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Great thanks to my friends in China
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Why active fault in Tibet?
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Continuum model

Relatively low mountain range

Lithosphere

Asthenosphere

~85% of India’s convergence could
potentially have been absorbed by
crustal or lithospheric thickening.

Deepened Moho Only c. 10-20% of the India—Asia

convergence taken up by lateral
extrusion.

Lithospheric
Root

England and Molnar, 1997; 2005



GPS result
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The Karakoram-lJiali fault zone (KJF2)

s

i i ’ ' Beng Co Fault (1951 Eq.)
% | Gyaring Co Fault A

) RPN b g s 10-20 mm/yr
h \’i\-\\> W“‘h 10-20 mm/yr : ) e = - " Fault plane solution
=~ Normal
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Modified from Aromjo et al., 1989



The Slip rate of the active fault in the
central Tibet

104 | | : I I —
EE Strike-slip fault
2 BEC:Beng Co Fault -
= GYC: Gyaring Co Fault deco B
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Normal fault // 3
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1021 J! A , BEC(Y | g
- 2 historic GyLs L“I/ ;
seismic event 100-
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Armijo et al., 1989



The resolution of Satellite image and SRTM
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Jiali fault on Landsat7 image

:?{ ﬁ.;" i‘::*‘f amt
J,

“!"' '.l'u

f“.’-l
JI)’

Sk




| ~6km offset in 1/20000
| Geologic map (Xiang et al. 2007)




The evidence of the active(?) Jiali Fault
Spot B in Armijo et al., 1989
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The evidence of the inactive Jiali Fault

1.5 km / 120 kyr = 12.5 mm/yr Spot B in Armijo et al., 1989
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_____ g -T3 B 16
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elv. 4710m

30 40'0"N

The T3 age is 4.5 = 0.3ka (OSL), and The T4 age is ~5 ka.

If Armijo is right, the fault offset should be ~75m.

30 42'0"N




The evidence of the inactive Jiali Fault
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The evidence of the active(?) Jiali Fault
Spot A in Armijo et al., 1989

30°420°N &

!OBe agﬁ. | S
136.7+3.4ka|
20.3+2.3ka

: .'1.5'«.‘ . '9 ka

92°57'0'E 92°58'0°E

100-150 m / 10000 yr = 10 — 15 mm/yr
(Armijo et al.,1989)



In-situ Cosmogenic Exposure Dating

10Be
) Target Cosmogenic
production Atoms [sotopes
pathways
in rocks > 26A1, 2!Ne, 3He

> 10Be, 14C, 3He
36C1, *He

‘ 0(n,x)"; Be
2Si(n,x)"; Be
YO, x)°Be “Be age =

YBe concentration of rock

Production rate of **Be

7 Siu™,x)'Be
:Li(a p)iBe
JBe(n,y)Be
5B(n,p);Be
“¥C(n,a)Be

neutrons(n)
antimuons(|i-)




The evndence of the mactlve Jiali Fault
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2] Faule 1952

mw]@'!y«-“r@ The same feature in Fig. 23a in Armijo et aI.,1986-.‘
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The Gyaring Fault (1934? event)




The southern part of Gyaring Co Fault




1934 surface rup

~1m uplift
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~5m Lateral offset
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The sinistral offsets of the Gyaring Co Fault
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Characteristic slip?
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What can we improve the
Kinematics of Tibetan plateau?




Results & Discussion |
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ses=eees |nactive Fault BCF: Beng Co Fault ¥ i \ " y
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ACF: Awong Co Fault u 7 > : B! from Gan et al., 2007

Active faults map modified from Taylor et al., 2003 & 2009; Tapponnier et al., 2001
726 GPS vectors during 1998-2004, Gan et al., 2007

Slip rate from Chen et al., 2004; Searle et al., 2011; Song et al., 2011; Taylor & Peltzer,
2006; Van der Woerd et al., 2002; Xu & Deng, 1996 (Red: this study; Black: Quaternary
slip; Blue: geodetic data).
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http://pansci.asia/archives/89992

Underthusting model
T L5277

Legend
Right-lateral
strike-slip fault -

Lelf-lateral
strike-slip fault

Normal Fault

e Thurst
Suture
=+++ Inactive Fault

Left lateral slip fault
RPF: Riganpei Co Fault

BCF: Beng Co Fault
GCF: Gyaring Co Fault
LCF: Lamu Co Fault
ACF: Awong Co Fault

——
75°-85°E

85°-90°E

| | - 40°N
90°-95°E

35°N

30°N

5 0 5 15 25
N90°E Velocity mm/yr
from Gan et al., 2007

Modified from Argand,1924; Copley et al., 2011



Results & Discussion I

TIBETAN

' r
- D f ( 4
Right-lateral N }

p o r I': . .' ."
; !1.:-
strike-slip fault / |
Lelf-lateral / s
strike-slip fault
e Mormal Fault e

BAY OF BENGAL

= Thurst o0

Sutuire Right lateral slip fault ~—
e 8cthe Fault BCF: Beng Co Fault

Figure 30. Generalized tectonic model relating displ. along the Xianshuihe-Xizojiang fault sys-

GOE. G Cok - -._______:‘_—" 450? tem 0 rotation of crustal material around a poorly defined point south of the eastern Himalayan syn-
. : arin o Fau = faxis. The crustal material does not rotate as a ngid body but is strongly internally deformed. The
Left lateral slip fault LCF: Laymu CgO Fault rotation affects the active Sagaing fault and the Indo-Burman ranges.
RPF: Riganpei Co Fault :

ACEF: Awong Co Fault k

Wang, 1998

Total displacement data from this study (red), Armijo et al.,
1989;Leloup et al.,1995; Searle et al., 2011; Taylor et al.
2003; Wang, 1998 (black).



Underthusting model

KaraKorum Fault (active)

6.9 0.8 mm/yr after 2311 Ma
(Robinson, 2009a)

0 Ma
1.5 km

China
LS = Longmen, Bay of 200 km™~_Sea
Bengal | S—

Shan

96°E

/

——
-

ichuan
basin

20 Ma
I

South
; China
India Bay of 200 km_Sea
Bengal —

_/
'Sichuan

basin

Jiali Fault (active)

active during 12~18Ma (Lee et
al.,2003; Lin, et al., 2009)

\}> -
/ // / S
| i na
haa Bay of 200 km ~\Sea
Bengal —

'Sichuan

basin

DeCelles et al., 2002
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Active faults in E-Tibet
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— Jiali fault
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——— Normal fault 20mmiyr
—4&A__  Thrust fault (Zhang et al.,2004)
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Fault parallel motion (mm/yr)
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wofiles shown in Figures 10 and 11.






Present-day kinematics of Asia
derived from geologic fault rates
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1.Fault motion accounts for more than 80% of the deformation, allowing us to describe our velocity model in terms
of quasi-rigid block rotations on the sphere.

2.0ver the last 10,000 years, 7314% of the north-south shortening between India and Asia has been absorbed by
thickening of the lithosphere, and 27% has been accommodated by lateral extrusion of continental blocks.

Peltzer and Saucier, 1996
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Present-day kinematics at the India-Asia
collision zone

The block model geometry is based on published fault maps (Kapp and Guynn, 2004;
Peltzer and Saucier, 1996; Tapponnier et al., 2001)

Model strike-slip rates Model tensile and dip-slip rates

Meade, 2007



A deforming block model for the
present-day tectonics of Tibet

.......

LAl Y Y
T T T T

o

o

B

E

—H—

[
—

B s
| @
—
[ R

1
4
|

|_,_‘|J
|
|
|

4
I

Velocity of N122°E in mm/yi
o w
Coe
)
~
S
I+
o
~
3
3
<
=
=
o
w
} I+
_ 9
B [E— .
<
-
]
z
7
4

We find 7.4 £ 0.7 mm/yr of right-lateral slip on the Karakorum-Jiali fault zone,
significantly slower than that previously estimated from offset geologic features.
Chen et al., 2004



Late Quaternary to decadal velocity
fields in Asia

60+ N
70 80° 90° 100° '['ll)’ \10

I+

80° 90° . 110

The combined solution for velocities shows plate- or block-like
motion within deforming Asia only in Tarim, south China, and the
) ) : _ .. England and Molnar,
Amurian region; elsewhere the kinematics of rigid blocks does 1997: 2005
not provide a useful description of the motion. ’



Lower crust flow

20°N 9

Modified from Clark & Royden ,2000 Modified from Clark & Royden ,2008

(active faults : Taylor et al., 2003) (active faults : Taylor et al., 2003)
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New mechanical model for Tibet

LETTER

Evidence for mechanical coupling and strong Indian
lower crust beneath southern Tibet

Alex Cnpley't Jean- Philippe Avouac' & Brian P. Wernicke'

doi:10.1038/naturc09926

Southern Tibet: Northern Tibet:
extensional faulting strike-slip faulting
oy TN
- |

Himalaya

Sea levely
201
£ 4w
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S 60
a i
801
10041

0 200 400 600 800 1,000
km

Freymueller, 2011 Nature

Copley et al., 2011 Nature
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Underplating in the
Himalaya-Tibet
Collision Zone

Revealed by the
Hi-CLIMB
Experiment
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Seismic Images of Crust
and Upper Mantle
Be%neagthﬁTibet

> o
| I

—MBT
—MCT
—J

1 1 1 L 1 1 I I i

\ upper mantle velocity variation

N 4 INDEPTH2 H N L R E 1 r T T 1 1 T v .

4 INDEPTH3 . Al
o PASSCAL 9162 : Lo +— SF-South—s
v SF.North Al ; +—|NDEFTH 2—+ «——|NDEFTH 83—
[l + SF-South ' ¥ 1 ; L I L L L I 1 L L
25 & LSASwon B . v M a . %ﬁ i i ‘ - i
s 3 Moho i~

o — =
.
< Crystal Mulfiiss el m—

West Line

T T T T T T T T T

7 28 29 30 <l 3z a3 34 a5 36 a7
PASSCAL 91/92
—

SF-South

W m——
"TiNDEE'THQl—b i i i %SF-'}‘OHHTD'

2 "BF o - - D S >
L Moho % -

".-‘_A_- "“/’“’-
-

" Grustal Multiplesies -

Depth (km)
g2 & 8

700 { 660 -
{ —— Pms -- PpSms  ——— error ) East Line

- - - - PpPms_ — Iglnd et aI., 2002

100 " T " T T T T T
27 28 29 30 31 32 33 34 35 36
Latitude (deq)

Blai



Teleseismic tomography based
on theINDEPTH Il and Il data
(Tilmann et al., 2003)
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