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A map showing a zipper-like collision between two continents. Here,the 
ocean between the two continents is closing progressively from north to 
south. In the collision zone, the boundary between what had originally 
been two separate continents.
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Figure 1. A color-shaded relief map with active to recently active faults related to the Indo-Asian collision zone and surrounding regions. The main sources of information are 
listed here (i.e., Armijo et al., 1986, 1989; Arrowsmith and Strecker, 1999; Avouac and Peltzer, 1993; Avouac et al., 1993; Burchfi el et al., 1991, 1995, 1999; Cowgill et al., 2000, 
2004b; Darby and Ritts, 2002; Darby et al., 2005; Jackson, 1992; Jackson et al., 1995; Jackson and McKenzie, 1984; Kapp and Guynn, 2004; Kirby et al., 2000; Lave and Avouac, 
2000; Meriaux et al., 2004, 2005; Murphy et al., 2000; Peltzer et al., 1989; Robinson et al., 2004; Tapponnier and Molnar, 1979; Tapponnier et al., 1981b, 2001; Taylor and Pelt-
zer, 2006; Taylor et al., 2003; ten Brink and Taylor, 2002; Thatcher, 2007; Thompson et al., 2002; Wang and Burchfi el, 2000; Wang et al., 1998; Xu et al., 2008; Yeats and Lillie, 
1991; Yin et al., 2008a; Yin and Harrison, 2000), and are augmented by our own kinematic interpretations. Thrust faults have barbs on the upper plate, normal faults have bar 
and ball on the hanging wall, arrows indicate direction of horizontal motion for strike-slip faults. Dashed white lines are Mesozoic suture zones: IYS—Indus Yalu suture zone; 
BNS—Bangong Nujiang suture zone; JS—Jinsha suture zone; SSZ—Shyok suture zone; TS—Tanymas suture zone; AMS—Anyimaqen-Kunlun-Muztagh suture zone. 
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Figure legend follows on page 2.

Annu. Rev. Earth Planet. Sci. 2000.28:211-280. Downloaded from arjournals.annualreviews.org
by ETHNOLOGISCHES SEMINAR on 07/16/09. For personal use only.



M
o
d

u
le

 B
P
 1

1
 /

 Ü
b
u

n
g
 1

2
.1

0
.0

9
 

R
. 

B
o
u

sq
u

et
Himalaya-Tibet system: geology

Figure 3  Schematic geologic cross-section across the Himalayan-Tibetan orogen. See Figure 2 for the location
of the cross-section.

Y
IN

!
H

A
R

R
ISO

N
C

-3

Annu. Rev. Earth Planet. Sci. 2000.28:211-280. Downloaded from arjournals.annualreviews.org
by ETHNOLOGISCHES SEMINAR on 07/16/09. For personal use only.

pletely closed (e.g., the Mediterranean region still con-
tains Mesozoic seafloor of Tethys).

Prior to the main collision of India with Asia in
early Tertiary time, several thousand kilometers of the
Neotethys ocean floor was subducted beneath Asia
along a north-dipping subduction boundary. Subduc-
tion was extremely rapid, resulting in convergence
between India and Asia at about 100 mm/y. Evidence
for precollisional convergence and deformation is
recorded within the Himalayan mountain belt and in
the southernmost part of the Tibetan Plateau. For
example, within the central part of southern Tibet,
Jurassic ophiolites obducted onto the Asian continental
margin attest to the existence of an ancient ocean
region between India and Asia. A late Cretaceous fore-
arc sequence records subduction continuing at least
into the Cretaceous (Figure 21.2.3). North-dipping
subduction of an oceanic region is also recorded by a
late Cretaceous to early Cenozoic volcanic arc along
the southern margin of Asia (e.g., the Gandese batholith
near Lhasa in south-central Tibet, which lies just north
of the Xigatze forearc basin in Figure 21.2.3). Volcan-
ism in this arc shut off in Eocene time, presumably
reflecting the time of collision and the cessation of
subduction of oceanic lithosphere. In the western
Himalaya, precollisional subduction of Tethys must
have occurred partly offshore, south of the Asian con-
tinental margin, because a Jurassic-Cretaceous vol-
canic arc (the Kohistan arc) was developed in a marine
environment, and subsequently collided with the

southern margin of Asia in latest Cretaceous time,
somewhat before the time of the main India-Eurasia
collision. It is likely that events before and around the
time of collision were very complicated, but at present
the geologic data needed to unravel these events has
not been obtained so the early evolution of the
Himalayan system looks deceptively simple.

21.2.3 Postcollisional Convergent
Deformation

At about 50 Ma India collided with Asia, and at about
the same time the convergence rate between India and
Asia slowed from about 100 mm/y to about 50 mm/y.
Since that time India has continued to move northward
relative to stable Eurasia at about 50 mm/y, giving a
relative convergence of about 2500 km since the time
of collision, and shortening and thickening the crust of
Asia to produce the elevated Tibetan Plateau. Today,
the continental crust beneath the high-standing plateau
and flanking mountains is about 70 km, nearly double
the more normal values of 30–40 km for continental
crust. It is remarkable that in 1924, long before the
advent of plate tectonics, Emile Argand already under-
stood that an ocean had closed between India and Asia
and that subsequent convergence between India and
Eurasia has caused the intracontinental deformation of
Southeast Asia. However, it is only in the last few
decades that knowledge of the magnetic anomalies 
on the seafloor and paleomagnetism have allowed 

5272 1 . 2  T H E  T I B E T A N  P L A T E A U
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F I G U R E  2 1 . 2 . 3 Schematic cross section through the central Himalaya (location in 
Figure 21.2.2). The Miocene-Quaternary molasse (heavy dots) of the modern foredeep basin are
contained within the outer thrust sheets near the Main Frontal Thrust (MFT). Light shading
represents low-grade metamorphic rocks north of the Main Boundary Thrust (MBT) and south of
the Main Central Thrust (MCT). Dark shading represents high-grade metamorphic and crystalline
rocks north of the MCT. These are separated from sedimentary rocks of the Tibetan zone (in white)
by the normal South Tibetan Detachment (STD). Also shown are the Cretaceous Xigatze forearc
deposits that rest on an ophiolitic basement (black sliver).
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Figure legend follows on page 2.

Annu. Rev. Earth Planet. Sci. 2000.28:211-280. Downloaded from arjournals.annualreviews.org
by ETHNOLOGISCHES SEMINAR on 07/16/09. For personal use only.
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Figure 4 Paleozoic-Mesozoic tectonic evolution of the Himalayan-Tibetan orogen.
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148 P. Molnar and H .  Lyon-Caen 
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Figure l3. Summary of rates of deformation in Asia. The rate of convergence at the Himalaya of 18 f 7 mm yr-' includes Lyon-Caen & 
Molnar's (1985) estimate for the rate of underthrusting at the Himalaya, corrected for possible crustal shortening within Himalayan thrust 
sheets (Molnar 1987). The rate for the Tien Shan is taken from Molnar & Deng (1984) and is based solely on the seismicity of this century. For 
the strike-slip faults within and surrounding Tibet, rates are taken from work of Peltzer (1987) on the Altyn Tagh fault, from Kidd & Molnar 
(1988) on the Kunlun faults, from Burchfiel ef a!. (1989a) and Zhang Peizhen et ul. (1988) for the Haiyuan fault, from Allen et 01. (1989) and 
Molnar and Deng (1984) for the Xianshuihe fault, and from Armijo el al. (1989) for the right-lateral faults in southern Tibet. The rate of 
extension of southern Tibet of 18 f 9 mm yr-' is deduced from the variation in orientations of slip vectors in the Himalaya (Fig. 7) and the 
convergence rate of 18 f 7 mm yr-'. The rates of extension and contraction of 10 and 5 mm yr-l are based on the rates of slip in eastern Tibet, 
the calculated eastward flux of material, and the seismic moments of earthquakes in Tibet showing roughly equal amounts of crustal shortening 
and crustal thinning (Fig. 9). Note that the 50-60 mm yr-l of convergence between India and Siberia is partitioned into comparable fractions of 
convergence at the Himalaya, at the Tien Shan, and across Tibet, with the latter manifested as eastward extrusion of material out of India's 
northward path. 

studies in southern Tibet (Armijo et al. 1986). Fault plane 
solutions of earthquakes in the high plateau of western Tibet 
show a mixture of normal and strike-slip faulting, and from 
the deduction that eastern Tibet moves away from western 
Tibet at roughly lomrnyr-', we infer the rate of crustal 
shortening within Tibet to be roughly 5 mmyr-', with a 
north-northeast orientation. Fault plane solutions show 
left-lateral strike-slip faulting on planes with varying 
orientations in eastern Tibet; thus, the eastward extrusion of 
material out of India's northward path into the rest of 
Eurasia occurs not only by eastward translation along these 
strike-slip faults, but also by clockwise rotation. Using rates 
of slip on the major strike-slip faults, we estimate that the 
eastward component of displacement of eastern Tibet with 
respect to both the Tarim Basin and India is roughly 

30-40 mm yr-' at the longitude of 97"E. Approximately 
10 mm yr-' seem to be due to extension within Tibet, and 
the rest corresponds to slip on the Altyn Tagh fault. Fault 
plane solutions of earthquakes on the northeastern and 
eastern margin of Tibet show thrust faulting and crustal 
shortening roughly perpendicular to the margins, but we 
cannot evaluate the rate of shortening and therefore how 
rapidly southeast China moves away from Tibet, if, in fact, 
it does so at all. Because of clockwise rotation of material in 
eastern Tibet, however, the large eastward flux of material 
at 97"E, with respect to Eurasia or India, need not reflect a 
large eastward translation of southeast China with respect to 
these plates. 

In the overall partition of India's convergence with 
Eurasia, roughly one third occurs at the Himalaya, a second 
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gest that while extrusion does occur, it is of much
smaller magnitude than that predicted by this model.

Strike-slip faults within the Tibetan Plateau also
have a very interesting relationship to thrust faulting
and crustal shortening occurring around the margins of
the plateau. At the eastern end of some of the strike-
slip faults, they merge with, or end against, the active
thrust faults that rim the margins of the plateau. This is
best illustrated for the Haiyuan strike-slip fault in the
northeastern corner of the plateau, where geologic
mapping shows that 15 km of left slip on this east-west
trending thrust fault is absorbed by 15 km of shorten-
ing on a north-south trending thrust belt in the Liupan
Shan (Figures 21.2.4 and 21.2.7). In addition, the onset
of strike-slip faulting on the Haiyuan Fault is of

approximately the same age as the onset of shortening
in the Madong Shan (early Quaternary). Thus the left-
slip motion on the strike-slip faults is absorbed by
thrusting at the plateau margins, suggesting that lateral
extrusion of crust within the plateau does not extend
beyond the topographically high region.

Probably one of the reasons that so much emphasis
has been placed on strike-slip faulting within the
Tibetan plateau and surrounding regions is that many
of the studies of active faulting have used satellite pho-
tos to identify important faults. Faults that dip steeply
and are straight show up very well on these photos,
while gently dipping faults with a complicated outcrop
pattern can be difficult to recognize. Therefore the
strike-slip faults within the plateau were recognized
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F I G U R E  2 1 . 2 . 6 Two interpretations of the tectonic framework of Southeast Asia.
(a) The interpretation of Tapponnier and coworkers, which emphasizes the eastward extrusion of
two large crustal fragments bounded by major strike-slip faults as a result of the India-Eurasia
convergence. In this interpretation, eastward movement of these fragments results in the
extension on the Southeast Asian continental shelf and creation of oceanic crust in the South China
Sea. The first crustal fragment to move (1) is indicated by a large arrow and shown in light gray and
the second to move (2) is indicated by another large arrow. RR = Red River Fault, S = Sagaing Fault,
SC = South China Sea, A = Andaman Sea. (b) The interpretation of England and Houseman shows
the progressive development of topography in Asia by computer modeling of a rigid indenter
(India) deforming a viscous sheet (Asia). This model suggests that India-Eurasia may have little if
any effect east or west of the Tibetan Plateau, and so is very different from that of Tapponnier.
Contours are of increasing crustal thickness at different times (times are dimensionless, but the
bottom panel would approximately correspond to the present topography of Tibet).

2917-CH21.pdf  11/20/03  5:25 PM  Page 531



M
o
d
u

le
 B

P
 1

1
 -

 1
2

R
. 
B
o
u

sq
u

et
 2

0
0
9

-2
0

1
0

Around the Alps



M
o
d
u

le
 B

P
 1

1
 -

 1
2

R
. 
B
o
u

sq
u

et
 2

0
0
9

-2
0

1
0

Topography vs. Moho



M
o
d
u

le
 B

P
 1

1
 -

 1
2

R
. 
B
o
u

sq
u

et
 2

0
0
9

-2
0

1
0

Moho unten den Alpen



M
o
d
u

le
 B

P
 1

1
 -

 1
2

R
. 
B
o
u

sq
u

et
 2

0
0
9

-2
0

1
0

4 à 8 mm/an

de Mets et al. 1990, Le Pichon 1993 (modèle NUVEL 1)

Plate tectonic: Africa-Europa convergence
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Tectonic map of the Alps

Tectonic  map  of  the  Alps
by    Schmid    et  al.,  2004  (revision  Nov.  2006)
extended  to  Corsica  &  Tuscany  Bousquet  et  al.,  2008
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by  Bousquet et al., 2008 modified after Oberhänsli et al. (2004)
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Lepontine dome

Tauern dome

Tertiary collisional metamorphism (30-17 Ma)
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Relation high T metamorphism & crustal accretion
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Adria is following rolling back European slab
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suture

Europe has not moved S
=> roll back and slab retreat 

Unlike Himalayan type orogens, the Western and Central 
Alps ride on the subducting plate




