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DEVELOPMENT OF SEDIMENTS AND
FORMATION OF STRATIGRA-
PHICAL REGIONS IN XIZANG

Wen Shixuan, Zhang Binggao, Wang Yigang,
Sun Dongli, Wang Yujing, Chen Chuzhen,
Dong Deyuan, Liao Weihua, Chen Tingen

He Guoxiong, Mu Xinan
(Nanjing Institute of Geology and Palaeontology,
Academia Sinica)
Yin Jixiang and Wu Haoruo
(Institute of Geology, Academia Sinica)

In Xizang, the strata are unequal in development, sedimentation types are various,
but fossils are very rich, amounting to 3800 taxa in 30 kinds or so.

Judging from the stratigraphical development, sedimentation types and biotic aspects,
Xizang may be divided into 4 stratigraphical regions (Himalaya Region, Kangdese-
Nyainggentanlha Region, Tanggula-Hengduanshan Region and Holxil-Kunlun Region) and
11 subregions. The stratigraphical regions, extending forward parallel to the latitude, are
separated respectively by 3 deep fault zones from south to north.

According to the crustal activities in the depositional process, the sedimentation types
in Xizang may be divided into 6 zones, which consist alternately of 3 relatively stable
types and 3 relatively active types. The sedimentation zones elementally coincide with
the stratigraphical regions or subregions.

In Xizang, fossiliferous Cambrian sediments have hitherto been unobserved; but the
Ordovician-Devonian, taken as a whole are in the sedimentation area of relatively stable
type.Higher up in the Carboniferous and the Permian,the sedimentation zone of relative-
ly active type came into existence in the northernmost part of Xizang. Up to the Meso-
zoic, the other two sedimentation zones of relatively active type were taking shape suc-
cessively; while the original sedimentation areas of relatively stable type were cut apart.

This is the reason why the stratigraphical regions were gradually formed in Xizang.



ESTIMATING ALTITUDES OF
TERTIARY FORESTS

Daniel I. Axelrod
(University of California,Davis,California U.S.A.)

To estimate altitude, an adequate sample is required because each forest belt has a
range of elevation. Some of its species may be distributed widely in it, but others are
more restricted. A good sample indicates whether the fossil flora is similar to the upper,
lower, or middle part of a similar modern forest.

Altitude is inferred from temperature requirements of similar modern forests. These
cannot be assessed in terms of mean annual temperature (T) alone. The annual range(A4)
must be estimated, because it provides the annual wave of temperature that influences
the modern flora similar to the fossil. Plotting data (T & A) on a Bailey nomogram pro-
vides an indication of (1) warmth of climate (W) by radii of specified temperature that
define the duration of the growing season as the number of days (d) with mean tempera-
ture warmer than W, and (2) the temperateness or equability of climate (M) as shown
by a field of arcs nearly normal to the W radii that provide an index to thermal extremes
that increase in all directions from an ideal centered at T 14C (57.2F) and A 0°. The
nomogram shows frost frequency lines significant in determining distribution today, as
well as major biotherms such as tree line, the margin of the wet tropics, etc. For any
point defined by the coordinates T and A, mean monthly temperatures can be recovered
if it is assumed that the march of temperature lies under a sine wave. All factors are
interrelated, so the nomogram can be used to assess any temperature field, either today
or in the past,

To estimate altitude of a flora now in the mountains, reference is made to a flora at
sea level., The difference in mean temperature, when multiplied by a normal terrestrial
lapse rate (183 m/-C, or 333 ft/-F°), gives an indication of elevation.

Examples will be presented on the use of the nomogram in estimating temperature
and elevation,



VEGETATIONAL CHANGES IN THE PAST
AND UPLIFT OF THE QINGHAI-
X1ZANG PLATEAU

Hsi Jen

(Institute of Botany, Academia Sinica)

By the late Carboniferous the Lepidodendropsis flors was flourishing in the northern
Xizang, while the Rhacopteris flora Was prospering in the northern India. During the late
Permian, the northern Xizang was inhibited by the Gigantopteris flora, while in the sou-
thern Xizang was Wwidespread the Glossopteris flora. The upper Triassic flora of the
northern Xizang is closely related to that of south-western China and quite different from
that of India. The Jurassic flora found in Tsaidam of Qinghai and the early Cretaceous
flora found in Lhasa of the northern Xizang are closely related to those of the northern
hemisphere, and show no relationship with those of the southern hemisphere. The late
Cretaceous flora of Rikaze and the early Eocene flora of Ali region are also of northern
hemisphere in affinity and ~how no relationship Wwith the Daccan Intertrappean and the
Eocene floras of India. Hence, the northern and the southern Xizang should have belon-
ged to two different continents, Eurasia and Gondwanaland. Between them, a very wide
sea, the Tethys, was situated. This strongly supports the view of continental drift that
the India block drifted in late Jurassic—Cretaceous from the south-eastern corner of Af-
rica and later on in Eocene joined up with Asia to become its subcontinent. The suture
line between Eulasia and the India blocks perhaps lies in the belt of basic to ultrabasic
rocks along the Yalu-Tsangpo valleys.

Judging from the nature of the floras ranging from the late Carboniferous to the ear-
ly Eocene, the northern Xizang most probably was of lowland in topography throughout
these periods.

The Miocene floras of the central and the northern Xizang were mainly composed of
deciduous broad-leaved trees, though some evergreen trees existed somewhere else. It
ref]l cts the land of the central and the northern Xizang had already uplifted to some ex-
tent before Miocene. During the time of Pliocene, the evergreen broad-leaved trees were
gradually declining in their development in the northern Xizang. The vegetation of the
Chaidamu (=Tsaidam) Basin further changed from deciduous broad-leaved to coniferous
forests and then turned into grasslands and semideserts or deserts. It shows by that time
the land of Xizang and Qinghai further upheaved.

Up to the late Pliocene, the vegetation of the northern Xizang and Qinghai further
changed. But the vegetation of the Himalayan region was still {dominated by evergreen
oaks and Cedrus forests. Most probably by that time the Himalayas was not so high as

present. There was no barrier to prevent the seasonal winds of the Indian Ocean passing
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over the Himalayas.

The most active period of the uplift of the mountain ranges in Xizang and the Qing-
hai-Xizang Plateau is the Quaternary. By that time no evergreen broad-leaved trees could
live in the northern Xizang. During the late Quaternary, the vegetation of most parts of
Xizang gradually changed into alpine tundras. At last the Qinghai-Xizang Plateau turned

into the present state.

THE DISCOVERY OF THE CATHAYSIA FLORA
IN THE QINGHAI-XIZANG PLATEAU, WITH
A SPECIAL REFERENCE TO ITS PERMIAN
PHYTOGEOGRAPHICAL PROVINCES

Li Xingxue and Yao Zhaoqi
(Nanjing Institute of Geology and
Palaeontology, Academia Sinica)

It has long been known that the Late Permian Angara flora and the Permo-Carboni-
ferous Cathaysia flora appeared in the northern border of the Qinghai-Xizang (Tibet)
plateau, i. e. the Nanshan profile of the W, Chilianshan. On account of the recent fin-
ding of a Glossopteris flora from Tingri and Dinggye counties in S. Xizang, the northern
border of the Gondwanaland ought to be considered to reach further north to the Himala-
yas. Therefore, what kind of Permian fleras would be found in the Qinghai-Xizang pla-
teau proper become a most interesting problem.

Previously, there were a few Permian Cathaysia plants recorded in Wuli of S. Qing-
hai and Qamdo of E, Xizang. In the last decade, rather rich materials of the Late Per-
mian Cathaysia flora have been found respectively from Shuanghu of N, Xizang, Toba,
Qamdo of E, Xizang and Lasiu, Yushu of S. E. Qinghai. In addition, from the southern
slope of the Eastern Chilianshan were known with a few Cathaysia plants of the North
China type, while in the northern slope of the middle Chilianshan, i, e. the Sunau dis-
trict, most recently has been surprisingly found that a typical Late Permian Cathaysia
flora intermingled with some Permian elements of the Angara flora.

According to the discoveries mentioned above and in consideration of some new pa-
laeozoological and geological information avaliable, it seems appropriate to outline the
boundaries of Permian phytoge>graphical provinces in the plateau as foliows (Map 1):(1)
The boundary between the Glossopteris- and the Cathaysia floras may be considered to be
coinciding with a plate suture or a deep fault zone running more or less parallel to the
valley of the Yarlung Zangbo River. (2) The Tienshan-Khingan deep fault
outside to the north of the plateau has generally been

zone, stands

regarded as a natural boundary
between the Angara and the Cathaysia floras, however,as the sea trough in this area dis-
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appeared at the end of early Permian, the Late Permian Angara tlora spread southernly
into the Chilianshan and made somewhat a mixture of the two tloras, (3) The dividing
line of the two subprovinces, i, e, the Northern and the Southern Cathaysia floral sub-
provinces in the¢ plateau can also be recogniz d from the northern part nearby the Qinghai
Lake extending northwesternly to the adjacent areas of Lenghu,

The new tindings of the Cathaysia tlora in this plateau might atford further a rather
justifiable interpretation of strong support to the occurrence of Late Permian plants of the

Cathaysia flora in Turkey of the Near East.

PALAEOBIOGEOGRAPHY ON THE
QIHGHAI-XIZANG PLATEAU
AND THE CONTINENTAL DRIFT

Wen Shixuan
(Nanjing Institute of Geology and Palaeontology,
Academia Sinica)

On the Qinghai-Xizang Plateau, the marine faunas from Ordovician to Devonian quite
resemble those of the South China, North China, northeast and northwest of China, and
even relate closely to those of North America, Europe and Australia. This tact indicates
that all these areas have been an entire vast palaeogeographical unit during the periods,
It is an evidence of Wegener’s pangaea,

According to the distribution of tt e marine faunas during Carboniferous-Permian and
of the continental faunas and floras since Carboniferous, the area north to the Bangong
Lake-Nujiang River fault zone bu:longs to the Eurasia Continenty; the area south to the
Xiangquan He-Yarlung Zangbo River fault zone is prcbably 1 part of the Indian Subconti-
nent; the area between the two fault zones is also probably a part of the Indian Subconti-
nent, or a small land in the Tethys between the two continents,

The delimitation between the Cathaysia-Tethys and Angara-Tethys faunas in Early
Permian is probably an unchanged line and extends basically along the latitudinal direc-
tion at that age. The eastern and western parts of the boundary between the Gondwana-
Tethys and Cathaysia-Tethys faunas are also parallel to latitudes, but the middle part ot
the boundary runs in north direction along 99° of east longitude., The tortuous of this
delimitation was probably resulted from northward drifting of the Indian Subcontinent.
According to the displacement of the eastern and western parts of the boundary line, it
is estimated that the distance of the drift of the Indian Subcontinent was about 4400km.

The Pre-Carboniferous marine deposits on the eastern part of the pangaea were pro-
bably the initial tracks of the Tethys. During Carboniierous and Permian, the east part
of the pangaea gaped due to the southward drifting of the Indian Subcontinent, and the

East Tethys thus appeared. In Mesozoic, the Indian subcontinent happened to drift back-
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ward to the north, resulting in the reduction of the East Tethys. Finally, the history ot
the East Tethys entirely ended in middle Eocene,

ORDOVICIAN AND SILURIAN CEPHALOPOD
PALAEOBIOGEOGR APHY IN XIZANG,
WITH A DISCUSSION ON THE
CONTINENTAL DRIFT

Chen Junyuan and Chen Tingen
(Nanjing Institute of Geology and Palaeontology,
Academia Sinica)

As a result of the Ordovician and Silurian stratigraphical and Palaeontological study
in Xizang carried out in recent years, by the Scientific Expedition of Academia Sinica,
it enables us to have a better understanding of Paleozoic geological history of Xizang and,
in addition, brings about some questions about the formation of Xizang Plateau in terms
of current plate tectonics.

Stratigraphically, Ordovician and Silurian in Xizang spread out over three belts: a,
the Himalayan region, scuth of the Yarlung Zanghbo River, in such counties as Gyilung,
Nyalam, Dingri, Dinggye, and Yadongs b, nearby Xainza county; ¢, north-east of Dung-
gag lake in Bangkog county,

The cephalopod fauna in Xizang has been marked with the following features: in the
early Ordovician period, the Ordosoceras(Pomphoceras)-Wutinoceras faunais known as the
leading members of fossil cephalopods, containing 12 genera and 18 species. Among them,
actinoceroids make up 70 per cent of the total amount of fossils. They are endemic in
the North China platform, while Manchuroceras is widely distributed in the western
Pacific area. In the middle Ordovician, the cephalopods are characterized by Sinoceras
fauna, contained in the Pagoda Limestone in Southwest China and confined only to the
Chinese territory. They include 12 genera and 19 species, A wide regression is repor-
ted in Xizang of its late Ordovician with only a few Michelinoceras, and a floating
type being f und, Graptolites are among major fauna in early Silurian, only several
genera of cephalopods being recorded near the Dunggag lake of Bangkog county.
Michlinoceras together with its subgenus M. (Kopaninoceras) was overwhelming in full
flourish during the middle and late Silurian and 17 species have been collected. There are
9 species of Orthoceroids covering 70 per cent of the tctal fossils, While Pseudorthocera-
tidae is less in number, totalling only 8 species. All of them are far and wide distribu-
ted in Europe and Central Asia. There were sediments of typical platform in Xizang du-
ring the Ordovician and Silurian periods.

Judging from the facts mentioned above, it may be concluded that; 1, Xizang area,

—_8 —



between both sides of Yarlung Zangbo River, was a combined centlnent in the early Paleo-
zoic era, The Ordovician and Silurian nautiloids are fairly similar to each ~ther in the
South and North of Xizang. 2, in the late early Paleozoic era from North China up to
the continent, the Tethyan Sea gradually formed and the Pangaea had split into two large
landmasses. Then, in the Mesozoic, they reattached to each other. 3, the early Paleozoic
strata shown like three belts may be controlled by great faults, on the southern side

of which lie the early Paleozoic strata.

PERMIAN PALAEOGRAPHY OF PENINSULAR
AND HIMALAYAN INDIA AND
THE RELATIONSHIP WITH THE

TETHYAN REGION
J. M. Dickins and S. C.Shah

(Bureau of Mineral Resources, Canberra City, Australia,
and Geological Survey of India, Paleontology and
Stratigraphy Division, Calcutta, India.)

The close relationship between the Permian flora and fauna of Peninsular India, the
Himalayas and southern Tibet is interpreted to mean that these areas formed a single
area of deposition during the Permian along the southern margin of Tethys. The limits
of the southerly incursions of the sea onto the Indian Shield or Plate are indicated.
Iran, Afghanistan and southern China may also have been close,

The Glossopteris flora, characteristic of the non-marine sequences of Peninsular
India is found in the Lesser and Tethyan Himalayas and in southern Tibet north of the
Himalayas.

The Eurvydesma and younger Early Permian faunas of Peninsular India are found in
the Lesser Himalayas (including the Salt Rauge), in the Tethyan Himalayas and on the
northern slopes of the Himalayas (southern Tibet), These faunas are cold and temperate
water faunas., In the Lesser and Tethyan Himalayas and in southern Tibet they are
overlain by a warm water Late Permian fauna.

During the Permian, Peninsular India, the Lesser and Himalayan India and southern

Tibet are considered to have formed a single block or plate.



STRATIGRAPHIC DISTRIBUTION OF
FOSSIL CORALS FROM XIZANG AND
ITS PALAEOBIOGEOGR APHIC
PROVINCES

Wu Wangshi and Liao Weihua
(Nanjing Institute of Geology and Palaeontology,
Academia Sinica)

The Palaeozoic, Mesozoic and early Cenozoic marine strata are well developed in
Xizang. So far as we know, the oldest coral-bearing beds in Xizang are Lower Silurian
and the youngest strata are known to be Middle Eocene (Lutetian),

The Palaeozoic, especially in early Permian, two biogeographic realms may be divi-
ded, bas ing on the characteristics of the coral faunas: the Iranophyllum fauna and the
Lytvolasma fauna, with Yarlung Zangbo River as their boundary in general,

The Iranophullum fauna was discovered in northern Xizang and it is characterized
by hermatypic corals which were supposedly living in a warm-water environment and
may easily be compared with those of the other regions of the Tethys, such as Afgha-
nistan, Iran and Turkey.

In southern Xizang the so-called L¥tvolasma fauna is only represented by some so-
litary corals associated with thick-shelled brachiopods, It is no doubt that this fauna
should belong to the cold-water fauna and was distributed along the borders of the Gond-
wana Land such as Australia, Timor, Nepal and Pakistan,

On the contrary, beginning from the Mesozoic epoch, the distinction between the
two biogeographic realms have gradually become indistinct. Both of them seem to belong to
the Tethys type. These faunas are closely correlated with those of Portugal, Alps, Carpa-
thians, Caucasus, Hindu Kush, Pamir, India as well as Timor.

The marine transgressions in Xizang were persisting finally until early Tertiary (Eo-
cene), then the sea began to withdraw wholly from the Himalayas, Tremendous uplifting
movement resulting in the formation of the Xizang plateau took place only after the
Pliocen epoch,

Why is it that there is such a great difference between the south and the north to
Yarlung Zangbo River in the aspects of coral fossils during the late Palaeozoic and that
such difference became more and more indistinet zand finally disappeared from the
beginning of Mesozoic?

There seems to be two possibilities: first, during the late Palaeozoic, there was
still a great distance between the Gondwana Land and the Eurasian Land, The nor-
thern Xizang within the Eurasian Land was situated in the tropics or the subtropics and

therefore plenty of reef-building corals were living. On the other hand, southern Xizang,
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India as well as other portions of the Gondwana Land were located {n frigid zones,
while continental glaciers and mountain glaciers even appeared. So, only a few species
of cold-water type solitary corals could exist,

From the beginning of Mesozoic, the Indian plate rapidly drifted northward and
gradually got close to the Eurasian continent, until it reached the temperate zone, there-
fore, the characteristics of the coral faunas of both realms gradually tend to be in una-
nimity with each other.

The second possibility is that the climatic changes of the earth can be explained by
the variation in the obliquity of the earth’s ecliptic, From late Palaeozoic to Mesozoic,
the warm climate zone was widened because of the change of obliquity. Consequently,

both parts of Xizang belong to the same climate zone and the same biogeographical realm

of corals.

ON THE PALAEOECOLOGICAL RELATION
BETWEEN GONDWANA AND TETHY-
AN FAUNAS OF XIZANG

Jin Yugan
(Nanjing Institute of Geology and
Palaeontology, Academia Sinica)

The Permisn marine faunas of China were traditionally considered as a part of Teth-
yan realm. Primarily based on the distribution of brachiopods, three latitudinally exten-
ding faunal regions have been identified. The southern region is approximately restricted
in the south to 32 degrees north latitude and the east to Nu Jiang (Nu River). Of
which the faunas are closely related to those dwelled in other parts of northern mar-
ginal sea of Gondwana continent. The northern region or the Beishan region with its sou-
thernmost boundary at about 42 degree north latitude is a Paleozoic synclinal region and
contects with the Boreal realmm. The other areas streching from Kulunshen in the
west to Taiwan in the east are all involved in the central region or Yangzi region and are
characterized by flourishing of typical faunas of Tethyan Realm. The distributional pat-
tern of these faunal regions essentially reflects the differrentiation of geographical climate
zones. Furthermore, these regions may be divided into several provinces, each charac-
terized by a suite of communities.

The Permian deposits in the southern region represent a transgressive sequence of
facies both in vertical and lateral.The face change is best marked by diminishing terres-
trial materials in the company of increasing carbonate rocks northward and upward and
also is shown by shift from predominantly conquel limestone and biosparenite facies in
the south to biorudite facies in the north. Correspondingly,there appear two suites of com—

munities going from the strand line outward, the latest Carboniferous communities are the
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intertide Eurydesma community, subtide Stepanoviellea community and the Liraplecta com-
munity of upper shelf. The Permian suite includes Lingula, Spiriferella, Calliomarginga-
tia, Monodixodina and Comuquina communities. The last community characterized by a
relatively diverse fauna is usually regarded as a representative of Tethyan faunas while
the others are included in Gondwana faunas.

Because the faunas of the northern region share a great number of genera and species
with those of the southern region and their communities are structurally similar, the in-
tferred community model of the southern region may be tested by the data from another
one. In northern region, the early Permian deposits consist of flysch-like sequences
and thus the change of communities is relatively rapid. We have found some transitional
relations between S piriferella community and Comuquina community, Monodixodina com-
munity and Miselina community, These evidences lead us to come to a conclusion that
the so-called Tethyan faunas and Gondwana faunas in southern region are communities
having adapted to environments of various depth and substrate in the same sea.Using this
community framework as a basis to restore the Palaeogeographical picture for the sou-
thern region, we can find that since latest Carboniferous time there wouldn’t have oc-

curred any large scale of “drift” in this area.

NATURE OF THE PERMIAN BIOTAS IN
XIZANG AND THE NORTHERN BOUN-
DARY OF THE INDIAN PLATE

Wang Yujing Mu Xinan
(Nanjing Institute of Geology and
Palaeontology, Academia Sinica)

In the introduction of this paper, the provinces of the Permian System in Xizang and
the stratigraphic sequences,rocks and aspects of the Permian biotas in the provinces(sub-
provinces) are simply mentioned. Then we detail two problems.

I. The nature of the Permian biotas in Xizang and Permian biogeographical provinces.

According to the law that the present is the key to the past, we consider that
the Glossopteris flora, the solitary individual coral Lytvolasma fauna and the ammonite
genus Uraloceras of the Xizang Permian strata belonged to the cool-water biota and
the Cathaysia flora, the calcareous algal flora and the colonial coral Iranophyllum fauna
to the warm-water one. The cool-water biota distributed in the northern marginal sea
of the G.ndwanaland in south and the southern marginal one of the Angaraland in north,
between them the warm-water biota developed. The factors controlling this distributio-

nal pattern of the biotas were probably related with the glaciations on the two lands in

question, In view of the fact that we have subdivided the Tethyan paleobiogeographic

realm into three provinces, known as the Gondwana-Tethyan, the Angara-Tethyan and



the Cathaysgia-Tethyan,

2. On the northern boundary of the Indian Plate.

According to the fact that the cool-water solitary individual coral Lytvolasma fauna in
Early Permian and the brachiopod Stepanoviella fauna in Upper Carboniferous are found
in the Kangdese-Nyainqgentangulha subprovince and the conglomerate slates of the Upper
Carboniferous Pangdo Group in the above-cited subprovince all approximately corres—
pond to the Chataje diamictite member on the northern slope of Mt, Jolmo Lungma
and the diamictite of the Kalwoxigar formation in the area north of Kangmar, we consi-
der that the tw> provinces above mentioned would have been a partof the Indian Plate and
the northern boundary of the Indian Plate would have been located atthe line of Bangong
Co-Dongge-Nu Jiang.

LATE TRIASSIC PHYTOGEOGRAPHY
OF QINGHAI-XIZANG PLATEAU

Li Peijuan Wu Xiangwu
(Nanjing Institute of Geology and Palaeontology,
Academia Sinica)

Late Triassic floras widely spread in China. According to the Palaeobotanical data,
they can be classified into two types, namely, Dictyophyllum-Clathropteris flora in the
littoral floral province and Danaeopsis—Bernoullia flora in the continental floral province.

The Late Triassic plant-bearing strata have been successively discovered in Qinghai-
Xizang plateau. They are: the Bagong Formation, the Tumengela Formation, the Lamaya
Formation, the Gyiza Group, the Babaoshan Group and the Nanyinger ( Mole) Groufg.
With the exception of the Nanyinger Group, which is chiefly of continental origin, all
are alternations of marine and continental deposits with coal seams.

The floras of such formations as Bagong, Tumengela, Lamaya and such groups as
Gyiza, Babaoshan are characterized by the dominance of Dictyophyllum, Clathropteris,
Goeppertella, Angiopteris, Danaeopsis, Marattia, Reteophlebis, Liireticopteris , Pterophyl-
lum ptilum,Pt. sinense, Anomozamites loczyi, Sinoctenis calophylla,Nilssoniopteris jourd-
yi, Lepidopteris, Ptilozamites, Hyrcanopteris etc.; they correspond most likely to the
flora of the Ipinglang Formation in southern China.

The flora of the Nanyinger Group is marked by the absence of Dipteridaceae, the
flourish of Todites, Bernoullia, Danaeopsis and Cladophlebis, the moderate development
of Ginkgoales and by the scarcity of Cycadophytes. This flora resembles closely that of
the Yengchang Formation in northern China.

On the basis of both the floral and the lithological characters, the late Triassic floras
in Qinghai-Xizang plateau are also divided into two different types. The floras of Bagong

Formation, etc. belong to the type of Dictyopyllum—Clathropteris flora under the effect
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0f oceanic climate, reflecting humid and thermal conditions. The flora of Nanyinger Group
may be included in the type of Danaeopsis-Bernoullia flora under the influence of
continental climate, showing slightly warm and moist conditions.

The dividing line of the two floras in Qinghai-Xizang plateau approximately lies bet-
ween South Qilianshan and West Qinling (N 34.5°—38.5°) .

PALAEOGEOGRAPHIC ZONATION OF NOR-
THERN TETHYS DURING CRETACEOUS
AND LOWER TERTIARY (METHODS
APPPLIED TO THE ALPINE
GEOSYNCLINE)

D. Herm
(Institute fiir Paldontologie und Historische
Geologie,Universitat Miinchen, F. R. G.)

The Alpine area Were increasingly affected through Cretaceous and Early Tertiary by
syndepositional lateral and vertical movements, suggesting a continuous impact of syn-
and dia-chronous tectonic activities.

The Tibetian area, also, as a part of the former northern Tethyan belt suffered a
tomparable history, where a broader geosyncline area has crustally shortened (subduc-
tion) to narrow and steep basins,

In the Northern Alps the paleogeographic response to the tectonic stimulation shows a
typical northward migrating of synorogenetic sedimentary sequences during time. The
sediments and the faunal content allowed a paleobathymetric and paleo-oceanographic r -
construction of different sedimentation zones from north to south: northern coastal zone
of Tethys — internal basins on the shelf—shelfslope—deep sea trenches with flysch depo-
sits — north moving plate with differentiated paleogeographic setting caused by local
transgressions and regressions.

The following methods have been used for paleobathymetric and paleogeographic re-
constructions in the marine realm:

Ratio of planktonic versus benthonic foraminifera; ratio of different groups of plank-
tonic foraminifera (e, g. globotruncanids versus heterohelicids); diversity of benthonic
foraminifera; distribution of larger foraminiferasy diversity and density (mean rank
abundance) of gastropods and pelecypods have been very useful to arrange the fossil
associations and the sediments into lateral biofacial patterns.

The paleoecological results support the reconstruction of the synorogenetic history and
help us to betler understand the geodynamic events in this northern Tethyan

sections.
The methods should be applied also to other sections of the northern Tethyan belt.



APPROACHES TO ELEVATION AND CLI-
MATIC CHANGES OF QINGHAI-XIZANG
(TIBET) PLATEAU FROM FOSSIL
ANGIOSPERMS

Guo Shuangxing
(Nanjing Institute of Geology and Palaeontology,
Academia Sinica)

The present paper on the basis of fossil angiosperms from Qinghai-Xizang (Tibet)
Plateau makes an approach to its elevation, climatic changes and floristic succession,

1. The Late Cretaceous flora of Xigaze Group from the Middle Yarlung Zangbo Val-
ley consists mainly of subtropical and temperate broad-leaved deciduous forests with a
few tropical evergreen trees. The fossil flora represents a subtropical and subhumid cli-
mate. Probably the altitude of the Middle Yarlung Zangbo Valley was low elevation du-
ring the Late Cretaceous epoch,

2 . During the Early Eocene the flora of the lower part of Moincer Group in Gar co-
unty on the southern slopes of Kangdese Mountains consists mostly of tropical and sub-
tropical broad-leaved .vergreen forests with a few deciduous plants. The character of the
fossil flora is quite similar to the living vegetation distributed on the coast of southeast-
ern China. The fossil flora represents a tropical and wet climate and reflects a warmer
and wetter climate than that of the Xigaze Group at that epoch, It is estimated that the
altitude of the southern slopes of the Kangdese Mountains was not high at that time.

The Late Miocene flora of the upper part of Moincer Group from the same locality
in Gar county consists all of temperate and warm temperate broad-leaved deciduous fo-
rests, among them the species of Populus was prevailing. This fossil flora is similar to
the living vegetation of northern China, and it is identified to be a warm temperate and
moist climate, During the Late Miocene the altitude of the southern slopes of the Kang-
dese Mountains was probably varying from about 1500 m. to 2000 m.

3. The Middle Miocene flora of Wulong Formation from Namling county in Xizang
(Tibet) consists of a domination of subtropical broad-leaved deciduous forests with some
evergreen alpine species of Quercus and Rbododendron, The fossil flora is similar to the
living forests of western Sichuan and northern Yunnan. It represents a subtropical and
subhumid climate, It is probably that the altitude of Namling area appeared about 1500
m. above the sea level at that epoch,

4 . The Late Pliocene floras from western Sichuan and northern Yunnanin border of
the plateau consist of the majority of subtropical evergreen species of Fagaceae intermingled
with a few deciduous broad-leaved forests. The floras show a close resemblance to the li-

ving vegetation of the areas where the fossil floras occurred., The fossil floras represent a
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subtropical and subhumid climate.It is likely that during the Late Pliocene the altitude of
western Sichuan and northern Yunnan almost reached such a height as today’s,

5. The Late Tertiary floras of Zeku county and Qaidam Basin of Qinghai in northepp
part of the plateau consist all of temperate broad-leaved deciduous forests and with a fey
aquatic or marsh herbs. The fossil floras represent a temperate and drought climate, The

climate indicated by the fossil plants was probably warmer and wetter than today’s,

TERTIARY PALYNOLOGICAL ASSEMBLAGES
FROM XIZANG WITH REFERENCE TO
THEIR PALEOGEOGRAPHICAL
SIGNIFICANCE

Song Zhichen Liu Gengwu
(Nanjing Institute of Geology and
Paleontology, Academia Sinica)

In this paper are discussed the division of the Tertiary floristic provinces and
uplifting ranges of the different parts of Xizang based on the palynological evidence,

The palynological study aims to indicate that during the time of

the

Paleogene, there

were two floristic provinces in Xizang region: the Northern Province and the Southern

Province.The palynological assemblage of the Northern Province is markedly evidenced by

the rich presence of angiospermous pollen, along with a number of Ephedripites, where-

as Pinacea' pollen is scarce. Such an aspect is quite likely to be comparable with that of
the corresponding beds (the gypsum- and salt bearing Formation and the Jinsha Forma-
tion) of Hubei Province, suggesting, therefore, a fact of the Eocene central subtropical re-
gion of China. From the Late Eocene onward, the angiospermous pollen was almost com-
pletely replaced by the Pinaceae grains in this assemblage, As to the Southern Province,

which is separated from its northern neighbour by the Kangdese Range,the dominant ele-
ment of its paleoflora is chiefly Myrtaceae, emphasizing the thermophilous characters
of this flora.

Palynologically, the difference between these two provinces seems to be present in

the Late Tertiary, with the boundary existing frem the Kangdese Range to the Nyaingen-
tanglha Range. During that period, the principal members of the flora in the Northern
Province were composed of various alpine species of Quercus, in association with some

of

Picea, Abies and xerophilous Chenopodiaceae plants. Among the important elements
the Southern Province in Miocene are Polypodiaceae, Pinus and Quercus, with no tropi-

cal evergreen trees being found. During the Pliocene period,the Pinaceae pollen got a fur-

ther development in number, which was accompanted by the common occurrence of Pi-
cea and Abies,



Results from analysing the palynofloras of these two provinces demonstrate that the
climatic condition in the Southern Province was warmer and moister than that in the Nor-
thern Province throughout Tertiary, and that the uplifting ranges of the crust are not all
the same in the whole Xizang region. The altitude in the Northern Province 1is estimated
about 2000m high above sca level during the Oligacene, It was not until the end of Mio-
cene, however, that the same altitude appceared in the Namling area to the south of the
Nyaingentanglha Range, As far as the arca farther away from the Himalayasis concerned,

this altitude came into existence in the Middle-Latie Pliocene,

GEOLOGICAL OUTLINE AND GEOLOGICAL
HISTORY OF THE YARLUNG
ZANGBO SUTURE ZONE

Wu Haoruo
(Institute of Geology, Academia Sinica)

The Yarlung Zangbho Suture Zone lies betwecn the Indian block and the Kangdese
block. Its north limit is a major unconformable plane formed in mid-Cretaceous time.
It is separated from the Himalaya Zone on the south by the Lhagoi Kangri Fault, On the
west side, it connects with the Indus Suture Zone and on the east side with the Indobur-
man Suture Zone, thus extends over 1000 km. It may be subdivided into two subzones,
the south subzoae and the north subzone, The former is characterized by “miogeosyn-
cline” provperties, mainly representing a Mesozoic bathyal environment of the continental
slope in the north of the Indian block, The latter is furnished with “eugeosyncline” pro-
perties, which mainly represents a Mesozoic South Tethys deep sea environment, The
study of the Palaeozoic rocks, which crop out in the suture zone on a small scale shows
that this zone together with Himalaye and Kangdese all belonged to an epicontinental sea
around the northern margin of Gondwana land in the Palaeozoic Period, As the Kangdese
block drifted northwards, beginning from the Triassic, the South Tethys was formed
therein. Analysing of sedimentary facies indicates that the South Tethys may be of a
complex island sea environment before Late Cretaceous and was not a wide open sea,
Untill the early Late Cretaceous, Kangdese drifted further northwards thus a wider South
Tethys was formed, The spreading of the South Tethys in this stage may be explained
why the Indian block drifted northwards rather slowly before 80 m. y., and after which
the Indian block began to drift northwards at a faster rate and converged with the Kang-
dese again in the Eocene Epoch. Therefore, the Yarlung Zangbo Suture Zone only repre-
sents the suture zone between the old Asia and Gondwana land of the Mesozoic time. The
north boundary of the Gondwana in the Palaeozoic is considered possibly at the southern
margin of the Kunlun Ranges. And it is also possible that the separated blocks of the

ancestral Asia might have ever drifted northwards in geological history.So the eastern part of
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the Tethys might not have been as wide as what R.S.Dietz and J.C.Holden (1970) postulated,
and within interior of the sea there might have existed some intra-landmasses or microcon-
tinents, by which the author attempts to solve the ploblem of the mixing of Gondwana

and Eurasian fauna and flora in the Permian-Triassic time.

THE STRATIGRAPHICAL AND GEOLOGICAL
CHARACTERISTICS OF PRE-ORDOVICIAN
ROCKS IN THE CENTRAL HIMALAYAS

Yin Jixiang ZhangQi Li Daizhou Li Shaohua
(Institute of Geology, Academia Sinica)

The higher portion and its southern slope of the Central Himalayas consist mainly of
pre-Ordovician metamorphic rocks, except the Sub-Himalayan belt where pre-Ordovician
rocks are lacking. Within the several structural lithofacies belts of the Central Himalayas,
the stratigraphical features of the Pre-Ordovician rocks are quite different from each
other,

In the Tethys Himalayan belt, the slightly metamorphosed rocks lying conformably
underneath the fossiliferous Ordovician successions are representatives of the North Col
formation of the northern slope of Qomolangma Feng ( Mount Julmo Lunhma) and the
Larjung formation of the Thakkhola region in northeastern Nepal. They could be com-
pared with the Parahio series and the Haimanta system in Spiti, so a Sinian-Cambrian
age for them is inferred.

Metamorphic rocks of the High Himalayan belt are represented by the Nyalam group
in Southern Xizang, China, the Himalayan gneiss or “Tibetan Slab” (i, e. “Dalle du Ti-
bet”) in ast central Nepal and the Dhumpu gnei.s in northwestern Nepal. They are se-
parated from the overlying light metamorphic rocks by a thrust sheet or tourmaline-mus-
covite granite, but locally seem to be continuous deposition. The lower part of the
Nyalam group probably represents an inverse metamorphism.

The middle and lower parts of the Kathmandu group and the Midland meta-sedi-
ment group in Nepal are representatives of the pre-Ordovician light metamorphic rocks
of Lower Himalayan belt. The upper part of the Kathmandu group contains fossils pro-
bably of Ordovician-Silurian, so the thick calcareous and arenacevus successions under-
lying are considered as possibly Cambrian in age. The upper part of the Midland meta-
sediment group with stromatolites, may be compared with the Shali series in Khumaon
of India, and the muscovite K-Ar age of 728 m. y. was obtained from this part, it is
thus suggested that the Midland meta-sediment group bhelongs to Sinian,

The sedimentary characteristics of the pre-Ordovician rocks in Central Himalayas, the
structural and palaeogeographic features of the High Himalayan belt or the Central Crys-
talline belt are also briefly discussed here.
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PALAEOZOIC BIOSTIGRAPHY AND
PALAEOGEOGRAPHY OF THE
TETHYS HIMALAYA

V.J.GUPTA
Centre of Advanced Study in Geology,
Panjab University, India

The fossiliferous Palaeozoic rocks are exposed throughout the entire stretch of the
Tethys Himalaya. The fresh collecti)n of fossils by the author from ditferent stratigra-
phic horizons has enabled to revise stratigraphic position of some of the rock formations
and to define precisely the ages of some of the horizons which were hitherto considered
to be unfossiliferous,

The boundary between the Algonkian and Palaeozoic is gradational and in none of
the sections in the Tethys Himalaya, there exists any evidence for the presence of a
unconformity between the two,

The Cambrian succession of Kashmir, Ladakh and Spiti has been reclassitied on the
basis of new trilobite collections. The find of Redlichia from Kashmir is significant as
it is suggestive of the fact that the terrain comprising Iran, Salt Range, Kashmir, Indo-
China and China was under the influence of western arm of Australo-Asian province.

The find of Early Ordovician graptolites from Kashmir suggests that this fauna had
connections with the American-Australian-Asian Ordovician graptolite faunas. The For-
mation of Ladakh has been assigned Ordovician age, The Garbyang Formation of north-
eastern Kumaun and its equivalents in Nepal has yielded flat gastropods (Eccliopteris kus—
haensis whereas the“Nodular Limestone”at Dung and northeast of Chorhoti Pass in Ku-
maun has yielded brachiopods of Ordovician age., The Ordovician crinoids has also been
recorded from the Chandragiri area, near Kathamandu, Nepal.

The discovery of Silurian graptolites from the Harpatnar Beds of Kashmir and Cen-
tral West Nepal has enabled to change the assumptions regarding the existence of land
barriers between the Himalayan and Burmese regions during the Silurian Period, The
lower units of Naubug Beds have yielded rich fauna of Late Silurian age whereas the
upper units of Naubug Beds have yielded Devonian fishes. The beds lying immediately
below the Muth Quartzite in Kashmir and Spiti have yielded Lower Devonian plant fos-
sils.The Silurian-pevonian boundary in different parts of Himalaya is detined on palae-
ontological evidences.

The Karsha and Tanze Formations in the Luneak valley of Ladakh have been assig-
ned precise ages. The presence of Ordovician-Silurian and Devonian fossils has also been
described from the Phulchauki-Godavari section of Nepal.

The stratigraphic position of the Muth Quartzite has been defined on the basis of
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rich fauna found within these quartzites exposed at several places in different parts of
the Himalaya. Devonian conodonts have been described from Kashmir, Ladakh, Kumaun
and Nepal. The Tanawal Formation of Kashmir has been assigned age between Ordovyi-
cian and Middle/Upper Carboniferous.

The Syringothyris Limestone of Kashmir and its equivalents have been assigned
Tournaisian to Lower Visean age on the basis of new finds of conodonts, crinoids and
brachiopods. The revision of fauna from the Fenestella Shales suggests its age between
mid-Visean to Bashkirian. The fauna from the Fenestella Shales is approximately corre-
lative with the similar faunas from the Middle Naxing Formation of Tibet. The occur-
rence of Carboniferous and Permian fossils has also been recorded from Lamayuru area
of Ladakh.

The so-called“Agglomeratic Slate Succession”of Kashmir has been reclassified. The
sedimecntary intercalations within the Ralakung Volcanic Succession of Ladakh have yiel-
ded brachiopods of late Sakmarian to Kazanian age.

The Permian biostratigraphy of the Tethys Himalaya has been thoroughly revised and
this succession can be divided into a number of faunal zones, i‘e., the Eurydesma cor-
datum Zone(Late Asselian); Taeniothaerus permixtus Zone(Sakmarian)s; Laemnimargus
himalayvensis Zone(Punjabian);Echinalosia kalikotei Zone(Vedian)and Claraia-Otoceras-Op~
hiceras Zonal Complex(Gangetian-Ellesmerian) have been recognised in parts of Kashmir,
Ladakh, Spiti and Nepal. In addition, vestiges of other zones are present, including
Brachythrinella narsarhensis Zone in Garhwal and Retimarginifera fauna of Sakmarian or
Baigendzinian age in Spiti and Ladakh and bivalve fauna of possible Djulfian age in
Kashmir and Nepal.

The find of Lower Permian marine fossils(brachiopods, gastropods, pelecyposds, bry-
ozoans,etc.) from the Boulder Slate Sequence of the Lower Bijni Tectonic Unit of Garh-
wal is significant as this fauna has close resemblance with the fauna known from the Chi-
Lung Ji Long Group exposed on the northern slopes of Mount Everest, Tibet and Uma-
ria Marine Bed of Peninsular India.

The Permian-Triassic boundary in Kashmir, Ladakh, Spiti and Kumaun is discussed.

NEW FOSSILS FROM THE DEVONIAN
SERIES OF TANG CHU
(BHUTAN, HIMALAYA)

V.J.GUPTA and G.TERMIER
(Panjab University,India)

The Tang Chu series has supplied a Givetian-Frannian fauna including Atrypa sp. cf.
reticularis, an Elythid, Fenestella? , Phacopid, Hexacrinites? sp. New fossils have been

found in the same locality but in a slightly lower horizon: Spinocyrtia sp.y cf. Eleuthe-



rokomma sp.(fragmented), Megachonetes? sp., Hexacrinites sp., a Proetid pygidium, a
solitary Coral. Poorly preserved, these fossils afford a confirmation for the Givetian-

Frasnian age of the Tang Chu series.

SPECIAL REMARKS ON THE GEOLOGICAL
HISTORY OF THE HIMALAYAS

Wang Yigang
(Nanjing Institute of Geology and
Palaeontology, Academia Sinica)

This paper discusses summarily some problems on the geological history of the Hi-
malayas based on some new stratigraphic and Palaeontological data obtained in recent
years (1966-—1968, 1973—1976).

Both the basements of the Himalayan geosyncline and Indian shield are different
from each other., The Himalayan metamorphosed basement was a result of the meta-
morphism, possibly beginning from early Sinian and ended in early Ordovician. It
seems that the geological conditions and ample evidences of the presence of “Paleohimala-
yan Ridge” are lacking. During Caledonian and Hercynian, the Himalayas were only inf-
luenced by epeirogeny; during Mesozoic, it was a region of stable subsidence, where se-
dimentary differentiation in beds was quite evident. A possible source of the so-called
“Tibetan facies strata” came from the north of the present Himalayas but both were in
the same basin. The end of marine sediments in the Himalayas and the Molasse of the
North Tethyan Himalayas are also discussed.

On the basis of the above discussion, the evolution of the sedimentary region of the

Himalayas may be deduced in space and time.
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PERMIAN BRACHIOPOD AND BIVALVE
ZONES IN THE HIMALAYA OF
INDIA AND NEPAL

J. B. Waterhouse and V. J. Gupta
(Department of Geology and Mineralogy, University
of Queensland, St. Luecia, Australia.

Centre of Advanced Study in Geology, Panjab
University, Chandigarh, India.)

The Brachiopud and bivalve zones of the Himalaya in especially India and Nepal are
discussed. Within the northern Himalaya, or Tibetan zone, the following zones are recog-
nised; the widespread Eurydesma zone, of upper Asselian age correlative with the exten-
sive Eurydesma faunas of Gondwanas the Taeniothaerus (Reedoconcha) permixtus Zone of
mid-Sakmarian (Sterlitamakian) age, restricted to Kashmir but allied to faunas of Queens-
land; the Retimarginifera fauna found only in Ladakh, of probable Baigendzinian
age, and the Lamnimargus himalayensis Zone, very widespread throughout the Himalaya,
and correlated with the Punjabian Stage, as exemplified by the Kalabagh Member and
lower to middle Chhidru Formation of the Salt Range, Pakistan. Late Middle and Late
P:rmian zones are restricted to Nepal and Kashmir, with the basal Djulfian Stage exem-
plitied by the Pyramus silicius Zone in Nepal, With allied faunas in Kashmirs and the
upper Djulfian by the Krotovia arcuata Zone in Nepal. Late Permian is best represented
in north-west Nepal, with the Vedian Substage represented by the Marginalosia kalikotei
Zone, and the Ogbinon Substage by the Atomoadesma variabile zone, possibly found also
as equivalent faunas in Kashmir (Faunal division IV of Nakazawa et al. (1975)).

The Gangetian horizon is widely represented by Otoceras, eg. concavum, followed by
Ophiceras; both horizons containing latest Permian brachiopods as well. Correlation with
nearby areas of the Salt Range, Karakorum and Pamirs is discussed. Fossils are fewer
in the Main and Lesser Himalayas, but include the widespread =zone of Eurydesma, and

in Garwhal the early Sakmarian zone of Brachythyrinella narsahensis (Reed).



CHARACTERISTICS OF THE SEDIMENTARY
FACIES-BELTS IN THE YARLUNG
ZANGBO-XINGQUAN HE SUB-
SIDENCE REGION AND
THEIR SEDIMENT ARY
MODELS

Wang Liencheng & Wang Tungan
(Institute of Geology, Academia Sinica)

The subsidence region of Yarlung Zangbo-Xingquan He, which runs in the west-east
direction about 1600 km long and over 100 km wide, is situated between Kangdese
and Himalaya ranges. In this region, the sedimentary strata, mostly Mesozoic and Ceno-
zoic, are over 10,000 meters thick and an ophiolitic zone is included.

Based on the characteristics of sedimentary rocks and rock suites, the content of fos-
sils and volcanic materials, and the tectonic movements and paleogeographic changes, six
osedimentary facies-belts are recognized: the flysch-like facies-belty the sandstone and
shale facies—belt of bathyal and abyssal sedimentations the olistostrome facies-belt;
the radiolarian siliceous rock facies—belt; the flysch facies-belt and the molasse facies
belt. Each of these belts all exhi bits as regularly distributed north-south narrow-longi-
tudinal zones.

Large scale sedimentation of the referred subsidence belt started from Early Me-
-szoic. As time went on, the sedimentary facies-belts were differentiated one from the
other. The Tethys was very likely to have often been changed in width and depth; thus
gradually it gave rise to a continent; and finally, it was added to and as an integral part
of the Qinghai-Xizang plateau.

The ev lutional processes of this region could be divided into 5 stages:

The flysch-like deposit formed in Triassic-Early Jurassic; the sandstone and shale
series formed in bathyal or abyssal area in Middle and Late Jurassic-Early Cretaceous;
the flysch and radiolarian siliceous rocks formed in Late Cretaceous; the olistostrome
deposit formed in Middle-Late stage of Late Cretaceouss the molasse formed from the
end of Cretaceous to Miocene,

The evolution of sedimentation and formation of the sedimentary facies-belts men-—
tioned above are closely related with tectonic movements of Indian plate, which was drif-
ted northward and subducted under the Eurasian continental crust; and finally, the two

continents welded together by crustal collision.
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THE LATEST MARINE SEDIMENTS IN
XIZANG AND THE PROCESS OF THE
EARLY TERTIARY REGRESSION

Zhang Binggao
(Nanjing Institute of Geology and
Palaeontology, Academia Sinica)

The Lower Tertiary is up to now the latest marine sediments in Xizang. It is distri-
buted chiefly in Tingri-Gangba region to the south of Yarlung Zangbo River. The Lower
Tertiary here may be divided into the Zongpu Group in the lower part and the Zhipura
Fermation in the upper part. The problem discussing the uppermost marine sediments
in Xizang in this paper is of the age of the Zhipura Formation.

The upper part of the Zhipura Formation contains the following large foraminifers.
Orbitolites complanatus Lamarck, Fasciolites(F.)oblongus (d’Orbigny), Nummulites lucasi
Douvillé, N. incrassatus de la Harpe, Assilina rota Davies, Discocyclina clarki(Cushman),
D, sowerbyi Nuttall, etc. These fossils are common in the middle stage of Eocene, Only
a few of them range to the Late FEocene, It seems that the fossil assemblage here resem-
bles that from the middle parts of the Eocene in Assam region and in Salt Range, How-
ever, no Pellatispira, the typical foraminiferal form of the Upper Eocene in South Asia,
has yet been found. Therefore, the age of the upper parts of the Zhipura Formation
should be referred to the middle stage of Eocene(Lutetian).

There was a sea nearly in direction of east-west in the Himalayan region during the
late stage of Late Cretaceous. From the beginning of the Tertiary the west parts of
Kangdese Range uplifted and united with the Kumaon Uplifting. So two seas which dis-
connected with each other were formed in Himalayan region. The age of the marine
sediments from both sides, east and west, of the west parts of Kangdese Range
and Kumaon region outward is gradually younger.It indicates that the sea water regressed
from both sides of them. The ancient sea in Xizang regressed from west to east, from
the west parts of Nepal passing by Tingri-Gangba region to Assam and the west parts of
Burma during the early Tertiary.

According to the theory of some tectonic geologists, the Indus-Yarlung Zangbo River
is the suture line connecting Indian plate with Eurasian plate, But the contact age is

quite different considered by various authors, Based on the conclusion that the west

parts of Kangdese Range and the Kumaon region uplifted during the early Tertiary,

the age at which the Indian plate collided with the Eurasian one must have been prior to
Tertiary period,



THE ENVIRONMENT OF THE PLIOCENE
BASIN OF JILONG, XIZANG

Cheng Wanyoung
(Institute of Vertebrate Palaeontology and
Palaeoanthropology, Academia Sinica)

The basin of Jilong is one of the intermontane basins of the Himalaya fold belt du-
ring Cenozoic, According to the Hipparion Fauna found there the basin is chronologically
Pliocene in age,

Based upon the characteristic features of the sedimemts, two assemblages of fluvi-
lacustrine facies are divided: the first one is composed of basal conglomerate, greyish
siltstone, yellow siltstone with brownish yellow ferruginous layers and iron nodules, and
greyish mudstone; thus, it represents a sort of fluviolacustrine-swamp deposity the sezond
assamblage is composed of yellowish mudstone, yellowish and violet mudstone, sandstone
and several thin gravel bed intercalations,a representation of fluvio-lacustrine sands and
mud deposit,

Three kinds of clay mineral groups are distinguished. The kaolinite-hydromica group
constitutes the bottom layer of the basin. It represents a sort of warm-wet climatical en-
vironment. The montmorillonite-kaolinite-hydromica group constitutes the middle part ot
the basin section and represents a sort of climatical condition of alternatively hot and cold,
and wet and dry.

The last group of montmorillonite-hydromica occurs on the top of the basin-section,
Its environment of deposition has been already dry and hot.

Based on the analysis of the heavy minerals, oragnic substances, carbonates, che-
mical make-up, pollen, aquatic living fossils and vertebrates, etc, of the Pliocene Ji-
long basin, and also in comparing these results with those of similar recent sedimentary
environment,a conclusion is drawn that it might have been an environment of subtropic,
rather hot and wet, having been absolutely different from what really is in this basin,

Based on the actual data mentioned above, maps of Palaeogeography, Palaeoclimato-
logy and Palaeoecological environment of the Hipparion Fauna were restored concerning
the Jilong basin during Pliocene,

This paper is not just an aid to the understanding of the changeable climate and natural
environment before and after the uplifting of the highland of Qinghai and Xizang, but
also is of benefit to make a further understanding on the palaeocscological environment

of Hipparion Fauna and its development history.
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THE CARBONIFEROUS AND PERMIAN
FUSULINID SUCCESSIONS IN
EASTERN QIHGHAI-
XIZANG PLATEAU

Zhang Lin—xin
(Nanjing Institute of Geology and
Palaeontology Academia Sinica)

The Carboniferous and Permian sediments widely distribute) in iEastern] Qinghai-
Xizang Plateau. They are well exposed in Gemazhapu, a village of Zhongzan, south of
Batang county, western Sichuan, In this section, the Carboniferous and Parmian strata
exceeding 1400—1500 metres in thickness are composed almost of thick-bedded to massive
limestones, and are extensively exposed in simple structure, The fusulinids are collected
from the top of the Lower Carboniferous to the Upper Permian., The fusulinid succession
is quite clear. Ten fusulinid zones are established in descending order as follows:

10. Zone of Reichelina cribroseptata~Eoverbeekina batangica

9. Zone of Neoschwagerina cheni

Zone of Nankinella hunanensis—Pisolina excessa
Zone of Misellina claudiae

Zone of Staffella batangica

8.
7.
6.
5. Zone of Zellia-Pseudoschwagerina
4 . Zone of Triticites
8. Zone of Fusulinella-Fusulina
2 . Zone of Profusulinella
1 . Zone of Eostaffella

The Eostaffella zone belongs to the latest Lower Carboniferous age and is regarded as
the lowermost fusuline zone of the Carboniferous system. The Profusulinella zone and
the Fusulinella-Fusulina zone belong to the Weiningian of the early Upper Carboniferous
age. The Triticites zone, the Zellia-Pseudoschwagerina zone and the Staffella batangica
zone belong to the Mapingian of the late Upper Carboniferous age. The Misellina claudiae
zone is characterized by the presence of the Misellina claudiae, and represents the lowest
fusuline horizon of the Permian system in this region. The zone of Nenkinella hunanen-
sis-Pisolina excessa represents the lower part of the Lower Permian. The upper part of
the Lower Permijan is characterized by the presence of Neoschwagerina cheni, and is
referred to as the zone of Neoschwagerina cheni. In this zone Verbeekina, Paraverbeeki-
na, Pseudodoliolina, Chusenelle and Sumatrine are included. The zone of Reichelina

cribroseptata-Eoverbeekina batangica belongs to the Upper Permian.

No Palaeofusulina has been found in Gemazhapu section, but it is found near the Toba
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village of Qabdo county and is found in the vicinity of Raudui of Markam county, The
Palaeofusulina-bearing beds in there two localities may be correlated with the Palaeofusu-

lina zone of South China.

NOTES ON THE THREE NEW SPECIES
OF THE GLOSSOPTERIS FLORA FROM
THE QUBU FORMATION, S.XIZANG
WITH A DISCUSSION ON THE
AGE OF THE FORMATION

Li Xingxue
(Nanjing Institute of Geology and Palaeontology,
Academia Sinica)

The Qubu formation of southern Xizang(Tibet) has been well known in the circle
of Earth Sciences since the discovery of a Glossopteris flora in it. However, the age of
the Qubu formation is hitherio not quite settled. Some authors (Hsii, 1973. 1976, 1978
Yin et al ., 1976), based mainly on a few elements of the Glossopteris flora showing
some resemblance to those of the Raniganj formation of India, insist to regard it as early
Late Permian, while others (Zhang, 19743 Wu, 1975y Zhang et Ching, 19763 Wang et Mu,
1980) hold it to be Early Permian in respect to the study of a great deal of marine fos—
sil invertebrates occurring in the immediately precedent and succedent rock formations.

As a result of careful comparison of the Xizang specimens described and figured by
Hsi (1976, p. 324—326; pls. 1, 2, 3; figs. 13, 14s text—figs. 1—3) with the type- and/or
other important published figures of the three new species concerned, it is found that
these so-called new species were almost all established on unsatisfactory grounds. The
material described by Hsii as Raniganjiec qubuensis sp. nov. might belong to the genus
Stellotheca, namely Siellotheca qubuensis (Hsii) n. comb. The specimens of the other
two forms, treated by Hsii as Dizeugotheca qubuensis sp. nov, and Dichotomopteris qu-
buensis sp. nov., were founded only upon detached sterile fragments of pinna in which
their fertile evidences, so important soral structure revealed by other typical specimens
are lacking. It is also to be noted that all the definite known species of Dizeugotheca
have been collected in the Early Permian deposits. Besides, other described species of the
Glossopteris flora of the Qubu formation are all with wide vertical range, they may there-
fore not be regarded as reliable evidences for an 2ge of Late Permian.

Taking into consideration all-sidedly,it is mostly convenient for the time being to
consider the Qubu formation in which this Glossopteris flora occur to be of Early Permian

in age.
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THE GEOGRAPHIC DISTRIBUTION
AND THE REALM OF TRIASSIC
BIVALVES OF XIZANG

Chen Chu-Chen
(Nanjing Institute of Geology and
Palaeontology, Academia Sinica)

The Triassic bivalves are abundant in Xizang. About 100 genera and subgenera inclu-
ding 329 species and subspecies have been described. They are mainly concentrated in
the Tanggula-Chambdo and the southern part of the Lhasa-Kangdese regions.

During the early Triassic in the Tanggula-Chambdo region, a clastic succesion yielded
a good fauna including many species of genus Claraia (aurita, clarae, intermedia, etc.),
Entolium discites microtis Bittner, Eumorphotis inaegicostata Benecke and soon. They are
regarded as forms of the Northern sea coast of the Tethyan realm, and associated with the
members of Boreal-Circum Pacific realm, bearing Cl. stachei Bittner, Eu. multiformis
Bittner. This fauna differs greatly from that of the southern part of the Lhasa-Kangdese
regions. In the latter region occur only a few endemic forms, i.e. Cl. griesbachi
Bittner, Cl. painkhandane Bittner, Cl. dieneri Nakazawa which are repr sentatives of the
southern part sea coast of the Tethyan Realm. It is deduced that at least in Himalayan
region during the early Triassic the east Tethyan sea intervened between the Gondwana
and Eurasian continents.

The east Tethyan sea seemed to diminish it when the Norian came, thus the Napeng
fauna reached to all shall w water clastic facies of Xizang. The shallow water carbonate
facies is constituted by limestone bearing Megalodonts and Napeng fauna. The deeper
facies known in th Jilong-Shannan region.It is constituted by shale, rediolation siliceous
bed with thin-shelled bivalves ( Monotis, Halobia) of the Tethyan type.

The search for a cause of the members of the Boreal-Circum Pacific reslm occurring

in the Tanggula-Chambdo region during the early Triassic is discussed here,
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THE JURASSIC SYSTEM AND THE
BOUNDARY BETWEEN JURASSIC
AND CRETACEOUS IN XIZANG

Sun Dong-1li
(Nanjing Institute of Geology and
Palaeontology, Academia Sinica)

In Jurassic period the transgression was very extensive in Xizang. The “Xizang Sea”,
as a part of Tethys, almost occupied the whole teritory of Xizang(including Tethyan Hima-
layan Region, Kangdese-Nyaingentanglha Region and Karakorum-Tangla-Hengtuan WMoun-
tains Region) except the extreme northern part of it (Kunlun-Hohxil Shan Region).

The banded Jurassic rocks expose broadly along the west-east direction, but the
strike of the rocks turns round to the north-south direction in Hengtuan Mountains Region,

The Jurassic marine sediment here is the most developmental one in China, In the
paper the Jurassic strata distributing in the realm are divided into seven zones of the
sedimantary formation according to the lithological and tectonic characters, the property
of biological group and differences of the modes of deposition.

Recent study of the Jurassic ammonoids, Belemnoids, Brachiopods and microfossils
has led to the subdivisions of the Jurassic strata and the establishment of the biostratigra-
phical sequence. The author dealed with the palaeogeographical position of “Xizang Sea” at
that time and the changes of the transgressions and the regressions. In the article the
boundary between Jurassic and Cretaceous is discussed in obedience to the point of
view that Phanerozoic systems represent evolutionary stages in life history. From this
point of view the author should prefer the boundary to be placed between Berriasian a=ad
Valangianian.



THE STRATIGRAPHICAL I MPORTANCE OF
ORBITOLINAS(FORAMINIFERA) FOR THE
SUBDIVISION OF CRETACEOUS NERITIC

SERIES OF HIMALAYA-TIBET PLATEAU
AND ADJACENT AREAS

Rolf Schroeder
(University of Frankfurt, F.R.G.)

The presence of orbitolinid foraminifera (genus Orbitolina and allied forms) in the
‘Himalaya and adjacent areas is known since a long time; orbitolinid-bearing rocks could
be attributed to Lower Cretaceous-Cenomanian. However, a more exact dating respectively
a biozonation of the neritic series containing orbitolinid foraminifera was not possible till
now because the definition of different srecies and evolutionary trends were not suffici-
ently known,

The revision of mediterranean orbitolinid foraminifera during the last decade rende-
red possible a subdivision of the neritic series in numerous well dated biozones. A re-
examination of the published figures of Orbitolinas from the Himalaya and adjacent areas
as well as a restudy of some expedition material from european collections has shown
that the general evolution of these foraminifera was largely identical in the two continents.
These facts emphasize the importance of this group for Cretaceous stratigraphy f the
Himalayan region and give rise to a future collaboration between chinese and european

micropaleontologists.

CHARACTERISTICS AND EVOLUTION OF
GRANITOIDS OF SOUTH XIZANG
(TIBET)

Tu Kuangchi Zhang Yuquan
Zhao Zhenhua Wang Zhonggang
(Institute of Geochemistry, Academia Sinica)

Granitoids are widely distributed in South Xizang covering an area of 100,000 km?2.
and occuring in three parallel petrographic bells, each with its own characteristics. These
are the Kangdese Belt to the north, the Lhagoi Kangri' Belt in the middle, and the Hima-
laya Belt to the south.



The plutons of these petrographic belts all occur in the upthrust sides of the great
thrust zones,

Time of formation of plutons becomes younger as one goes southwardsy the principal
granitoids of the Kangdese Belt have isotopic ages 120-70 m.y. with subordinates 50-10m.
y., while the Lhagol Kangri and the Himalaya granitoids have 50-30 m.y. and 20-10m.
y. ages respectively.

The Kangdese Belt is characterized by the presence of huge batholiths, usually for-
ming composite plutons. The main rock types are diorite and granodiorite with subordin-
ate granites. Both the Lhagoi Kangri and the Himalaya Belts, on the other hand, have
only small-sized and widely separated plutons with simple petrography. The main rock
types are gneissic two-mica monzonitic granite and tourmaline muscovite granite.

The characteristic accessory minerals are magnetite, sphene, apatite, and allanite for
the Kangdese granitoids, monazite, tourmaline, garnets and muscovite for the Lhagoi
Kangri and the Himalaya Belts, The granitoids of the Kangdese Belt are rich in Ti, Fe,
Mg,Ca, but impoveriched in Si, K. Opposite trend is observed tfor the other two Belts. In
rare-earth distribution pattern, the Kangdese Belt is characterized by a smooth curve with
indistinet Eu anomaly, while the Lhagoi Kangri and the Himalaya Belts have intensive Eu
anomalies,

Granitoids of the Kangdese Belt are very similar with the I-type granitoida of the
Western North and South Americas in their modes of occurrence, periods of intrusion,
petrographic features, constituents of main and accessory minerals, as well as in their
trend of evolution, close association with basic to intermediate volcanic rocks and Cu mi-
neralization of the porphery type. Granitoids of the Lhagoi Kangri and the Himalaya
Belts correspond with the S-type granitoids of Southeast Asia.

It is postulated that the granitoids of the Kangdese Belt were formed by the partial
melting of the oceanic crust with its overlying sediments when the Indian Plate subduct-
ed downward below the Euracean Plate. Granitoids of the other two Belts, on the other
hand, were produced by the remelting of continental crust during collision and compres-
sion of the two Plates.

Granitoids of the three above-mentioned petrographic Belts, together with those of the
Tanggula and the Kunlung Ranges farther to the north, show obvious tendency of south-
ward decreasing geological ages. The same is true for granitoids of Southeast China. This
seaward migration of younger granitoids is to be explained by micro-plate accretion
since the Paleaozoic, Late granitoids formation is also closely related to crust thickening
and continental growth.
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PETROCHEMICAL STUDY OF GRANITOID
ROCKS IN SOUTHERN XIZANG

Wang Zhonggang, Zhang Yuquan and Zhao Huijlan
(Institute of Geochemistry, Academia Sinica)

Based on two hundred analytical data on granitoid rccks in this region, the average

chemical composition has been calculated by the area weight method for va-
rious granitoid rocks of different episodes and different stages, as well as for different
rock-belts and the whole region, The origins of various types of granitoid 1ocks are

discussed also. Several conclusions have been drawn as follows:

1. The average bulk chemical composition of all granitoid rocks in this region app-
roximates to that of granodiorite and adamellite given by Daly.

2 . The composition of granitoid rocks shows a tendency to become from comparatively
basic to acidic with their ages changing from older to younger.

3 . The development of the composition is not successive butl intermittent in nature,
indicating that different types of granitoid rocks were derived from different

materials.

source

4 ., According to Ab-Or-Q-H;O Diagram, it is shown that all granitoid rocks, ex-
cept diorite-granodiorite, are of magmatic origin with the formation temperature ranging
from 700 to 750 C and the pressure between 1000—2000 bars. The earlier diorite-granodio-
rite, however, has the formation temperature of about 750 C and pressure of 5000—7000
bars. The assimilati n and contamination secem to have taken place in accompany with
the formation of diorite-granodiorite,

5. Diorite-granodiorite was foimed at the stage when the Indian Plate underthrusted
towards the Eurasian Plate while other granitoid rocks were mainly formed at the stage

when the intercollision between the two Plates proceeded.

THE MESOZOIC-CENOZOIC VOLCANIC
ROCKS IN XIZANG AND THEIR
BEARINGS ON GEOLOGY

Jin Chengweli
(Institute of Geology, Academia Sinica)

In Xizang, volcanic activities have occurred in the following important periods since

the Mesozoic era; (1) Triassic, intermediate-basic eruption in both Yarlungzangbo and

Jin Sha river or the intermediate-acidic in Qamdo reagion, (2) Jurassic, intermediate



magmatic eruption in the lake district of northern Xizang, (3) early Cretaceous, interme-
diate-acidic magmatic eruption of calc-alkali series in the large area from  Yarlungzangbo
to the lake district of northern Xizang, (4) late Cretaceous, eruption of intermediate-basic
magma in the Yarlungzangbo ophiolite belt, (5) late Cretaceous (K;)-early Tertiary(E),
large-scale intermediate-acidic magmatic eruvption of calc-alkali series in Kangdese; (6)
Tertiary, acidic magmatic eruption in small-scale,and (7) Quarternary, eruption of alkali
and calc-alkali series in the Qiangtang., Among these the volcanic activities of Cretaceous-
Eogene is most magnificent,

The volcanic rocks of the Yarlungzangbo ophiolite belt consists mainly of tholefite and
alkali basaltic series belonging to the sodic subseries, but the K;-E calc-alkali volcanic
rocks in Kangdese belong to potassic ard ordinary subseries. As seen from the diagram
of SI versus Na;O+K;O, the evolutional trends of the volcanic rock in Yarlungzangbo is
different from that of Kangdese, Whereas the evolutional trend of the early Cretaceous
calc—alkali volcanic rocks on the north of the Yarlungzangbo is quite similar to that of
the ophiolite belt of it,

The Ceno-Mesozoic volcanic activities is intimately related to the northward pushing
of the Indian plate, Since the Cretaceous time, India and Australia were separated from
each other and rifted toward the north. Thus, calc-alkali andesitic magma and island arc
tholeiitic magma were produced during subduction of the oceanic crust, The rate of the
northward drifting of the Indian Plate have attained to about 15—20 cm/yr. since the
past 80 m. y. Aside from the magmas that were forned subduction of the oceanic crust,
there were still others that were output of the crustal melting of the Kangdese induced
by the mantle convection which were resulted from the increasing rate of plate drifting.
One evidence of this speculation is that the Sr®7/Sr®% ratio is 0.708 for the K.~E volcanic
rocks in Kangdese, The great speed of plate drift was likely due to large inclinational
angle of Bennioff belt. Therefore, large-scale volcanic activities occurred in a rather nar-
row zone. Tethys sea was closed up 40 M. Y. ago. At the same time, activity of the
Yarlungzangbo convergence belt stopped. A new intracontinental convergence was formed.
Quarternary volcanic eruption in northern Qiangtang plateau is caused by the southward
downthrusting of the Talimu block along a new intracontinental convergence belt or the

remobilizing Kunlum fault.

A PAIR OF METAMORPHIC BELTS IN
SOUTH XIZANG

Zhang Qi, Li Dazhou and Li Shauhua
(Institute of Geology, Academia Sinica)

There are two metamorphic belts in South Xizang:
Kangdese metamorphic belt and Yarlung Zangbo Jiang metamorphic belt, their basic

types are quite different, Kangdese metamorphic belt is mainly composed of slates,phyl-



lites, schists, gneisses, amphibolites and migmatites. A great amount of related granitjc
rocks occurs in this metamorphic belt, thus contact metamorphism of country rocks was
much developed. Index minerals of regional metamorphism is andalusite and sillimanite,
The bo value of the potash white micas is 9.003 A in metapelites, It corresponds to con-
tact-low pressure regional metamorphism type. We thirk it probably belongs to low or
low-medium pressure metamorphic facies series.

Yarlung Zangbo Jiang metamorphic belt is expressed on the south of Kandese meta-
morphic belt. Its distribution is rather narrow and quite discontinuous, Its important rock
constituents are pelitic schists, phyllites and greenschists that accompanied ophiolite; The
occurrence of glaucophane schists was reported from Lower Zayu district (Cuaxa Pog,
1977). Almandine associated with albite in the Wa’nyai Qiao Formation at Namjagbarwa
district. The bo value of the muscovite is 9.043 A. The contents of RM* and MgO of
the muscovite are higher, It appears that it could belong to high or high-medium pressure
facies series.

In Kangdese belt strata of Ordovician to Cretaceous hare been found, The metamor-
phic rocks have K-Ar ages between 119—21 m. y, which correlates to Cretaceous—Mio-
cene period. The stratigraphic position of Yarlung zangbo Jiang metamorphic belt is most-
ly of late Cretaceous. So it is suggested that the age of this metamorphic belt might be
from the end of Late Cretaceous to Tertiary period.

The two metamorphic belts are quite different in characteristics and general outlook.
But they are intimately related to each other in regional distribution. Their metamorphic
ages are almost similar, too, It seems that they really possess many of the characteristics
of a pair-metamorphism belt,

PETROCHEMISTRY OF GRANITES IN
XIZANG AND AN APPROACH TO
THEIR ORIGIN

Liu Guanjien and Zhang Kuiwu
(Institute of Geology, Academia Sinica)

The granitic rocks occur in a banded shape distribution in Xizang (Tibet), Tertiary
tourmaline-muscovite granite and gneissic two-mica granite are widely exposed in Hima-
laya region of Southern Xizang, Northward, batholiths of gabbro, diorite, tonalite, grano-
diorite and granite of Late Cretaceous to Tertiaray in age are distributed in the Kangdese
granite belt and Northern Xizang Granite belt. In the Qangtang-Qamdo area, the main
rock types are granodiorite and granite of Jurassic-Cretaceous. In this paper, 171 petro-
chemical analysis of granitic rocks, the calculation of C.I.P. W. of normal minerals and

the data of petrochemical characteristics of Zavariski are given. A vector diagram of Za-

¥ RM=1/2Fe;03+ FeO+MgO (molecular proportion)
—39—



variski petochemistry i{s drawn and also variation diagrams of Q-Ab-Or, An-Ab-Or and
SiO2 against other main elements as well, In these diagrams, the granitic rocks in the
area mentioned above occupy a special distribution area respectively, which show their
spatial trend of petrochemical variations as well as their possible origins, The tourma-
line-muscovite granites in the High Himalayas contain higher SiO, (averagely 73.73 %),

K20 +Nay0 (averagely 8.17%) and K20/Na,O (averagely 1.1), lower FeO +Fe,03 (avera-
gely 1.78%), Mgo (averagely 0.52%) and CaO (averagely 0.77%). The gneissic two—mica
granite in Lhagoi Kangri contains similar composition, average SiO,=73.6%, K20+ Na:0
=7.28%, K20/Na,0=1.08, Fe,O3+FeO=2,39%, MgO=0.76%, and CaO=1.63%, respecti-
vely. From the diagram of Q-Ab-Or, We can see that the granites mentioned above for-
med under lower vapour pressure, The Kangdese granitic rocks contain higher FeO +
Fe;03 (averagely 4.70%), MgO (averagely 1.66%), and CaO (averagely 3.33%), respecti-
vely. The Northern Xizang granitic rocks contain also higher FeO+ Fe;O3 (averagely
4.09%), MgO (averagely 1.46%), and CaO (averagely 2.87%) respectively. On the whole,
as being indicated on the diagram of Q-Ab-Or, they obviously tend to distribute more
closer to the Ab angle than the Himalaya granites, which shows that they formed
under higher pressure, From the south to the north, the age of rocks has an order from
old to young, compositions of the rocks show the increasing KO content and K.O/Na:0O
ratio, The authors consider that the Kangdese granites, Northern Xizang granites and the
Himalaya Tertiary granites are associated with the northward movement of the Indian
plate, its subduction beneath the Eurasian plate and their final collision. A few data of
petrochemistry gained from Qangtang-Qamdo area show a contrary tendecy that of Kang-
dese granite belt, As compared with the data of melting experiments of granites, the au-
thors suggest that the tourmaline-muscovite granites in High Himalaya, the gneissic two-
mica granites in Lhagoi Kangri, and the small part of Kangdese granites might be emer-
ged from the partial melting of crust rocks, while the quartz-diorite-granodiorite and
granites in Kangdese and Northern Xizang might mainly be derived from the hydrous

partial melting of pyrolite in the mantle wedge above the Benioff zone,

A STUDY ON THE INCLUSIONS IN
SOME ROCKS FROM XIZANG

Lu Huanzhang
(Institute of Geochemistry, Academia Sinica)

Recognized in Xizang volcanic and intrusive rocks are a large number of glass and
melting inclusions, as well as fluid inclusions. All these inclusions are the representives
of magmas and silicate melts, and later hydrothermal fluids respectively, from which
the rocks in Xizang were derived. Glass inclusions mainly occur in volcanic rocks where-
as melting inclusions are only found in intrusive rocks, such as granites, diorites, oli-

vinfels, etc., In this work, the author has found for the first time the liquid ring-bear-



ing glass inclusions in acid voleanic rocks, which provide strong evidence of the develop-
ment from magma to hydrothermal solution, and made an investigation into the cooling
history of these rocks with reference to magmatic inclusions.

The results obtained by homogenization-and quenching-method are given in Tab, 1,
The homogenization temperatures are in the range of 750—1250C. The homogenization tem-
peratures of volcanic rocks or hypabyssal rocks are higher than those of intrusive rocks,
while those of intermidiate-basic rocks are much higher as compared with acid rocks,
Heating experiments show that the temperatures of appearance and disappearance of
daughter minerals can be used as indicators of the upper and lower limits of crystalliza-
tion temperatures of rocks.

Based upon the foregoing discussion and compared with Nanling granites and Suzhow

granites, it is concluded that Xizang rocks under consideration are of magmatic origin.

Table 1. Results of the Study on the Inclusions in Some Xizang Rocks
Rock Type Observed Type of In- {N.D. Homo-|Glass and Melting Inclusions
Mineral lusi enization
1nera ciusion genizatl Appearance Homogeniza-
Temp. of . R
and disappear-tion Tempe-
Fluid In-
ance of Daugh-|rature (T)
clusions .
ter Minerals
Acid crystal- Quartz |I Liquid in- 6 950—1150 1200
linoclastic tuff clusion
I Glass inclu-|
sion
Liparitic Quartz |l Apo-glass 3 1050—1000
porphyry inclusion
Basaltic Quartz |1 4 650—1000 1040—1200
porphyrite Feldspar|Il (some inclu-
dind daug-
hter miner-|
als)
Andesite Feldspar |1 7 220—250
porphyrite
Harzburgite Olivine |1 10 850
II Melting
inclusion
Giant hypers—| Feldspar (I 2 750(de—
thenite creption)
Trachytepor—-| Feldspar |1 1 | 1150
phyry Quartz L Apo—glass
inclusion




Table 1. (continued)

Rock Type Observed Type of In- N.D.; Homo—?Glau and Melting Inclusions
Mineral | clusion ‘genization’ .
| Appenrance | Homogeniza-
‘Temp. of | I
| ‘and disappear-tion Temper-
Fluid In-
‘ance of Daugh-ature(T)
clusions |
ter Minerals |
Quartz-porp-| Quartz |I 9 | 840—1150 1250
hyry Ir '
Acid tutf Quartz |IL (containing | 8 | 650—1100 , 1200
liquid ring :
and daught- ] i
er minerals) ‘ !
Hypersthenite | Feldspar |II ‘ 2 l { ~ 800 [ 1000
Katabugite | Feldspar |II | | 1000
Granodiorite Quartz I, 3 ! ~ 700 900
I¥  Daughter
mineral-bearing
fluid inclusion
Porphyritic Quartz I, 2 900
two-mica
granite |
Biotite granite ' Quartz (I, 8 ’ 270 ' ' 900
i |
Diorite Quartz |I,II £ | a0 | =700 | 900
Granodiorite 1 Quartz |I,1I l 4 210 ‘ 850
Monzonitic Quartz |I,II 4 350 900
granite
K-teldspar Quartz |1, 2 900
granite V containing 1i-
quid CO: incl-
usion
Granite Quartz |1 2 800
m




THE CHARACTERISTICS OF FELDSPARS IN
GRANITE AND THE EVOLUTION
OF XIZANG GRANITES

Xie Yingwen Zhang Yuquan Deng Bingjun
(Institute of Geochemistry, Academia Sinica)

Late Yenshanian and early Himalayan granites are widespread in Kangdese and Hij-
malaya Mountains in southern Xizang. Feldspars in these rocks are examined by optical
measurement, chemical analysis and X-ray methods, The characteristics are as follows:

Alkali increase with the process of magma evolution as is indicated by the higher K
(coefficient of alkli feldspar) and distribution frequency of later granite in comparison
with that of earlier ones.

The An value of plagioclase of different ages and stages decrease from earlier to la-
ter stages. Differerce has also been found in An value in different rocks of the same
emplacement stage. The An value is higher for the phenocryst than that in grouandmass
in the same sample. All of these evidences show that the plagioclase becomes more acid
in composition from earlier to later stages.

The trend of alkali feldspar variation is: Ab values of earlier stages are lower than
that of later stages. This is probably due to the different conditions related to rock for-
ming process or sodium metasomatism.

The extent of order—-disorder is found variable within a wide range for the alkali
feldspars. Feldspars from the most ordered microcline to the disordered orthoclase have
all been discovered in Xizang for -most plutons, the extent of order-disorder is basi-
cally similar between alkali feldspar phenocryst and grouandmass.On the other hand, how-
ever, the order—disorder variation is quite limited in pl