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The Tibetan Plateau region is the largest area of high elevation (aver-
aging just over 5000 metres above sea-level) and thick crust (70-90 km 

compared to 30-40 km thickness for normal continental crust) anywhere in 
the world (Fig. 1). It is bounded by mountain ranges on all sides: the Hima-
laya to the south, Karakoram and Pamir to the west, Kun Lun and Altyn 
Tagh ranges along the north and the Longmen Shan in the east1. The inter-
nally drained part of the plateau interior is extremely flat but in the south-
eastern part, where rivers drain off the high plateau into Burma, Thailand 
and Yunnan, deep gorges have been carved into the plateau. Tibet lies in 
the rain shadow of the Himalaya so the strong monsoon winds that blow 
from the south during the summer months only usually reach up to the 
crest of the high Himalayan peaks. 

Tibet comprises several major tectonic plates that have been progres-
sively accreted onto the stable Siberian – Mongolian craton over the last 
400 million years. Tethys, an east-west aligned, world-wide ocean during 
Permian to Mesozoic times, separated the Gondwana supercontinents of 

Aerial view of the Gongga Shan (7556 m) granite massif along the eastern 
margin of the Tibetan plateau. (Mike Searle)
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Fig. 1. Top: Digital Elevation Map of the Tibetan Plateau region showing active 
and recent thrust faults (red), normal faults (blue) and strike-slip faults (grey), 
together with major suture zones. Lines of sections in Fig. 2 shown.  
Below: topographic profiles for Eastern and Western Tibet: X-X’ and Y-Y’.

the southern hemisphere from central Asia and Europe. The closing of this 
ocean due to subduction along its northern rim led to the collision of these 
southern continents, Africa, Arabia and India, with Eurasia forming the 
Alpine – Zagros – Himalayan mountain ranges. The Indian plate collided 
with Asia approximately 50 million years ago. 

In Asia the trapped remnants of the Tethyan ocean floor are preserved 
along the Indus-Tsangpo suture, the zone of collision that runs along the 
northern boundary of the Indian plate through Waziristan and Kohistan, 
across Ladakh and southern Tibet before swinging around the Eastern 
Himalayan syntaxis and running south through Burma. 

These rocks can only have been formed in the oceans: deep-sea sedi-
ments, oceanic volcanics and ophiolites, the latter comprising segments 
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Fig. 2. Cross-sections of (15a) the Western Himalaya – Karakoram – Tarim 
ranges, far west Tibet, and (15b) Nepal – central Tibet regions showing the 
large-scale interpreted structure of the Tibetan Plateau. (After Searle et al 
2011)
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Fig. 3. Cross-section of the Tibetan Plateau showing the geophysical 
constraints derived from deep crustal seismic experiments. MTF – Main Frontal 
Thrust. (After Nabelek et al, 2009).

of oceanic crust and upper mantle. The youngest marine sediments, both 
in the suture zone and along the northern margin of the Indian plate, are 
shallow marine limestones that contain small planktonic foraminifera that 
have been precisely dated at 50.5 million years old. After that time the 
two continents had collided, closing the ocean and resulting in mountain 
building and uplift both along the Indian plate to the south in the Himalaya 
and along the Asian margin to the north in Tibet (Fig. 2). 

Subduction of the oceanic plate under the south Tibetan margin also 
resulted in the intrusion of Andean-type granites along the Kohistan, 
Ladakh and Gangdese ranges of Tibet and eruption of voluminous andes-
itic lavas similar to those of the Andes today. 

For the 50 million years since collision, India has continued to pene-
trate northwards, pushing into Asia and causing uplift of the Himalaya 
and the Tibetan plateau. The mechanisms and timing of crustal thickening 
and uplift of Tibet have been the cause of much controversy in geological 
circles. Ninety years ago, long before the plate tectonic revolution of the 
1960s, a Swiss geologist Emile Argand embraced Alfred Wegener’s theory 
of continental drift and proposed that India had underthrust the whole of 
Tibet resulting in the double thickness crust and high topography2. If this 
model were correct then the geology of Tibet, notably the deformation and 
metamorphism would have to be generally older than 50 million years. 

Another model proposed the opposite, in that Tibet has formed by hori-
zontal shortening and thickening after the India-Asia collision3. If this was 
correct then most of the folding and metamorphism should be younger 
than 50 million years. 

A third popular model, termed continental extrusion, proposed that the 
thickened crust of Tibet was pushed sideways to the east and southeast 
out of the way of the rigid Indian plate ‘indentor’4. Huge strike-slip faults 
bound this extruding block, the Karakoram fault in the SW, the Kun Lun 
and Altyn Tagh faults along north Tibet and the Xianshui-he and Jiale 
faults in east and SE Tibet. If this model were correct then the faults would 

display hundreds of kilometres of lateral offset and would need to reach 
down into the lithospheric mantle. 

Since the opening of Tibet to foreign geologists in the 1980s, a large 
amount of geological mapping has been carried out across the plateau. 
Unlike the Himalaya, where deep crustal metamorphic and granitic rocks 
are exposed and exhumation – erosion rates are extremely high, the Tibetan 
plateau has low relief and low exhumation – erosion rates and very few 
lower crustal rocks are exposed. We are therefore reliant on geophysical 
methods, notably seismic, gravity and magnetic studies to interpret the 
structure of the lower crust in Tibet. 

One such study (Fig. 3) shows that southern Tibet is underlain by rela-
tively cold lithospheric mantle as far north as about 32°N, suggesting that 
Argand’s model was partially correct, with India underthrusting at least the 
southern half of the plateau5. Geological fieldwork revealed that most of 
the folding and crustal shortening in southern Tibet occurred prior to 60-70 
million years, before the India – Asia collision (Fig. 4), again supporting 
Argand’s view. The Tibetan plateau is also riddled with small volcanoes 
and intrusive igneous rocks that have a very unusual alkaline geochem-
istry. These volcanics require a very hot mantle source and their ages, 
which show a progressive northward younging from 50-13 million years 
in the south to 4-1 million years along the Kun Lun in the north, again 

Fig. 4. Outcrop north of Lhasa showing folded Cretaceous Takena Formation 
red-beds truncated by a prominent unconformity (dashed line), above which are 
flat-lying volcanic rocks dated at 60 million years. (Mike Searle)
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Fig. 5. A view of western Tibet from the Space Shuttle, towards the south-east. 
The two prominent faults forming an arrowhead are the Karakoram and Altyn 
Tagh faults and bound the eastward extruding Tibetan crust. (NASA)

support the model of underthrusting of Indian lower crust and cold mantle 
northwards.

The prominent strike-slip faults that cross the Tibetan plateau region 
are among the largest and most active such faults in the world (Fig. 5). 
Large destructive earthquakes regularly occur along actively moving faults 
such as the San Andreas in California or the North Anatolian Fault in 
Turkey. The Karakoram fault running from the northern Pamirs along 
the Tashkurgan (Xinjiang), Shaksgam, Siachen and Nubra (India) valleys 
south-west to Pangong Lake and the Kailas region of south-west Tibet 
is one of the most prominent strike-slip faults in Asia. It runs along the 
northern flanks of the K2 – Broad Peak – Gasherbrum ranges in the central 
Karakoram and appears to partially control the uplift of these extremely 
high peaks that are aligned along the south-west side of the fault. Along 
the Siachen glacier and Nubra valley in Ladakh, the highest uplifted peaks 
of the Saser Kangri range are aligned along the north-east side of the fault. 
The Karakoram fault cuts obliquely across the Baltoro granites and offset 
markers show that there is only about 25 km of total offset (Fig. 6). 

These Tibetan strike-slip faults appear to be extremely large but do not 
show a great amount of offset. Furthermore, there is, surprisingly, very 
little seismic activity along the Karakoram fault. Either the fault is now 
tectonically dead or the recurrence time between very large earthquakes is 
of the order of several hundred years and the strain is building up for a huge 
earthquake. Only time will tell.

In eastern Tibet the Xianshui-he fault in the eastern plateau appears 
to be the most active, recording at least eight Magnitude 7+ earthquakes 
along its trace since 1725. River channels of the Yangtse river tributaries in 
the high plateau show abrupt offsets, pulled apart by motion along the fault 
of up to 30 km laterally. The Xianshui-he strike-slip fault also cuts across 
the huge Gongga Shan granite batholith in eastern Tibet. Uranium-lead 
dating of minute radioactive zircon crystals show that these granites are 
mainly old, of Jurassic age but have an interesting much younger compo-
nent dated as Miocene. By dating the youngest granites in the 7556m high 
Gongga Shan (Minya Konkka) massif (~4 million years old) that are cut 
by the fault we can provide a maximum age constraint on initiation of the 

Fig. 6. Photograph taken from the Space Shuttle showing a part of the 
Karakoram ranges on the borders of Pakistan (west), India (east) and China 
(north). The trace of the Karakoram fault is marked along the Siachen glacier 
and Shaksgam valley offsetting the vertical northern margin of the Baltoro 
granite batholith by only 17-25 km. (NASA)
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Fig 7: The stunning array of mountains around the Namche Barwa – Gyala Peri 
ranges of the Eastern Himalayan Syntaxis. (Mike Searle)

Fig 8: The Eastern Nyenchen Tanglha ranges in SE Tibet taken from the Lhasa 
to Chengdu flight. (Mike Searle)

fault and a long-term average slip rate. Global Positioning System satellite 
measurements suggest the fault is presently slipping at a rate of ~10 mm/
year, extremely fast in geological terms. 

The Tibetan Plateau is a unique feature on the Earth’s surface. Its uplift 
has affected global climate and the plateau is thought to be a major factor 
in the strengthening of the Indian monsoon system. A high-pressure system 
sits over the plateau in summer heating up the atmosphere over Tibet. This 
sucks in the tropical, moisture laden air from the Indian Ocean to the south 
which releases vast quantities of rain over the Indian sub-continent during 
the summer monsoon – in the Assam and Meghalaya regions of north-east 
India an incredible 18 metres of rain has been recorded in a single year, 
almost all of it falling in the three months of the summer monsoon. 

The Tibetan plateau even affects the northern hemisphere high-altitude 
jet stream, causing it to divert around the plateau to the north and south 
– where it produces the characteristic snow plumes that stream from the 
summit of Everest. 

Much has been written and surmised about the geology of Tibet, but 
more than half the plateau remains unmapped and unsurveyed especially 
in the myriad of mountains than occupy the southeastern part (Fig. 7). 
We know more about the geology of the Moon than we know about the 
geology of the eastern Nyenchen Tanglha mountains (Fig. 8). 

So next time you stand on a Himalayan summit, look north across the 
vast ‘plateau’ of Tibet and reflect on 50 million years of geological history.
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