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Mountain Research and Development Vol 21 No 1 Feb 2001: 61-68

The Yaluzangbu River,
the largest river on the
Tibetan Plateau,
becomes the Brahma-
putra when it flows
into India. New field-
work and map analysis
show that the fluvial
landforms and land-
form evolution of the
river are controlled by
the tectonic structures of the southern plateau. The his-
tory of the Yaluzangbu River since the Eocene is estab-
lished here based on geomorphological and tectonic
studies. It includes the formation of the main course
along the suture before the Miocene and establishment
of downstream course and major tributaries along strike-
slip faulting in the Miocene. Also noted are the formation
of alternations of wide sections and gorges, gentle and
steep hydraulic gradient intervals, and deposition and
erosion channel stretches along the river by normal fault-
ing and grabens since the Pliocene.

Keywords: Yaluzangbu River; fluvial landforms; tectonics;
Tibet.
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Introduction

The Yaluzangbu River is known by many names in the lit-
erature and on different maps; among these names are
Tsangpo, Sangpo, Yarlutsangpo, or the upstream section
of the Brahmaputra. The river originates at the
Jimayangzhong Glacier on the northern slope of the
Himalayas and runs eastward, then turns suddenly south-
ward at 95°E to become the Brahmaputra (Figure 1). It
flows through a whole range of different river channel
types and valley forms. Braided, freely meandering, and
anastomosing channels with wide valleys are interrupted
by single straight and deeply entrenched meandering
channels with gorges in the upstream and middle
stretches of the river. Downstream, the river consists of
single straight channels with very deep gorges. The long
profile of the main course also is unusual, with relatively
gentle profiles on the upstream and middle reaches and
a steep profile downstream.

There are still many unexplained phenomena
related to the evolution of the Yaluzangbu River on
the largest and highest plateau in the world as well as
unsolved research problems because of a challenging
environment, inaccessibility, and political sensitivity.
In the early decades of this century, a few famous

geographers (Burrard and Hayden 1907; Hedin 1917;
Ward 1934; Pranavanada 1939) explored the river, but
their exploration was limited by difficult accessibility.
Many geomorphologists from Chinese research insti-
tutions and universities have studied the Yaluzangbu
River and its tributaries since the 1950s, but their
achievements were limited because of insufficient
geological evidence and the restricting influence of
traditional geological theories. A series of interna-
tional geological expeditions to Tibet have been
undertaken since the 1980s, and great advances have
been made in knowledge about plateau tectonics.
Generalizing from findings in Tibet, it is possible to
establish an order for Tibetan tectonic history since
the Eocene. First, compression from the Indian sub-
continent created east—west thrusts, reverse faults,
and folds. Second, shear force occurring in the
Miocene produced a large number of strike-slip faults
on the plateau. Finally, the east-west extension of the
plateau and formation of normal faults and grabens
occurred after the strike-slip faulting period. This was
accompanied by the reactivation of some strike-slip
faults and rapid uplift of the plateau, as the normal
faults cut across the strike-slip faults (Figure 2).
There are many arguments about the timing of the
initial stage of the last phase in this tectonic history
(eg, Powell 1986/1987; Dewey et al 1987; Windley

FIGURE 1 Topographic map of southern Tibet and the western part of the
Indian Continent.
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FIGURE 2 Map showing the principal neotectonic features of the Tibetan
Plateau and adjacent regions. BNS, Banggong-Nujing Suture; HBT,
Himalayan Boundary Thrust; JRS, Jinsha River Suture; KF, Karakorum Fault;
MCT, Main Central Thrust; NKF, North Kulun Fault; SKF, South Kulun Fault;
YZS, Indus-Tsangbo Suture (after Dewey et al 1987; Zhou et al 1984).
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1988; Harrison et al 1992; Molnar et al 1993; Searle
1995; Li 1996; Fielding 1996), ranging from 3 Ma (Li
and Fang 1998) to 14 Ma (Coleman and Hodges
1995). However, most authors agree with the above
historical order of tectonic events. Evidence for the
timing of the last phase can be obtained from the
present geomorphological study.

This paper examines the relationships between
neotectonic structures and fluvial landforms and evalu-
ates how the tectonic movements in the plateau influ-
enced the development of the river. The research
included geological and geomorphological field investi-
gations, reviews of papers, map analysis, and some labo-
ratory measurements.
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Fluvial landforms and tectonic structures

Fluvial landforms associated

with the suture and strike-slip faults

The simplest observation is that the main course of the
Yaluzangbu River basically follows the suture and strike-
slip faults. The orientation of the upper and middle riv-
er valley develops along the Indus-Tsangpo suture along
a west—east alignment (Figure 2). The valley makes a U-
turn downstream at Pai and cuts into the Himalayas,
then flows along the strike-slip faults southward to India.
This sudden change in the river flow direction has been
called the Great Bend. Some parts of this gorge, which
was explored for the first time in 1999, are more than
4000 m deep, making it the deepest in the world. There

Mountain Research and Development Vol 21 No 1 Feb 2001



are many hypotheses about this abnormal change in riv-
er orientation (TETCAS 1983). However, it is clear that
the Great Bend actually consists of many smaller bends
(Figure 3) and that these bends developed along a
group of strike-slip faults in various directions, mainly
southwest-northeast and northwest—southeast. These
faults are still active, as is clear from the many earth-
quakes that have occurred here in recent years (Xiao
1988) and the hot springs that have been appearing
everywhere at the bottom of the gorge. The faults were
initially produced in the Miocene and reactivated in the
latest tectonic movement.

Some of the orientations of the larger tributaries,
such as the Lhasa River, Nian Chu, and Palong Tsang-
po, also follow the direction of strike-slip faults. The
Lhasa River, which has a rectangular type of drainage,
developed along a group of strike-slip faults in the area.

Landforms associated with normal faults

Long profile of the river and valley forms: The whole main
course of the Yaluzangbu consists of sections with gentle
and steep gradients that accompany the reaches with wide
valleys and gorges (Figure 4, Sections 1-8). The changes
in the long profile were explained by TETCAS (1983) as
the erosion knickpoints of the river. The steep gradients at
Pai, Jiacha, and Sago were considered to be 3 erosion
knickpoints caused by the 3 stages in the Himalayan Move-
ments during the early, middle, and late Quaternary. How-
ever, the 3 stages in the plateau uplift cannot be identified
according to the latest geological evidence. The changes
in valley forms have also been said to be related to litho-
logical changes, with igneous rocks often forming gorges
(TETCAS 1983). But the same igneous rocks are also
exposed in wide valley sections, and gorges do not occur
in these areas. The author’s survey found that the knick
points are related to the active normal faults in the inter-
nal plateau and the reactivated strike-slip faults in the
downstream gorge. The normal faults are the results of
east-west extension, and the strike-slip faults downstream
are related to the rapid Himalayan uplift, both of which
were very active in recent tectonic movements. Many hot
springs can be seen at these fault locations, and earth-
quakes frequently occur. These active faults mark the
boundaries of wide valleys and gorges. Thick river sedi-
ments were deposited in the wide valleys upstream of
these gorges (Figure 5). Therefore, a division can be
established that reflects the major characteristics of fluvial
landforms in each section and is separated by major active
faults across the river valley (Figure 4). However, no active
fault is found at the boundary between Sections 3 and 4.
Further geological investigation is required at this loca-
tion. It must be pointed out that short, narrow valleys may
exist within the gorge sections, and short gorges may
appear in wide valley sections due to the influence of
some small, active faults.

Research

FIGURE 3 Tectonic structures
and river channel direction in
the Great Bend area (fault
source from TETCAS 1983;
Zhou et al 1984).

MNanjabama "I:f-
Y
W4 /(
+ D

A Pai Wy

+ f Qe
- 20 40km
== = Fault TN Very steep gorge

=2 Glacier

XX XX Tsangpo suture

A Elevation
b Hot spring

Alternations between wide valleys and gorges are
also reflected in the width of the river valley. The width
of the river valley was measured at 10-km intervals along
the main course. The results show that changes in river
valley width are controlled by the faults and correspond
with the river divisions (Figure 6). The wide valleys have
gentle slopes and gentle hydraulic gradients, and the
mountain summits on the two sides of the river are gen-
erally below 5500 m. However, the gorge sections have
steep slopes and hydraulic gradients, and their moun-
tain summits are generally above 6000 m and are cov-
ered by glaciers. This indicates that relative movements
occurred at the faulting positions. Seeber and Arm-
bruster (1983) also found that high gradients on the
profiles of 16 rivers along the Himalayan arc correlate
with the Main Central Thrust that is responsible for the
Himalayan uplift in the last phase, not with different
rock resistance. Hence, the changes in long profile gra-
dient and valley forms are likely to have been caused by
the active faults.

River channel forms: In the upstream part of Section 1,
the river channel takes the form of a free meandering
channel on a wide, flat glacio-fluvial plain with swamps
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FIGURE 4 Longitudinal profile
and the river sections with
related fluvial landforms of the

64 Yaluzangbu River (Zhang
1998).
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and lakes. The plain has quite a few rolling hills, which
TETCAS (1983) considers to be remnants of the Ter-
tiary erosion surface. In the downstream part of Section
1, the channel consists of a braided channel, an anasto-
mosing channel, and a single channel within a 1.5-7-km
wide valley. The boundary between Sections 1 and 2 is a
normal fault. The upper part of Section 1 can be con-
sidered as an area unaffected by base level change,
which is often caused by active faulting. Thus, this
reach of the river is still at the stage of erosion surface
formation. The section downstream has been affected
by backward erosion caused by the boundary fault. The
formation of the single channel part is due to the inva-
sion of alluvial fans from small tributaries beside the
valley. In the middle stream and downstream areas of
the river (Sections 2-8), single straight channels are a
common channel form in the gorge sections because of
their steeper hydraulic gradients and channel incision.
The boundaries of single channels and braided chan-
nels are also active faults. Deep entrenched meander-
ing channels were also found in gorge Sections 2 and 6,
especially Section 6, in which the deep entrenched
meandering channel occupies over half of the section
length. These deep channels indicate that the original
channels here were free, meandering channels, and fast
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uplift of blocks defined by active normal faults in these
places caused deep incision. All the channels in the
gorges were cut into bedrock. Widely developed braid-
ed and anastomosing channels in the wide valleys are
well developed between these gorges. Therefore, chan-
nel forms, like long profile gradients and valley forms,
are controlled by active faulting.

Terraces and their sediments: Distribution of terraces in
the valley of the Yaluzangbu River is scattered and vari-
able in terms of relative heights and sediment between
the different sections. Distribution was very confusing
prior to the detailed analysis of the sections. Many
hypotheses have been suggested to explain the great
differences in height and lacustrine sediment problems.
These hypotheses suggest that diluvial fans, river
regime, glacio-fluvial deposits, or rockfalls may have
been responsible for the different heights and sedi-
ments. In the author’s view, none of these hypotheses
can explain the great differences between terrace eleva-
tions (a 100-m minimum difference for terraces of the
same age) or resolve the questions of terrace height
comparison and lack of lacustrine deposits in gorge sec-
tions. But if the section divisions are incorporated into
the distribution of terraces and their relative heights

Mountain Research and Development Vol 21 No 1 Feb 2001



with respect to river level, the questions can be resolved
(Figure 7). The wave-shaped distribution of the terraces
can be explained by the erosion and deposition process
changes that are caused by block movements across the
valley. There is no terrace at all in the wide valley of
Section 1 because it is located on an erosion surface
and the local base level has not been changed by active
faults. In other wide valleys, the terraces are low and
closer together. Due to the burying of the river valley,
old terraces are covered by fluvial sediments and/or
remain at low levels. By contrast, the terraces in the
gorges are higher, scattered, and distributed at greater
height intervals. Relative terrace height generally tends
to increase downstream (Figure 7). The rapidly uplifted
blocks were cut into by the river, and their original ter-
races were elevated to higher positions in the newly
formed gorges (Figure 8). The relative movements of
terraces on both sides of normal faults were identified
by sediment '*C dating (Zhang 1998). Moreover, strath
terraces can only be found in the gorge sections.
Lacustrine deposits on terraces are a common phe-
nomenon in the wide valleys of the middle stream (Sec-
tions 3, 5, and 7), especially downstream. This is the
result of rapid uplift of the elevating blocks impeding
river flow so as to form large lakes behind the uplifted
blocks, such as most of the big lakes in present-day
Tibet (TETCAS 1983). Even Sven Hedin at the begin-
ning of this century realized the role of active faults in

Research

FIGURE 5 Wide valley with
thick fluvial deposits and
braided channels in Section
3 of the Yaluzangbu River.
(Photo by author)

the formation of lakes and established that Pangongcho
Lake was formed by blockage of an uplifted fault block
(Hedin 1922). The disappearance of these palaeolakes
may indicate that rates of river incision have already
overtaken the rates of uplift, so that the river cut into
the lacustrine deposits and lacustrine terraces were left
in the wide valleys. The overall trend of relative terrace
elevation increases downstream in wide valleys

(Figure 7). This reflects the latest headward erosion
process of the river, which has cut down from the edge
of the plateau since the plateau uplifted. Within indi-
vidual sections, the relative elevations of terraces also
exhibit the same trend and indicate headward erosion
starting from their local base level, with sedimentation
causing blockage downstream.

Assessment of the evolution of the Yaluzangbu

Initial phase of the river

Suggested periods for the initial formation of the river
vary from the middle Tertiary (TETCAS 1983) to the
middle Pleistocene (Fong 1957). The latter hypothesis
can be ignored because terraces have been found that
predate the middle Pleistocene and the widely dissemi-
nated middle Pleistocene lacustrine terraces are not the
highest river terraces. The collision of India and Asia
created an orogenic belt along the Indus—Tsangpo
suture, which is the Gangdise island arc-type volcanic-
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FIGURE 6 Changes in river

valley width along the
Yaluzangbu main course
(based on the Chinese
Military Ordnance Map).
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plutonic rock mountain belt on the north side of the
suture. The orogenic belt is known as the Gangdise
Mountain Range (Figure 1). In the lower part of the
range, 2 molasse belts were formed after the collision
(Yin et al 1988). This implies that the suture was a lower
place that received deposits from the uprising Gangdise.
Along the middle course, the lower part of the molasse
belt consists of a series of colorful conglomerates and
sandstone scattered at high elevations on the northern
valley slopes. The gravel and sand in the rocks are well
sorted and rounded or subrounded in shape. Large-
scale cross-bedding and diagonal bedding can be seen
in the sandstones, which may be of fluvial facies. TET-
CAS (1983) argued that this is a large-scale depression
deposit along the Tsangpo suture. However, this suggests
that some fluvial activity occurred in several cases along
the section of the suture at the time.

The river prior to the latest uplift and normal faulting
The strike-slip faults in the Miocene changed the orienta-
tion of some tributaries and formed new river channels in
the present-day Yaluzangbu drainage system, such as the
Lhasa, Nian, and Palong Tsangpo rivers (Figure 4). The
downstream river channel—the Great Bend—also follows
the direction of strike-slip faults that cut across the
suture. However, spurs that represent wide Pliocene val-
leys have been found on the valley slopes along the main
course and along these big tributaries. This suggests that
the changed river channels exited in the Pliocene, when
they developed following the formation of these faults.
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The river after the uplift and normal faulting

Normal faults cut across the river in the last phase,
forming a series of new local base levels along the riv-
er channel. At the uplifted parts, the river channel
cut deeply into rocks and formed gorges while thick
river deposits on the descending blocks buried the
original channels.

As the uplift rates in uplifted blocks were faster
than the downcutting rates of the river, the river was
blocked in various places and large lakes formed in Sec-
tions 1, 3, and 5. The palaeolake in Section 7 was
caused by the rapid uplift of the Himalayas. The rela-
tive differences in altitude (200-1000 m) between the
Pliocene wide valley and present-day riverbed in the
middle stream indicate that normal faulting might have
occurred after the formation of the wide valley. Section
boundaries very close to normal faults also imply that
the normal faults are not very old. The disappearance
of the palaeolakes in Sections 3 and 5 may have
occurred in the late Pleistocene, according to the sedi-
ment dating in lacustrine deposits. At that time, head-
ward erosion reached the palaeolakes because the ris-
ing rates of the uplifted blocks were generally lower
than the downcutting rates of the headward erosion
and top lacustrine sediments isolated to form terraces.
Deep gorges with straight channels and deeply
entrenched meandering channels formed in uplifted
blocks as a result of normal fault movements. Braided
and anastomosing channels formed on thick deposits
on the wide valley floors.

Mountain Research and Development Vol 21 No 1 Feb 2001
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Divided sections of the Yaluzangbu River main course
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The fluvial landforms along the Yaluzangbu River are
controlled by tectonic movement; they are the best
examples of landforms changed by tectonic movements.
An accurate date for initial formation of the Yaluzangbu
River cannot be determined because the whole lower
part of the erosion surface has been destroyed by ero-
sion. However, the original river might have formed in
the Oligocene-Miocene period. The formation of strike-
slip faults changed the river channel directions of some
tributaries and created a fault zone in the eastern
Himalayas in which the Great Bend developed. Since the
Pliocene, the river has been flowing toward the east, with
a major bend following the Indus-Tsangpo suture. The
latest uplift of the plateau, whose amplitude is about
2500 m, caused the headward erosion to cut deeper into
the Himalayas and formed the deepest gorge in the
world. The fact that the world’s deepest gorge (Section
8) was formed on the edge of the plateau (the
Himalayas) challenges Coleman and Hodges’ (1995)
hypothesis, which suggests that the plateau reached its
maximum height in the mid-Miocene. The gorge section
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a tectonic boundary of the uplifted Tibetan and Indian
Plain. If such an uplift occurred in the Miocene, the
headward erosion rate suggests that the deepest gorge
should have formed in the middle reach of the current
riverbed of the Yaluzangbu. The deep gorges of other
rivers flowing out of Tibet along the Himalayas are closer
to the MCT because they have less discharge. Meanwhile,
normal faults induced by east-west extension in the
internal plateau cut across the river and formed a series
of new local base levels. Deposition occurred on down-
thrown sides and strong erosion was produced in uplift-
ed blocks. Therefore, the 3 knickpoints cannot represent
the 3 stages of the Quaternary tectonic movements nor
does alternation of wide valleys and gorges indicate dif-
ference in rock resistance. These were induced by local
base level changes caused by block movements in the
normal faulting period. The actual dates for the forma-
tion of palaeolakes, normal faulting, and most of the ter-
races require further study. This will improve our knowl-
edge of the latest phase of tectonic movements as well as
our understanding of the palaeo-environmental and riv-
er processes of the Tibetan Plateau.
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FIGURE 8 Deep gorge with
terraces (Section 6) on the
Yaluzangbu River. (Photo by
author)

AUTHOR

David Dian Zhang

Department of Geography and Geology, University of Hong Kong,
Pokfulam Road, Hong Kong.

zhangd@hkucc.hku.hk

REFERENCES

Burrard SG, Hayden HH. 1907. A Sketch of the Geography and Geology of
the Himalaya Mountains and Tibet. Calcutta, India: Superintendent
Government Printing (see pp 208-230).

Coleman M, Hodges K. 1995. Evidence for Tibetan Plateau uplift before 14
Myr ago from a new minimum age for east-west extension. Nature
374:49-52.

Dewey JF, Shackleton RM, Chang C, Sun Y. 1987. The tectonic evolution of
the Tibetan Plateau. Philosophical Transactions of the Royal Society of
London A327:379-413.

Fielding EJ. 1996. Tibet uplift and erosion. Tectonophysics 260:54-84.
Fong J. 1957. Discussion of neo-tectonics in China based on the view of
landform, drainage and sediments. In: Report of the First Conference on
Neo-Tectonics of the Chinese Academy. Beijing: Science Press, pp 35-41.
Harrison TM, Copeland P, Kidd WSF, Yin A. 1992. Raising Tibet. Science
225:1663-1670.

Hedin SA. 1917. Southern Tibet: Discoveries in Former Times Compared
With My Own Research in 1906-1908. Stockholm: Lithographic Institute of
the General Staff of the Swedish Army (see pp 251-266).

Hedin SA. 1922. The Old Drainage of the Selling-tso-Pangong-tso, South
Tibet. Stockholm: Lithographic Institute of the General Staff of the Swedish
Army (see pp 511-525).

Li J, Fang X. 1998. Uplift and environmental changes of the Xizang-Qinghai
Plateau. Chinese Science Bulletin 43:1569-1574.

Li T. 1996. The process and mechanism of the rise of the Qinghai-Tibet
Plateau. Tectonophysics 260:45-53.

Molnar P, England P, Martinod J. 1993. Mantle dynamics, uplift of the
Tibetan Plateau, and the Indian monsoon. Reviews of Geophysics
31:357-396.

Downloaded From: https://complete.bioone.org/journals/Mountain-Research-and-Development on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use

ACKNOWLEDGMENTS

This paper is dedicated to the memory of Dr M.M. Sweeting, who
encouraged me to do Tibetan research. The Committee on Research and
Conference Grants at the University of Hong Kong provided financial
support for this research. | would also like to express my thanks to my
colleagues and friends in Tibet and China, who provided information and
assistance for my Tibetan studies, especially Viola and Hortans. | also
appreciate valuable suggestions made by Dr J. Aitchison and Prof J. P
Burg.

Powell C McA. 1986/1987. Continental underplating model for the rise of
the Tibetan Plateau. Earth and Planetary Science Letters 81:79-94.
Pranavanada S. 1939. The sources of the Brahmaputra, Indus, Sutlej and
Karnal. With notes on Manasarovar and Rakas. Geographical Journal
92:126-135.

Searle M. 1995. The rise and fall of Tibet. Nature 374:17-18.

Seeber L, Armbruster JG. 1983. River profiles along the Himalayan arc as
indicators of active tectonics. Tectonophysics 92:335-367.

TETCAS (Tibetan Expedition Team of the Chi Academy of Sci ).
1983. Tibetan Geomorphology. Beijing: Science Press.

Ward FK. 1934. The Himalayan east of the Tsangpo. Geographical Journal
84:369-397.

Windley BF. 1988. Tectonic framework of the Himalaya, Karakoram and
Tibet, and problems of their evolution. Philosophical Transactions of the
Royal Society of London A326:3-17.

Xiao F. 1988. Tectonic Evolution of the Lithosphere of the Himalayas.
Beijing: Geological Publishing House.

Yin JX, Sun XX, Sun YY, Liu CJ. 1988. Stratigraphy of the molasse-type
sediments of the paired molasses belts in Xigaze region, south Xizang.
Memoirs of the Institute of Geology, Academia Sinica 3:158-167 (in
Chinese with an abstract in English).

Zhang D. 1998. Geomorphological problems in the middle reaches of the
Tsangpo River, Tibet. Earth Surface Processes and Landforms 23:889-903.
Zhou Xiang, Cao Tougong, Zhu Mingyu, Xia Daixiang, Qian Dingyu. 1984.
Plate Tectonic-Lithofacies Map of Xizang (Tibet), China. 1:1,500,000. Beijing:
Geological Publishing House.

Mountain Research and Development Vol 21 No 1 Feb 2001



