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PREFACE

A Scientific Guidebook to South Xizang edited pur-
posedly for the Lhasa-Nyalam excursion includes 2 parts:
A. Qeography and B. Geology and Geophysics.

The route of the excursion begins from Yangbajain near
Lhasa roughly along the highway from China to Nepal
through the south wing of the Nyaingentanglha Range and
the Xizang Himalayas to the border town Zham in Nyalam
County, ending at the Friendship Bridge ‘at the Sino-
Nepalese border. The distance approximates 930 km,

The physical environments, biologic features, and the
unique geologic developments of the region have long at-
tracted the attention of scientists. From the end of the
19th century to the eve of the founding of the People’s
Republic of China, a number of scientific researches have
been made. During 1903—1904, H. H. Hayden made a
reconnaissance survey from Ya-dong passing Gyanze to
Lhasa. Later, as members of British Mountaineering Ex-
pedition of Mt. Qomolangma (Mt. Everest), A. M. Heron,
N. E. O’dell, L. R, Wager et al. studied in the 20s and
30s the north slopes of Mt. Qom6langma. Xu Jin-zhi, Luo
Wen-bo and Liu Shen-e surveyed the east part of this
region,

Since the founding of the People’s Republie of (*hina,
deep concern by the (‘hinese Communist Party and Govern-



ment for the benefit of the Xizang people has led to many
scientific investigations to the plateau. Among them may
be mentioned The Working Team to Xizang, the Govern-
ment Administration Counecil, 1951—1953; Scientific In-
vestigation Team of Chinese Mountaineering Expedition
to Mt. Qomolangma, 1959— 1960; Multi-disciplinary Scien-
tific Investigation Team to Xizang, Academia Sinica, 1960—
1961; Chinese Scientific Investigation Team of Mountaine-
ering Expedition to Mt. Xixabangma, 1964; Scientific In-
vestigation Team to Xizang, Academia Sinica, 1966—1968,
and Multi-disciplinary Scientific Investigation Team of
Qinghai-Xizang Plateau, Academia Sinica, 1973—1979; all
these were of comparatively large scale. Based on the
geologic and geophysical data already obtained, a demar-
cation line may be made along the Yarlung Zangbo ophiolite
belt, separating the area into north and south parts, which
differ significantly from each other in history as well
as in structure. To the south is a part of the Indian
Plate or the Gondwana with Himalaya structure, to the
north is a part of the Eurasian Plate with Kangdese Nyain-
gentanglha structure. The Yarlung Zangbo valley, where
the intermediate-acid magmatic belt (Kangdese magmatic
belt) trends W-E, parallels to the Yarlung Zangbo ophiolite
belt. In the Xigaze region, the central crystalline belt of
the Himalayas is mainly composed of medium metamorphic
rocks. In the lower part are schist and gneiss; and in the
upper, migmatites, Many thrusts indicate the possibility of

a nappe toward the south. Combined with the numerous
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nappes on the south slope of the Himalaya including Nepal
this may offer evidences for the mechanism of a force
from the north, conforming with the stress fields generated
by the collision of the Indian and the Eurasian Plates,

The geologic researches in the Himalaya and the
Kangdese-Nyainqgentanglha well reveal the mysteries of
the plate motion. In recent years, many researches have
been made at the south slope of the Himalaya extending
through Nepal, Pakistan, India, and other countries. It is
hoped that this Symposium and the post-Symposium ex-
cursion will contribute to the understanding of the Qinghai-
Xizang Plateau, and will lay a good foundation for further
researches.

The high altitude of the Qinghai-Xizang Plateau raises
interesting problems in the fields of physical environments,
fauna and flora, as well as in agriculture, forestry, animal
husbandry and human adaptability, This Guidebook fails
to go into the details of every field, it is only an attempt
to provide a background for field discussions,

For the compilation of this Guidebook, the results of
the former investigations have been consulted and a recon-
naissance survey was made from May to August, 1979 along
the excursion route. The compilation group is indebted to
the Government organizations, the Scientific and Techno-
logical Commission, and the Bureau of Geology of the
Xizang Autonomous Region for their hospitality and sup-
ports. The compilation group of A Scientific
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A. GEOGRAPHY

I. Introduction

The Qinghai-Xizang Plateau borders the Kun-lun
mountain and the Qi-lian mountain on the north, the Hima-
layas in the south, the state boundary on the west, and the
so-called Heng-duan mountain comprising a group of north-
south ranges on the east. Occupying about one fourth of
the country in area, the plateau averages over 4,000 m in
elevation, worthy of the name the ‘‘World’s Roof’’.

The XiZang Autonomous Region is situated in the
south part of the plateau, extending from 78°25" to 99°05'E,
and 26°50" to 36°30°'N with an area of about 1.2 million
km®.

The topography is by no means even. The west to east
trending ranges reflect the geological control; they are from
north to south the Kun-lun, the Karakorum-Tanggula, the
Kangdese-Nyaingentanglha, and the Himalaya. In the east,
however, the Hengduan ranges trend north to south and,
from west to east, they are the Boshula, the Taniantaweng,
and the Ningjing with rvespectively the Nu-jiang, the
Lancang-jiang, and the Jinsha-jiang gorges in between. On
these ranges, peaks rise as high as 5,500—7,000 m, where

glacial and periglacial landforms, actual as well as ancient,
prevail.



In the north part of the Xizang Autonmous Region,
the relief of Chang Tang plateau fluctuates between 4,500—
4800 m with numerous lakes and ponds on the surface,
being a vast expanse of interior drainage. In east Xizang
where the climate becomes relatively moister, mountains and
gorges signify the intense dissection of the land, while the
steep slopes plus deep valleys render all kinds of tran-
sportation difficult. The valley may reach as low as 200 m,
with the utmost even down to 150 m. The plateau as a
whole inclines from northwest to southeast,

This enormous plateau being almost 1/3 as high as the
tropopause, the oxygen pressure amounts to half of that
over East China. People first visiting Xizang are apt to
suffer from the so-called ‘‘Alpine reaction’’, breathing
rapidly and feeling strengthless. The warming effects of
the plateau mass help elevate the air temperature higher
over Xizang than anywhere of the same latitute and altitude,
contributing to Xizang ‘a favorable eco-environment.

In the winter half year, westerlies prevail over the
Plateau; in the summer half, however, a low center develops
over the ground against a high in the sky. The shifting
of winds forms some kind of monsoonal system on the plateau
itself so that a dry season befalls from October to May
inclusive with clear sky and strong winds, and a wet season
June to September. Since the warm moist air from the
Indian Ocean blows northwestward, a succession of natural
belts arranging in the direction represented by forest-

meadow-steppe-desert differentiates the environment, ag well
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as the land use.

II. A brief account of physical
geography of South Xizang

South Xizang is used to indicate the region to the south
of the Kangdese-Nyaingentanglha range, including the
Yarlungzangbo and the Pum-Qu river systems. The Yar-
lungzangbo (or the upper stream of the Brahmaputra)
along the great fault valley at the southfoot of the said
range is a large river of the greatest altitude in the world.
In its middle stream, gorges alternate with depressions.
In the latter, several steps of terraces may occur, as may
the deposits of aeolian sands. The middle Yarlungzangbo
plus its larger tributaries such as the Nyang-Qu and the
Lhasa-He is the main farming area of Xizang with con-
centration of population and urban centers. The elevation
is about 3,500—4,200 m.

The Pum-Qu valley, smaller than the Yarlungzangbo,
1s situated in the west part of South Xizang. The depressions
in the upper and lower streams average over 4,000m in
elevation. The major lakes in South Xizang including from
east to west the Yamzhog Yum Co, Puma Yum Co, Dogen
Co, and Baiku Co etc. are without an outlet but with fresh
or slightly salt water in them. Most lake basins, actual and
ancient, are of fault origin, The Hipparion fossils in the
lacustrine deposits remind us of the Pliocene forests or forest-
steppes replaced by the present alpine steppes.

The Himalaya range, bordering the Plateau in the

e« 3 o



south and having uplifted only since Miocene, is highest in
its middle stretch with numerous ice pinnacles and rugged
peaks. Besides Mount Qomolangma (known to the Western
world as Mount Everest, 8,848 m), five peaks rise above
8,000 m and all these high peaks provide an excellent ground
for glacial actions. '

On the southern slopes of the Himalayas, the natural
landscape differs greatly from what has been described to
the north. Here the steep slopes signify the strong fluvial
erosion by gorges and cataracts consequent to the cuesta-
like upheaval. The mountains rising abruptly from the
Ganges plain, the physical phenomena are differentiated
clearly in vertical zones within short distance. Timber
resources abound in the great variety of forests.

The climate of South Xizang is semi-arid, raing fall
about 200—500 mm in the year decreasing toward the west.
The warmest month of 10°C—16°C plus the coldest of
—10°C average 2—8°C for the annual temperature, Solar
radiation is so strong that bathrooms have been established
for public service in Iihasa, using solar energy alone, Lhasa
has been known as the ‘‘City of Sunlight’’.

Alpine steppe and montane shrubby steppe form the
vegetation. The former consists of Stipa purpurea and
Artemisia spp., and the latter Sophora mooeroftiana and
Aristida trigseta; their calcareous soils are respectively
Baga Soil (Alpine steppe soil) and Aga Soil (Montane
shrubby steppe soil).

Winter wheat, Qing-ke (highland barley) grows well in

c 4 .
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South Xizang. The highest wheat yield having reached
1,700 jin/mu, the upper limit of wheat goes as high as 4,200 m,
and that of Qing-ke 4,700 m, recording the world’s highest
upper limit of cultivation. Xizang sheep and yak find their
excellent pastures in the plateaus, mountains, and lacustrine
flats. Livestock farming constitutes an important part of the
Autonomous Region’s economy, It is only natural that the
region’s economic and cultural centre lies in South Xizang.
This trip will follow the route from the south slope of
the Nyaingentanglha range, through the Yarlungzangbo
valley, up to South Xizang Plateau and the Himalaya
Range, before turning to the south slopes of the Himalayas.

Some typical spots will be chosen from each major region.

III. Important stops

1. Lhasa. Lhasa city (3,658 m), the capital of the
Autonomous Region, is situated in the middle stream of the
Lhasa-He, a tributary to the Yarlungzangbo. At their
junction, rivers braid and swamps spread over a vast ex-
panse, unfavorable to settlements. This helps to realize why
Lhasa gets away from the water course, so unlike a riverine
port, but retreats to the hillside. Some limestone hills rise
about 100 m above the valley bottom, and the magnificient
monastery the Potala Palace tops one of them. Ancient
karst topography awakes to the former moister climate.
On the north side of the valley, steep slopes of graniteg under
strong mechanieal weathering are almost deprived of vege-

tation,
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The June temperature approximates 15.5°C, the
January —2.2°C and the annual 7.5°C. The precipitation
amounts to 440 mm in the year and the rainy season starts
early in June, when the air moisture significantly increases.
Night rainfall counts up to about 80%. Agriculture develops
well on irrigation.

The old city has extended to the new one with an urban
population about 100 thousands.

2. Yangbajain-Damxung Doiling. The district lies
at the north hillsides of the Nyaingentanglha range along a
northeast trending valley, Neotectonic movements are strong.
The Yangbajain thermal fields in the center of a depression
of the same name diffuse the geothermal heat in various
forms including boiling springs, hot springs, thermal springs,
and a thermal lake, etc. Once, a drilling led to a thermal ex-
plosion of geysers; now the No. 7 Geyser explodes once every
12 minutes. The thermal lake, of oval shape and 7,350 km*
in area, measures 16.1 m deep. The water is clear and the
temperature up to 50°C, vapours all over the surface,
producing an area of heat anomaly about 7 km*® and a total
heat diffusion 116,000 Cal/sec, (see Geology Guide-book)

Doiling is situated in the valley by the south foot of
the Nyaingentanglha range. Most pointed peaks rise above
6.000 m, the highest being 7,111 m, through which wind the
glaciers. Cirques are found. On the southeast slopes of
the Nyaingentanglha are several steps of ancient platforms
of glacial accumulation, lower down, are platforms and fans

of fluvio-glacial vrigin. 2 or 3 sets of valley in valley, de-
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monstrating the actual dissection by the V-valley into the
U-valley. In Quaternary, at least 3 glaciation occurred, the
greatest one reached as far as down the valley bottom,
forming foot-hill glaciers with moraines and erratic boulders,

3. Quxu-Kambala pass. The city of Quxu (3,600 m)
is on the north bank of the Yarlungzangbo. After the libera-
tion, a bridge over the Yarlungzangbo has been built. The
river is here about 6 m deep in the flood season and about
2m in the dry season. Below the bridge, the river branches
between sand bars with which the prevailing west winds
blow sand dunes along the river or sand covers over the
slopes.

To the south of the Yarlungzangbo, the road goes up
the Kamba La pass (4,794 m). Shrubby steppe, shrubby
meadow steppe, and alpine meadow are found. The well-
known lake Yamzhog Yumco lies at the south foot of the
pass.

4. Yamzhog Yumco. The lake ramifies westwards.
Evidences are that a tributary led it to the Yarlungzangbo,
before it was dammed into an enclosed lake.

The lake, 4,441 m in elevation, measures 678 km’ at the
surface with an drainage area of 6,100 km*. All the rivers
entering the lake are short ones, more from the south, the
longest of which, the Kadongjia, is8 75 km long. Pluvial supply
is general the case except the Ka-lu-xiang-qu, which is fed
by melt water.

The depth averages 20—40 m, the deepest measurement
being 39 m. The 20m isobath e within 300 m from the
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bank, reflecting the steep sides, The water volume amounts
to 1.51 bill. m® with very slight change in the stage, only
43 m for the last 100 years. Gymnocypris wadellis abound.

5. Karila. The Karila pass, 5,045 m, is to the south-
west of the Yamzhog Yumeco, about 30 km from the lake
city of Nanggarze, being the highest pass on the motorable
road to Gyangze. The pass is a part of a morainic platform
in an ancient glaciated U-valley bordered by lateral moraines
and ended with terminal moraines plus fluvio-glacial terraces.
Striae on the valley walls and ancient cirques on the heights
are clear.

To the north of the pass is Mount Noijinkangsang
(7,191 m) and to the south, Mt. Ka-lu-xiong (6,647 m), The
snowline in the vicinity reaching 5,900 m, numerous cirque
glaciers and hanging glaciers nourish the streams that flow
westwards and northwards through the Nyang Qu and the
Main Qu to the Yarlungzangbo.

To the northwest of the Karila pass a hanging glacier
comes from the south slope of Mt. North in Noijinkangsang
down as low as 5,233 m. Crevasses help avalanches. In the
yvears 1957, 1963, 1978, avalanches occurred in large scale
and blocked the road.

South of the road, comes down the Qiang-yong glacier,
which, being a continental cirque glacier, moves at a rate
of 30 m/year (1975). It bifurcates in the lower stretch, the
east branch extends as below the snowline to 5,132 m and
the west one even to 4,980m. At the terminus of the

glacial tongue, a lake is formed by terminal as well as lateral
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moraines, From 1975—1979, the tongue advanced 12.5m.

The periglacial landformes above 5,000 m include rock
pinnacles, polygonal sols, and solifluctions. Skirting the
mountain-sides are taluses and aprons of angular boulders,
as are the frozen mounds on the morainic platforms at the
ontlets.

Alpine meadows are the main type of vegetation in
the vicinity of XKarila, with only single plants on the
moraines and the taluses.

6. Gyangze. Gyangze is an important town of South
Xizang, situated at 4,000 m above sea level in a depres-
sion in the middle stretch of the Nyang Qu valley on the
north side of the Karila pass. The Nyang Qu is the largest
tributary to the Yarlungzangho on the right side, draining
northwestwards an area of 11,100 km®. The valley is broad
around Gyangze where several isolated hills remain. Vegeta-
tion is scarce, and the alluvial fans are spotted with some
Sophora moocroftiana.

Crops on the several steps of terraces and on the major
river bed furnish the cereals, Although the annual rainfall
amounts only to 290 mm, abundant supply of melt water
meets the needs of sufficient irrigation and promises the
good growth of Qing-Ke (highland barley), peas and oil-
seed, etc. The introduction in the early 70 s of winter wheat
has brought good harvests, The climate seems to satisfy the
wheats particularly well, the experimental station of agri-
culture at Xigaze has recorded the yield of over 1,700 jin/

mu.
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Atop one of the hills stand the remnants of fortifica-
tions against the British invasion in 1904; a monastery the
Ba-jiao-qu-deng temple is at the foot of the same hill.
Gyangze has a long history of her fabric industry, famous
of producing tapestries and rugs.

7. Xigaze. Xigaze meaning ‘‘fine manor’’, is Xizang’s
second largest city (only next to Lhasa), situated 3,836 m
at the junction of the Nyang Qu and Yarlungzangbo. The
valley is here wider than in Gyangze and the lacustrine
deposits on the terraces locate the once Pleistocene lake.

The semi-arid climate flourishes adequate farming in the
suburbs with relatively dense population, although rocky
hills with poor soils surround the city proper. Shrubby
steppes represent the natural vegetation; trees are very rare.
However, rows of willows and poplars are cultivated along
the rivers.

Streets are neat. Urbanization comes only after Lhasa.
The Holy Monastery the Zhaxilhunbo temple on a hill north
of the city may be compared to the Potala Palace both in
arts and structure.

8. Dagzhuka. This important ford is about 90 km
below Xigaze along the Yarlungzangbo, 3,750 m in elevation.
The valley broadens above the ford, but narrows below it.
Despite the low temperature, water flows smoothly in winter
without freezing. Blown sand covers some of the steppes.

The greatest width of the valley may be 8—10km,
where the river braids. Croplands on the terraces and river

bars make it one of the agricultural bases of Xizang. Natural
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plants such as Sophora moocroftiana, Oxytropis, Pennisetum,
Orinus, Stipa spp. etc. provide adequate pastures for life-
stocks.

Below the Dagzhuka ford, begins the To-xia gorge which
stretches 80 km long in a series of rapids with a total fall
of more than 100 m, being a rich resource of future water
power development,

9. Gyaco La. Further west, the road crosses several
tributaries (the Bu-qu, Re-qu, Sagya Chumgqu) and several
low passes before reaching Lhaze, 145km from Xigaze.
The town is located on the alluvial plain at 4,100 m. The
landscape, as well as the farming and pasturing activities
are similar to that in Gyangze and Xigaze,

Not far from Lhaze to the west, rises the Lhagoi Kangri
Range, where alpine meadows appear above 4,500 m. The
(Gyaco La pass is on the range, broad and flat at 5,250 m,
representing the remnants of an ancient peneplain. The
climate is rather cold and slightly moist. Among the com-
ponents of the alpine meadow are Kobresia Pygmaca and
Kobresia spp.

Immediately south of the pass are morainic materials
from Mount Lhagoi Kangri (6,457 m). Down the road well
preserved U-valleys are on the east side spread over on the
bottom by granitic moraines, Swampy meadows of Kobresia
littledalia develop on the fluvio-glacial fans,

10. Tingri and Kung Co. The Lhagoi Kangri range
divides the Yarlungzangbo from the Pum Qu, the latter
being the second largest river in South Xizang. The town
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Tingri is on the largest tectonic basin of the upper stretch
of the Pum Qu valley. The basin measures 20 km from
north to south and 10 km from west to east, about 4,300—
4500 m in elevation. It borders the Himalayas on the
south, and the immediate mountains average over 5,000 m
above sea level. The east-flowing Pum Qu river crosses
through the basin before turning south to cross the
Himalayas.

Skirting the south slopes of the basin are enormous
glacio-fluvial fans. On the alluvial center, rise some isolated
hills 80—100 m high, Small sand bars split the water course.
Tingri leans on the east foot of a hill, dominating the
China-Nepal highway.

The basin is under the shadow of the Himalayas. Of
the semi-arid steppe, the dominants comprise Pentnsetum
flaccidum, Orinus thorodit, Stipa spp., and Artemisia spp.
Animal husbandry develops in addition to some farmlands.

To the west of the Tingri depression is the Kung Co
depression in sight of Mount Qomolangma. U-valley and
morainic forms are seen to the east. Swampy meadows of
Kobresio develop on the lowlands,

11. Yagru Xongla. Yagru Xongla is another plat-
formlike remnant of the 5,200 m peneplain. It divides the
Pum Qu river into several minor systems draining to the
south of the Himalayas. This means the World’s highest
mountain system is cut into several places by small streams.
Where the China-Nepal road is, the pass measures 7—8 km

wide and 5,100 m in elevation. Mount Xixabangma, 8,012 m,
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rises abruptly to the southwest, topped with snow and dis-
sected by glaciers.

Vegetation on the platform is dominated by cushion-
like herbs and grasses including Androsace tapete, Arenaria
musciformis, and Astragalus spp.

Down south from the pass outerop the lacustrine de-
posits, 510 m thick, of Pliocene, fossilizing lamellibranchia
gastropods, and ostrocods. Also found are Hipparion in a
layer of white-grey sands at 4,950 m. Sporo-pollen analysis
shows that 4 palaeogeographical stages may be divided in
the course of the upheaval of the Plateau, changing the
warm moist environment gradually to cool ‘aridity.

Further south, the road goes down the Bo-Qu valley,
where the landscape rapidly changes. Retrograding erosion
by the antecedant streams on the south slope of the Himalaya
cuts through the grand mountain range, The ancient lake
basin ends in a gorge.

12. Yarleb. The village Yarleb is sited at 4,300 m on
the east side of the Bo-Qu valley, where sinter courses out
from the Ordovician limestones. The rocks are compact and
oblique, In the sinter are found artifacts of all sorts
of mio-lithic or neolithic age, as are fossils of Rhododendron,
Lonicera, Saliz, and Viburnum. Communities of similar
plants at present are located much lower in elevation, such
as those further south in the Quxam district, 4,300—3,880 m
above sea level. The formation of the ecrust, therefore,
should have been under a warmer and moister climate
(probably 2—3°C warmer than at present), and the artifacts

. 14 o



here may be compared to the Yangshao culture of Kast
China of Holocene (Neolithic), a period with favorable
climate.

13. Nyalam. Nyalam is an important post on the
road, sitnated at the junction of the Po Qu and the Fu-Qu,
3810 m in elevation. Several terraces are of morainic origin
with huge boulders seemingly laid down by the former
glaciers from Mount Xixabangma.

An annual temperature of 3—5°C combined with pre-
cipitation of 600 mm makes the climate subhumid, subalpine
frutescent meadows being all around. Sunny slopes contrast
rather markedly with the shade ones. Meadows on the
former are with Sabina squamate and §. wallichiana; on
the latter, with Rhododendron companuatum. While those
on the morainmic platform are with Androsace tapete, Cas-
stope fastigiata, and Artemisia spp.; and in well-watered
spots, with Primula sikkimensis,

14. Zham. Zham is a local trading post with Nepal,
30 km south of Nyalam. The settlement 1is scattered over
the steep slopes on the left side of the Bo-Qu with 2 main
streets at 2,300 m. 20 km further down the valley is the
Friendship bridge, crossing the center of which lies the
Sino-Nepalese boundary. Between these 20 km, the elevation
falls 2,200 m (3,800—1,600) in a gorge all through at a
gradient of 110 m/km resulting from strong erosion.

Forests are everywhere from Zham up to Nyalam, 3
belts may be recognized. They are from Zham upwards: 1)

Montane evergreen broad-leaf forest (1,600—2,500m); 2)
e 15 o



Montane mixed forest ¢2,500—3,100 m); 3) Montane- coni-
ferous forest (3,100—3,900 m). _

The June temperature averages 16°C and.the frost-free
period about 250 days in the year. The annudl rain of
2,000 mm or so falls from May till October, more often in
topographical or conveectional forms,

In the subtropical forest around Zham plants are of
great variety, Fagaceae and Lauraceae dominating. Clim-
bers and epiphytes are seen all the way from Zham to the
timber-producing area near Li-xin village; bamboos are no
little. Wild animals include Presbytis entellus, Mucaca as-
samensis, Hystris hadgsons, and Petaurista spp. Adurus
fulgens also appears.

Maize, wheat, Highland barley are the main crops. In
recent years, tea has been introduced to the gentle slopes
below 2,500 m and the growth is coming on splendidly.

From Zham, the path winds 7km (straight distance
3km) to the Friendship bridge 1,600 m in elevation. A
stone statue of an elephant by the bridge symbolizing the
Sino-Nepalese friendship, The Nepalese capital Katmandu
ig 118 km from the bridge.

016'



B. GEOLOGY AND GEOPHYSICS

I. General Faetures from Lhasa to Nyalam

On the Qinghai-Xizang Plateau, 4 mountain W—E
trending ranges, namely, the Kunlun, Tanggula, Kangdese-
Nyaingentanglha, and the Himalaya, lie from N to S,
representing respectively 4 structural units separated by
deep faults. The Kunlun Mountain is the product of the
Hercynian Movement (240—280 m.y.), the Tanggula, of the
Indo-china Movement (107—210 m.y.), the Kangdese-Nyain-
gentanglha, of the Yenshanian Movement (65—119 m.y.) and
the Himalaya, of the Himalayan Movement (10—55 m.y.).

In the Lhasa district in the southern part of the Kang-
dese-Nyaingentanglha tectonic region, Precambrian parameta-
morphic series and the fossiliferous beds of Carboniferous,
Permian, Triassic, Jurassic, and Cretaceous occur. Volecanics
of Cretaceous—Early Tertiary has a wide distribution to the
north of the Nyaingentanglha plutons (Table I-1).

In the southern part of the district or to the north of
the Yarlung Zangbo river, extends an intermediate-acid
magmatic belt of the Yenshanian and Himalayan movements
in interrupted outerops called here the ‘‘Kangdese magmatic
belt”’. Most intrusive bodies are hornblendes, grano-diorites
and a few are diorites and granites which intruded and alter-
eid the Mesozoie beds, causing a metamorphie zone tens to

o 17 o
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limestone intercalated with
intermediate-basic voleanies,
400m

Yabeina shiraiwensis Ozawa
Y. multiseptata (Deprat)

gray massive limestone, 460m

Neoschwagerina globularis Wang
Sheng et Zhang

Luntschichites minimus (Chen)
Iranophyllum minor Wu
Wentzelellites gp.

Lobadoi
Teservoir
member
Lobadoi
fm Masal
member
Urulung fm.

thin bedded limestone, inter-
calated with black slate, 40—50m

7 Stepanoviella flezuosa Water-
house, Stenoscisma timorensis
Hayasaka et Gan

Pondo group (Cs)

pebbly mudstone sandy slate,
giltstone and limestone
(thickness unknown)

Bandoproductus hemiglobica Ching
et Sun, Chaoiella latisinuata
Ching et Sun

fanlt
A€ Nyaingentanglha granitic gneiss and hornblendite,
group 3,000m
1) Paleocene foraminifera and algae (Keramosphaera tergestina Stache, Furcoporella diplopora Pia, Disticho-

plax biserialis (Deitrich)) in a limestone rubble were found in the Niumagou eoal mine in the vieinity
of Painbo farm of Lhunzhub county;
Cretaceons Xigaze group sediments are unconformable on the Kangdese magmatic rock belt and Early
Cretaceous (?) voleanies, from bottom up the succession is:
Ngamring formation sediments of turbid currents with Mammsites sp., 1,000m
Sangzugang formation gray bioclastic limestone with Orbitolina sp. 100—200m

Xigaze
group (K.)

Qiabuling formation purple red, grayish yellow conglomerate intercalated with
sandstone, containing Equisetites., sp., Trochuctacon sp., 150—500m

Qiuwu formation purple red conglomerate and coal-bearing sandstone and shale

containing Eucalyptus sp., Ficus sp. 200—1,000m



hundreds of meters in width. In the grano-diorites are dio-
ritic xenoliths in definite orientations. In some places, the
Kangdese magmatic belt is covered by Late Cretaceous and
Tertiary sandstones and conglomerates. North of the belt,
occurs also a Late Cretaceous—Early Tertiary volcanic belt.
Fluvial, lacustrine, and glacial accumulations of Tertiary and
Quaternary fill some of the fault basins.

The Kangdese-Nyaingentanglha and the Himalaya tec-
tonic units are separated by the Yarlung Zangbo ophiolite
belt. To the west it connects the Indus ophiolite belt in
India and to the east, the ophiolite belt of the Indian-
Burmese border. The Yarlung Zangbo ophiolite belt is in-
terpreted as the geosuture between Eurasia and South
Asia. The ophiolites roughly have a succession from ultra-
basic rocks, basic rocks, basalts, pillow lavag to Cretaceous
radiolarian cherts. Faults exist on both sides of the ophio-
lites, Late Cretaceous flysech (Xigaze group) to the north
and Triassic beds to the south. The ultrabasic rocks gene-
rally dip to the south, brecciation and schistosity are found
without hypothermal metamorphism. Some melanges have
occurred during the tectonic emplacement of the ophiolites.
To the south in Triassic beds, are some exotic blocks of
Permian limestones.

On the basis of the differences of sedimentary features
and tectonic deformation, the Himalayan tectonic division
can be divided into Tethys-Himalayan and High-Himalayan
belts. In Xigaze district, they are demarcated tentatively
along the line from Kangmar-—-Sagya. Tethys-Himalayan
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belt can also be subdivided into North and South sub-belts
Late Paleozoic sediments of the North sub-belt are similar
to those of the South, while its Mesozoic flysch are charac-
terized by local intercalation of intermediate and basic
voleanics and radiolarian rock which differ from those of
the Southern sub-belt (Table I-2 The Marine Stratigraphy
of Tethys-Himalayan Northern Sub-belt in Xigaze Dis-
trict). In the Northern sub-belt, the thick Mesozoic me-
tamorphic beds in some districts are strongly folded, form-
ing southward isoclinal folded zome, while in Yamzhog
Yumeo Iake district it becomes an asymmetric geosynclino-
rium with east-west axis, associated with faults in nearly
an east-west direction. Most of the faults manifest the
character of thrusting from north toward south. The South-
ern sub-belt is mainly composed of nearly continued fos-
siliferous marine beds from Sinian to Eocene, except that
the Sinian-Cambrian beds are slightly metamorphosed.
Among them the Carboniferous and the Permian consist
of beds of Gondwana facies (e.g. glacio-marine diamictite,
Stepanoviclla fauna and Glossopteris flora), (Table I-3
The Marine Stratigraphy of Tethys-Himalayan Southern
Sub-belt in Xigaze District),

The High-Himalayan belt (or central crystalline belt)
is composed of Nyalam group of medium-degreed metamor-
phic rocks, the lower part invertedly metamorphosed.
It might be mainly composed of a series of parametamor-
phics, including gneiss, schists and migmatite of about ten

thousand meters in thickness; strong migmatization and
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Table I-2 The Marine Stratigraphy of Tethys-Himalayan Northern

Sub-Belt in Xigaze District

Names of strata

Lithology and thickness

Chief fossils

Zongzhuo formation

olistostrome or mélange flysch-
like containing siliceous rock

Globotruncana linneiana
tricarinata (Quereaun)

K intercalated  with pelagic
limestone, 1,100m
Jiabula fm. grayish black shale, caleareous Thurmanniceras grandium Chao
K, shale and siliceous shale, 1,100m | Calliptychoceras walkeri (Uhlig)
Hibolithes jiabulensis Yin
Weimei fm. alternation of beds of silty Himalayites sp., Haplophylloceras
Js ghale and sandstone, 700m (Blanford), Belemnopsss elongata
Yin
Gyangze fm. thin bedded limestone and lami- | Delecticeras sp.
J: nated marlite, thin bedded tuff
200m
Jiazhong flysch cyelothems of fine sandstone,
Ji-: giltstone and shale intercalated
with dacite, 500m
Ritang fm. ish black caleareous mudstone| Psiloceras provincialis (Quenstedt)
Ju and marlite, 350m Prodactylioceras enodum

(Quenstedt)



o £Z

Chogar group.*
(T:-Ts)

grayish black siltstone, caleareous
slate intercalated quartz-sandstone,
marlite, 870m

Placites 8p., Daonella indica
Bittner, Anasibirites sp.,
Claraia griesbachi Bittner

P-Cs

Baidingpa fm. crystalline limestone, 250m. Neospirifer kubeiensis Ting emend.
Chang, Chonetella nasuta Waagen
Spiriferella ef. qubuensis Chang
Tachylasma sp.

Kangmar fm. black slate, 100m.

Kewoxika fm. dark gray diamictite intercalated

with quartz-sandstone 200m

* At the northern side of this sub-belt, there occurs a suite of mottled siliceous shale, caleareous shale intercalated
with radiolarian cherts, sandstone and limestone; the thickness is greater than 1,000m, named Gyirong group,

econtaming Monotis salinaria Bronn.
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Table 1-3(1) (Continued)

Time

Names of strata

Lithology and thickness

Chief fossils

T,

T,

T,

Tulung
group

Dashalong fm.
(T57")

gray limestone intercalated with
sandy shale, 179m

Gatesbachites pseudomedleyanus
Diener
Go;tiimwtites tingriensis Wang et
3}
Nodotibetites nodosus Chao et
Wang
Burmesia lirata Healey

Zamure fm (T%)

bioclastie limestone intercalated
with sandy shale and fine
sandstone, 99m

Parahauerites acutus Wang et He

Hoplotropites circumspinatus
Mojs.gi

Halobia comata Bittuer,

Lilangina mobilis Diener

Protrachyceras ladinum Mojs.

Laibuoxi fm upper part limestone intercalated Joannite el
. 8 kossmati Diener
with dark gray shale 133m Daonella indioa Bittner
. Ptychites rugifer (Oppel)
lower part alternation of :
d_a;rk ghale and sandy A'r::crl:ciceyhordweras nodosus Wang
limestone, 126m Japonites magnus Wang et He
- . - Procarnites zizangensis Wang
Kangshare fm upper part limestone, argil Anasibirites kingianus (Waagen)

laceous limestone, 40m

lower part dark shale and
limestone, bottom dolomite 63m

Owenites sp.

Gyronites psilogyrus (Waagen)

Ophiceras (Lytophiceras)
sakuntala Diener

Otoceras latilobatum Wang
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Table I-4 The Stratigraphic Scale of Tethys-Himalaya from Oligocene-Quaternary in Xigaze District

Glacial age and inter-

Age glacial age Stratigraphic units Lithology and thickness (m) Chief fossils Isotopic age y.
moraine, flavioglacial, fluvial, allu- B. P. 1700—1900
Qi Neo-glacial age vial sediments and eolian accumula- B. P. 29801150
tions, 30—100
clay, clayey soil, diatomite, peat, Ochotona curzoniae, Marmota B. P. ..P:,i(:)50:th5
Holoeene . . . sinter, pluvial sands and gravels, himalaya, Cervus albirostris, — 70101150
Qi | Yali age beds of lacustrine facies silt soil, 10—40 mierolith (stone nuclei, stone leaves
flakes and round serapers)
Q! age turning warm ll)gdjzo(f sand and gravel and sludge, B. P. 8000—1200
Rongbak moraine, fluvioglacial, and alluvial B. P. 2350011200
Q lacnmgl sediments, lacustrine sands, gravels
g age and clay 10—100m
Lato Q Qomolangma interglacial | Yarlung Zangbo river m%miﬁedjggvﬁlof&wéa?&ds' Bios sp.
Pleistocene glacial age age lacustrine beds Cresiduum), 0.2—0.5
il ‘high lateral moraine, fluvioglacial
Q! ! llong and lacustrine sand gravel beds,
glacial age \ 10—300
. . Jiabula lacustrine beds lacustrine silts, clay, sands and Sabina recurva (Buch-Hamit)
. Q! &‘“?a'l‘f" mterglacial age gravels pluvial gravel bed, 300—200, | Antoina, Pecea gpinulosa (Griff)
Middle Jiabula interglacial age) red brown soil (residaum) 0.5—1.2 | Henery
Pleistocene . Nyalam glacial age (Nieh- piedmont moraine, fluvioglacial and
Q: | hich Hsiungla glacial age) flnvial sands, gravels 50—300
lacustrine silt, clay and sand, gravel
Q! interglacial age beds, greater than 20, caleinm rich
Early red soil 0.5—2
Pleistocene caleium-rich coarse conglomerate, sand | Condona sp., Condoniella sp.
Qi Xixabangma glacial age Qongbn conglomerate bed and elayey soil, fluvioglacial Leucocythere sp., Leucocytherella sp.
gravel bed, 120—300
Yebokanggale | Woma | Date | gray and gray yellow silty clay rock | Hipparion gyir‘owsia. Hsn,
group fm fm intercalated with sand and gravel Chilotherium zispngensis Hpang
bed bearing layers of ferruginous Metacervulus caprolinus Teilhard ot
Pl sandstone, in the lower part bearing | Trassact, Palacotragus microden
ocene N, lignite beds, 500—1,000m Koken, Gazella gaudrys Schlosser,
Quercus semioarpifolia Smith
Q. ¢f. pannosa Hand-Mat.
Q. cf. sencsoens Hand-Mzt
Mioeene d
| E\-N, Liuqu conglomerate mottled sandstone, conglomerate an

shale greater than 500
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granitic intrusions are mostly present in the upper part
of the succession, The rocks originally were argillaceous—
sandy, feldspathic sandstone, calcareous rocks and a small
amount of basic volcanics. The metamorphic degree re-
aches hornblendite facies. Overthrusts toward the south is
one of the characteristics of the High-Himalayan belt.

High Himalayan belt is separated from the overlying
Tethys-Himalayan sedimentary sucessions by low angle
thrusts, strongly dynamo-metamorphices and cataclastic mus-
covite granitic gneiss at the northern slope of Mt. Qomo-
langma, but in Zangdong-Jangling distriet of Nyalam it is
separated by granites probably intruding in along the fault
zone. This thrust fault, fault zone are tentatively called
““The Main Northern Thrust’’.

At the northern slope of Iimalayas occur a series of
fault basins and valleys filled with Pliocene lacustrine clay
siltstone of several hundred meters in thickness. Since
Quaternary, as the global climate turned cold and Qinghai-
Xizang Plateau rose, successive glacial and interglacial de-
posits developed in the mountain areas, while in basins and
valleys, Quaternary beds of lacustrine, fluvial, glacio-fluvial
origin were accumulated. (Table T-4 The Stratigraphic
Scale of Tethys-Himalaya from Oligocene-Quaternary in
Xigaze District). South of the Yarlung Zangbo ophiolite
belt, variegated molasse of several hundred meters thick
develops, in which gravels of basic volcanics, red siliceous
rock and gravels of the ultrabasic rock of the ophiolite

series are frequently seen, the age of the molasse is in-
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ferred as Oligocene—Miocene.

Himalayan granitoids have a wide distribution in High-
Himalaya belt. These intrusive bodies are almost entirely
composed of massive to gneissic tourmaline-muscovite gra-
nitoids. Besides, aplite and pegmatite are often found.
These granitic bodies ‘always accompany with major thrust
faults which implicates that they were the products of
partial melting of the shallow crust during the process of
the intensive Himalayan movement. But most of the Hima-
layan granitoids occur as small sills, with contact metamor-
phism of the wall rocks.

ITundreds of hydrothermal active regions are seen
along the two sides of Sengge Zangbo—Yarlung Zangbo
rivers. Among them, including 10 and more hydrothermal
explosion regions, which are rarely seen over the world, and
4 geysers. Besides, there are also tens of intensively active
hydrothermal regions such as fountains and boiling springs.
According to the dense distribution of these intensive hyd-
rothermal regions, the Himalayan geothermal belt can be
classified.

For the purpose of exploring the deep crustal structure
of Qinghai-Xizang I’lateau and the plateau uplift, a seismo-
logical station and a geomagnetic station were installed by
Institute of Geophysics, Academia Sinica, at Lhasa in 1957.
Since then, geophysicists along with the alpinists of State
Mountaincering Expedition to Mt. Qomolangma have made
Some reconnaissance gravity surveys and later some surveys
on geomagnetic elements in that area for several times.
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Sinee 1975, seismological stations have been established at
Biru, Nyingehi, Yadong and Zayu and provisional short-
cyele seismological station network were established in
Zhamog and Damxung districts to study the activities of
earthquake and the state of stress field in the plateau region.

During the past two decades, various seismologic and
geomagnetic instruments have recorded incessantly and ac-
cumulated a great amount of valuable data. A preliminary
investigation shows that the earthquakes here can be refer-
red to shallow earthquakes the depth of the seismicity has
a lower limit not more than 70 km, and the Q value is very
low. The major axis of compressional stress is oriented
nearly in north-south direction, which changes with the
directions of the strikes of arec mountain ranges.

The aeromagnetic surveys demonstrate that a strong
magnetic anomalous belt lies along the Yarlung Zangbo river
and the anomalous values reach 150—450 high, which are
responses of the ophiolites. The geomagnetic field distributes
and extends in a belt-like shape between the Yarlung
Zhangbo river and Himalaya, The loci of the paleomagnetic
pole shifts show that the area north of the Yarlung Zangbo
river belongs to Eurasian plate, while the area south of the
river to Indian plate.

The isostatic anomaly in Himalava is +120 milli-gal,
which shows that it has not reached an isostaties and the
Himalaya mountain is still uplifting. Nevertheless, in the
area between the Yarlung Zangbo river and the (anges

plain, the value trends to 0. In the central part of the
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plateau, Bouguer gravity anomaly has the largest negative
value of the country, i.e. —550 milli-gal.

The excitative elastic wave of subwater explosion of
40—50 m depth succeeded in its first try in the largest lake
Nam Co and also lakes Yamzhog Yumeco and Namu on
Xizang plateau, the highest plateau in the world. Studies on
the structure of the crust and the upper mantle and distri-
bution of velocity have shown that the crust of the plateaun
is composed of alternated layer media of high and low velo-
cities. North of the Yarlung Zangbo river, the thickness of
the crust is 70—74 km, while south of the river it is 68—45 km
and gradually tilts toward the south. Also, it is in this area
low velocity channel is discovered in the lower erust, Besides,
the crust structure of the plateau is also reflected by the
group velocity and facies velocity of teleseismicity gravity
survey and magnetotelluric deep-sounding survey. A crust
of such a great thickness is not a simple double-crust as
someone holds.

Here, what we particularly would like to mention is
the geothermal features of Yarlung Zangbo-Iimalaya region,
where intensive hydrothermal activities oceur. However, up
to now, no recent voleano has been found. In hydrothermal
regions, not only seismicity is frequently measured, but also
turning locations of high-gradient change of the gravity
field and the change of crustal structure are found. The
erustal media of the plateau and its southern margin have
strong absorptive property to the energy of seismic wave
and the Lg wave is relatively weak and gradually vanishes.
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Furthermore, on the basis of the fact that low velocity
layer exists in the lower crust, it is argued that remelting
or partial remelting as well as magma pocket exist in the
crust here,

Anomaly features of the geophysical field and the
formation of an excess of thick erust in the plateau area
show that the formation of Qinghai-Xizang Plateau has
been strongly controlled and effected by the collision between
the Eurasian and Indian plates and Himalayan belt has
been the transitional area of collision and compression of
continental collision. Nevertheless, the intensive deforma-
tion has not consumed ‘all the energy of ecollision, but it
propagates through the plateau and affects the pattern of
the whole tectonics and stress field of our country or even

propagates far to the north to the rift valley of Lake
Baikal.

II. The Geothermal Field and the
Quaternary in Yangbajain

Yangbajain geothermal field

Yangbajain geothermal field is situated in the middle
of Yangbajain basin, 90 km northwest of Lhasa. This is
one of the Nyaingentanglha piedmont paternoster fault
basins. Nyaingentanglha mountain composed of granitic
gneiss lies at the northwest of the basin, demarcated by the
Nyaingentanglha major fault. To the southeast of the basin

lies Tang mountain composed of Carboniferous-Permian
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slightly metamorphosed beds, Cretaceous red beds and volca-
nies and Yangbajain granite demarcated with the basin by
Marugo-Danguolin fault and Qilongduo-Chaggar fault
(Fig. II-1).

In Yangbajain fault basin, Pleistocene moraine, glacio-
fluvial sediments and fluvial, lacustrine sediments are ac-
cumulated, the greatest thickness of which can reach 500 m
forming the shallow layered reservoir and cap rock of the
geothermal field. In the greater depth of the crust below
the basin or its adjacent area, relatively recent magmatism
may occur(?) forming a strong thermal source of the geo-
thermal field and a hydrothermal convection system is
formed in the middle part of the basin. Thus, since the
middle period of Pleistocene, Yangbajain geothermal field
has gradually formed.

Yangbajain geothermal field is one of the 40 high
temperature hydrothermal regions in the Himalaya geo-
thermal belt. Starting at Ngri from the west to the Heng-
duan Mountain at the east, then turning south to the west-
ern part of Yunnan, the Himalaya geothermal field ex-
tends 2,000 km or more. The southern border of the geo-
thermal belt approximately corresponds to the backbone
line of Himalaya and its northern border roughly extends
along the northern slope of Kangdese-Nyaingentanglha
mountains. To the west passing Kashmir district, the belt
connects with Mediterranean geothermal belt and to the
South passing Burma, Malaysia and Indonesia connects with
circum-Pacific geothermal belt. It is a section where lies the
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Fig. II-1 The Geologic Map of Yangbajain Geothermal Field

1. Holocene moraine bed; 2. Holocene alluvial bed and swamp deposits; 3. Holocene plavial bed; 4. Holocene pluvial
andjtalus aeccumulation; 5. Late Pleistocene moraine bed; 6. Late Pleistocene alluvial bed and sinter; 7. Late
Pleistocene alluvial bed; 8. Middle Pleistocene fluvioglacial deposits and lacustrine deposits; 9. Middle Pleistocene
moraine bed;  10. Pleistocene fluvioglacial deposits;  11. Eocene voleanic tuff, dacite, trachyte, voleaniec breccia;
12. Cabroniferous-Permian slate, quartz-schist, marble; 13. Pre-Cambrian biotite gneiss, migmatite; 14. alkali-
intrusive rock of Himalayan period; 15. granite of Himalayan; 16. granite porphyry of Himalayan; 17. diorite
of Himalayan; 18. granitic diorite of Yenshanian Period; 19. basic hypabyssal rock of Late Himalayan Period;
20. geologic boundary (sarveyed and deduced); 21. angular unconformity; 22. fault fractured zone; 23. fault,
normal fault, thrust; 24. mylonitization zone; 25. contact metamorphic zone; 26. hydrothermal alteration zone;
27. geothermal manifestation spots.




most active and largest geothermal belt in the world.

The thermal manifestation on the surface of Yangbajain
geothermal field can be divided into two regions. One
parallels with the hydrothermal alterative belt extending
as a piedmont fault of Nyainqentanglha mountain, and the
other is various hydrothermal regions spreading along the
Zangbuqu river valley.

““The hydrothermal alterative belt of Nyaingentanglha
piedmont major fault’’ crops out along the sulphur mine,
nearly 2.5 km long. The original rock of the alterative belt
is mainly moraine containing granitic and gneiss gravels
undergoing alumitization, silicification and kaolinization.
In the alterative rock fissures and pores, natural sulphur of
euhedral crystals are deposited. Furthermore, brine sinter
of mainly double sulfate consisted of potash-alumite, soda-
alumite alunogenite is deposited. It is worthy to be noted
that the surface of the upper end of the thermal groove is
very hot and the temperature at the depth of 0.4 m below
the surface may reach 84°C. H,S gas steams out from rock
fissures in many places and natural sulphur deposits con-
tinually. The analyses of sulphur isotope show that the
fluctuation range of ™S is narrow and approaches the
value of the standard sample — Cayon-Diablo troilite, which
indicates the sulphur directly comes from depths of the

crust or even the upper mantle.

A variety of thermal activities distribute along Zang-

buqu. Hydrothermal explosions and geysers are often seen

in strong hydrothermal regions in the world and over 10
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hydrothermal explosion regions are found in Himalayan
geothermal belt and Yangbajain is one of them. Despite of
no geyser has been found in Yangbajain district, yet a
typical geysering well occurs, The well erupts once for
every 12 minutes and before erupting, it overflows 2 and
odd minutes. The eruption may last 3 minutes to a height
of 30 m and the volume of the water erupting out approxi-
mates 2.9 m’. At the original Yangbajain hole no. 1, in
the afternoon of Dec. 4, 1977 from 2:25—2:28 p.m., a
hydrothermal explosion related with drilling broke out, At
first, the cement platform sealing the well suddenly swelled
up and broke, erupting out the steam and then with a
tremendous great noise, a thick and dense column of smoke
soared up to the sky reaching some 50 m, stones of 25—
30em in diameter projected 50 m far and mud and sand
spread over an area of 300 m in radius. The pit left after
the explosion was 10 m in diameter and 12m deep. At the
bottom of the exploded pit only a little water gathered, but
a might after, the pit was full of water, Today, the diameter
of the pit has expanded to 15 m and the pit is full of water
of a temperature above 50°C. The overflow is slow and no
anomaly is found. Another interesting example which is
worthy to be mentioned is the hot water lake in Yangbajain
sitnated at the northeast end of the thermal field in a
ellipse shape with an area larger than 350 m*. The maximum
depth of the lake water reaches 16.1 m and the temperature
of the water is around 50°C, The water is green and clear
and above the lake heavy mist and vapor spread all over.
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In fine and windless days the white vapor column may curl
upwards to a height of 50 meters or more and the scene is
magnificent. The lake lies on the terrace of the second
grade and the deepest part of the lake bottom is 5—6m
lower than the bed of Zangbuqu river. It is interesting to
explore the genesis of the lake. It might be a large pit
produced by ‘a great hydrothermal explosion in the past and
later the pit has gradually expanded to the present shape
through incessant activities of hot springs, The hydrothermal
explosion of Yangbajain hole no. 1 mentioned above pro-
vides a proof for such an speculation.

In addition, hydrothermal phenomena of eruptive foun-
tain, boiling spring, thermal spring and steaming ground
scatter along the two sides of Zangbuqu river.

The area of the thermal field circled by the geoelectrie
exploration, plant manifestation, temperature measurement
in shallow holes approximates 15km® and heat discharge
is estimated as 116,000 Cal/second. The temperature below
the thermal field estimated by the geochemical thermal metric
scale 13 200—220°C and the highest may reach 275°C.
The highest temperature actually measured up to present
below the well is 172°C (measured at the depth of 130—
288 m below Yangbajain well no. 14 of the northern part
of the thermal field).

Yangbajain thermal field can be referred to high
temperature hot water geothermal field or wet steam type
geothermal field. The chemical type of hot water is mainly
sodium chloride type and the mineralized degree i3 1-—2

* 40 g



gram litre™, which is similar to the hydrochemical type
of the major geothermal fields in the world and rich in
components of B, As, Li, Rb and Cs.

The cover of the southern part of the geothermal field
is composed of alluvial deposits, sinter-cemented sandstone
and glacial varve and its thickness is around 40 m, Below
the cover is the thermal reservoir layer of relatively loo-
sened gravel pores, 30 m thick and the temperature actually
measured is 149—100°C which is the first thermal reservoir
layer. The second thermal reservoir layer is a silified
sandstone-conglomerate fissure one, which is mainly dis-
tributed along a belt of north-south direction starting from
Yangbajain well no. 2. The northern section is below the
cover of mud and gravels, deeply buried in the depth of
130 m or more and the thickness of this thermal reservoir
layer is 100 ‘'and odd meters with a temperature of 172°C.
The southern section is below the first thermal reservoir
layer (separated by thin bedded clay) buried deeply below
60—80 m with a thickness of tens of meters, the tempera-
ture around 165°C.

Since 1975, 10 and more wells and holes for the pur-
pose of exploration and production have been drilled one
after another. Yangbajain well no. 4 is a production well for
experimental power plant. In 1977, an experimental power
station of 1,000 kw was established. Now an extension project
of 6,000 kw generating system is under way, which will be
the main power supply base for Lhasa city in the near

future.
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Visiting spots

no. 1. The sulphur mine, the thermal groove, looking down
at a full view of the thermal field;

no. 2. Hot water lake, viewing Shaxintan eruptive foun-
tain and far to the geysering eruption of Yangbajain
well no. 7;

no. 3. Visiting the original hydrothermal explosion pit of
Yangbajain well no. 1, the geysering eruption of
Yangbajain well no. 7 and the equipments and tubes
at the entrance of the production well;

no. 4. Visiting the geothermal power plant;

5400
s100{ SE~—
Hailong Village

4800 Sulphur l

1
4500) @

_| @ TR

4200 ®

Fig. II-2 Section of the sulphur mine at Yangbajain-Hailongcun,
Damxung county at the southern foot of Nyaingentanglha mountain:

6) Moraines of recent glacial age and minor ice-age;

5) Moraines and lacustrine sediments of Gujinla (30m thick);

4) Moraines and glacicaqueous sediments of Hailongean ice age;

3) Loews.like siltmoil accumulated materials of slope wash and pluvial
facies of an age corresponding to Hailongeun ice age, several—20m;

2) Gray gravel-containing siltstone which is the pluvial-lacustrine
sediments of erosion depression of piedmont moraine in an early ice age,
0—25m thick;

1) Moraines of Yangbajain ice age forming piedmont moraine and
pediment moraine platforms or moraine hills,
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The Quaternary at Yangbajain

Visiting spot no. 5. The glaciation of the southern slope of
Nyaingentanglha mountain

On the basis of differences in contact relations, wea-
thering degree and the distribution of the moraine, 3 glacial
ages can be classified in the Quaternary glaciation at the
southern slope of Nyaingentanglha as it is shown in Fig.
11-2.

Furthermore, at the southern slope of Nyaingentanglha
mountain, Early Pleistocene sedimentary gravel bed outerops
widely, The composition of the gravels which are mainly
sandstone, slate and volcanics shows marked difference from
those of later periods. Little gneiss which constitutes the
core of the Nyainqentanglha mountain has been found here,
showing that in Early Pleistocene the extent of surface dis-
section was not so great and the drainage system was quite
different from that of today.

Visiting spot no. 6. Holocene peat at Qilongduo

In addition to slope wash-pluvial and glacial deposits
widely distributed at the piedmont, Holocene sediments of
lacustrine-marsh facies are devcloped, which include a large
amount. of saline, diatonite deposits and peat accumulations.
Climate of this period underwent various stages of develop-
ment: from the post-glacial age to 7,000 years B. P., it was
cold and wet; from 7,000—3,000 years B.P., it was warm and
the annual average temperature was 3°C higher than that
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of today. At 2,980 years B. P, and from 1,900—1,700 years
B. P., the temperature dropped and the glaciers advanced,
the area of the frozen ground expanded and in Holocene
sediments of some districts, cryopedologic geomorphology-
congelfold was formed. At that time, the annual average
temperature was 2—4°C lower than that of today. Since
then, climate has turned to be more arid. The Qilongduo
section of Yangbajain basically reflects the gerneral trend

of changes of Holocene climate in this district,

0 poo=RSurface Soils

e 0] Gravels
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Fig. II-3 Holoeene soction of
Qilongdno at Yangbajain

IIl. Kangdese magmatic rock belt

The Kangdese magmatic rock belt lies across the middle
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part of Xizang, situated at the southern margin of Kangdese-
Nyainqentanglha tectonic belt. On the south, it borders
with the famous Yarlung Zangbo-Ganges geosuture belt and
on the north, with the magmatic belt of northern Xizang.
On the east, the belt detours Yarlung Zangbo great turn and
connects with the Zayu-Bome granitoids belt and on the
west, it extends along Ayi La mountain to Ladakh in
Kashmir, The belt extends roughly in an arc shape along
the Kangdese mountain and Guogalariju mountain with a
length of 1,000 km and more from east to west and a width
of 100 km and more from north to south (Fig. III-1). The
belt is mainly formed by a series of gigantic granitoid ba-
tholiths and a wide area of intermediate, intermedite-acid

to acid cale-alkali voleanic rocks.

Granitoids

Kangdese granitoid belt is a complex rock body. Most
of the rock bodies intrude into Mesozoic beds. The youngest
bed that some individual rock bodies intrude into is Late
Cretaceous voleanies, In Rinbung, Xzitongmoin, the mar-
gins of the large batholiths are covered by Late Cretaceous
and Tertiary conglomerate deposits.

Kangdese granitoid belt may be divided into 3 intrusive
periods and 6 major intrusive stages (Table III-1). The
quartz-diorite of early period distributes mainly along both
sides of the Yarlung Zangbo river, sporadically outeropping
8t the southern margin of the belt. Granitoids of the main
period distributes slightly to the north, outcropping at the
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Table lI1-2 The average chemical composition of the major rock kinds in the

Kangdese granite belt
80, TiO, ALO, Fe,0, FeO MnO MgO Ca0 NaO Ki0 P.0s Total APAWHE | poyoy
granite 74.24 0.19 12.69 1.12 1.12 0.01 0.76 1.01 3.17 4.79 0.08 99.41 8 North
A

biotite
monzonitie | 73.05 0.22 13.28 1.68 1.04¢ 0.02 0.74 2.73 3.67 3.71 0.10 100.24 =5
granite

'{"j:“?m 68.22 0.67 14.4¢ 2.91 1.77 0.06 1.63 3.09 3.62 2.98 0.14 99.55 18

rite

quartz- 63.97 0.15 16.14 3.72 2.05 0.07 1.95 3.63 3.65 3.58 0.17 99.58 12
mouoh-iw . . - - - -t o - - 3 . . - - -

quarte. 58.31 0.65 16.73 5.00 3.08 0.°1 3.21 6.17 3.7 2

ol ) ) ) ) ) .21 3.21 6. .78 1.89 0.28 99.30 10 South




southern slope of the backbone of Kangdese mountain,
forming the main bodies of large batholiths. The rock
types in the east show marked difference from those in west
direction: in the west and middle sections granitic diorite
and quartz-monzonite predominate, while in the east section,
mainly biotite-monozonitic granites. A part of the granitoids
or the late period forms the intrusive facies of late period
of the batholith and others form independent small rock
bodies in the northern and eastern sections of the batholith.
Their distributed area apparently shifts to the north. There-
fore granitoids of the Kangdese belt shows clearly a belt-
like feature from south to north, the granitoids vary from
intermediate—intermediate-acid—acid and their ages from
old to young. From west to east, the granitoid types trend

to be more acid and younger in age.

Volcanics

At the northern side of Kangdese batholith, Late
Cretaceous to Early Tertiary volcanies of a grand scale occur
and extend nearly 1,000 km in east—west direction. The
maximum width of this section may reach 100 km and more.
The petrography is mainly characterized by intermediate,
intermediate-acid lavas and volcanic clastic rocks intercalated
with a little basalt. The rock series trends to increase in
acidity from west to east, namely in Ngari distriet, it is
mainly intermediate—intermediate-basic rocks, while reaching
the middle east section, it is mainly intermediate—inter-

mediate-acid rocks; in the west section, lava is met more
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often, while in the middle east section the clastics increase.
In the lower part of the Kangdese volcanic rock series, it
is andesite, upwards gradually varies to rhyolite. In the
petrochemistry, overwhelming majority of the samples are
potash rock and rocks of cale-alkali of transitional type.
Up to the present, rocks of alkali series are merely found
at the north of Margyang and the piedmont of Nyaingen-
tanglha mountain which is sharply different from the vol-
canic series in the Yarlung Zangbo ophiolite belt. (Geogra-
phically, the voleanics trend to increase in K,0/8i0, from
south to north, Along the line of Lunggar-Damxung-
Pondo, potasium-rich rock of potasium-rich trachyadensite
and leuitebasalt outcrop. The whole rock isotopic ages of the
volcanies of calc-alkali series in Kangdese district are be-
tween 40—70 m.y., which corresponds to the time from Late

Cretaceous-Eogene.
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Fig. III-2 The unconformity between Lingezinzong Formation
(upper) and Takena formation (lower)
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Visiting spot mo. 1. The unconformity between Lingzizong

formation (K,) and Takena formation (K,)

It is situated at the vicinity from Saixim to Maqu (Fig.
111-2). The rock lying above the unconformity is Lingzizong
formation of Late Cretaceous. It is mainly consisted of
grayish blue and greenish gray andesite porphyry interca-
lated black shale in the lower part, upwards, it varies to
thin-bedded red sandy conglomerate, total thickness 1,560 m.
Below the unconformity, it is Takena formation of Late
Early Cretaceous mainly consisting of a series of mottled
shale, sandstone and argillaceous limestone, folded strongly
and the total thickness is 1,000 m.

Visiting spot me. 2. Lhasa granite body

The rock body is situated at the North Mountain of
Lhasa in a length of 50 km or more from east to west and a
width of 20 km or more from south to north. The rock
body is mainly composed of medium-coarse granular por-
phyritoid biotite granite partially rich in hornblende.
The intrusion of this rock body occurred in relatively late
period of the Kangdese belt. In the rock body, porphyritic
and massive xenoliths of dark diorite are seen and a few
aplitic veins inject. Up to the present isotopic ages of
39.0, 36.0 m.y. have been obtained, which indicates the
main rock body intruded 30—40 m.y. ago.

At the back of the site of Highway Surveying Team
and the mouth of Zhaibung Si ravine, granitic rock body
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intruding into Jurassic limestone is seen and garnet skarns

of limited width develop.

Visiting spot no. 3. Quazu intermediate-acid complex

The Quxu rock body is situated at the middle segment
of Kangdese batholith. The petrography is comparatively
complex mainly consisting of coarse porphyritic granitic
diorites. Up to the present, only 1 isotopic age of 34 m.y.
(granitic diorite) has been obtained. Some of the rocks
show gneissose structure with evident recrystallization of
minerals, indicating that it underwent some kind of meta-
morphism. In the rock body, also many xenoliths of pyro-
xene diorite are found and at the cleaved section, they
distribute in groups.

At the side of the highway, 2km northeast of Cha-
balang village, dark gray tonalite intruded by grayish white
granite can be seen. At the contact, granitic veins injeqt
into the diorite. In the granite and in the tonalite as well,
schistosity is slightly seen and minerals are recrystallyzed

indicating some degree of metamorphism.

Visiting spot no. 4. Diorite south of the Quzu bridge

It represents one of the diorite rock bodies at the southern
margin of Kangdese rock belt, These rock bodies which
sporadically remain in the rocks of later intrusive periods
are the products of the earliest period of intrusion in the
rock belt. On the basis of data correlated with the Dag

Chuka rock body, the isotopic ages are 79—82 m.y.
s 53 »



The diorite is fresh, with medium-coarse granular tex-
ture. Hornblende and intermediate-basic plagioclase are
interwoven together, constituting the major part of the rock.
Onme of its characteristics is the content of hypersthene and
pyroxene, but both are replaced by hornblende. Thus,

petrographically it should be referred to hypersthene pyro-
xene diorite.

IV. Yarlung Zangbo ophiolite belt

The Yarlung Zangbo ophiolite belt, the total length of
which may reach 2,000 km and more, roughly extends along
the south of Yarlung Zangbo river valley. It connects with
the Indus ophiolite belt to the west, and to the east it de-
tours the Yarlung Zangbo great bending and connects with
the ophiolite belt at the Indian-Burmese border, To the north,
the rock belt presents in fault contacts with Late Cretaceous

s eiUlramalic [.,- Mafie
© 4 rock > ) Voleanics

1Radiolsrian T - Cangl omrerate
Lm Chert E‘j(n?)

0 10 20xKM
-

Fig- IV-1 A sketch map of the central soction of Yarlung
Zangbo ophiolite belt

flysch and to the south, it also borders with Mesozoic slightly
metamorphic rock series in faults with a width from north
to south several to 10 km and more, In Xigaze district, the
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spacial relations of various categories of rock in the belt are
shown in Fig. IV-1.

No unanimity of knowledge to the original stratigraphic
sequence of Yarlung Zangbo ophiolite has yet been reached
up to the present, which is remained to be studied henceforth.
On the basis of studies of some colleagues, the following
sequence possibly oceurs (from bottom up);

1) the ultramafic rock; 2) gabbro-diabase; 3) mafic
massive lava; 4) mafic pillow lava (intercalated with several
ore beds of sulfides); 5) eruptive sheets interbedded in the
radiolarian siliceous rocks.

Oceanic Yarlungzangbo
Crust Ophiolite

W TN

-
il JpE=Ss=
.|'|.,.|. e}
- g sta oo W . —

" . g w £

- e - S——"
a & & & T T e

¥ig. IV-2 The correlation between the original stratigraphic
sequence of the Yarlung Zangbo ophiolites and present ocean crust
(sketeh thickness)

Present ocean crust
1. present oceanic sediments 2. tholeiite (many with pillow strue-
tare) 3. dike swarms (the upper part) and gabbro (the lower
part) 4. serpentinite
Yarlung Zangbo ophiolite

1. giliceons rock intercalated with sheeted lava 2. the upper pillow
lava 3. the lower massive lava 4. gabbro-diabase 5. serpentinized
harzburgite
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The sequence basically corresponds with that of the
structure of present ocean crust (Fig. IV-2). In many dis-
tricts, owing to possible disorder during the tectonic emplace-
ment or the absence of some beds and sections, the ultramafic
rock at the bottom generally intermittently occurs as len-
ticles, characterized mainly by harzburgite in petrography
with dunite and lherzolite coming next. Generally, the
rocks are intensively serpentinized with marked foliation
and brecciated structure, and often inclusive fragments of
other rocks are found. The rock bodies contact with the wall
rocks in faults and high-temperature metamorphism of the
wall rock is not evident. The average composition of harz-
burgite is shown in Table IV-1. Mg/ (FeO) is generally
greater than 8, The above mentioned features agree with

those of typical rock bodies of Alpine type.

Fig. TV-3 Pillow lava (Congdu, Xigaze)
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Table IV-1 The average chemical composition of various igneous rocks in Yarlung Zangbo ophiolites

8I: Solidification Index

Rocks Si0, TiO: ALO; | Fe.0s FeO MnO | MgO CaO Na.0 K.0 | Cr.0s
top saneeted lava | 48.33 | 3.13 13.63 | 8.33 6.32 0.32 4.43 | 5.77 3.90 0.23 —
upper pillow lava | 49.08 1.38 16.86 6.07 3.69 0.15 5.68 6.72 4.49 1.32 —
lower massive lava| 51.36 | 1.04 | 14.98 | 4.98 3.94 0.77 6.43 | 6.88 4.4 0.26 —

gabbro-diabase 48.36 1.07 15.18 | 4.35 5.32 0.20 7.74 | 9.54 3.33 0.25
harzburgite 41.98 [ 0.08 1.10 | 3.04 5.98 0.22 | 41.79 1.18 0.17 0.03 0.38

Rocks Ni0 | H,O* | H,O" | CO. | P,0s | Total | MgO/[FeO] | [FeOl/MgO SI
top sheeted lava — 4.43 0.48 0.39 0.45 100.14 2. 19.0
apper pillow lava — 3.72 0.58 0.14 0.14 100.0 1.6 26.7
lower massive lava — 4.20 0.57 0.13 0.16 100.0 1.3 32.2

gabbro-diabase 3.53 0.51 0.19 99.57 1.2 36.5
harzburgite 0.28 4.08 0.31 0.41 — 100.19 8.6




The gabbro occurs as veins in the rock body at Bainang.
At Congdu, above the ultramafic rock, comparatively thick
bedded gabbro-diabase occurs, the chemistry of which
agree with that of the abyssal tholeiite and are not fre-
quently seen in other places.

The massive lava generally contains ophitic ‘and trachy-
basaltic textures and the pillow lava is present above the
massive lava, The pillow structure develops well (Fig. IV-
3) and the rocks contain trachybasaltie, spilitic or inter-
crypto-crystal textures. The sheets contain a great amount
of palagonite and much of titanaugite. Voleanic rocks are
commonly choritized, epidotized, carbonized and spilitized
and the regional metamorphism does not exceed green schist

facies.

fI"eO]
16

I 273 ¥(Fe0). Mg0

Fig. IV-4 The diagramatic relation of
(Fe0)—-(Fe0)/MgO in voleanies.
The full lines represent ocean tholeiite area and the dotted
lines represent island.are tholeiite arem, the dots—massive lava,
double-circlea— pillow lava, gingle.circle—sheeted lava.
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(symbols identical with Fig. IV-3)

Fig. IV-6 AFM diagram of voleanie rocks
MAR - average of mid-Atinntic ridge hasalts
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The above mentioned average composition of igneous
rocks is shown in Table IV-1. The petrochemical studies of
the volcanics (IV-4, 5, 6, 7) prove that the massive and
pillow lavas are similar to the abyssal tholeiite, while the
sheets are mainly tholeiites of island ares or marginal seas.

During the transition from Eocene to Oligocene, the
continental crust of the Indian plate collided with that of
Eurasian plate and the Tethys closed. The ophiolites as
a part of fragments of oceanic crust were extruded to
the upper crust. In the molasse of Oligocene-Miocene
(Liuqu conglomerate), gravels of ultramafic rock and
voleanic rocks are found. Thus, the emplacement of the
ophiolites occurred between Eocene-Miocene, Associating
with the above mentioned event, melange, exotic blocks and
intensive foldings and reversions of flysch of quite large
scales occurred. Therefore, ophiolites and the associated

composite linear tectonic belt of a series of tectonic elements

Ti0, %
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[
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Fig. IV-7 Ti0.%-(Fe0)/MgO
of voleanie rocks
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Table 1V-2 The chemical composition of gabbro and

volcanics in ophiolite section at Bainang*

1 2 3 4 5

Si0, 45.75 47.87 51.98 51.89 48.39
Ti0: 1.04 0.90 0.71 0.84 0.84
A1,0; 14.23 15.15 15.26 14.74 16.49
Fe,0, 3.85 3.09 3.74 5.43 7.02
FeO 6.93 6.71 4.75 3.72 2.16
MnO 0.15 0.16 0.14 0.19 0.12
MgO 7.73 7.52 7.42 6.39 6.29
Ca0 13.55 12.82 6.70 7.89 9.47
Na.O 2.30 2.80 5.15 5.00 4.30
K0 0.14 0.30 0.16 0.16 0.14
PO, 0.19 0.16 0.16 0.16 0.16
CO. 0.43 0.43 — 0.25 0.09
H.0* 3.03 2.27 3.13 3.32 3.91
H.0~ 0.98 0.49 0.33 0.65 0.49
Total 100.30 100.69 99.55 100.61 99.87

* 1, 2—gabbro vein IV-1-(4)
5—pillow lava-IV-1-(2)

8, 4—massive lava-IV-1-(2)
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ave precisely the Yarlung Zangbo geosuture belt.

Visiting spot no. 1. Bainang ophiolites

The section is situated from the South Hill of Luobu-
jiangzi to the county town of Bainang. The direction of
the section is northeast and the total length is 8 km.

Program for visiting
IV-1-(1) the unconformity between Liuqu conglomerate and

ultramafic rocks or volcanic rock;

IV-1-(2) the major features in petrography and contact of
the two lavas;

1V-1-(3) the contact between siliceous rock and pillow lava;

1 i

2 : Congdu

Fig. IV-8 The section of ophiolites at Qema-Congdu

1. Purple-red siliceous rock and siliccouns shale containing a great
amount of radiolaria which are unfortunately obscure owing to
recrystallization;

2. Ultramafic rock, characterized mainly by serpentinized harzbur-
gite, in the rock body, dikes of metamorphosed basic rock in-
terpenetrate;

. Gabbro-diabase;

Massive lava;

. Pillow lava, intercalated with many ore beds of smlphide;
6. Basic voleanic rocks with breeciated structare,

U‘:&.‘N

IV-1-(4) the intrusion, occurrence and petrography of gab-
bro dyke swarm;
IV-1-(5) the ophiolitic melange (blocks of voleanic rocks,

basic rocks and siliceous rocks accumulated mixedly
. 62



and disorderly in the ultramafic rock).

Visiting spot mo. 2. Ophiolites at Qema-Congdu

The section is situated at the western slope of Xialu
village 18 km southeast of Xigaze, The total length of the
section is nearly 10 km.

Program for visiting

IV-2-(1) The radiolarian siliceous rock at the outer con-
tact zome, brecciated structure develops; the ultramafic
rock body is in a tectonic emplacement of low angles;
IV-2-(2) Blocks of metamorphosed basic rock (rodingite)
in the ultramafic rock body, some occur as dikes, some as
chambers; the rock containing a great amount of grossular
and hornblende. Meanwhile, observe the petrographic
features of harzburgite;

IV-2-(3) The northern contact zone of the ultramafic rock
body; in the rock body, lumps of basic rock and also ore
copperization are found;

IV-2-(4) Gabbro-diabase, fresh, with medium—fine granular
gabbro-diabase texture ; diopside occupies 38—42% in volume
60. Uralitization, chloritization and

and plagioclase An 45

epidotization are found in the rocks, and its petrochemistry

s similar to that of abyssal tholeiite;

IV-2-(5) Massive lava;

IV-2.(6) The occurrence and petrography of pillow lava

and the sulfide ore beds (with malachite);

IV-2.(7) The pillow lava (the upper part) and the massive
‘e 63 o
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fava (the lower part) to the southwest of Congdu village.
Observe pillow structure, boundary of the two lavas and the

massive ore beds of sulfide.

Visiting spot no. 3. Exotic blocks at Quzar

From Quxar to Cuola (mountain pass), the Permian
limestones scatter irregularly upon the peaks and slopes
composed of Triassic sandstones, shales intercalated with
limestones, presenting as isolated blocks of different size
(Fig. IV-9), Among them, the biggest one is found at the
southwest of Quxar village — the Jiezhangshan exotic block
with an area of 4.4km®, and the diameter of the smaller

ones is under 10 m.

—

0 1 2Km Quiia,
—— )

Gatala

Fig. TV-8 Diatribution of the exotic blocks in
Quxar-Cuola district

1. Permian limestone; 2. Triassic sandstonc and shalo
The exotiec block at Jiezhangshan is mainly composed

of white gray tinged with pink bioclastic limestone, interca-
lated with q little argillaceous rock, shale and siltstone, con-

* 65



taining abundant fossils. Among them, brachiopods are
Stenoscisma giganten (Diener), S. ef. purdoni (Davidson)!
Marginifer sp., Spiriferella ragah (Salter), 8. stnica Chang,
Neospirifer sp., corals are: Amplezocarinia sp. and others.
The features of fossil fauna are similar to those in Quburika
formation of Permian at the northern slope of Mt. Qomo-
langma. In the Triassic sandstone and shale below the exotic

blocks, ammonites, pelecypods (Halobia sp.) and belemnites

Fig. IV-10 The sketch map of the tectonie
contact between the exotic Permian limestone and
Triassic sandstone and shale at the southern foot
of the Jiezhanshan

Permian (6) white gray massive limestone (2—4m)
—— e, thrust ——————
Triassic (5) purple red caleareous conglomerate interealated with
medinm to thin bedded limestones, (1—2m)
(4) gray, red gray caleareous argillaceons rock (3m)
———— fracture zone
(3) alternation of beds of gray, grayish green, yellow
gray shale and limestones of mediom to thick beds
(10m)
(2) gray shale intercalated with thin bedded limestone
and sandy argillaceous rock (15m)
(1) alternation of beds of gray black shale and gray
medinm bedded limestone changing into yellow gray
after weathering (6—8m visible)



(Asteroconites sp.) are found.

Between the exotic limestone block of Jiezhanshan and
the underlying sandstone and shale, a thrust fractured zone
is clearly seen. The sandstone and shale are relatively soft
showing many contortions and small foldings and its axis
surface reverses toward the south, while the limestone is
hard and brittle and is mostly fractured and filled by caleite
veing (Fig. 1V-10).

Visiting spot no. 4. Cuola exotic block

The Cuola exotic block at the slope to the northern side
of the highway is situated 500 m west of Cuola mountain
pass. The exotic limestone block is H50—60 m in east-west
direction and 60 m from south to north (Fig. IV-11). At
the northern side of the block, there is a cliff and at the foot
of the cliff, debris from the weathering block body are ac-
cumulated, in which tectonic brecciated limestone is occas-
sionally seen. The limestone contains erinoid stems and the
lithology and the fossil contents are similar to those of
the Quxar exotic block which is also of Permian, The south-
ern part of the limestone block embeds into the Triassic
sandstone and shale and purple red argillaceous rock.
Sandstone and shale as well as thin-bedded limestone under-
went strong tectonic compression and deformation and many
of the thin bedded limestone are sheared and dislocated. In
the sandstone and shale at Cuola, Late Late Triassic pelecy-
pods (Monotes salinaria Bronn, Halobia cf. superbescene

Kittl) are found.
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Visiting spot mo. 5. Ophiolite section from Tanggar—West
of Dingsa

The section is situated at the locality from Tanggar
commune to the west of Dingsa of Lhaze county, the direc-
tion of the section is nearly south-north, the total length
10 km,

Program for visiting
IV-5-(1) At the northern border, the ultramafic rock body
has a tectonic contact with the flysch of Xigaze group. At
the marginal part of the rock body, strong foliation, stria-
tions and fragmental breccia can be seen; the high-tempera-
ture metamorphism is not evident;

IV-5-(2) Slabs of voleanie and siliceous rocks in the ultra-
mafic rock body characterized by no resorption;
IV5-(3) Siliceous rock and intercalated beds of voleanic
rock. Voleanic rock of this section is characterized by basalt
with abundant titanaugite. The thickness of the voleanic
rock is generally 10 m and more;
IV-5-(4)  The unconformity between purple red thick-
bedded siliceous rock and the overlying Liuqu conglomerate,
The two all dip southward, but the dip angle of the con-
glomerate is lower. Meanwhile. observe features in lithology;
V-5.(5) Visiting ophiolite mélange, which is a fault zone
of northwest strike with a width of 100 m and more, in
which ultramafic rock, mafic voleanic rock, siliceous rock,
and limestone mixedly distribute in blocks and slabs of
different size and irregular form;
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IV.5-(6) Limestone lens and sheet lava in siliceous shale.
The limestone generally has a length about 10 m and more
with a thickness of several meters, At some occassions colitic
texture and bioclastic fragments are seen. In this section,
9 and more intercalated beds of voleanic rock are found and
the siliceous rock shows purple, grayish white and other
variegated colors and the argillaceous component obviously

increases.

V. The Pliocene and the Quaternary
in Nyalam district

Many Late Cenozoic basins at the northern slope of
Himalaya mountain occur and commonly deposit clay rock,
siltstone and fine sandstone mainly of lacustrine and al-
luvial facies with thickness from 200—800m, in which
Hipparion sp. and other fossils are found. In Pliocene, the
natural environment at the northern slope was still very
similar to that of the southern slope in Himalaya. In the
stratigraphic section of the southern slope at Yagru Kongla
(fOI'merly called Niehnieh Hsiungla) coarse conglome-
ratic sediments overlying on Pliocene sediments can be seen
and the age of the former is Early Quaternary. Since Qua-
ternary, at least 3 glaciations have developed, which were
meinly valley and piedmont glaciers. The scale of the
glaciation reduced one after another and the Quaternary
glaciation in Fuqu valley at Nyalam county reflects this
characteristic. In Yarleb (formerly called Yali), fossil

Plants in travertine and the advance and rcgression of the
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existing glaciers indicate many changes of cold and warm

climate occurred in Holocene.

Visiting spot no. 1. Pliocene and Pleistocene sections in
Yagru Xongla

Yargru Xongla (5,122 m) is situated 45km north of
Nyalam county (or 30 km northeast of Mt. Xixabangma).
The section is situated at both sides of the 63rd highway main-
tenance squad (Date) of the highway from China to Nepal
at the southern slope of the Yagru Xongla including Pliocene,
Lower and Middle Pleistocene beds, (Fig. V-1, Table V-1).
Following is the succession from bottom up:

8) Middle Pleistocene (Q:)

North
™ 1Yagru Xongls ® Hipparion Fossils
5100.':.5-'.';,'{._ O Lamellibranchia and
Qi&'l-".." 21 Highway Gastropod Fossils
= ' '
5000} QT

Highway
4900}

4800

0.5 1 1.5 P 7.5 Knm

Fig. V-1 The section of the Pliocene and Pleistocene of the
southern gide of Yagru Xongla

Gray and light grayish yellow glacial gravel beds widely
distribute on the Yagru Xongla table. The thickness of
the gravel beds, the composition and roundness of gravels
vary at different parts of the table. At the margin of the
table, the thickmess of the gravel bed is about 80 m and the
average diameter of gravels is 4.8 cm, the largest one may
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reach 1m. The main components are granite, gneiss and
schist (71%), coming next are quartz sandstone, quartzite
(21%) and other rocks occupy 8%. Most of the gravels are
subspherical and spherical and show the characteristic of
some degree of sorting. In the past, it was held that this:
gravel bed was moraine (‘‘Niehnieh Hsiungla moraine’’) ;.

7) Lower Pleistocene (Q:)

The upper part: light blue gray, grayish white and
light brown silts, fine sands intercalated with sand and
gravel beds and partially containing ferruginous stripes and
lumps. In sand beds, fossil ostracods: Candona sp., Can-
doniella sp., Leucocythere sp. and Leucocytherella sp. are
found. Thickness is about 90 m.

The lower part: Gray gravel bed cemented by caleium
a8 ‘“‘rock’’ outeropping on the surface as cliffs. The com-
ponent of the gravels are mainly limestone, quartzite and
sandstone (above 75%), the roundness and sorting are good
and the sorting coefficient is 1.3, while the asymmetric
coefficient is 1.2 and the average diameter of gravels is
42em. Most of the gravels are flat, showing certain degree
of orientation, generally dipping to N 50°E with a dip
angle of 20, The strata dip to N 25°H, with a dip angle
of 10° and a thickness of 20—30 m.

unconformity

Pliocene (N;,)

6) Grayish white, grayish yellow and purple medium
and fine sandstone interenlated coarse sandstone bearing
gravels, Oblique bedding, cross bedding develop and multi-
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layer purple red ferruginous sandstone containing Hipparion
fossils is intercalated. The thickness is 90 m and 6 layers
can be subdivided:

(f) Indigo gray fine sandstone intercalated with thin
bedded siltstone clay rock, 25m;

(e) Indigo gray and purple gray coarse sandstone
intercalated with ferruginous sandstone, 45m;

(d) Purple gray thick bedded medium-coarse granular
sandstone, cross beddings develop; the upper part
is gray sandstone intercalated with purple red
ferruginous sandstone, 12m;

(¢) Gray sandstone with gravels, containing Hipparion
sp., spores and pollens which are mainly herb-like
Artemisia and a small amount of Quercus and
Betula,

(b) Purple gray sandstone with gravels. Oblique
beddings develop intercalated with 7 layers of
purple red ferruginous sandstone (each layer 5—
20 em thick), 8 m;

(a) Purple gray sandstone intercalated with fine con-
glomerate 2 m ;

5) Indigo gray siltstone and brown sandstone, occas-
sionally intercalated with ferrnginous thin-bedded sandstone;
Quercus predominates overwhelmingly in spores and pollens;
120 m;

4) Light purple gray thick-bedded massive argillaceous
rock and brown yellow siltstone, fine sandstone with gravels
intercalated with many layers of ferruginous sandstone con-
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taining abundant fossil pelecypods: Unio cf. douglasia Grif
et Pidg, Unio tschiliensts Stuarang, Pisidium sp., Sphasrium
sp., 80m;

3) Alternation of beds of brown yellow fine sandstone
and blue gray siltstone. Spores and pollens are mainly
Quercus and Cedrus, others such as Pododarpus and Pinus,
are also found, 60m;

2) Gray yellow and purple gray fine sandstone in
which 9 layers of red ferruginous sandstone lens are found
and each layer is 15—40 cm thick, weathering as spheroidal
lumps, containing legume fossils (Thermopsis prebarbata 1i),
80m;

1) Gray yellow and gray green siltstone intercalated
with gray yellow fine sandstone, containing 4 fossil beds of
gastropod and ostracod, each bed 2—5cm. Among them,
gastropods are: Adelinclla regularis Yu, Stajo rizangensis
Yu; ostracods are: Ilyocypris gibba (Komdohr), Limnucy-
therc dobiosa Li, L. sp., spores and pollens are mainly arbor,
among them Cedrus occupies 70.9%, coming next are Quercus,
Pinus, Abies, Picca, Ycw podocarpus, Ketelleria, Carya, Tsuga

TOm,

Visiting spot no. 2. Holocene sinter deposits at Yarleb

Sinter at Yarleb mainly distributes at the left bank of
Boqu river, 4,300 m above sea level. The frontal margin of
the sinter is 2m higher than the water level of the river
and gradually rising towards the foot of the mountain. The

dip angle of the surface is about 3°, From the section of the
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riverside of the sinter frontal margin, carbonate deposits of
compact bedded, colitic and gas-pore texture can be seen
and the spring water comes from the Ordovieian limestone
at the east side. In the bedded and porous sinter in the
middle and upper parts beds of plant leaves and stem imp-
rints are found, which are Lonicera cf. hispida, Pall,
Viburnum cf. erubescens Wall,, Rhododendron cf. hypenan-
thum, Rosa sp., Spiraea sp., Rhamnus sp., Lonicea tomentella
HK et Thomas Salid spp. Furthermore, on the surface, stone
nucleus, flakes, leaves, round scraper and other microliths
of Late Mesolithic age have been collected, which correspond
basically with those often found in the ‘‘microlith culture’’
in North China. Therefore, the possible age of the forma-
tion of the sinter may be Early—Middle Holocene,

The plant fossils in the sinter are similar to the bushes
growing at the height of 3,400—3,800 m ‘above sea level now,
some 500 m lower than the level of the present Boqu river
valley. Here, the annual average temperature is 3.5°C—
5°C, the annual precipitation is greater than 614 mm, which
indicates the climate during the formation of the sinter at
the vicinity of Yarleb was milder and warmer and more
humid than that of today. Today, in Yarleb the climate is
ecomparatively cold and arid with an annual average tem-

perature of 1.5°C and precipitation less than 500 mm.
Visiting spot no. 3. Quaternary glaciation of the lower
reaches of the Fuqu river at the vicinity of Nyalam

The Fuqu river rises from the existing glacier at the
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southern slope of Mt. Xixabangma and converges into Boqu
river at Nyalam. The existing mountain glaciers developing in
Mt. Xixabangma area and the snowy Qeaung Peak are mainly
valley glaciers of smaller type, but the scope of Quaternary
glaciation was very large and it filled the Fuqu river
valley for several times and inletted into the Boqu river.
On the ground of the difference of the structure of moraine
morphology, weathering degree of the moraine deposits and
characteristics of the ancient soil on different parts of the

moraines, Quaternary glaciation of the Fuqu valley can be

Fig. V-2 Tho sketch map of the Quaternary glaciation of the lowér
reaches of the Fuqu river at the vicinity of Nyalam county

I. Nyalam glacial age (Nieniexiongla glacial age); II. Jilongsi glaeinl
age; II1. Rongbusi glacial age; IV. New glacial age; V. Minor glacial
age,

classified into 3 glacial ages and 2 stages of Holocene

¢« 77 o



avaompodRiiod

‘sn.ipa) ‘oAMDY
‘snurg ‘snosondd

QUO)SPUTE PappPeq
-uq} FROUI3NLID] [IIM
parereaIjul £[TeUois
-SB900 ‘QUOJSPULE WMOIq
‘ouoimpis £e13d o3puw

Ocl

pingag ‘snusd |
‘SnoLond ‘opaurwm.s)

9000D40dR) ‘DISIWOLIF *ds uoroddrd

OUOJSpUEs FOOUL3NLIDY JO
Epeq [t pojEreadolul
‘s[oAeid Sulresq oUo)spues
‘ouo)spues poulers eury 03
wmrpew ofdind pue mofed
UEILRd ‘oM yFIdeLd

ds ppasaypfiooonaT
ds auaypfiooonay
*ds ppavu0pUD)
“ds puopuv)

« Y01, ojur

PojuBWED L[F0BICI[ED
‘Poq 104813 osIR00 LABLI
‘spueq snoutdnlioy
dulreaq A[ierred ‘speq
[oABL3 LM PpojerBaI) UL
SpUEs ouly ‘YTE MO[[3L
feid pue Leid onlq 3431

o1t

o8l
-ouwo[3uco

squrop

Poq [9ABL3 poussoo[
Moe£ ysLiead pue Leid

08

Poq [oABd3
s|3unisg
YeTugeIN

sudrjod pue serodg

£3o10q30r]

‘m

SOWIYL,

wjeng

wjBuoy nafe) w1 oqwog Sydeilnung ouadoisield puw susdond [—A °qeL

v 78 o



« 6L °

N

Date
formation

light parple gray thick- | pelecypods: Quercus, Cedrus,
bedded argillaceous rock Unto cf. douglasia Podocarpus, Pinus,
and brown yellow gilt- Grif et Pidg, Picea, Abies,

80 gtone, fine sandstone U. tschiliensis Carpinus, Magnolia,
bearing gravels inter- Stuarang, Pisidium Polygonaceae,
calated with thin-bedded sp., Sphasréum sp. Polypodiaceae
ferruginous sandstone
alternation of beds of
brown yellow fine sand-

60 stone and blue gray
siltstone, intercalated
with a little thin-bed-
ded ferruginous sandstone
gray yellow and purple | legume:

80 gray fine sandstone in- Thermopsis
tercalated with beds of prebarbata Li
ferruginons sandstone
grayish yellow and gray-| gastropods: Cedrus, Quercus,
ish green siltstone in- Adelinella regu- Pinus, Podocarus,
tercalated with grayish laris Yu, Staja Ketalleria, Carya,
yellow fine sandstone Xizangensis Yu Tsuga

70 ostracods:

Ilyocypris gibba
(Komdohb) Li,
Limnocythere
dobiosa Li, L. sp.

quartz sandstone and
limestone




glaciation (Fig. V-2).
New glacial age (IV)

The high and large terminal and lateral moraines of
this glacial age are next to the two terminal moraines of
the ice tongue of the existing glacier, some 500 m away from
the end of the existing glacier. On the terminal moraine
dense azalea bushes grow.

The advancing time of the existing glacier probably
corresponds to that in southeastern region of Xizang, i.e.
1,700—1,900 B.P. and 3,000 B.P,

Rongbust glacial age (I11)

Several stages may be found in this glaciation. On the
moraines of earlier stage, yellow ancient soil bed was formed.
At that time, the Fuqu valley from Bulu upward was filled
and damaged by ice flow, forming gigantic dentritic valley

glaciers, the end of which was on a level of 3,900 m above
the sea.

Interglacial age
The moraines of Jilongsi glacial age were damaged by

weathering and brown yellow ancient soil bed, 30 em thick
was formed on the surface;
Jilongsi glacial age (11)

It is a gigantic composite glacier which flew out from
the Fuqu into the Boqu valley forming the moraine belt of
great boulders at the southern part of Nyalam county (the
height of the top surface of the moraine is 3,830—3,837m);

Interglacial age

In this age, the bed of the Boqu river undercut con-
« 80 .
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tindally forming siliceous ferruginous alumina-rich resi:
duum of 30—50 ¢m in thickness.
Nyalam glacial age (Niehwich Hsiungla glacial age) (I)

The yellow moraine platform 3,930 m in height in the
southern part of Nyalam is referred to the products of
this glacial age and the weathering of the moraines is strong.
At that time, the glacier entered into Boqu and extended
southwards along the Boqu to the south of Puluoke village,
which is the largest glaciation in scale found in this region.
On the ground of the difference of the moraine morphology,
2 stages can be subdivided in this glaciation.

According to regional stratigraphic correlation, the
above mentioned I glaciation was formed in Middle Pleis-
tocene and II, ITI glaciations were formed in Late Pleis-

tocene, while the IV was formed in Late Holocene,

V1. The Paleozoic and Mesozoic Stratigraphy
in Nyalam District

Nyalam is situated at the south sub-zone of the Tethys-
Himalaya of the Xigaze district. Well-outeropping beds from
Sinian-Cambrian to Eocene are almost completely marine
sediments (see the first chapter, Table I-3). Except that the
Sinian-Cambrian is a comparatively great thickness of argil-
laceous series with flysch structure from the middle and
upper parts of Lower Ordovician to Eocene, the rocks are
all unmetamorphic, in simple lthologic assemblages and
abundant in fossils, totally 10 thousand m. and more in

thickness, and are mostly neritic deposits which are close
« Bl o



to the generally so-called platform-type sediments or stable
epicontinental sediments. Biota from Ordovician to De-
vonian can be referred to the bio-type of North, Central
and Southwest China. Sediments and biota of Gondwana
facies are found in the Carboniferous and Permian and
sediments and biota of typical Tethyan type are found in
the Mesozoic and Eogene,

Visiting spot mo. 1. Lower formation of Chiatsun group
(01)

It is bed 3 on the section from Ordovician-Devonian at
Chiatsun-Yarleb (Fig. VI-1).

The lithology is characterized mainly by gray, dark
gray limestone, occasionally intercalated dolomitic limestone,
calcareous siltstone and fine sandstone, 726 m thick. The
lower formation of Chiatsun group contains fossil cephalo-
pods, brachiapods, trilobites and gastrapods.

2 zones can be subdivided by the horizons of cephalopod
fossils and the features of genera and species. The lower
part is Ordosoceras-Manchuroceras zone, in addition to zone
fossils, Wutinoceras, Ormoceras are found. The features of
the cephalopod fauna in this zone is closest to those of
Zhuozishan formation of Neimenggu (Inner Mongolia), but
species bear local characteristics of this region. The age
ranges from Middle to Late Arenigian of Early Ordovician
to Early Llanvinian. The upper part is Dideroceras-Parad-
natoceras zone of Llanvinian.

Brachiopods contain Leptellina, Aporthophyla, Ortham-
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bomites and Xizangostrophia, which are similar to the
features of brachiopod fauna of Tablehcadian in North
America and the age is referred to Middle to Late Early
Ordovician, _

Trilobites suech as Pseudoeucalymene tuberculata
(Chien) are seen in the horizons in the middle part, and
gastrapods are mainly characterized by genus Maclurites.

Fauna of the lower formation of the Chiatsun group
is very similar to those of the correspondent rock series
in the central and northern parts of Nepal (Nilgiri forma-
tion), but is hard to eorrelate with those in Kashmir,
Kumaon and Spiti of India. The cephalopod fauna is
similar to those of North China and North America which

Possibly may be the same fauna.

Visiting spot mo. 2. The upper formation of Chiatsun
group (0,)

This formation shown as the 4th bed in Fig. VI-1 is
mainly purple red argillaceous limestone, with abundant
cephalopods, such as Sinoceras, Miohelinoceras, Parormo-
ceras, Beolitoceras, Curtoceras, Actinomorpha and Didero-
ceras as well as erinoid stems (Pmtagonopentagonalis, Enip-
soelliptidus, Cyclocylicus) and brachiopods (Orthambo-
mites? sp.) The upper formation of Chiatsun group may
correspond to the entire Middle Ordovician.

The cephalopod fauna in the upper formation of
Chiatsun group is close to that of Yangzi region of China.

From all the faunas contained in the upper formation, just
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as the faunas in the lower formation, they are similar to
those of the correspondent rock series in the central and
northern parts of Nepal, but different from those in Kash-
mir, Kumaon, Spiti of India.

Visiting spot no 3. Hongshantou formation (Os)

This formation placed as the 5th bed in Fig. VI-1,
70 m thick, is characterized by brown gray, brown red
caleareous, silty shale intercalated with several fine sandstone
beds with rare fossils. On the ground of the conformities
with both of the underlying upper formation of Chiatsun
group and the overlying Shiqipo formation of Early Silurian,
it. is postulated as Late Ordovician in age.

In Himalaya region, the Late Ordovician is mainly
composed of clastic rock and mottled rock with rare fossils,
which is quite similar to that in the northern part of
Africa, where at the end of Ordovician it was influenced
by glaciation causing the rarity of fossils. However, to the
west of Lhasa or Xainza district, some 360 km straight
away northeast to this section, the Upper Ordovician ig 2
large suite of limestone containing trilobite Dalmanella

which is similar to that in the Yangzi region of China.

Visiting spot no. 4. The Silurian scdtion

The Silurian shown as the 6th bed in Fig. VI-1 overlies
conformably on the Hongshantou formation of the Upper
Ordovician, upwards contacts in faults with the Lower De-
vonian, and the outeropping thickness is 136 m. On the basis
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of fossil content and lithology, the Silurian can be subdivided
into 2 stratigraphic units, namely, Shiqipo formation (§;)
and Pulu group (S:4s).

Shigipo formation (formerly called ‘‘the lower forma-
tion of Shigipo group’’) is 90 m thick. The lower part is
sandstone; the middle is shale with graptolites and the
upper is limestone with cephalopods and a small amount of
corals. The graptolitic shale in the middle part contains
Climacogiaptus « normalis Lapworth, Cl  rectangulatus
(M’Coy), Streptograptus lobiferus (M’Coy), Oktavites
circularis (Elles et Wood), Monograptus priodon (Bronn),
the horizons equal to the middle and upper parts of
the Lower Silurian, corresponding to Orthograptus vesicu-
losus zome to Streptograptus crispus zone, The graptolite
fauna of this formation is similar to that in Dark Band
formation in the central and northern parts of Nepal, to
which the horizons here can roughly correspond or slightly
higher.,

Pulu group (formerly called ‘‘the upper formation of
Shigipo group’’) is 46 m thick. In the middle and lower
parts, they are mainly grayish white quartzose sandstone,
intercalated with caleareous shale containing graptolites
and the upper part is gray limestone with abundant cepha-
lopods, Graptolites are Monograptus vomering subgracilis
Pribyl, Pristiograptus dubius (Suess), P. dubius tatus
(Boacek), and cephalopods Michelinoceras (Kopaninoceras)
neundum (Barrande). On the ground of the fossil content,

horizons of thig formation can be referred to Middle and
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Upper Silurian. The Silurian in Spiti of India is mainly
shelly facies, yielding abundant trilobites, brachiopods and
corals, which is quite different from those of this region.

Visiting spot no. 5. The Devonian section

The Devonian shown in Fig. VI-1 as 7th bed can be
subdivided into Liangquan formation (D;) and Pochu
group (Da:4s).

Liangquan formation, about 40 m thick; its lower part
is shale containing graptolites and tentaculites and the upper
part is an alternation of beds of black thin bedded limestone
and shale containing abundant tentaculites and a few pelecy-
pods, cephalopods and brachiapods. This formation in-
cludes 1 Monograptus zone and 2 tentaculite zones,

Neomonograptus himalayensis zone chiefly includes
Ncomonograptus kimalayensis Mu et Ni, N. atopus (Boucek)
rigidus Mu et Ni, Monograptus thomasi Jaeger, M. cf.
yukoncnsis Jackson et Lenz, M. nyalamensis Mu et Ni. The
graptolithic fauna of this zone is the most abundant grapto-
lithic fauna among those which are yielded from the Praguian
or the correspondent beds throughout the world.

Nowakia acuaria zone associates with the above men-
tioned graptolithic zone representing horizons of the lower
part of Liangquan formation, with abundant tentaculites,
but the genera and species are monotonous, mainly Nowak:a
acuaria (Rickter) and Styliolina? sp.

Guerichina zizangensis zone overlies on the preced-
ing zome, representing the horizons of the upper part of the
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Fig. VI-2a A gketch of the Triassic outerop at Tulung, Nyalam County
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Liangquan formation, characterized by Guerichina zizang-
ensis Mu, others, such as Nowakia lepida Mu, Grassiling
praevie Mu and Styliolinag cf. minuta Boucek, are present.

The ages of the above two tentaculites zones are re-
ferred to Praguian of Early Devonian.

Pochu group, 2 formations can be subdivided, namely,
the upper and the lower:

The lower formation, 256 m thick, is mainly composed
of grayish white quartzose sandstone, the upper of the
sandstone contains plant fragments. The lithology and
horizon of this formation can be roughly correlated with
the ‘“Muth quartzite’’ in Kashmir and Kumoan districts of
India. The upper formation (formerly called the lower part
of ““Yali formation’’), 66m thick, mainly gray shale inter-
calated with fine sandstone containing pelecypod Paracyclos
cf. dubiac Beushansen and coral Metriophyllum sp. This
formation transits continually upwards to the Yali forma-
tion of the lower part of the Lower Carboniferous,

From Yarleb northward to Laixi, the Lower Carboni-
ferous outerops (Yali formation and Naxin formation). The
Carboniferous-Permian beds containing glacial marine sedi-
ments and Glossopteris flora are well preserved in Rongpu
Si district of Dingri county or along Jilonggongba-Qubu

at the northern slope of Mt. Qomolangma.

Visiting spot no. 6. The Triassi¢ in Tulung

The section is situated at the vicinity of Tulung, the

thickness of the Triassic is 1,696 m (Fig. VI-2b The Triassic
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section at Tulung, Nyalam county). From bottom up it is
Tulung group (T, — the lower part of T2), Qulonggongba
formation (the middle part of T?) and Derirong formation
(the upper part of T?). The Tulung group is 640 m thick
and can be subdivided into Kangshare formation (T:),
Laibuxi formation (T.), Zamure formation (T}) and Dasha-
long formation (the lower part of T%).

Kangshare formation (T,), 103 m thick; at the bottom,
it is dolomite of 20—30 ¢m, and in the middle and upper
parts, alternations of limestone and shale. From bottom up,
there are 3 ammonite zones: (1) Gyronites psilogyrus zone;
(2) Owenites zone; (3) Procarnites bed. They belong to
the middle and upper parts of the Indusian stage and the
Olenikian stage.

Laibuxi formation (T.), 259 m; the lower part is an
alternation of sandstone and shale and the upper part is
limestone fintercalated with shale. From bottom up there
are 3 ammonites zones or beds: (1) Japonites magnus zone;
(2) Amacrochordiceras nodosum zone; (3) Protrachyceras-
Joannites bed, associated with which is Daonella indica zone.
This formation corresponds to Anisic and Ladinic stages.

Zamure formation (T!), 99m thick. The lithology is
an alternation of bio-clastic limestone and sandy shale, from
bottom wup comprising 3 ammonites zones or beds: (1)
Indonesites dierers bed; (2) Hoplotropites zone; (3)
Parahauerites acutus zone. This formation corresponds to
Carnie stage.

Dashalong formation (the lower part of T}), 179m



thick, mainly are alternations of limestones and sandstone-
shale. From bottom up, 2 ammonite zones are comprised:
(1) Nodotibetites nodosus zone; (2) Griesbachites-Goniono-
bites zone. This formation corresponds to the lower part
of Noric stage.

Qulonggongba formation (the middle part of T?),
465 m thick, mainly are sandy shale alternated with siltstone
and intercalated with fine sandstone and bio-clastic and
sandy limestones. From bottom up, 2 ammonite zones are
established: (1) Indojuvavites angulatus zone; (2) Pina-
coceras metternichit zone, with the accosiation of Himalaya-
saurus tibetensis Dong. This formation corresponds to the
middle part of Noric stage,

Derirong formation (the upper part of T%), 591m
thick, mainly are quartzose sandstone and also feldspathic
quartzose sandstone and a little of quartzite-like sandstone.
In the middle part, a layer of dolomite and sandy limestonc
containing pelecypod fossils, such as Palacocardita mansuyi
Reed, Indopecten margariti (Dienere). In the upper part,
carbonaceous shale containing"carbonized plant fragments
18 intercalated. This formation represents the upper part

of Norie,

Visiting spot no. 7. The Middle and Lower Jurassic from
Derirong bridge to Yagru Xongla

From Derirong bridge to Yagru Xongla in Nyalam
county, the middle and lower parts of the Jurassic outerop
(Fig. V1.3 the Jurassic section from Derirong bridge to
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Yagru Xongla, Nyalam county).

- The Lower Jurassic here is named Pupuka formation,
the Middle Jurassic, Niehnieh Hsiungla formation. The
Pupuka formation, formerly called ‘‘Niehnieh Hsiungla
lower formation’’ is placed at the 1st—3rd beds in Fig.
VI-3, 495m thick. The lithology is mainly characterized
by gray yellow green sandstone and shale, and in the middle
and lower parts, many layers of limestone, sandy limestone
(or calcareous sandstone) are intercalated, yielding am-
monites Schlothemia sp., Sulciferites sp. and Gleviceras sp.;
foraminifera Orbitopsella praccursor (Gumbel), Rhapydio-
ming urensis Henson; pelecypod Astarte cf. voltzis Goldfuss.

Niehnieh Hsiungla formation (formerly called the
middle and upper formations of Niehnieh Hsiungla group)
is placed in the 4—10th beds in Fig. VI-3, with a thickness
of 1,665m. In the lower part, it is mainly gray black lime-
stone intercalated or alternated with sandstone and argil-
laceous limestone, while in the upper part, it is an alterna-
tion of gray limestone and quartzose sandstone.

Beds of the lower part of this formation yield ammonites
Dorstensia haydeni Arkell, Witchellia tibetica Arkell, pele-
cypods Camptonectes (Camptonectes) lems (Sowerby), C.
(Camtonectes) laminatus (Sowerby), Grammatoden (Indo-
grammatodon) egertonicanus (Stoliczka), Trigonia (Trigonia)
brevicostata Kitchin, The age of the fossil beds of the lower
part is Bajocian.

In the upper part, pelecypods Entolium demissum
(Phillips), Camptonectes (Camptonetes) cf, rigidus (So-
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werby) and ammonite Macrocephalites sp. are found. The
age of the fossil beds of this formation is from Bathonian
to Callovian.

VII. High Himalaya Metamorphic Rock
Series in Nyalam District

Metamorphic rocks in this region widely distribute.
Take Jangling tourmaline granite as a demarcation line,
the southern part is gmneiss and migmatite metamorphosed
in medium degree and the northern part is slightly metamor-
phosed schist, In slightly metamorphic rocks many granitic
and pegmatitic veins interpenetrate.

In the southern part, from the Friendship bridge to
Jangling, medium metamorphic rocks are named Nyalam
group (formerly called the middle and lower parts of
‘‘Qomolangma group’’). Its age is inferred as Pre-Sinian
(1). From Quxam to Friendship bridge, gneiss predomina-
tes (Fig. V1I-1), including sillimanite gneiss, almandine
biotite schist (gneiss), biotite quartz schist, quartzite. In
the southern part, kyanite schist, staurolite-kyanite-silli-
manite gneiss, kyanite-sillimanite gneiss and thin-bedded
marble occur. The migmatization is comparatively weak.
mainly veins, ptygmatic veins and lens of halleflint,
pegmatite and aplite. Some banded migmatites are restricted
in the northern part. This suite of metamorphic rock is
named Dingringbo Qiao formation (corresponding to the
formerly called ‘‘Dalaimagiao formation’’ and ‘‘Dingringbo
Qiao formation’’), the thickness outcropping is 13,000 m.
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From Quxam to Jangling, it is characterized by a wide
distribution of migmatite, among which is mainly ocular
migmatite. In the south, some banded magmatite is present.
Potash feldspathic or quartzose, potash feldspatic and
plagioclase eye balls can reach a size of 10 X 14em. To
the north of Kangshan bridge, in the ocular migmatite, silli-
manite gneiss, biotite schist, quartzite and several layers of
marble are intercalated with a thickness of 9,000 m, which
is called Kangshanqiao formation (corresponding to the
formerly called ‘‘Kangshangiao formation’’ and the middle
and lower parts of ‘‘Jiaquqiao formation’’),

The regional progressive metamorphic belt of Nyalam
group can be classified into kyanite zone, sillimanite I zone
and sillimanite IT zone. The kyanite zone is marked by the
oceurrence of kyanite in metapelites, The sillimanite I zone
ig characterized by the assemblage of staurolite-kyanite-
sillimanite or kyanite-sillimanite, and roughly corresponds
with the upper limit of the staurolite stable area and the
vicinity of the transformation boundary of kyanite==
sillimanite facies, which is estimated between 7—9 kb and
620—680°C. The sillimanite II zone is marked by the stable
occurrence of silimanite + muscovite and the disappearance
of kyanite and staurolite. Therefore, the metamorphic rock
of Nyalam group is referred to amphibolite facies and the
metamorphic degree of the south is slightly lighter than
that of the north (Fig. VII-2), showing a reversed progres-
sive metamorphic order, which suggests some possible tec-
tonies of reversed characteristics,
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1. Ordovician (the lower formation of
Chiatsan group and Rougi-cun form-
ation); 2. the North Col formation of
Sinian-Cambrian,  greenschist  facies
Nyalam group(3 —5); 3. sillimanite IT
zone: 4. gillimanite I zone; 5. kyanite
zone; 6. tourmaline granite (7)
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Fig. VII-2 The metamorphic map from Chiataun to
Friendship bridge in Nyalam connty



On the basis of the characteristics of metamorphic rocks,
mineral assemblages and the petrochemical analyses, taking
Xigaze district as a whole, the Nyalam group is a suite of
parametamorphic rock series, the original rocks of which
are mainly composed of argillaceous sandstone, feldspar
sandstone and shale intercalated with thin-bedded limestone
and volcanics and the cyclothemes are evident and the thick-
ness is great, which suggests flysch sediments of miogeosyn-
clinal type. Index minerals of Nyalam group are kyanite,
staurolite, sillimanite, which should be referred to the medium
pressure facies series of Barrovian type.

Northwards from Jangling to Chiatsun, mainly com-
posed of biotite-albite-quartz schist, hornblende granulite,
biotite-quartz schist, calcite granulite intercalated with marble
and the common minerals are biotite, quartz, albite, plagio-
clase, calcite and hornblende. Muscovite, chlorite and epidote
are rare. The regional metamorphism can be referred to
greenschist facies and locally some can reach the low-grade
amphibolite facies. Owing to the grequent interpenetration
of granitic and pegmatitic veins, contact metamorphism is
comparatively developed, forming diopsite hornstone, horn-
blende hornstone and some skarns, the veins locally develop
and even diktyonite or magmatite are found.

Metamorphic rocks in this region originally are consi-
dered as basement metamorphic rock series, the age of which
is still in dispute. In fact, the metamorphic degrec of this
suite is comparatively light and its lithology and metamor-
phic degree are quite similar to those of the North Col
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formation in Rongpusi distriet but different from the Kang-
shanqiao formation of Nyalam group at its southern side.
Therefore, temporarily we can correlate it with the North
Col formation and its age may correspond to Sinian-Cam-
brian,

The granitoids outecropping in this region are referred
to Himalayan granitoids belt, which is mainly composed of
tourmaline-muscovite granite, coming second are muscovite-
biotite granite and gneissoild muscovite-biotite granite and
pegmatite with a comparatively small scale and occurrence
of veins, mainly restricted to the north of Jangling and
the south of Chiatsun thrust. The Jangling tourmaline
granite is the only larger one in seale and the outeropping
width is about 3km, with a NWW strike, which can be
inferred to be a sill, intruding into the space between the
migmatite-gneiss of Kangshangiao formation of the Nyalam
group and the biotite-albite-quartz schist of North Col forma-
tion. Many residual bodies of biotite-quartz schist are
found in the granite. K-Ar ages of the granites and peg-
matites in Nyalam district is 10—20 m.y,

The southern part of Nyalam group is characterized by
fold tectonics, while the northern part is faults and the
folds are in a gentle-wave form.

The boundary between the Dingringbogiao formation
and the Kangshangiao formation is covered by regolith. On
the basis of the evident difference between rocks of the upper
and lower walls, compressive crushes and closed folds of
smaller size, a possible fault of comparatively large scale
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(named Quxiang thrust) is inferred in the vicinity of
Quxiang.

In the northern part of the present region, the famous
Chiatsun thrust occurs, separating the Rougi-cun formation
(formerly called the lower formation of Roqui-cun group)
from the North Col formation of the Ordovician. The thrust
is characterized by cataclastic muscovite granitic gneiss of
tens to hundreds meters wide, which may be the product
of dynamic metamorphism plus migmatization.

Furthermore, on the basis of the evident difference of
the metamorphic degree of the rock beds south and north
of the Jangling granites, the development in a large scale
of ocular migmatite in the southern part and the frequent
interpenetration of granitic and pegmatitic veins in the
northern part, it is inferred that the rock body may possibly
intruded along the preexisting breaks, and according to its

tectonic position, the fault corresponds to the main north
thrust.

Visiting spot no. 1. The Chiatsun thrust

In the vicinity of Chiatsun, the metamorphic rocks of
the lower wall of the thrust are biotite-quartz schist and
marble, and its age is temporarily referred to Sinian-
Cambrian. [Granitic and pegmatitic veins penetrating into
and intersecting obliquely the beddings are well developed.
The upper wall is composed of quartz schist, thin-bedded
and crystalline limestone with argillaceous bands, upwards
transiting into fossiliferous Early Ordovician limestone.
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The thrust dips to the north gently (Fig. VII-3).

Fig. VII-3 The sketch map of geologic tectonics in the
vicinty of Chiatsun, Nvalam county in Xizang

7Z-€ Sinian-Cambrian slightly metamorphic rock series;
O-Early Ordovician limestone;
Thick full line—the Chiatsun thrust;

The significant mark of the thrust is the occurrence of
the muscovite granitic gneiss undergoing intensive tectonic
faulting in the thrust belt and the rock contains evident
secratchs and crushes and the size of the muscovite obviously
augments. In some sections intensively polished mylonite
is formed and the upper wall of the thrust has also developed
a series of drag folds. All the signs show that the upper wall
eame through a movement from north to south (as a reversed

fault belt, it is composed of a series of faults).

Visiting spot no. 2. The light-grade metamorphic rock

series on the highway west of Zangdong village
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The Chiatsun thrust passes through the northwest of
Zangdong village and its strike is NE. Below the fault,
biotite albite-quartz schist, biotite granulite, hornblende
granulite intercalated with quartz marble and metamorphic
calcareous sandstone, which is temporarily referred to North
Col formation. Many veins of gneissoid biotite-muscovite
granite, tourmaline ' granite and pegmatite are intercalated
and the breadth of the veins is 1—10m. At the margins,
diopside hornstone of eontact metamorphism is seen. Several
mylonite belts parallel with the orientations of schistosity
are developed and the breadth of the belt is from tens em

to 2m.

Visiting spot no. 3. Ocular migmatite and gneiss at the
highway sides south of Jangling

To the south of Jangling tourmaline-muscovite granite
(not outeropping at the highway), migmatite-gneiss, ocular
migmatite, sillimanite gneiss, biotite gneiss and biotite schist
of Kangshanqiao formation in Nyalam group are found and

S -y
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Fig. VII-4 The geologic sketch map south of Jangling
1. gneims; 2. ocular migmatite; 3. schist; 4. granite (7.); 5. pegmatite,
+ 100"



the occurrence is gentle. In the southern part of the section,
closed and reversed folds of smaller size and faults develop,
but the fault displacement is not so large. Veins of biotite-
muscovite granite, tourmaline granite and pegmatite occur
along the faults and the widest one is 30 and more meters,
intersecting gneiss and migmatite and the contact metamor-

phism is not so evident (Fig. VII-4).

Visiting spot no. 4. Striped migmatite, gneiss and schistose

quartzite

The northern part is composed of striped migmatite of
Kangshanqiao formation in Nyalam group intercalated
locally with ocular migmatite and the size of the eye ball is
2—4 cm; the southern part is composed of biotite schist,
biotite-quartz schist, quartzite and sillimanite gneiss of Ding-
ringbogiao formation in Nyalam group. Contact between
the gneiss of Dingringbogiao formation and the migmatite
of Kangshanqiao formation is covered by regolith and is
obscure, In the migmatite of the northern side, faults and
closed folds of smaller size develop and the crushed texture
of the migmatite in the vicinity is obvious. Mylonite and
mylonitized migmatite are found. In the schist of the
southern side, small closed folds and hot spring sites are
seen. On the ground of the marked difference of the litho-
logies of the two sides and the phenomena of fragmentation
and compression, it is deduced that between the Kangshan-
giao formation and the Dingringboqiap formation, there
may be a thrust, ie, the ‘‘Quxiang thrust’’
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Visiting spot no. 5. Kyanitc schist at the east of Friendship

bridye

Here, kyanite-almandine schist, kyanite schist, quartzite
and almandine-biotite schist of Dingringboqiao formation
in Nyalam group are found. In the thin-bedded kyanite-
almandine schist between comparatively hard quartzites,
small closed flexible folds are yielded, indicating the occur-

rence of reversed folds in the vicinity.
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