bivalves (NJM,WSX & X]JT)
Lophid oyster, possibly Actinostreon sp.
Ceratomya concentrica (Sowerby)
Camplonectes yanshipingensis Wen
Modiolus tmbricatus (Sowerby)
Pteroperna sp.

Arcomytilus sp.

?Catinula sp.

Indcterminate heterodont bivalve
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Brachiopods (SDL)

Burmirhynchia sp. [Large numbers of specimens were collected attributable to the following nominal specics — B, asiatica Buckman,
B. cf. lobata Ching, Sun & Ye, B. parva Buckman, B. luchingensis Reed, B. quinquiplicata Ching, Sun & Ye, B. nyainrongensis Ching,
Sun & Ye, B. shanensis Buckman, ?B. namtuensis Buckman, B. lobate Ching, Sun & Yc.

Echinoids (ABS)
Holectypus depressus (Leske) (Bathonian/Callovian)

Locality B50. Cliff outcrop on the east bank of the river, approximately 18 km northeast of Amdo, Qiangtang Terrane (112th
Station sheet, grid ref. 63,895E 35,935N). Grey mudrock of shelf basinal facies; Sewa Formation, Kimmeridgian, Upper
Jurassic.

Dinoflagellates (Nanjing Institute scientists) [from near the base of the section)
Pareodinia ceratophora Deflandre

Meiourogonyaulax rioultii Sarjeant

Ctenidodinium mosaicum Dodekova

Mendicodinium ? reticulatum Morgenroth

Dapcodinium (Macodinium) semitabulatum (Morgenroth) Dorhofer & Davies
Yalkapodinium (Cyclomephelium) cl. areolatum (Cookson & Eisenack) Morgan
Paragonyaulacysta ? calloviensis Johnson & Hills

? Meiourogonyaulax valensit Sarjeant

Ambonosphaera cl. jurassica Gitmez & Sarjeant

Subtilisphaera sp.

Dichadogonyaulax sellwoodit Sarjeant

Bivalves (NJM, WSX & X]JT)

Pholadomya cf. hemicaredia Roemer

Entolium sp.

Arcticidae, genus indet.

Radulopecten sp.

Exogyriform oyster cf. ‘Gryphaea' hennigi Dietrich

Chlamys sp.

‘Exogyra’ cf. forteaui

Inoperna sp.

Actinostreon sp.

Brachiopods (SDL)

Indet. rhynchonellids

Ammonites (MKH)

‘Many large fragments of indeterminate perisphinctids, probably Upper Jurassic. The largest specimen and the Kodachromes
are probably Torguatisphinctes of Lower Middle Kimmeridgian age. The coarse ribbed and tuberculate ammonites are Katroliceras
sp. indet. from the Middle Kimmeridgian.’

Locality B51. Roadside cutting by Highway Station 114, approximately 22 km northeast of Amdo, Qiangtang Terrane
(112th Station sheet, grid ref. 63,907E 35,965N). Restricted marine sequence with black, lossililerous shales, cross-bedded sands and a
coalified plant bed. Yanshiping Formation; Middle Jurassic.

Bivalves (CPP)

Protocardia sp. cl. stricklandi (Morris & Lycett)
Tancredia? sp.

Corbulimima sp. cl. attenuata Lycett

Pleuromya sp.

Ceralomya sp. cl. concentrica Lycett

Thracia sp.

Locality B56. Exposures at the northeast end of the road cutting immediately 0 the northeast of Yanshiping village,
Qiangtang Terrane (Yanshiping sheet, grid refl. 64,176E 37,232N). Fine sands and silts with rippled and mudcracked horizons
indicative of very shallow lacustrine or hypomarine conditions. Lower part of the Yanshiping Group; Middle Jurassic (pre-
Bathonian).

Bivalves (WSX)

Psilunio spp. including P. ovalis Mu, P. chaot (Grabau), P. thatlandicus (Hayami), P. henanensts Gu and P. afl. guangyuanensts Mu.
[*The genus Psilunio as used in the Chinese literature is probably not the same as Psilunio Gabbe. Some smaller specimens within
this sample show the sculpturing of Protocardia. This suggests that the beds may contain a mixture of non-marine and marginal
marine forms. All are Middle Jurassic species.’” (NJM})

Locality B57. Outcrop in cast/west valley just south of kilometre post 1000, approximately 3 km to the east ol the road,
15 km south of Wenquan station, Qiangtang Terrane (Wenquan sheet, grid ref. 63,938E 36,825N1. Brackish to marine limestones
within a red bed (luviatile sequence (a lower and upper limestone sequence was studied). Yanshiping Group; Bathonian, Middle
Jurassic.

Upper marine limestone.

Bl‘uchi()pt)ds {SDL)

Holeathyris sp. [conforming to the morphotypes H. trigonalis Buckman, H. subovalis Buckman and H. acuminata Buckman]
Burmirhynchia sp. [conforming to the morphotypes B. praestans Reed, B. globulus Buckman and ?B. gufta Buckman]
Cererithyris sp.
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Gastropods (NJM)

Naticid gastropod

Bivalves (NJM) . o

Pracexogyra cf. hebredica (Forbes) [? = Ostrea davaiacencis burmanica Reed]. Probably Batholnla.n in age, though Tibetan and other
Far Eastern occurrences could have a different range to those in Europe, where the species is not known outside the Bathoniaq,
Marginal marine species.

Modiolus sp.

Camptonectes cf. auritus (Schlotheim)

Camptonectes sp. (smooth or exfoliate specimen)

?Sphaeriola sp.

Ceratomya sp.

Echinoids (ABS)

Badly prescrved regular euechinoid. Tall globular test with uniserial columns of ambulacral pores and one primary tubercle on
cach interambulacral plate. Ambulacra relatively narrow. Either an Acrosaleniidac or a Hemicidaridac.

Locality B58. A section logged through approximately 2 km of predominantly red bed facies exposed up the hill slope in
southwesterly directed valley approximately 3 km due west of the road near kilometre marker number 1004, 18 km south of
Wenquan army station, Qiangtang Terrane (Wenquan sheet, grid ref. 63,935E 36,800N to 63,905E 36,793N). Coastal plain
facies with marine incursions and some lacustrine horizons (for a log of this section see Leeder ef al., this volume, figure 9)
Yanshiping Group; Middle Jurassic ?Bathonian/Callovian — Upper Jurassic, Kimmeridgian.

Dinoflagellates [from ‘Lower Shales’] (Nanjing Institute scientists)
Pareodinia groenlandica Sarjeant

P. prolongata Sarjcant

P. ceratophora Deflandre

P. ceratophora var. pachyceras (Sarjeant) Lentin & Williams

Dapcodinium (Mancodinium) semitabulatum (Morgenroth) Dorholer & Davies
Mendicodintum reticulatum Morgenroth

Wanaea ? digitata Cookson & Eisenack

Polysphaeridium sp.

Clenidodinium afl. arnatum (Eisenack) Deflandre

Bivalves (NJM, WSX & X]JT)
B58, beds 37/38

Camptonectes yanshipingensis Wen
Protocardia sp.
?Praeexogyra cf. hebredica (Forbes)

BS58, beds 41 & 45

Corbula sp.

Protocardia sp. Here and in other beds Protocardia forms monospecific masses suggestive of low salinity environments. This form
has clear ribbing on the corcelet not known on other taxa with comparable morphology except a single undescribed arcticacean
from the Bajocian of Madagascar, and identification must remain slightly tentative until details ol hinge structure can be
determined.

B58, bed 59

Undulatula tanggulaensis Gu (an Upper Jurassic species in China).
Pseudocardinia or Neomiodontid

Protocardia sp.

BS58, bed 63

Dinoflagellates (JBR)

Systematophora areolata Klemant. A Late Oxfordian to Kimmeridgian species.

Palynomorphs (GW)

Abundant organic debris with some spores, but largely indeterminate. Material includes a questionable circumpolles group pollen
and Cyadopites.

BS8, bed 71

Ostracods (YCH)

Darwinula sarytirmenensis Shanapova

Bivalves (NJM, WSX & X]JT)
BS8, bed 103

Protocardia sp.

Unionid

B58, bed 106

Undulatula tanggulaensis Gu (an Upper Jurassic species in China).
U. perlonga Gu

2Pseudocardinia sp.
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BS8, bed 118
Bivalves (NJM)
Radulopecten sp.
Protocardia sp-
?Liostrea sp.

? Antiguicyprina sp.

BS8, bed 139

Bivalves (NJM)
Placunopsts sp-

Protocardia sp. (as before)
Radulopecten sp.
Anisocardia sp.

¢ Modiolus’ sp.

? Antiquicyprina sp.
Gastropods (NJM)
Naticacean — ? Ampullospira sp.
Trace (ossils (ABS)
Zoophycos

Locality B59. Outcrops at Kaixinling coal field, approximately 12 km southwest of Tuotuo station, Qiangtang Terrane
(Tuotuo River sheet, grid ref. 64,404E 37,806N). Succession of fluvio-marine clastics with drift coal beds, overlain by thick-
bedded micritic limestones; marginal marine to shallow marine shell facies. Kaixinling Group; Maukouan, early Upper
Permian.

From shales immediately underlying the drift coal beds.

Brachiopods (CHCB)

Orthotichia cf. waterhousei Grant

Davidsoniacean - cl. Perigeyerella tricosa Grant

new genus cl. Bilotina, superficially like Spinomarginifera in external form.

Bivalves (NJM & MD)
Leptodesma sp.

Aviculopecten sp.

?Guizhopecten sp.

?Etheripecten sp.

?Pernopecten sp.

?Pseudomonotis sp.
Aviculopectenid, genus indet.
Mytilus s.1.

Plants (LXX)

Compsopteris contracta Gu & Zhi var. punctinervis Li & Yao
Rajahia (Pecopterts) calceiformis Li & Yao

Pecopteris sp. cf. P.? tobaensis Li et al.

Pecopteris spp.

Gigantonoclea or Gigantopteris sp.

[RW also identified the following

Odontopleris sp.

Pecopteris orientalis Schenk)

Massive micritic limestone exposed above and immediately to the east of the coalfield.

Fusuline foraminifera (JEPW)
‘Contains a large [usuline with schwagerinid wall structure, probably a Parafusulina. The range of the genus according to
Kanmera et al. (1976) is Cancellina to Lepidolina Zone, Maokouan, Upper Permian.” (See plate 1, figure 2.)

(ZXL) recognized :

Parafusulina dainelis (Skinner & Wilde)
P. yaber Hanzawa

Nankinella sp. indct.

Staffella sp. indet.

Locality B60. Massive micritic limestone outcropping to the east of the road opposite the track leading to Kaixinling coal
field, approximately 11 km WSW of Tuotuo River station (Tuotuo River sheet, grid rel. 64,460E 37,775N). Carbonate ramp
facies. Maokouan, Upper Permian.

Fusuline foraminifera (JEPW)
‘A fusuline limestone containing the genera Verbeekina, Parafusulina and Nankinella. According to Kanmera ef al. (1976), Verbeekina
is restricted to the Maokouan Stage.’ (Scc plate 1, figures 3, 4.)

7 Vol. 327. A
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(ZXL) recognized the following:
Parafusulina gigantia (Deprat)

P. dainelii (Skinner & Wilde)

P. multiseptata (Schellwien)

Verbeekina verbeeki Geinitz
Neoschwagerina craticulifera (Schwager)
N. haydeni Dutkevich & Khabokov

N. sp. nov.

Yangchienia c(. haydeni Thompson

In addition an apparently older assemblage of fusulines, including
Schwagerina pseudocervicalis Sheng & Sun
Quasifusulina cf. longissima Moeller
Rugosofusulina cylindrica Sheng & Sun

Pseudofusulina sp.
were found in this vicinity. These were studied by ZXL and dated as Asselian/Sakmarian (early Permian).

Corals

Locality B64. Outcrop approximately 3 km west of the highway northwest of the abandoned ‘B5th Service Station’,
approximately 25 km WSW of Erdaogou Station, Qiangtang Terrane (Erdaogou sheet, grid refl. 64,710E 38,130N). Fluviajle
sequence with drift coal deposits and non-marine shales. Yanshiping Group (previously mapped as Permian); Middle
Jurassic.

Bivalves (NJM & FZZ)

Pseudocardinia sp. cl. P. jenissejensis (Lebegev)
¢ Tutuella® ? rotunda Ragozin

Astartid, indet.

Unionid — Unto sp. s.l.

Locality B66. Outcrop to the southeast of a small lake, approximately 6 km southeast of ‘85th Service Station’ (abandoned),
some 25 km south of Erdaogou Station, Qiangtang Terrane (Erdaogou sheet, grid ref. 64,795E 38,075N). Shale/siltstone
sequence with thin fossiliferous sandy packstone limestones interpreted as offshore (basinal) marine shelf facies. Wuli Group;
Lower Permian.

Brachiopods (CHCB)

Orbiculoidea sp.

Davidsoniacean — ?Streptorhynchus sulcatulum Grant

Chonetinella cf. convexa (Yang & Fang) or irregularis (Lee & Sun)
?Rugosochonetid

Productacean — cf. Bilotina acantha Waterhouse & Piyasin
Productacean cf. Avonia echidniformis Chao

Perigeyerella sp.

Gastropods (NJM & RJC)

? Naticopsts sp.

Belleriphontidae (two species, both indet.)

Echinoids (ABS)

Large club-shaped spine with a relatively long shaft. ?Undescribed genus: nothing comparable has been described from the
Palacozoic, except Nortonechinus, which has much shorter spines.

Locality B67. Outcrops forming a low ridge, approximately 50 km east of the Highway near Zhakongjian, about 30 km due
south of Erdaogou Station, Qiangtang Block (no map reference). Blue coloured biomicrites interpreted as carbonate platform
facies, approaching shallow subtidal towards the top where large oncolitic structures are found. All four fossil horizons are near
the top of the sequence. Batang Group; Norian, Upper Triassic.

From a limestone bed 25 m below the top.
Brachiopods (SDL)

Yidunella magna Ching, Sun & Ye
Aulacothyropsis sp.

Omolonella sp.

Amphiclina intermedia Bittner

From a limestone bed about 75 m below the top.

Brachiopods (SDL)

Yidunella pentagina Ching, Sun & Ye
Y. yunnanensis (Ching & Fang)
Amphiclina intermedia Bittern

From a bed 85 m below the top.

Brachiopods (SDL)
Yidunella yunnanensis (Ching & Fang)
Rimirhynchopsts sp.
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Amphiclina intermedia Bittner
Lobothyris sp.

Bivalves (NJM)
Oxytomidac indet.

From a bed 10 m above the volcanics at the base of the limestone sequence.

Brachiopods (SDL)
Terebratuloids indet.

Corals

From limestones in the upper half of the main limestone.

Conodonts (WCY)

Diplodondella sp.

Neogondolella hallstattensis

N. cl. steinbergensis

N. sp.

Epigondolella postera

E. abneplis

Lonchotdina sp.

Enatignathoidus zeigleri

Foraminifera (JEPW)

‘A fine grained bioclastic limestone with a few smaller benthic foraminifera which are difficult to determine with certainty.
Similar to forms identified by Salaj ef al. (1983) from the Norian of the West Carpathians and referred by them to the genera
Nodosarta, Agathammina/Ophthalmidium and Glomospirella. Age; probably late Triassic.’

ZLX also identified Plagioraphs and Ammodtscus.

Locality B69. Outcrops on the south flank of the hill to the north of the valley leading northwestwards from Erdaogou, some
2.5 km northwest of Erdaogou Station (Erdaogou sheet, grid ref. 64,830E 38,382N). Shallow pond limestones in red bed
sequence. Fenghuoshan Group; carly Eocene.

Charophytes (MF)

‘One species, belonging to the family Characeae, and genus Stephanochara (Lower Eocene to Recent). Species belonging to this
genus with this type of ornamentation have not been found in beds younger than the Middle Oligocene. With reference to the
numerous species described from the Palacogene of China, this most closely resembles * Naedleella' nanxiangensis Huang from the
Lower Eocene.’

WZ identified the following:

Rhabdochara ? sp.

Peckichara subsphaerica? Lin & Z. Wang

Harrisichara yunlongensis? Z. Wang, Lin & S. Wang

These indicate an early Palaeogene (Palacocene or Lower Eocenc) age.

Locality B74. Outcrop on the cast side of the highway at the northern end of the Fenghuoshan Range, approximately
28 km north of Erdaogou Station, Qiangtang Terrane (Fenghuoshan sheet, grid ref. 64,940E 38,522N). Thin limestones within
a clastic sequence, interpreted as shallow [reshwater pond deposits: Fenghuoshan Group, Palaeogenc (Palaeocene/early
Eocene)

Palynomorphs (ZL])

Triporopollenites? nactonodus Zhao, Sun & Wang

Polypodiaceaesporites sp.

Cyathidites sp.

Schizosporis sp.

Pediastrum sp.

(MCB) A single specimen of a well preserved bisaccate pollen (Pityosporites sylvestris type) and one specimen of a monolete spore
(Polypodiaceaesporites) were found. Black debris is oxidized to amorphous matter and degraded bundles (see Boulter & Riddick
1986) suggesting an organic-rich {reshwater deposit.

Charophyta (MF & WZ)

Gyrogoncae, gen. indet.

Ostracods (YCH)

Cypreid

Gastropods (YW)

Amnicola sp.

Bithynia sp.

Locality B77. Coal bed outcropping by a stream in the South Kunlun Shan, 9 km northeast of Kunlun Pass, Kunlun Terrane
(63rd Station sheet, grid ref. 65,095E 39,548N). Interpreted as a allochthonous coal within a fluviatile sequence with
volcanoclastic debris. Babaoshan Group; ?Triassic or Jurassic.

Plants (LXX & CRH)

Pecopteris s.|. or Sphenopteris. Onc badly preserved pinna of a fern, Permian or Triassic. The widely spaced pinnules suggest a
Mesozoic age.

7-2
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? Associated beds (XJT Collection)

Holothurian sclerites [indicative of a Triassic or younger age]
Theelia zawidzkae

Kuehnites spinigformius

Sponge sclerites

Locality B82. Finely laminated silts beneath a varve sequence, interpreted as lake beds. Pliocene/Pleistocene, Exposure

100 m to the west of the highway, 300 m north of the Kunlun Pass summit (63rd Station sheet, grid rel. 65,995E 39,495N)
Palynomorphs (MCB) .
About 20 pollen were recovered and are either bisaccates, similar to modern Prnus species, or triporate, of the Corylus - Myrica
type. Palynodebris is abundant and consists of cuticle and tracheids. This together with the evidence of a badly preserveq
Pediastrum colony, common in the Tertiary, shows that deposition was in a freshwater lake. With and without oxidation the plant
cells are a pale yellow and very well preserved. The very limited palynological evidence supports a Plio-Pleistocene age.

Gastropods (YW)
Limnaea sp.

Ostracods (JWN)
Cyprideaidae

Locality B88. Outcrop forming a small mound on the north side of the Xidatan valley, approximately 20 km southwest of
Kunlun bridge (along a trail leading southwards from beside the small works east of Naij Tal), central Kunlun Shan (Najj Tal
sheet, grid rel. 66,775E 39,648N). Fluviatile red beds with silts; age uncertain — ?Mesozoic.

Plants (CRH)
*Sphenopsid stems — linear leaf and pinna [ragments and cone scales which are indeterminate. Could be Permian, Triassic o

younger.’

Locality B91. Limestones from relatively high in the thick carbonate sequence forming the higher outcrops on West
Mountain, Wanbaogou valley, approximately 15 km westnorthwest of Naij Tal Station, North Kunlun Shan (Qingbanshisu
sheet, grid rel. 65,250E 39,850N). Shelfl carbonate facies. Hongshuichuan Formation; Upper Permian [originally considered 10
be Lower Triassic].

Brachiopods (CHCB)

‘There are six or seven species in the sample. Two species show well preserved laminar shell, characteristic of strophomenaceans.
One, with a wide hinge and strong ribs is the chonetid Waagenites, a characteristic Permian genus well-known from Timor, South
Himalayas, Thailand, etc. Especially well known [rom late Lower Permian through to Upper Permian. The other
strophomenacean might be a productid, such as a small marginiferid, not known above the Permian.

‘A smooth-shelled, elongate, anteriorly folded species with impunctate coarse fibres is also present. This has internal structures
suggestive of Stenoscismatacea and externally resembles Camarophorina, a Permian Timor/Malaysia genus extending up into the
Upper Permian. There is also a ribbed stenoscismatacean, possibly Stenoscisma itscll, a Carboniferous through to Late Permian
genus.

“There is a ribbed, rounded species which externally looks like Rhipidomella (Carbonilerous — Permian). The shell is poorly
preserved and it is not possible to see the expected fine endopunctae of this genus, but it does not resemble any Triassic genus
that I know.

‘There are a couple of small, rounded specimens which might be Crurithyris sp., a long-ranging genus that extends into the
Triassic.

‘Finally, there is an (?)impunctate shell with a ventral median septum, low profile ribbing and a ?well developed ventral umbo.
I think this is some sort of spire-bearer, but these [ew characters do not allow determination. In conclusion, the sample is Permian
in age and probably Late Permian rather than carly Permian.’

Locality B93. Large clifl face close to Shuinichang, just to the northeast of Naij Tal, on the north side of the river
approximately 24 km eastnortheast of Naij Tal Station, Kunlun Shan (Naij Tal sheet, grid ref. 66,695E 39,820N). Massive
micritic limestones of shelf facies. Shuinichang Formation (? = Shihuichang Formation); Upper Ordovician/Lower Silurian.

Stromatoporoids
Corals (CS)
?Pycenolithus sp. (Lower Silurian genus)

Gastropods

Locality B98. Outcrop to the north of a large valley, approximately 1 km west of the river and 2 km north of a workipg
quarry, 24 km ENE of Naij Tal Station, Kunlun Shan (Naij Tal sheet, grid ref. 66,655E 39,860N). Micritic limestone bed with
transported fossils of shelfl facies. Shihuichang Formation; Upper Ordovician.

Stromatoporoids (CS)

Labechia sp.

Clathrodictyon sp.

Corals (CS)

Agetolites sp. cl. A. raritabulatus Lin — A. aequabilis Lin & Chow group
Gastropods (NJM)

?Lophospira sp.
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?Lovonemetrida sp.
[specimens housed in Nanjing Institute of Palacontology from this limestone proved 1o be platyceratid gastropods - ABS &

XJT]
Locality B99. Limestone exotic block within a ?Triassic or younger sequence of wffs and conglomerates, identical to the
limestone exposed at locality B88. Outcrop on south face of small promontory ridge approximately 600 m west of the river and

3 km north of a working quarry some 24 km eastnortheast of Naij Tal (Naij Tal sheet, grid ref. 66,656E 39,868N). Derived from
the Shihuichang Formation limestone, Upper Ordovician.

Stromatoporoids (CS)
Labechia sp.
Clathrodictyon sp.

Corals (CS)
Agetolites sp.
Wormsipora sp.

The corals suggest an Upper Ordovician age.

Locality B100. Oolitic limestone on the north slope of a ridge, 150 m cast of the highway approximately 4 km duc north
of a working quarry and some 24 km cast of Naij Tal Station, north Kunlun Shan (Naij Tal map, gnd rel. 66,676F 39,876N ;.
Shallow marine shell; Halabayigou Formation; latec Cambrian - early Ordovician.

Trilobite (RAF)

‘A single cranidium which can be determined only as a Ieiostegiacean. [ do not believe it is an Annamitella because the internal
mould shows no sign of glabcller furrows. Elongate unfurrowed glabellae of this type arc more usual among late Cambran and
early Ordovician (Tremadoc) leiostegiaceans. 1 would go no further on the basis of this specimen.’

Locality B102. Limestone exposed on the west side of a gulley on a prominent ridge of hills approximately 9 km northeast
of a working quarry some 5.5 km cast ol a major loop in the highway across a dry gulley (Naij Tal shcet, grid rel. 86,742E
39,906N). ?Shihuichang Formation; Ordovician.

Conodonts (WCY)
Panderosus gracilis

Locality B108. Section up a north/south running dry gulley at Dagangou, north Kunlun Shan, approximately 10 km
east of the highway and approximately 12 km eastnortheast of a large working quarry (Dishanwuo shcet, grid rel. 66,760E
39,955N). Marine limestone units within a thick fluviatile sequence (For a log of this section sec Leeder ef al., this volume, figure
2). Dagangou and Diaosu Formations; late Visean to early Namurian.

First Limestone unit, beds in lowest 3 m.

Conodonts (WCY)
Neognathodus dilatus

Stromatoporoids and chaectetids

Corals (LWH)

Lithostrotion

Dibunophytlum

Clistophyllum

(BRR)

Actinocyathus floriformis crassiconus (McCoy)
Siphonodendron pauciradiale (McCoy)
Siphonodendron intermedium (Poty)

Bryozoans (PDT)

Fenestella sp. s.1.

?Septopora sp.

?Anisotrypid trepostome cystoporates

Brachiopods (CHCB)

‘Overtonia® transversus (Wang)

cl. Ovatia sp.

cl. Flexaria sp.

?Rugasochonetes kansuensis Chao

?Cletothyridina sp.

?Uncinella cl. minor Grabau

Rhiprdomella cf. plana Yang

“ Grgantoproductus™ cl. rectestrius (Grabau)

Echinoconchus fasciatus (Kutorga) or E. parafascifera Wang
* Antigquatonta’ cf. taiguanfuensis (Grabau)

Davidsoniacean cf. Pseudorthotetes borodencovensis Sokolskaya
?Punctospirifer tamugangensis Zhang

?Dielasma dieneri Grabau & Yoh

?Beecheria sp.

* Echinoconchus” transversus Wang
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Protoniella sp.

Productacean — cf. Diaphragmus sp.
?Linoproductid {ragments

of. Marginifera chuchuhuai Grabau & Yoh
Reticulariacean - cf. Martinia sp.
?Derbyia sp.

Small ?spiriferellinids

?Hystriculina sp.

Small dictyclosid

Trilobite (RO)

Linguaphillipsia sp. (glabella & pygidium)

Limestone bed near the top of the section, just below fault contact with volcanics. Upper Carboniferous.

Corals

Brachiopods (CHCB)

of. Liraplecta richthofeni (Chao)
Martinta cf. kunlunia Zhang
Coledium cf. trigonalis (Wang)

cl. Choristites jigulensis Stuckenberg

Limestone band towards the top of the section in a neighbouring gulley to that above. Upper Carboniferous.

Conodonts (WCY)

Idiognathoides corrugatus

I cf. sinuatus

Neognathodus dilatus (Stauffer & Plummer)

Corals

Brachiopods (CHCB)
?Rugosochonetes sp.

Echinoconchus cf. fasciatus (Kutorga)
Hystriculina cf. sinica Wang
Martinia sp.

Pleuropugnoides wangenheimi (Pander)

Locality M15. Mudrock with volcanics intercalated outcropping at the base of a ridge 1.2 km south of the Lhasa-Dagze road
on the east side of the valley which trends south from the main Kyu-Chu river valley: about 13 km ESE of Lhasa [Lhasa sheet,
grid ref. 63,344E 32,345N]. From the base or within a thick volcanoclastic and volcanic sequence, ?Chaqupu Group, Dagze
Formation; Late Palacozoic: Upper Carboniferous or Permian.

Palynomorphs (GW)

Poorly preserved miospores, mostly trilete spores but also one poorly preserved bisaccate spore, indicative of a Late Palacozoic
age (Upper Carbonifcrous or Permian). Genera include:

Densosporites

Lycospora

?Convolutispora

? Dictyotriletes

? Knoxisporites

Locality M174. Grey shaly limestone outcrop in the east bank of the river 10 km WNW of the army station at Amdo [Amdo
sheet, grid ref. 63,698E 35,781N]. Bioclastic limestone with almost monotypic accumulation of oyster shells, probably Nannogyra
(NJM). Jurassic or Cretaceous brackish marine facies {?Zhamunaqu Formation].

Locality M175. As above, slightly upstream. Bioclastic limestone with large erect in situ colony of Cladocoropsis (BRR). Upper
Jurassic ?Zhamunaqu Formation. Shallow but protected marine facies.

Locality M191.1. Tan mudstone blocks in pink marble outcrops in gullies above the east bank of the river adjacent to and
below the thrust plate of red arenites 12.3 km SSW of Erdaogou Station [Erdaogou sheet, grid ref. 64,786E 38,242N].

Palynomorphs (MCB)
Osmundacidites, Tsugaepollenites, Classopollis and Mesozoic bisaccates suggest a Jurassic — carly Cretaceous age.

Locality M201. Pale concretionary (?freshwater) limestones loose on the south slope ol an cast/west trending ridge, about
16 km SW of Erdaogou Station [Erdaogou sheet, grid rel. 64,786E 38,242N].

Locality M206.5. Low outcrops of pale sands and marls in gullics on west bank of dry stream bed 1.8 km due north of main
Lhasa-Golmud road, 17 km NE of the bridge over the Tuotuo River [Yaxicuo sheet, grid ref. 64,625E 38,038N]. )

Locality M216. Pale concretionary (?freshwater) limestone forming a low outcrop '.'\djaccnt to the west side of the main
Lhasa-Golmud road on south slope of low hill, about 23.2 km WSW of Erdaogou Station [Erdaogou shcet, grid ref. 64,772E
38,071N]. All Neogene lake bed deposits, probably Pliocenc in age.
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Palynomorphs (MCB)

“These three samples are from different localities but are treated together here because their origin, preservation and taxonomic
composition shows they are [rom the same sequence of deposition, though M201 has very few angiosperms. M216 has the most
abundant pollen and the most diverse assemblage. Palynodebris is very rare in all three samples.

“More than 10 specimens of each of the following [orm genera have been identified in the oxidized preparations (see Jansonius
& Hills 1976 for descriptions of thesc taxa):
Polypoditdites
Pityosporites spp.
Abiespollenites
Piceapollenites
Cedruspollenites
Tsugaepolleniles
Inaperturopollenites
Cycadopiles
Monocolpopollenites
Graminidiles
Tricolpopollenites spp.
Hexpollenites
Tricolporopollenites spp.
Polyvestibulopollenites
Trivestibulopollenites spp.
Myricipites spp.
Momipites spp.
Chenopodipollis spp.
Ericipites

‘As indicated, some of these form genera are represented by many different form species, and there are rarer specimens of other
form genera not listed. Comprehensive studies of Neogene pollen and spores have been published from two regions in Asia, N.E.
India and eastern China. Though neither is sufficiently close to these Tibetan deposits for ideal geographical comparison, there
is sufficient palynological similarity to suggest that these intervening Tibetan samples contain fossils from the same floristic
province.

‘The Indian and Chinese Neogene assemblages are described by Baski (1971) and Song ef al. (1985) respectively. These Neogene
assemblages have a temperate aspect, lacking sub-tropical taxa, and show surprising similarities with the relatively well described
Neogene palynology of Europe. Although there is a distinct Neogene character to the palynology, and an absence of equally
distinctive Palacogene forms, most assemblages have a strong facies-related element, as might be expected for terrestrial deposits.
These three deposits may record stages in the development of an inland lake deposit. Upland conifers whose bisaccate pollen were
distributed by wind and rivers to the very young lake (M201) were later joined by pollen from plants growing at the edge
of the larger lake (M206). It is in this sample that the most diverse assemblage of pollen is preserved. As well as numerous
bisaccate pollen from the hinterland conifers, the assemblage includes pollen from plants such as the Taxodiaceae, Betulaceae,
Fagaceae and Myricaceae, which may have grown at the edge of the lake.

‘The multiporate pollen referred to here as Chenopodipoliis is enigmatic within such a reconstruction, despite its abundance both
in these samples and in those described by Liu & Tang (1980), Song (1981), Sun (1981) and Zheng ¢ al. (1981). Zheng ¢t al.
(1981), Horowitz (personal communication) and others assign such fossil pollen to the Chenopodiaceae, a family whose 75
modern genera are nearly all halophytic. Such plants are abundant today on the salt steppes of eastern Asia and the Himalayas,
usually in xerophytic conditions. This is an enigma, because plants from such environments are rarely f{ossilized. If Chenopodipollis
really does come [rom plants of this family, either the pollen was transported some distance from the dry steppes to this lake bed
or the Neogene species enjoyed wet habitats just as some modern species (e.g. Chenopodium rudrum and C. botryodes) do
today.

‘On the basis of this evidence any age determination more accurate than ‘Neogene’ is speculative. However, comparing the
overall character of these samples with the results of recent Chinese work shows a clear similarity with Pliocene material.
Assemblages described by Sun (1981), Liu & Tang (1980), Song (1981) and Song e al. (1985) also have a high proportion
of Chenopodiaceac-type pollen, which these authors asign to the Pliocene, rather than the Miocene. I this feature is genuinely
stratigraphical and not facies related, then it suggests that the above assemblage is also Pliocene in age.’

Locality M225. Grey limestone outcropping as loose fragments on the west shoulder of the hill on the east/west trending
ridge, 2 km due south of the main Lhasa—Golmud road, about 32 km SW of Erdaogou Station [Erdaogou sheet, grid rel. 64,686E
38,071N].

Foraminifera (JEPW)

A dolomite with poorly preserved Triassic foraminifera, including Angulodiscus (Involutina auct.) and Trochonella ( Trocholina auct.).
Similar faunas are known from the late Triassic (Norian) of the West Carpathians (Salaj ¢f al. 1983) and elsewhere. Age; late
Triassic, probably Norian.

Locality M275. Pale lake bed marls outcropping in interfluve 17.5 km ESE of the Kunlun Pass (just south of the trace of
the Kunlun Pass fault) [63rd Station map, grid refl. 66,170E 39,476N]. Probably Pliocene.

Palynomorphs (MCB)

‘There is no palynodebris but there arc single specimens of Compositoipollenites, Pityosporites and Graminidites present. These taxa
are also present in the ?Pliocene assemblages of M201-M206 (see above) and may have come from the northern part of the same
lake deposit.’
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Locality M335/7. Loose limestone blocks derived locally from mountains 1-3 km to the north in a side valley on the north
side of the Dongdatan, 56 km ESE of Naij Tal Station [Reshui sheet, grid ref. 67,007E 39,653N).

Foraminifera (JEPW) . ' o .
“ A bioclastic limestone with abundant smaller Permian foraminifera, including Hemugordius, Pachyphloia, and Glomospira. Pachyphioiq
is not known in earliest Permian and similar species to these are known in Murgabian or equivalent strata of the Tethyan realy
Age; Permian, probably Late Permian but of a different facies than the fusuline - bearing limestones.’ (See plate "
figure 5). )
* Another sample contains the fusulines Kaklerina and Nankinella with an associated foraminiferal fauna including Bradyina and
Climacammina. According to Ross (1967), Kaklerina is restricted to the Murgabian; similar species are figured from Tibet by Wang
¢t al. 1981) [rom the Lasaila Limestone. Age; Late Permian, Murgabian [ = Kazanian/Ufimian of western workers: = Maokouap
of Chinese workers].’

Bryozoans (PDT)

“Thin sections show rhabdomesine cryptostomes, hexactinellid ? cystoporates and fistuliporid cystoporates including — Fenestellg
sp. s.l., Polypora sp., Streblotrypa (Streblotrypa) sp. and a cystodictyonid cystoporate cl. Filiramoporina. This tends to indicate 4
Permian age, possibly Lower Permian’. [?Equivalent to the Wanbaogou valley Hongshuichuan Formation].

Locality N20.4. Outcrop of pale marls and silts on eroded eastern face of low hill, 200 m north of dirt road, about 76 k;y
directly WSW of Dongqiao [Dongkaco sheet, grid ref. 62,230E 35,345N].

‘Pharyngeal tooth of a Barbine fish, Family Cyprinidae’ (CP) and indeterminate [resh water ostracods.

Locality $2.31. A biomicritic, slightly brecciated limestone overlying ophiolites to the west of Nam Lake and south of Gyanco
village [no map reference]. In thin section a biomicrite wackestone with oyster and echinoderm debris (including echinoid
spines), much of it algal coated and bored, and micromorphic gastropods.

Foraminifera (JEPW & MDS) - ‘some large agglutinating foraminifera: a cyclamminid and/or Haplophragmoides, and algae, A
second specimen contains the foraminifcra Buxicrenata, Neotrocholina and a Nautiloculina similar to forms described by Bayliss (1966)
from the Bau Limestone of Sarawak (late Jurassic — early Cretaceous).

This specimen also contains algae, determined by GFE and MDS. The algae are a profusion of a Permocalculus sp. (very uniform
and finely pored, probably a new species), rare Thaumatoporella parvovesiculifera (Raineri) Pia and an indet. dasyclad, possibly
Salpingoporella sp. Age: the algae suggest early Cretaccous but the top Jurassic cannot be ruled out. The foraminifera, on the other
hand, support an early Cretaceous pre-Barremian age.’

Locality $2.33. Grey, fine-grained Orbitolina limestone 1 km north of the northwest edge of Nam Lake [no map reference).
Langshan Formation; Lower Cretaceous.

Foraminilera (JEPW & MDS)
* An Orbitolina limestone. Embryons are large and advanced with well developed alveolae suggesting O. (Mesorbitolina). Age: early
Cretaceous, Albian.” (See plate 1, figure 13).

Locality S2.34. Grey, fine-grained Orbitolina limestone outcropping as a shore clifl on the northwestern corner of Nam Lake
[no map reference]. Langshan Formation, Aptian/Albian, Lower Cretaccous.

Foraminifera (JEPW & MDS)
‘An Orbitolina-limestonc. Embryons of both O. (Mesorbitolina) and O. (Orbitolina) are present (species superficially similar to
0. concava). Age: carly Cretaceous, late Albian.’

Locality 82.43. Dense light grey conchoidally fractured limestone lenses in volcanics, probably ol a melange type, 1 km south
of Amdo.

Foraminifera (JEPW & MDS)
*Contains some foraminifera but preservation is poor; they are probably Pseudocyclammina and Everticyclammina. Age: late Jurassic
or carly Cretaceous.’

Locality S142. Limestonc ‘above ' ophiolite in sequence of intersliced and imbricated units by track running N-S on western
side of Nam lake [no map reference].

An algal-bound micritic limestone with numerous indeterminate ostracode valves, some indcterminate small foraminifera and
algal fragments of Halimeda or a related genus (determination by GFE). Age: Not older than Lower Cretaceous.

Locality S144. Limestone near the northwestern corner of Nam lake [no map reference). Late Jurassic.
A large in situ colony of Cladocoropsis (BRR).

Locality $149. Outcrop of limestone about 500 m to the east of the track running N-S approximately 5 km due west of Nam
lake [no map].

Corals

Locality S154. Bioclastic limestone with foraminifera outcropping 3 km north of the NW edge of Nam Co, overlying red beds.
Early Cretaceous: Albian.
Foraminifera (JEPW & MDS)
*An Orbitolina limestone containing Q. (Mesorbitolina) and Q. (Conicorbitolina). Other larger foraminifera include Daxia, Cuneolina,
and Buccicrenata. Age: Early Cretaceous, late Albian.
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PLATE 1. Some age-diagnostic foraminifera. Late Permian (Maokoan stage) fusuline foraminifera. Figure 1.
Rugososchwagerina. Lobadoi Formation, locality B2, x 5. Figures 2, 3. Parafusulina s.1. Kaixinling Group, localities
B59 (fig. 2) and B60 (fig. 3), both x 5. Figure 4. Verbeekina. Kaixinling Group, locality B60, x 5. Smaller
benthic foraminifera. Figure 5. Pachyphloia. Dongdatan Valley, Kunluns, locality M335/7, x 65. Figure 6.
Pachyphloia. Lobadoi Formation, locality B2, x 65.

Some age-diagnostic Cretaceous (late Barremian to late Albian) foraminifera. Figure 7. Palorbitolinoides : (embryonic
apparatus only). Langshan Formation, locality B25.33, x 32. Figure 8. Eopalorbitolina. Langshan Formation,
locality B25.72, x 80. Figure 9. Cuneolina. Langshan Formation, locality B25.66, x 80. Figure 10. Orbitolina
( Mesorbitolina). Langshan Formation, locality B24, x32. Figure 11. Orbitolina ( Mesorbitolina). Langshan
Formation, locality B25.66, x 80. Figure 12. Daxia. Langshan Formation, locality B25.54, x 32. Figure 13.
Orbitolina ( Mesorbitolina). Langshan Formation, Nam Co area, locality S2.33, x 32. Figure 14. Pseudocyclammina.
Xiagiongcuo Formation, locality B30, x 32. (Facing p. 104)
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Locality S155. Bioclastic limestone outcropping 6 km north of the NW edge of Na :
lake. Early Cretaceous. edge of Nam Co lake and about 3 km south of Sher

Foraminifera (JEPW & MDS)
*An Orbitolina limestone ; no embryons seen. Age, early Cretaceous.’

Locality S196. A dolomite containing many small foraminifera in a brecciated li 7 i
g e ik tef. 68,000F 54160, ciated limestone sequence 4 km SE of Donggiac

Foraminifera (JEPW)

‘Abundant specimens of Glomospira. Although this genus has a long ran, i i i indicati
: imet spira. ge, monotypic faunas like th
carly or mid Triassic (see Zaninetti & Whittaker 1980). Age: early or mid Tn'as}s,ii, Scythian‘ oer A:is?:l ?Sua“)’ e

Locality S304. Outcrop of marl on the western side of the road at a low limest i i
st Mo Tt hadh estone ridge [Fenghuoshan sheet, grid ref. 65,0141

Palynomorphs (MCB)
‘The oxidized preparation yielded 10 badly preserved bisaccates, most likely N
: de r -ates, y Neogene, but no other palynomorphs and more o
less no palynodebris. The unoxidized preparation yielded two well preserved specim f N ] 1
badly preserved palynomorphs of what may be reworked taxa.’ v I e
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Vertical and horizontal measurements of almost 30 km of sections were made along
the Geotraverse route at 113 localities ranging in age from Ordovician to Tertiary.
Over 280 palaeocurrent measurements were taken and 200 thin sections were studied.
Ordovician strata occur only in the Kunlun Terrane, where thick metamorphosed
sequences of clastics and carbonates occur. These are tentatively interpreted as
platform margin and slope deposits. During Carboniferous times in the Kunlun
Terrane transgressive late-Dinantian marine limestones with tropical to subtropical
Eurasian reefoidal faunas overlie fluviatile redbeds derived from an unroofed orogenic
belt. The Lhasa Terrane contains shelf basin clastics with low-diversity faunas suc-
ceeded by thick late Carboniferous/early Permian glacio-marine mixtites deposited
by iceberg meltout. Permian carbonate ramp and shelf facies with reefoidal de-
velopments occur over both the Lhasa and Qiangtang Terranes, with coal-bearing
clastics and fluviatile redbeds also occurring in the latter. Permian sequences in the
Kunlun Terrane comprise resedimented tuffaceous shelf basin clastics overlain by
shelf carbonates. Triassic rocks are widely distributed. Those of the Lhasa Terrane
are predominantly carbonate ramp and platform margin/slope facies showing evi-
dence for shelf breakup due to extensional tectonics. Qiangtang sequences occur
below and above a thick andesite lava development. Those below are mature fluvia-
tile gravels derived from the north. The strata above the arc-related volcanics are
typical shoaling-upwards carbonate ramp facies. Thick sequences in the southern
Kunlun Terrane are tentatively ascribed to passive continental rise deposits of
countourite drift aspects. Those in the northern areas are highly immature coarse
clastics derived as alluvial fans from an Anisian—Carnian granitoid intrusive belt to
the north. Jurassic sequences are unknown in the Kunlun Terrane. In the Qiangtang
Terrane very thick (c. 5 km) sequences of clastic redbeds are interpreted as fluviatile
and coastal plain molasse derived from the newly formed Kunlun orogen to the
north. These intertongue southwards with marine shelf carbonates and clastics. The
northern Lhasa Terrane contains thick clastic mudrocks and turbiditic sandstones of
shell basin aspects. Pelagic cherts and clastics overly oceanic pillow lavas, with
ophiolitic ultrabasics capped by ferrosiallitic duricrusts and overlain by late Jurassic
marine limestones. Cretaceous rocks are only known in the Lhasa Terrane. North of
Lhasa they comprise northerly-derived fluviatile redbeds of molassic aspects which
record the formation and uplift of the Jinsha/Banggong orogen. 300 km NW of Lhasa
probable Neocomian fluviatile clastics are overlain by Lower Cretaceous marine
carbonate buildup and lagoonal facies. Tertiary successions are almost entirely con-
tinental and record fluvio-lacustrine deposition in a number of basins which are
thought to have originated as thrust-related {eatures during major crustal shortening
of the Tibetan Plateau in the Palaeogene and Neogene.
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INTRODUCTION AND METHODOLOGY

Once sedimentary rocks have been dated palaeontologically (see Smith & Xu, this volume),
they can yield much information of value to the tectonic interpretation of displaced terranes
and collision orogenic belts like the Himalaya/Tibet Plateau. With the aid of palaeoecologica|
data, facies analysis of the stratigraphic record of individual terranes enables the evolution of
depositional environments to be deduced throughout time. This evolution can then be linkeg
with other geological data to retrieve the basin and plate tectonic history. Critical to this
approach is the accurate vertical and horizontal measurement of sedimentary sequences, with
field records made of lithology, grain size, grain size trends, bed contacts, sedimentary
structures, faunas and floras. During the Tibetan Geotraverse, almost 30 km of sections at 113
localities were logged in this way, albeit many at a rapid reconnaissance pace.

The evolution of a multiple-accreted terrane is usually accompanied by the periodic shedding
of fluviatile molasse wedges into the subsiding continental margin or foreland basin of the
youngest accreted terrane. Vital information concerning palaeoslope, orogenic vergence and
unroofing trends is contained within such sequences and, once the fluviatile nature of the rocks
is established, this data can be released by the complementary study of both palaeocurrents and
petrography. Over 280 palacocurrent measurements were taken. They are subdivided ac-
cording to locality, age and the hierarchy of the measured structure in figure 17, see microfiche.
In addition, over 200 thin sections were cut from sedimentary rocks and subjected to qualitative
modal analysis, selected Carboniferous fluviatile sandstones being point-counted for 10 con-
stituents. Field observations on pebble and boulder compositions are a more valuable indication
of provenance than the sand-sized fraction and data of this kind are used wherever
possible.

There are several kinds of evidence that the study of fossils can provide about palaeo-
environments. Trace fossils are rarely reworked and can therefore provide direct evidence of
depositional setting, e.g. degree of sediment lithification, rates of sedimentation, environment
of deposition. Taphonomic studies [ocus on the various processes that take place between death
and discovery of the fossil assemblage. Critical information on the degree of reworking of an
originally in situ community is essential for environmental analysis. Mode of life of individual
species within a community structure can be deduced by a combination of functional
morphology studies and comparison with extant communities. Valuable environmental
constraints emerge from such studies

In the sections which follow, we discuss the sedimentary evolution of the Tibetan Geotraverse
segment for successive geological periods, dividing each period between the Lhasa, Qiangtang
and Kunlun Terranes. The emphasis is placed upon the factual record in each Terrane,
followed by environmental and palaeogeographical deductions and hypotheses. In a later
section we summarize the palaeogeographical evolution of the Tibetan Plateau (figure 16). The
major sections of strata examined in each Terrane for the various geological periods are
summarized in figures 1, 2, 6, 8, 9, and 11. For exact localities, see Kidd et al., (this volume,
field maps; see microfiche).
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Ficure 1. Ordovician lithofacies and tentative proposed correlations in the northern Kunlun Shan.
B97, BI8 etc. refer to localities.

ORDOVICIAN

Ordovician strata were encountered by us only in the Kunlun Shan where thick low-grade
metamorphic sequences of clastics and carbonates were logged (figure 1). The considerable
tectonic overprinting in this region has unfortunately destroyed almost all primary sedimentary
features and much of the fossil content, making interpretation of these sequences difficult.

The best exposures were studied in the northern Kunlun Shan, close to Shuinichang just
to the northeast of Naij Tal (localities B93, B101, figure 1). Here the oldest beds, dated as late
Cambrian or early Ordovician on the strength of a unique trilobite fragment (locality B100,
see Smith & Xu, this volume, Appendix), are dark blue or black graphitic phyllites inter-
bedded with green quartz phyllites and three limestone beds, several metres in thickness, one
of which is oolitic. The presence of organic-rich shales and oolitic limestones with trilobites
suggests a platform margin origin for some of these facies. Above this comes quartz mica phyllite
with two or three major (up to 60 cm thick) matrix-supported conglomerates. The highly-
strained clasts, which are coarse and reach 30 cm diameter, are predominantly of white
limestone and quartz, with subsidiary green and purplish sandy phyllite clasts. No igneous
clasts were seen. The conglomerates may be debris flow deposits formed in a shelf-basin or on
a platform slope. Next comes a thick succession of poorly bedded pale-green quartz mica
phyllites, with no primary structures from which to interpret their facies. These grade up into
well-bedded dark grey fine quartz wackes and slates which also lack primary sedimentary
structures but which may be turbidites.

The topmost strata in the sequence are thick-bedded fossiliferous micritic limestones of late
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Ordovician age (see Smith & Xu, this volume, Appendix, localities B93, B98). The fauna of
shallow water corals and stromatoporoids appears to be allochthonous and restricted to possible
storm deposit horizons; the sequence may have formed on the distal portion of a carbonae
ramp.

Another belt of low grade metamorphosed sediments is found in the central Kunlun Shan,
These were studied along the road section between the Xidatan and Wanbaogou, to the
southwest of Naij Tal. There is no fauna from which to determine the age of this sequence, by
the presence of spectacular quartz/white limestone conglomerates, identical with those describeg
above from the northern Kunlun Shan, leads us to suspect a broadly similar age for the twq
successions. Near the base there are amphibole garnet schists of igneous origin; but whether
intrusive or extrusive is impossible to determine. Most of this thick succession is made up of
metamorphosed sandstones and mudrocks with occasional intercalations of thin-bedded ang
predominantly calcareous strata. Near the top of the sequence is a thick coarse conglomerate
of quartz and white limestone pebbles, which we interpret as a debris flow.

The highly tentative correlation of the two sequences suggests that the central Kunlun Shan
succession is Cambro-Ordovician in age. This is based on the assumption that the white limestone
conglomerates are approximately equivalent and that most of the central Kunlun Shan suc-
cession lies stratigraphically below that seen to the east of Naij Tal.

CARBONIFEROUS (figure 2)

Carboniferous sedimentary rocks are known from the Lhasa and Kunlun Terranes along the
Traverse route (figure 2). No exposure of Carboniferous in the Qiangtang Terrane was studied
by us but sequences with facies and faunas similar to those of the Lhasa Terrane are known far
to the west in the southern Karakoram Mountains (Norin 1946; Liang e/ al. 1983). In addition
facies and faunas of Kunlun aspect are reported to the east around Qamdo (Dong & Mu 1984)
as well as just to the west of our traverse route in Zhado County (Dong & Mu 1984).

(@) Lhasa Terrane

Stratigraphic sequences, comprising parts of the Pondo Group, were logged in detail at three
localities; the columns in figure 2 summarize the major characters of the successions. The
predominating mudrocks and siltstones are generally deformed and strongly cleaved, features
preventing an accurate estimate of thickness. The whole Carboniferous section may exceed
1 km in thickness.

The lithofacies of the Pondo Group are dominated by dark grey mudrocks of shelf-basin
origins. These contain abundant late Carboniferous fenestellid bryozoans, bivalves, brachi-
opods and crinoid debris, as at localities B19/B20 near Damxung. The crinoidal debris occurs
in thin, sharp-based and sometimes graded laminae and is clearly allochthonous, probably of
storm origins. The well-preserved bryozoan fronds are almost certainly preserved in situ and are
indicative of a low energy environment, probably below all but storm wave base. Shallower
shelf-basin facies, deposited above wave base, are represented by mudrocks with interlaminated
siltstones and lenticular siltstone and fine sandstones with wave-ripple formsets and sparse-to-
common bioturbation.

These fine-grained sequences are succeeded by a spectacular mixtite horizon which may be
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up to 100 m thick, although given the poor degree of exposure and correlation there may he
several such horizons. Fossils place the age of the mixtite close to the Can‘boniferous—Permian
boundary (Smith & Xu, this volume). The mixtite lithofacies comprises silty mudrocksy
sometimes with siltstone and fine sandstone interlaminations in which occur scattered angular
to subrounded granules, small to large pebbles and small cobbles (figure 3A,C,D). Clags are
of diverse origins and comprise various granitoids, felsites, quartzites and gabbros, They are
never graded or sorted and are always matrix-supported. Several elongate pebbles lay with

Fioure 3. Sketches from photographs and field observations to show various late Carboniferous glacio-marine facies
in the Lhasa Terrane. 3A - Large andesitic dropstone observed to cut faint lamination traces in cleaved
mudrock. NW SE lines represent cleavage planes. Locality B34, 3B Resedimented pebbly sandstones
showing crude grading and well defined internal bedding contacts. Locality Bl 3C. D Small dropstonc
clasts in laminated mudrocks. Locality B1, 3E  Channelized pebbly sandstone lens with sharp basal contact
overlying mudrock, possibly a resedimented product of turbidity flow. Locality BI.



SEDIMENTOLOGY 113

their long axes at a high angle to the bedding. Three examples were seen where pebbles had
apparently cut across pre-existing siltstone interlaminations (figure 3A). Two showed fine
multiple striations on their surfaces. At localities B19/B20 the lower contact between the clasts
defining the mixtite and the underlying mudrocks is sharp, with the clasts occurring in close
proximity to an tn situ community of brachiopods, bivalves and fenestellid bryozoans. There are
noticeably more siltstone interlaminations and fewer bryozoa at the base of the mixtite.

These various features are best explained on the basis of a glacio-marine dropstone origin for
the clasts, the finer laminations perhaps representing the distal deposits of density currents
and/or storm underflows. Our more detailed observations support previous diagnoses of
glaciogenic origins (Tapponnier ef al. 1981) but lend no support to alternative theories (Allegre
et al. 1984).

In Section Bl at Urulung the glacio-marine mixtite is succeeded by a sequence of inter-
Jaminated lithofacies as described above, followed by pebbly coarse-grained sandstones and
conglomerates showing grain-supported clasts, well-developed bed boundaries, internal
normal grading, sharp erosional bases and rare channel-like forms (figures 3B, 3E). Clearly not
of dropstone origins, they are interpreted as glaciogenic sediment from subaqueous moraines,
redeposited by gravity flow processes down the proglacial depositional slope (see Edwards
1986, figure 13.6 for a generalized facies model). Successions above these units probably extend
into the Lower Permian. They gradually coarsen upwards through wave-generated lenticular-
laminated sandy siltstones of presumed storm origin into highly bioturbated muddy sandstones
containing abundant Teichichnus. Section B21 also contains a limestone development (20 m
thick) including a spectacular debris flow bed (1.5 m) with cobble-sized clasts of quartz,
mudrock and limestone. This is taken as evidence for the gradual progradation of a clastic slope
followed by construction of a carbonate platform bypass margin in a nearby area. Eventually
a carbonate platform was established in the area north of Lhasa during Permo—Triassic times.
Eruption of the Dagze basalt—andesite suite (1500 m; see Pearce & Mei, this volume) probably
began in the late Carboniferous or early Permian (Smith & Xu, this volume).

A tidal and wave-influenced clastic facies of shoreface and tidal flat origin, the latter facies
with Diplocraterion burrows, also occurs at Jang Co (Section B35). We have no direct evidence
for the age of these beds but suspect that they may be Carboniferous from their structural
position, location and general appearance. They are succeeded by 50 m of mudrocks and a
prominent 12 m thick medium to coarse sandstone exhibiting multidirectional cross-
stratification reminiscent of tidal sand facies.

(b) Kunlun Terrane

Carboniferous sequences outcrop in the northern foothills of the Kunlun Shan, where they
define the Dagangou, Teqosu and Sijiaoyanggou Formations, all probably Carboniferous in
age. Field evidence indicates that more than 1500 m of Carboniferous is present in the area,
possibly much more.

Most Carboniferous strata comprise red-coloured siltstones, sandstones and pebbly sand-
stones. Above a basal conglomerate (not shown on figure 2) there is overall coarsening-upwards
from siltstone to pebbly sandstones. Beds of coarser clastics, from 0.5-10 m thick, usually show
sharp erosional lower contacts with either sandstone or siltstone. In the lower half of the
succession fine-grained lithologies predominate (figure 2), comprising dull red silty mudrocks
and thin (0.5-1.0 m), sharp-based, lithic and feldspathic sandstones with upper phase plane-

8 Vol. 327. A
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bed laminations, climbing ripple cross-laminations and rare wave-modified current ripple
formsets. Palaeocurrent measurements indicate a northwest vector mean transport direction
the sediment probably having been deposited by sheet floods on low gradient alluviaj COnesi
The red pigment is assumed to be early diagenetic.

The upper half of the sequence (figure 2, B103-108) is first dominated by thick red
multistorey lithic and feldspar-rich sandstones and pebbly sandstones which show wel.
developed trough cross-stratification and variable palaeocurrents with a SSW vector megy,
They are interpreted as of fluviatile channel origin. Clasts include feldspars, basic volcanigs,
marbles and quartz. One marble clast resembling nearby Ordovician lithologies has we.
developed foliation. The topmost clastics show marked changes in facies and petrography.
White pebbly sandstones contain more abundant quartz clasts, usually well-rounded, and only
rare feldspar sand grains. Other structures resemble those of the pebbly sandstones beneath anq
are again attributed to fluvial channel activity. Palaeocurrents from the southwest support the
deduction that a different dispersal system has now developed. Sandstone storeys are separated
by up to 13 m of red mudrocks with thin horizons of calcite nodules resembling the ‘ cornstone’
nodules of pedogenic calcrete common in the Upper Palaeozoic fluviatile redbed sequences of
NW Europe and Appalachia.

The red mudrocks of the Kunlun Carboniferous are succeeded by a rapidly coarsening-
upwards sequence culminating in grain-supported, imbricated quartz conglomerate, The
clasts, up to 10 cm diameter, are well-rounded to sub-rounded and clearly record major
reworking, probably on a marine shoreface. This is strongly supported by the overlying grey
mudrocks which contain a marine fauna and a 6 m dark lime wackestone rich in crinoidal
debris at the top. Succeeding strata comprise 20 m of alternating grey mudrocks and limestones
before a prominent shaly coal appears. Then comes a high diversity shallow water community
of brachiopods, compound rugose and large solitary rugose corals with extensive dissepi-
mentation, broad-spreading stromatoporoids and bryozoans, all in situ. Compound corals are
predominantly massive and tabulate. Further up the succession, in the more massive limestones,
erect fasciculate coral colonies dominate, suggesting slightly deeper water. The fauna is latest
Visean or early Namurian in age. The succeeding strata (> 200 m) comprise numerous cyclical
alternations of marine limestones and clastics, the latter including facies of delta front and
on-delta types (figure 4). These include coarsening-upwards cycles similar to modern inter-
distributary bay fills; sharp-based, erosive, cross-stratified sandstones resembling crevasse or
minor distributary channel deposits and thin coals and carbonaceous mudrocks of on-delta
affinities. The fauna in the limestone beds is more restricted, but occasional echinoid and crinoid
fragments and, less often, rugose corals confirm that fully marine conditions were periodically
established from time to time throughout the entire succession.

The marine limestone/deltaic clastic cycles are remarkably similar to the late Dinantian/
early Namurian ‘Yoredale-cycles’ that dominate the north British and North American
(Kansas to Texas) successions of the Laurasian continental margins of Hercynia—Appalachia.

(¢) Carboniferous palacogeography
(1) Lhasa Terrane

The thick dropstone facies indicates that the Terrane lay on a continental margin within the
iceberg fringe (perhaps extending to about 50°$ by comparison with the Pleistocene) that
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FIGURE 4. Log to show delta/marine cycles of Euro-North American ‘Yoredale’ aspect in the late Dinantian/early
Namurian of the northern Kunlun Shan. Locality B108.

must have surrounded the icecap responsible for Permo-Carboniferous tillite deposition in
South America, South Africa, North Arabia (Oman), North India and Australia (see Frakes
1979; Braakman et al. 1982 ; Powell & Veevers 1987). Our observations on clast compositions
suggest a hinterland rich in granitoids and metamorphics but we have no directional structures
indicating where these lay in terms of present day co-ordinates.

8-2
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Our sedimentary evidence thus supports the suggested location of this Terrane at the [ringes
of the Gondwanan superplate during late Carboniferous times (see Audley-Charles 108y;
figure 16). The revised late-Carboniferous/early-Permian age for the thick Dagze volcanics,
based on palaeontological dating of intercalated sediments (Smith & Xu, this volume), suggests
the initiation of back-arc extension at this time (Pearce & Mei, this volume).

(ii) Qiangtang Terrane

Our traverse did not encounter rocks of Carboniferous age in this terrane. Published account
of Carboniferous strata in its supposed continuation in the Karakoram Mountains of Westery
Tibet (Liang ef al. 1983) record dropstone facies with many striated clasts. This leaves no room
for doubt that the far western part of the terrane lay in the Gondwana iceberg fringe during
Carboniferous times. Judging from published photographs (Liang et al. 1983), the clasts in the
Cameng Formation are an order of magnitude larger than those of the Lhasa Terrane, perhaps
indicating a more proximal position along a contemporary iceberg dispersal route. The mixtites
described by Norin (1946) from the Herpatso Series of the Tashlig-kol in Western Tibet
(34° 407 /80° 40’) are more closely comparable with the Lhasa examples in both grain size and
compostition.

In striking contrast with the successions in Western Tibet, those near to and east of the traverse
route (Qamdo) contain fluviatile, coastal plain and marine sediments with a rich fauna closely
related to the Kunlun Lower Carboniferous fauna. These contrasting Carboniferous sequences
at either end of the Qiangtang Terrane indicate that the far western portion was part of the
Gondwana facies belt whilst the eastern portion was part of the Eurasian facies belt. Either the
elongate terrane straddled the intermediate latitudes between the two major ‘superplates’ or
the correlation of structural boundaries from eastern and central Tibet to the Karakoram needs
revision.

(ii1) Kunlun Terrane

Palaeomagnetic data (Lin & Watts, this volume) from the fluviatile redbed facies yield a
computed palaeolatitude of around 20° S +20°. This savannah latitude is strongly supported by
semi-arid calcrete nodules and the nature of the associated marine faunas of Eurasian affinities.
Also consistent with a low latitude is the red pigmentation, a common product of semi-arid
early diagenesis in floodplain facies.

Reconstructions of basin style and tectonics are hampered by lack of regional information
but it seems reasonable to regard the thick Lower Carboniferous fluviatile redbed sequence
as a molassic phase derived from the unroofing of an orogenic belt to the north. Variability of
the palaeocurrents may indicate deposition in extensional or strike-slip basins. Petrographic
data suggests derivation of the detritus from basic to intermediate volcanics (possibly Devonian
in age) of island arc type and from granitoid/gneiss terranes (figure 5). A major marine
transgression, possibly custatic, during the late Dinantian was accompanicd by a radical
change of drainage system and establishment of a mature quartz-rich hinterland in the
southwest.



SEDIMENTOLOGY 117

Quartz
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Figure 5. Ternary diagrams (after Dickinson & Suczek 1979) to show that the compositions of fine to coarse
sandstones [rom the late Dinantian/early Namurian of the northern Kunlun Shan indicate a recycled orogen
and volcanic arc provenance. Lithic components include common volcanic grains. Compositions based upon
point counting 200 grains per slide. See text for discussion.

PeErMIAN (figure 6)
(a) Lhasa Terrane

Permian sedimentary rocks (> 1 km thick) outcrop extensively north of Lhasa and are
included in the Pondo Group (pars), and the Urulung, Lobadoi and Lielonggou Formations.
Eruption of the Dhagze volcanics continued at least into the early Permian to the northeast of
Lhasa.

The Lielonggou Formation around Doilungdeqen (Sections B11, B12) begins with well-
sorted, fine to very fine fossiliferous sandstones showing parallel and low-angle laminations,
wave-formed ripples and possible hummocky cross-stratification. Evidently subtidal mid- to
upper-shoreface in origin, these were submerged by a relative sea level rise and thereafter acted
as a nucleus for the accretion of a carbonate ramp now represented by well-bedded, dark and
sparsely crinoidal wackestones (> 50 m). Low-energy ramp-toe conditions are postulated
because of the occurrence of crinoid stems up to 2 cm long set in a carbon-rich wackestone
matrix. '

Asimilar, but finer-grained clastic-to-carbonate transition is documented in the Urulung area
(Sections B1 and B2). Sandy siltstones and fine sandstones with occasional transported shell
beds of possible storm origin are overlain by unfossiliferous, black, carbonaceous mudrocks.
Higher in the sequence come occasional thin (0.5-1.0 cm) grainstones composed of bryozoan
fragments. These are also probably storm deposits. The mudrocks are followed by a thick
carbonate sequence which was not examined in detail. The carbonates are sparsely fossiliferous
wackestones (with fusulinids and corals) and are interpreted as low-energy ramp-toe and
offshore shelf facies.
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(b) Qiangtang Terrane

Very thick sequences of Permian deposits crop out in the northern part of the Qiangtang
Terrane around the Tuotuo River. They are included in the Kaixinling and Wuli Groups
which may total over 6 km in thickness.

Section B59, south of the Tuotuo River, begins with undated variegated red/green mudrocks
and thin purple sandstones of presumed continental (possibly well-drained floodplain) origin.
These are succeeded by about 40m of possibly subaerially erupted agglomerates, tuffs and
basalt flows. The thick middle basalt low shows fine vertical to subvertical tufa veins, perhaps
recording a lengthy period of weathering prior to the eruption of the overlying tuffs. The
volcanics are succeeded by 40 m of coal-bearing clastics with marine bands near the base dated
as Longtanian (Upper Permian). The clastic lithofacies include dark grey carbonaceous
mudrocks, a pale grey mudrock with well-defined vertical rootlets, 10-80 cm coals, finely
interlaminated, silty-streaked mudrocks and 5-20 cm sharp-based possibly tuffaceous
medium/coarse lithic-rich sandstones. This facies assemblage is inferred to have evolved from
marginal marine to a sheltered bay/lake complex bounded by vegetated wetlands. The periodic
sandy influxes are probably products of floods originating from distant distributary channels.
A major transgression evidenced in Section B59 is recorded by a rapid upward transition via
shoal-water algal packstones to thinly interbedded mudrocks and lapilli-bearing limestones.
Finally a continuous spread of carbonate developed, now represented by dark, irregularly
bedded fusulinid wackestones (> 200 m) with frequent horizons of chert nodules. The car-
bonates, dated as early Upper Permian (Smith & Xu, this volume, Appendix, Locality B59),
indicate the construction of a carbonate ramp.

In an adjacent section, (B60, B61), similar fusulinid/crinoidal wackestones with abundant
chert nodules are seen in faulted contact with four andesitic volcanic flows (> 60 m) of
extensional rift affinities (Pearce & Mei, this volume). The lavas are interbedded with con-
tinental clastics (up to 8 m) showing southwest-directed, small-scale cross-stratification. One
flow shows an irregular and highly vesiculated top capped with finely laminated chert.
Succeeding thick fluviatile red beds are of uncertain age but the occurrence of possibly Permian
limestone pebbles in them suggests a Triassic (or younger) age. Sedimentary structures record
a palacoflow towards the southwest. These redbeds are faulted in turn against turbiditic
sandstones and grey mudrocks of uncertain age (section B62).

Section B66 exposes the Upper Permian Wuli Group where fossiliferous shelf-basin mudrocks
and thin limestones coarsen upwards into a thick sequence (> 150 m) of rapidly alternating
unfossiliferous fine sandstones and muddy siltstones. The sheet-like sandstones show sharp,
often erosional, bases and internal upper phase plane-bed lamination, climbing ripple cross-
lamination and rare large-scale cross-stratification (sets up to 65 cm thick). Grading is com-
monplace and convolute laminae and overturned foresets are occasionally seen. We interpret
these lithofacies as sheet flood deposits on a low-gradient alluvial cone. Palaeocurrent data

indicate a persistent flow to the southeast.

(¢) Kunlun Terrane

Permian sections in the northern Kunlun Terrane around Naij Tal contrast dramatically
with those described above. Around Wanbaogou Shan (Locality B91) the Hongshuichan
Formation (Upper Permian) includes a thick lava sequence at the base, overlain by > 200 m
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Figure 7. 7TA/7B - Sketches from photographs and field observations of Permian resedimented tuffaceous fine
sandstones and muddy siltstones (black shading). Note sharp-based sandstones with scoured basal contacts,
wave-modified current ripple formsets and frequent lenticular muddy drapes. Locality B91. 7C - Field sketch
and summary log to show possibly Permian fluviatile facies of sheet flood origin. Wuli Group, Lower Permian.
Locality B66.
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of chloritic fine to medium tuffaceous sandstones and siltstones. The sandstones are thinly
bedded (5-25 cm) and frequently show grading, parallel lamination, cross-lamination and
current-ripple formsets (figure 7). Scoured basal contacts, sometimes channelised, are typical.
These features indicate that the sandstone and siltstone units probably consist of resedimented
tuffs and other detritus, possibly representing the distal portion of a shelf-basin storm deposit
or shelf-basin fan. Current structures prove flow to the ESE in the resedimented units. The
clastic sequence is overlain by a thick (> 800 m) limestone succession. This includes skeletal
wackestones, pseudobreccias and thin calcitised chicken-mesh anhydrites, and is interbedded
with tuffaceous sands at the base. Cross-stratified grainstones with crinoidal debris follow
quickly, interpreted as shallow, shore-face facies. Cross-stratification indicates transport to the
southeast. Higher beds are thin-bedded fine calcareous silts and limestones, often with regular
centimetre banding disrupted periodically by bioturbation. They are completely unfossiliferous
and represent deposition either on shallow mud-flats or in a distal shelf-basin. The succession
continues with unfossiliferous massive-bedded white limestones and then thinner-bedded
limestones, often red. The whole succession is in excess of 200 m thick. The red limestones
are fossiliferous, with layers of brachiopod shells and crinoid debris. The brachiopods prove a
late Permian age for the sequence.

(d) Permian palacogeography (figure 16)

(i) Lhasa Terrane

Permian sequences record the major progradation and development of a carbonate ramp
over much of the southern part of the Lhasa Terrane (and indeed over much of Tibet), in an
area that was previously shelf-basinal in character. No evidence was seen during our expedition
of contemporaneous shelf-break or oceanic facies, but some extensional tectonic effects upon
basin evolution are suspected because of the continued eruption of the possible back-arc
Dhagze volcanics (see Pearce & Mei, this volume).

(ii) Quangtang Terrane

As for the Carboniferous, we have no palaeomagnetic control on the palaeolatitudes of this
terrane. The Wuli Group represents a Lower Permian shelf-basin which was filled by fluviatile
clastics derived from the northwest. Following the coastal plain wetland facies of the Kaixinling
coal basin, carbonate ramps developed in mid-Permian times, succeeded by an interval of
basaltic/andesitic volcanism of extensional rift affinities.

(1) Kunlun Terrane

Resedimented tuffaceous sandstones of the Wanbaogou Shan are interpreted as storm
deposits in a shelf basin. Cessation of volcanism was followed by carbonate ramp development.

Tri1assic (figure 8)

Triassic rocks are widely distributed over Tibet, being present on all three terranes.

(a) Lhasa Terrane

Sequences at Doilungdeqen northwest of Lhasa define the Chaqupu Group (300 m).
Ammonites above an internal disconformity date them as Upper Anisian (Middle Triassic, see
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Smith & Xu, this volume, Appendix, locality B12), The Chaqupu Group is predominantly
dark lime wackestone deposited on the lower slopes of a carhonate ramp. About halfway up
the logged sequence there is a prominent bed with fissures (up to 40 cm deep) coated by 20 cm
of dark ferruginous crust. Overlying chlorite-rich spherulitic mudrocks rest with slight angular
discordance on the fissured horizon and pass upwards into ammonoid-bearing Upper Anisian
limestones with occasional haematitic crusts on bedding plancs. The topmost (6 m) limestone
horizon is a grainstone with molluscan [ragments and deep fissures and encrustations as hefore.
The encrusted and fissured horizons are interpreted as products of periodic carbonate ramp
fragmentation, probably caused by extensional faulting which generated local unconformities
due to differential tilting. It is interesting to note that rapid water deepening, fracturing and
exhalative mineralisation are characteristic features of Tethyan carbonate platform break-up
in European Triassic sequences (Bernoulli & Jenkyns 1974). The sequence is overlain by
300- 1000 m of basalt and andesitic lavas (Pearce & Mei, this volume).

Exposures of late-Triassic rocks are seen in the Qibulung area southeast of Urulung
(Localities B3, B4) in a series of thrust-related folds. Wackestones with scattered bivalve and
crinoid fragments occur in one thrust slice. A section to the north reveals thinly-hedded
(15-30 cm) skeletal grainstones alternating with silty clastic mudrocks. The grainstones show
faint internal parallel lJaminations and are interpreted as resedimented limestone turbidites of
basin-plain origin. They provide additional evidence for carbonate platform break-up in late
Triassic times, with the development of marked platform margins, perhaps fault-bounded.
Other outcrops of limestone turbidites occur, as at locality B23, approximately 50 km
northwest of Damxung (see Kidd et al., this volume, field slips; Microfiche, in pocket), but have
not been dated palaeontologically.

(b) Qiangtang Terrane

As described below, the central and southern parts of the Qiangtang Terrane are dominated
by an extraordinary thickness of Jurassic strata. In the north, extensive and important outcrops
of Triassic rocks occur in the Zhakongjian Mountains (Locality B67). Here, > 150 m of pebbly,
cross-stratified coarse sandstones make up the lowest strata exposed. The sandstones are
apparently multistorey with frequent erosion surfaces separating trough cross-stratified units
up to 5 m thick. Cross-stratification azimuths indicate flow to the south. The 0.5-3 cm sub-
rounded granules and pebbles are predominantly of quartz and black/green chert. Modal
analyses prove mature quartz arenite compositions with high proportions of metamorphic
polycrystalline quartz and sedimentary chert in the sand-size fraction. A thin possibly marine
limestone caps the sequence and underlies a series of thick (> 800 m) porphyritic andesite
flows of island arc affinities (Pearce & Mei, this volume).

The andesites are overlain by at least 200 m of limestones, but the contact is not exposed.
These limestones are well bedded (30—40 cm), pale, sparsely skeletal wackestones of carbonate
ramp aspect. The lowermost are rich in chert nodules. Ammonoids occur in the topmost units.
Conodonts date the sequence as Norian (Upper Triassic ; Smith & Xu, this volume, Appendix,
locality B67). Several horizons in the upper part of the sequence show well developed algal
oncolites and other stromatolitic laminations. Sometimes algal laminae coat the brachiopod
valves. The upper part of the sequence thus records gradual shallowing-upwards into peritidal

environments as the carbonate ramp prograded seawards.
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{¢c) Kunlun Terrane

A highly deformed sequence of clastic strata, the Bayan Har Group, outcrops from the Jinsha
Suture northwards to the Kunlun Pass. No faunas were discovered during the present ex.
pedition but fossils from areas to the east indicate a Triassic age (Smith & Xu, this volume). The
deformation makes a thickness estimation extremely difficult but it may total several kilometres,
Exposures are predominantly siltstone and mudrock, now deformed into slates. Some show rare
thin (5-20 cm) very fine sandstone/coarse siltstone beds with sharp tops and bases. One
example of small-scale cross-lamination indicated a palaeoflow to the west, similar to that
deduced from microflute casts (fide J. F. Dewey). Most of these lithofacies are tentatively
interpreted as continental rise deposits, possibly originating as contourites and accreted on to
the southern margin of the Kunlun Terrane as an accretionary prism during the Triassic, an
interpretation supported by structural data (Coward et al., this volume).

Between the two strands of the Kunlun Fault along the southern margin of the Xidatan
Valley, there are sections through a poorly dated succession which appears to be Permo-
Triassic (the section, B77, is shown graphically with the Permian sections of figure 6). They
occur at the junction between the low metamorphic grade slates of the Bayan Har Group to
the south and the high grade rocks (garnet schists, phyllites and phyllenites) to the north. The
rocks are highly thrust and intruded by sheared porphyritic granitoids dated (Rb/Sr) at
195 Ma (Lower Jurassic; Harris et al., this volume). Section B77 (figure 6) is highly schematic
and details of the true succession remain obscure. Undoubtedly, however, several sedimentary
lithofacies occur in the various thrust slices. They include graded coarse wackes, dark mudrocks,
carbonaceous mudrocks and at least one coal seam. The coarser clastic units contain angular
acidic volcanic detritus. A mature quartzite unit (5 m thick) is also present. The variety of
lithofacies is remarkable and it seems clear elsewhere (Localities M253, M245, M248; data of
W.S. F. Kidd & J. F. Dewey) that individual thrust slices may represent olistolithic masses.

Sections of suspected Triassic age occur (B99) north of Naij Tal and show faulted and possibly
erosive relationships with the underlying Ordovician. They must be younger than Anisian-
Carnian because of the 240--224 Ma ages obtained from the Golmud batholith to the northeast
(Harris ef al., this volume, Isotope Geochemistry, Locality G273), clasts of which are common
in the sections. A late Triassic or early Jurassic age is therefore likely. Thick (> 200 m) polymict
conglomerates and granule grade sandstones contain a large variety of clasts, some up to
1.5 m in apparent maximum diameter. Sedimentary structures are absent {rom the conglo-
merates, the large clasts of which are frequently matrix-supported. We interpret them as debris
flows. The granule-grade units and sandstones occasionally show normal grading, cluster
bedforms and parallel laminations, indicating streamflow origins. An upward trend to finer
grain sizes is seen in section B92A, but B92B shows part of a coarsening-upwards sequence
overlying an unfossiliferous limestone bed. Cross-stratification is seen in finer-grained sand-
stones in both sections, giving a flow direction towards the southeast. Crude imbrications of the
larger boulders confirms this. The many types of clast in the conglomerates include various
granitoids, microgranite, quartz porphyry, rhyolite, basic volcanics, gabbro, micaceous wackes,
white limestone, dolomitic marble, purple-brown sandstone and quartz. The granites and
limestone clasts are usually the largest. In all the sections the predominant clast type changes
upwards from quartz to limestone to granitoid. Some exposures (eg B99) show large (> 20 m)
olistoliths of possibly Upper Ordovician limestones. Depositional environments are interpreted
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as subaerial alluvial fans and fan deltas draining a hinterland exposing Ordovician ‘basement’
and newly unroofed Triassic granitoids.

The conglomeratic sequences are overlain by thick (2 km) successions of indeterminate
origins, including pale quartzitic sandstone, highly cleaved fine-grained wackes and greenish
tuffaceous (possibly resedimented) fine to medium sandstones.

(d) Trassic palaeogeography (figure 16)
(i) Lhasa Terrane

No palaecomagnetic results are available for the Triassic from the Lhasa Terrane. Frag-
mentation of the Lhasa carbonate platform by extensional tectonics is envisaged, with eventual
mantle melting to produce the Quesang volcanics above a back-arc attentuation zone (Pearce
& Mei, this volume). These magmo-tectonic processes caused marked bathymetric differences
during late Triassic times.

(ii) Qiangtang Terrane

The Yaxico/Zhakongjian andesites yield a palaeolatitude (Lin & Watts, this volume) of
around 29°+ 14° N for the Terrane in Triassic times. Accepting the andesites as arc-related
(Pearce & Mei, this volume), the underlying mature fluviatile clastics imply uplift of basement
in the northern Qiangtang Terrane prior to southerly subduction of Jinsha ocean crust.
Cessation of subduction was followed by submergence of the arc and establishment of a

carbonate platform.

(1) Kunlun Terrane

The coarse clastic rocks of the northern Kunlun represent subaerial and possible subaqueous
fans derived from the Triassic plutonic/volcanic arc to the north (Golmud batholith etc) but
their ages cannot be directly determined. The sedimentological data suggest that they represent
unroofing molasse and thus probably postdate active subduction and possibly collision. The
Bayan Har Group repesents deposition along a former continental margin lying at the southern

margin of the Kunlun Terrane.

Jurassic (figure 9)

Jurassic rocks are present in the Lhasa and Qiangtang Terranes, but probably do not occur

north of the Jinsha suture in the Kunlun Terrane.

(a) Lhasa Terrane

Kimmeridgian carbonates and siltstones are well-exposed at Xiaqiong Lake (Localities B28,
B29). The latter area lies close to the supposed line of the Banggong Suture and may possibly
be of Qiangtang Terrane origins. In the lower part of the succession three massive (10-20 m)
limestones with abundant stromatoporoids and occasional coral patch reefs are separated by
dolomitic siltstones. The siltstones contain interbedded, thin sharply-based sandstones with
wave-ripples and flat laminations interpreted as lagoonal washover deposits. Nerinaceid gas-
tropods and thick-spined echinoids in the limestones indicate shallow sublittoral conditions.
Beach strand concentrations of foraminiferans are found in the dolomitic siltstones and at least
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one serpulid-encrusted beachrock horizon occurs. Marine infaunal spatangoids occur at one
level.

Around Gyamco (localities B32, B33), in the northern part of the Lhasa Terrane, a thjck
(> 1.3 km) succession of late Jurassic to ?early Cretaceous clastic sediments is present. The
succession begins with monotonous black basinal mudrocks containing subordinate resedi-
mented carbonates rich in molluscs and derived from nearby shallow shelfenvironmcnts,judging
from the abundance of nerinaceid gastropods and rare compound scleractinian coral fragments,
Higher up 0.1-0.3 m graded wackes are common, interbedded in thicker (2-5 m) mudrocks
with rare wacke units up to 1 m. The wackes are very fine to fine-grained and show sedimentary
structures indicative of Bouma A to E divisions. One C division yielded a palaecocurrent towards
the west. A divisions frequently contain molluscan debris. These lithofacies are interpreted as
basin-plain turbidites probably derived, at least in part, from a colonised shelf which may have
lain to the east.

South of Donggqiao, at Loubochong (locality B38), there is an inverted succession of possibly
Upper Jurassic sedimentary rocks which stratigraphically overlie vesiculated pillow lavas of
oceanic arc affinities (Pearce & Mei, this volume). The topmost pillow lavas are veined by red
cherts and overlain by a massive red brecciated and mineralized chert horizon up to 1.5m
thick. This may have an exhalative origin. An overlying bedded greenish chert is succeeded by
5 m of siliceous mudrocks containing thin tuffs and 50 m of silty mudrocks with thin inter-
bedded lenticular cherts. The mudrocks contain the trace fossil Chondrites. The topmost horizon
contains thin silicified graded beds of turbiditic aspect, with Bouma A-C divisions occasionally
present. These lithofacies resemble deposits of resedimented cherts and may have formed on an
oceanic arc slope in an area of high oceanic water productivity.

West of Dongqiao, there are outcrops which constrain the age of obduction of the oceanic
arc crust previously inferred. At locality B41 a thrust mass of ophiolitic serpentinite is succeeded
by 2 m of nodular rock rich in chalcedonic silica and overlain by a yellowish, clayey pisolitic
deposit. We interpret this as a silcrete duricrust developed on the thrust serpentinite during a
lengthy period of pedogenesis under a seasonally humid climate. An overlying detrital interval,
with large chromite-rich clasts and angular reworked chert fragments is succeeded by a second
soil horizon of red pisolite-rich mudrock (3.5 m) and a goethite-rich boxstone layer (1.5 m)
both rich in chert. This is interpreted as a ferrosiallitic soil, developing perhaps under a more
humid climate than the silcrete below. Both soil horizons are succeeded by clastic sediments
deposited in hollows upon the underlying duricrust surface. Micaceous muddy siltstones with
plant fragments (2.5 m) are cut by thin sharp-based and cross-laminated very fine sandstones
of crevasse aspect. The whole sequence is capped by siltstones and mudrocks rich in rootlets,
with one thin ferruginous soil horizon. These products of an encroaching, low-energy, coastal
plain are succeeded by poorly exposed granule conglomerates rich in very angular chert and
limestone clasts and, significantly, chromite grains. The latter indicate continued reworking of
serpentinite masses. The fluviatile clastics are overlain by a 0.5 m calcareous very fine sandstone
with cross-cutting low angle laminations and numerous escape burrows. This apparently
transgressive beach facies is succeeded by > 3.5 m of richly fossiliferous shallow marine lime-
stones with abundant in situ colonies of Cladocoropsis which, with occasional scleractinian corals,
forms a primary framework. The corals date the underlying beds as no younger than Tithonian

(late Jurassic).
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(b) Qiangtang Terrane

Thick (5 km) Jurassic successions occur over much of the southern half of this Terrane, from
Amdo northwards through the Tanggula Shan to Yanshiping. In the north continental clastics
predominate, while marine limestones become increasingly important southwards.

The northernmost proven Jurassic that we encountered lies south of the Tuotuo River,
where a coal-bearing sequence of deltaic aspect occurs. Channel sandstones yield evidence of
flow towards the south.

In the thick Middle and Upper Jurassic successions exposed around Yanshiping (figures 9,
10) the clastic lithofacies include:

(1) Variegated red/green mudrocks with suncracked surfaces and thin (< 1 m) horizons
of calcitic nodules resembling calcretes. These are interpreted as deposits of well-drained,
periodically-arid floodplains subjected to periods of slow sedimentation which encouraged
soil formation.

(2) Thin red/green mudrocks as above, with thin fine sandstone interbeds (figure 10B).
These are sharp-based and often graded. They show planar laminations and internal current-
ripple cross-laminations capped by symmetrical, flat-topped and interference ripple trains.
They are interpreted as flood crevasse/overbank splays introduced into shallow lakes or bays
subject to wave and possibly tidal action prior to desiccation.

(3) Thicker (usually < 4 m) erosive-based fine to medium sandstones show well-developed
internal cross-stratification, basal scour marks and rare lateral accretion surfaces (figure 10A).
They are interpreted as the deposits of sluggish, possibly meandering, river channels traversing
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