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India-Asia convergence
since 50 Ma

rate : 5 cm/yr

Elevation : 5000 m
Himalaya > 8000 m summits




Calcutta

thrust (convergence) —&—
strike slip (extrusion) ==
N-S normal faults (arc parallel extension




Calcutta

Present day deformation:
thrust (convergence) —&—
strike slip (extrusion) ==
N-S normal faults (arc parallel extension
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Introduction

- Ancient perpendicular extension: South Tibetan Detachment Sys-
tem or «Faille Nord Himalayenne»

- Present day parallel extension : N-S Normal Faults

Various models have been proposed to explain extension across
the Tibetan plateau:
- «Gravitary» models
- «Block» models




Introduction

Gravitary models

-Diffuse deformation across the plateau

-Large strike slip faults are minor players

Tibetan
Plateau

-Arc parallel extension explained by oro-
genic collapse

-Arc perpendicular extension explained

50@ by exhumation of «Channel Flow»
Chi

Sea

(Clark & Royden 2000)

S

Indus-
Indian « < D High Tibetan gneiss  Tsangpo
foreland i Himalaya plateau domes suture

erosion

Indian middle crust

~ 40 km
(V:H ~ 2:1)

Indian lower crust

Indian upper mantle 7

(Beaumont et al., 2004)



Introduction
Block models

-Main deformation is localized at block
boundaries

-Internal deformation of blocks is minor

-N-S normal faulting in South-Tibet linked
to extrusion (right lateral faulting along Ka-
rakorum-Jiali Fault Zone)

(Armijo et al., 1986) 8
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Extension in Tibet?

How are normal fault distributed?
-crustal thickness
-plateau elevation

-geology

Initiation when and where ?
- Age of early deformation

Continuous since initiation?
- Slip rate variation
- Phased extension

Mechanisms?
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Morpho-tectonic analysis
+

isotope cosmogenic datations
("°Be - % Al)

Vertical Slip-Rates

Short-term Deformation
Quantification

500 m
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Short-term Deformation

Quantification

500 m

Morpho-tectonic analysis
+

isotope cosmogenic datations
("°Be - % Al)

Vertical Slip-Rates

Structural geology & Petrology
+

Long-term Deformation _ S
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Short-term Deformation

Quantification

500 m

Long-term Deformation
Quantification
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Morpho-tectonic analysis
+

isotope cosmogenic datations
("°Be - % Al)

Vertical Slip-Rates

Structural geology & Petrology
+

(U-Th)/He, “°Ar/**Ar, U/Pb datations

--> (P-T-t-D paths)

Depth (km)

Vertical profile
+

(U-Th)/He, “°Ar/**Ar,
--> thermochronology/T-t paths

Exhumation Rate
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14 sites studied B |ong-Term Ages and Structural data
Two missions: 2005-2007 Cosmo Ages and Morphological data
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1. Ama Drime, Short-term deformation B |Long-Term Ages and Structural data
2. Ama Drime, Long-term deformation Cosmo Ages and Morphological data

3. Nyaingentanglha Massif
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28°30'0"N

SPOT-satellite
image
(resolution 2 m)
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B Long-Term Ages and Structural data
Cosmo Ages and Morphological data
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1 km

2. The Ama Drime Massif
Short term deformation
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Mapping: - field work
- SPOT images and DEM analysis

ArcGis and Global Mapper Softwares

Two sampling sites separated by ~20 km along
the fault

Need to rely the two site by global mapping of the
quaternary formation along the fault and the Arun
river

Moraine
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2. The Ama Drime Massif
Short term deformation, The Kharta Fault - Southern site
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2. The Ama Drime Massif
Short term deformation, The Kharta Fault - Southern site
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2. The Ama Drime Massif

Short term deformation, The Kharta Fault - Southern site
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Surface exposure dating, '°Be 2°Al

Accumulation of the cosmo- Production rate Depth depence
genic radionuclides in quartz, \ Radioactive constant
interaction with cosmic rays. PO _

N(z, t) =|N(z, 0)e [+ E,u=—|—i e 14 (1— e_)t)

Exposure age = age of
abandonment of the terrace Inheritance Erosion rate

- Surface sampling
- Negligeable erosion and inhe-
ritance

—1I 1—NA
1’—1 HT

Paved surface

Sampling of varied size rocks
Sampling on the surface center
Embeded cobbles




2. The Ama Drime Massif
Short term deformation, The Kharta Fault - Southern site

south Kharta -"°Be and *°Al ages
20
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T7C-61
T7C-58
T7C-20
T7C-13
T7C-28
T7C-21
T7C-2

T7C-10
T7C-44
T7C-51

-1%Be and 2°Al ages agree except for samples
with chemistry problems




2. The Ama Drime Massif

Short term deformation, The Kharta Fault - Southern site

south Kharta
20

@ Be ages 18 T2 T3

CIAl ages
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T7C-51

-1%Be and 2°Al ages agree except for samples

with chemistry problems

-T2:9.3+09ka<age<11.9+1.2ka
average = age of abandonment of the
terrace : 10 £ 0.9 ka (+ standard deviation)

-1°Be and 2°Al ages

-Sample preparation LHyGeS, Strasbourg
-AMS, CEREGE, Aix en Provence




2. The Ama Drime Massif
Short term deformation, The Kharta Fault - Southern site

south Kharta -°Be and *°Al ages
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CAl ages
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T7C-20
T7C-13
T7C-28
T7C-21
T7C-2

T7C-10
T7C-44
T7C-51

-1%Be and 2°Al ages agree except for samples
with chemistry problems

-T2:9.3+t09ka<age<11.9+1.2ka
average : 10 £ 0.9 ka (x standard deviation)

-T3:11.3+10ka<age<17.4 +£1.7 ka
17.4 + 1.7 ka age excluded
age of abandonment of the terrace :
12.1 £ 0.7 ka




2. The Ama Drime Massif
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2. The Ama Drime Massif

20
18
16
14

12
10 1

N B~ O

Short term deformation

8888888

. . T T3 d - down o
l2 15 ? T @ Be ages 1P
h _ I CJAl ages o
I f H i t T Yo Ri Site|

w t
10 £ 0.9 ka

| |

1 \ m

T7C-61
T7C-58
T7C-20
T7C-13
T7C-28
T7C-21
T7C-2

T7C-10

-°Be and °Al ages agree except for samples with

chemistry problems

-T3:9.2+09ka<age<155+t1.4ka

average : 12.1 £ 2.3 ka (x standard deviation)

South-Kharta

I

¥

T

’

AN




2. The Ama Drime Massif
Short term deformation, The Kharta Fault - Southern site

Kharta moraine

@ Be ages 70
CAl ages 60 -
~ 5 s Last glacial period (Wurm), 80-10 ka
£ ' Last Glacial Maximum (LGM) : 25-20 ka
—~ 40 ¢
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1. The Ama Drime Massif
Short-Term deformation

1.2 £ 0.6 mm/yr

200 -
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160 -
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Vertical Throw (m)

150 200
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| B | ong-Term Ages and Structural data |

Cosmo Ages and Morphological data
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38



2. The Ama Drime Massif
Long-Term Deformation
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2. The Ama Drime Massif
Long-Term Deformation
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2. The Ama Drime Massif
Long-Term Deformation

A b B soo" Shearte D
Kare 6500 <)

®
ais

SUOZ 1eays

/

0]

i _a

Ductile deformation (mylonites-
orthogneiss to cataclasites) cut
by brittle normal fault

Deformed and undeformed
leucogranits

Metabasite boudins 41
--> Eclogites



2. The Ama Drime Massif
Long-Term Deformation

A B oS Shearte D
Khare 6500 <)

5020 T5D21 —

i _a

Ductile deformation (mylonites-
orthogneiss to cataclasites) cut
by brittle normal fault P-T condition A
--> vertical movement

Deformed and undeformed
leucogranits \ +

Metabasite boudins datation: \ Exhumation 42

--> Eclogites —> shear age Rates




P-T paths reconstitution

28°30'N
| 3150000

28°30'N
3150000

Pa

aChy
Y\
3100000/ J Y 3
T

28°N

13100000

28°N

M/ ’
Orthogneissicunit | ——

-Microscope observations

-Microprobe mineral analysis

-X-ray map and microproble traverse of garnet

(SX100 Cameca CAMEBAX Microprobe, University of Montpellier)

-Rocks total analysis
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2. The Ama Drime Massif
Long-Term Deformation

Pseudosection calculations (Perple X software, 2007) based on

thermodynamics laws
= modelisation of mineralogical assemblages stable at given P-T

and predict chemistry of minerals

500 | 600 700 800 900 T°C

A4



2. The Ama Drime Massif

Long-Term Deformation

Pseudosection calculations (Perple_X software, 2007) based on
& thermodynamics laws
= modelisation of mineralogical assemblages stable at given P-T
and predict chemistry of minerals

Modelised chemistry compared with analysis of minerals:
--> PT path

500 600 700 800 900 (TC)



2. The Ama Drime Massif

Long-Term Deformation

Pseudosection calculations (Perple_X software, 2007) based on
& thermodynamics laws
= modelisation of mineralogical assemblages stable at given P-T
and predict chemistry of minerals

Modelised chemistry compared with analysis of minerals:
--> PT path

60 km depth

| 45 km of decompression,
900-600°C

500 600 700 800 900 (TC)



P-T--> P-T-t-D path

U/Pb datations, (this study and literature)
Associated with closure temperature and deformation event

1. Early exhumation stage of the Ama Drime Massif rocks

Paragneissic unit

) TIMANCKFMASH (+q/+H20)
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900

2 to 3 mmlyr

P-T data from Liu et al.
(2005), Liu et al. (2007), |

Groppo et al. (2007),
Cottle et al. (2009)

Ages from Liu et al.
(2007), Rolfo et al.
2007), Cottle et al.
(2009), this study
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2. Late exhumation stage

15 km
12-0 Ma :
~1.2 mmlyr
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2. The Ama Drime Massif

Long-Term Deformation
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2. The Ama Drime Massif

“OAr/*® Ar ages, biotites

Zhang and Guo 2007 + Analysis, Geosciences Montpellier

Age/Elevation plot
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-Rapid cooling at ~11 Ma in Dinggye
-Slower cooling in Kharta between 10 and 6 Ma 4000 - ( T - )
“OAr/*°Ar, biotite Tc : 320 £ 40 °C

(Harrison et al. 1995)
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3. The Nyaingentanglha Massif

B Long-Term Ages and Structural data

s6°E o0°E Cosmo Ages and Morphological data
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3. The Nyaingentanglha Massif

Wei”

l Active fault

Foliation plane
of the detachement
shear zone




31°N

30°N

L] Quaternary sediments (detailed Fig. 11.41) ——

[ Cretaceous to Eocene —_
I Jurassic-Cretaceous
: ) 4
B Trassic-Jurassic -
[ upper Paleozoic N
[ Paleozoic-Cretaceous
metasedimentary " |
8-12 Ma granitoids r
[ 18-24 Ma granitoids JV
B njection Complexe
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. . «
B Cretaceous-Tertiary granitoids
B Triasic two mica granite
o City Samples Harrison [ ]

A Summit etal., 1995

Active normal fault H s
Active stike sip faul Map of the Nyalnqentnglha Massif Area

Detachment

Detachment from Kapp et al.,
2005

Detachment shear zone with
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Bottom of the mylonitic zone

Damxung-Jiali Shear zone

Ancient thrust

River LagenLa
Lake Jangra Valley
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Quingmo
Kumulal

‘

From Chinese geological map,
Kapp et al., 2005, Pullen et al.,
2008, Armijo et al., 1986, interpre-
tation of Landsat image and field
data.
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3. The Nyaingentanglha Massif
Long-Term Deformation
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3. The Nyaingentanglha Massif

Long-Term Deformation

Landsat image
Resolution 28.5 m
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3. The Nyaingentanglha Massif
Long-Term Deformation

vertical exhumation rate Fau|ting Initiation in
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3. The Nyaingentanglha Massif
Short-Term Deformation

B Long-Term Ages and Structural data

- 00°E Cosmo Ages and Morphological data
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31°00'N

Fan and terraces 1
Fan and terraces 2

Fluvio-Glacial
Moraine

Tertiary ?
Bed rock

30°30'N

30°00'N

Normal fault
Strike slip fault }

Sampling site

City
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Quaternary Slip Rates

QO;OO'E 90"'30'E 91 ;OO'E 91 °l30'E
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] Fan and terraces 1 —=— Strike slip fault
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Ll
I T2 » Gyekar site
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AMA DRIME NYAINQENTANGLHA
Main Results
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4. Conclusion

Initiation phases?

Long-term deformation

Rongma Rift
s Zaga area

Several phases of extension in S-Tibet? B :

S,

>9 Ma
Murphy et al. (2002)

Mandhata
& Pulan
- N o

N

Kapp et al. (2008)

- luggar -

Tangra
Yum Co

¥ Thakkhola 8

7-11 Ma

Garzione et al. (2003) &

12 Ma

0.3-0.9 mm/yr Zhang et al. (2007)

Mahéo et al. (2007) This study

~1mm/an

two phases
This study

5-7 Ma
Stockli et al. (2002)

10 Ma
This study

~1 mm/an
+phases
This study

8 Ma
1.5 mm/an

% Harrison et al. (1995)

~1 mm/an
+phases
This study
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4. Conclusion

34°N

32°N

Z
extension rate

1.7 £ 0.2 mm/yr

[ since 34 ka]
unpublished data

28°N

extension rate South-Tibet
~10 mm/yr
[ since 40-60 ka]

Short-term deformation

e |
0.06 - 0.3 mm/yr
; [ since ~250 ka]
"\ Blisniuk et al, 2003

5, .
¥

Tagra |
Yum Co
S

! Xainza

x e UER R N

extension rate
1.3+ 0.2 mml/yr

[ since 40 ka]
this study

extension rate

1.4+ 0.6 mm/yr

[ since 60 ka]
this study
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Long-term deformation + Short-term deformation

Mechanisms of extension, for each rift? The same for all Tibet?

Model of «rolling hinge» proposed by Kapp et al. (2005, 2008) for the Nyaingentanglha Massif and the Lunggar Rift,
generalisation to South-Tibet?

approximate abandoned breakaways
i é .

e:g:::n A TN a' active  gypradetachment
L ~L N\ breskaway /' pagin il
il " - —)qb N

S

Nyaingentangiha detachment
fault active in upper crust

continued emplacement of magma
bodies at depth during extension Rl oy

Kapp et al., 20056

Jessup et al., 2008, Cottle et al., 2009, Languille et al., 2010, defined two detachments on each side of the Ama
Drime horst. How the geometry of the massif allows such extension system (with two opposite detachments)?
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Discussions-Perpectives

- Increase the thermochronological data

- Thermo-mecanical modelisation to confirm apparent exhumation rates and link long-
term to short term deformation

- The same approach for the other rifts, South (Thakkhola, Lunggar, South of Yadong-
Gulu) and North-Tibet.

34°N

Shuang HL] =
graben

32°N

Tangr l
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