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- 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
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Gravitary models

(Clark & Royden 2000)

(Beaumont et al., 2004)

-Diffuse deformation across the plateau

-Large strike slip faults are minor players

-Arc parallel extension explained by oro-
genic collapse

-Arc perpendicular extension explained 
by exhumation of  «Channel Flow»
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Block models

(Peltzer & Tapponnier 1988)

(Armijo et al., 1986)

-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)
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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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Drime paragneissic unit (ADP). The top of this lithologic
unit, just bellow the STD is mostly composed of highly
sheared pelitic schists and leucogranites similar to those
found in the Kharta‐Saer unit within the STD SZ. Such
rocks are visible dipping to the north below the Sangkar Ri
summit (Figure 3d). Paragneiss also outcrop farther south on
the eastern flank of the range where they are affected by the
Dinggye shear zone (zone k, Figure 2a). Given their struc-
tural position, above the ADO attributed to the LoHCS and
just below the STD shear zone within the UHCS, such
gneisses could be the equivalent of the Kharta gneiss.
However, the lack of observation and detailed fieldwork
between the Sangkar Ri and the Nyonno Ri leave open other
interpretations, as for example a correlation with the LoHCS
paragneisses overlying the Uleri Gneiss [Goscombe et al.,
2006]. We propose a possible map for the boundary be-
tween the Ama Drime paragneissic and orthogneissic units
(Figure 2a), although precise mapping and characterization
would require further fieldwork. We named this boundary
the Nyonno Ri boundary.

[28] There are no precise descriptions of the deformation
of the orthogneiss in the core of the Ama Drime. Away from
the bounding normal faults, however, the metabasic rocks,
when they have not been disrupted in the surrounding
migmatites (Figure 3g), define kilometer long layers that are
affected by folds with approximately horizontal axial planes
and ∼N‐S trending axis (Figure 3e). South of the Nyonno
Ri, deformation at the contact between a ∼3 m thick meta-
basic layer (Figure 3h) and the migmatites is characterized
by foliation gently dipping to the east and N‐S lineations
(Figure 4l).
[29] North of the Ama Drime range, quartzites very sim-

ilar to those outcropping on the active normal fault scarps
farther south outcrop ∼1 km north of the Kharta‐Sangkar
fault (Figure 2a). Foliation in the quartzites trends N24 38W
(Figure 4h) parallel to normal faults that affect and tilt the
surrounding micaschists and gneiss. When back‐tilted the
gneiss show a ∼N15 striking lineation parallel to STD shear
zone lineations in the area (Figure 4h).
[30] Some authors [e.g., Borghi et al., 2003; Liu et al.,

2007] have proposed that the Ama Drime is the northern

Figure 3. (continued)
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2. The Ama Drime Massif
		  Short term deformation
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Longitudinal profile
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View to the south
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View to the south
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Paved surface
Sampling of varied size rocks
Sampling on the surface center
Embeded cobbles

- Surface sampling
- Negligeable erosion and inhe-
ritance

Accumulation of the cosmo-
genic radionuclides in quartz, 
interaction with cosmic rays.

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

Depth depence
Radioactive constant

Production rate

Surface exposure dating, 10Be 26Al
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2. The Ama Drime Massif
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2. The Ama Drime Massif
		  Short term deformation
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		  Short term deformation, The Kharta Fault - Southern site
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2. The Ama Drime Massif
		  Long-Term Deformation
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Drime paragneissic unit (ADP). The top of this lithologic
unit, just bellow the STD is mostly composed of highly
sheared pelitic schists and leucogranites similar to those
found in the Kharta‐Saer unit within the STD SZ. Such
rocks are visible dipping to the north below the Sangkar Ri
summit (Figure 3d). Paragneiss also outcrop farther south on
the eastern flank of the range where they are affected by the
Dinggye shear zone (zone k, Figure 2a). Given their struc-
tural position, above the ADO attributed to the LoHCS and
just below the STD shear zone within the UHCS, such
gneisses could be the equivalent of the Kharta gneiss.
However, the lack of observation and detailed fieldwork
between the Sangkar Ri and the Nyonno Ri leave open other
interpretations, as for example a correlation with the LoHCS
paragneisses overlying the Uleri Gneiss [Goscombe et al.,
2006]. We propose a possible map for the boundary be-
tween the Ama Drime paragneissic and orthogneissic units
(Figure 2a), although precise mapping and characterization
would require further fieldwork. We named this boundary
the Nyonno Ri boundary.

[28] There are no precise descriptions of the deformation
of the orthogneiss in the core of the Ama Drime. Away from
the bounding normal faults, however, the metabasic rocks,
when they have not been disrupted in the surrounding
migmatites (Figure 3g), define kilometer long layers that are
affected by folds with approximately horizontal axial planes
and ∼N‐S trending axis (Figure 3e). South of the Nyonno
Ri, deformation at the contact between a ∼3 m thick meta-
basic layer (Figure 3h) and the migmatites is characterized
by foliation gently dipping to the east and N‐S lineations
(Figure 4l).
[29] North of the Ama Drime range, quartzites very sim-

ilar to those outcropping on the active normal fault scarps
farther south outcrop ∼1 km north of the Kharta‐Sangkar
fault (Figure 2a). Foliation in the quartzites trends N24 38W
(Figure 4h) parallel to normal faults that affect and tilt the
surrounding micaschists and gneiss. When back‐tilted the
gneiss show a ∼N15 striking lineation parallel to STD shear
zone lineations in the area (Figure 4h).
[30] Some authors [e.g., Borghi et al., 2003; Liu et al.,

2007] have proposed that the Ama Drime is the northern
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unit, just bellow the STD is mostly composed of highly
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just below the STD shear zone within the UHCS, such
gneisses could be the equivalent of the Kharta gneiss.
However, the lack of observation and detailed fieldwork
between the Sangkar Ri and the Nyonno Ri leave open other
interpretations, as for example a correlation with the LoHCS
paragneisses overlying the Uleri Gneiss [Goscombe et al.,
2006]. We propose a possible map for the boundary be-
tween the Ama Drime paragneissic and orthogneissic units
(Figure 2a), although precise mapping and characterization
would require further fieldwork. We named this boundary
the Nyonno Ri boundary.

[28] There are no precise descriptions of the deformation
of the orthogneiss in the core of the Ama Drime. Away from
the bounding normal faults, however, the metabasic rocks,
when they have not been disrupted in the surrounding
migmatites (Figure 3g), define kilometer long layers that are
affected by folds with approximately horizontal axial planes
and ∼N‐S trending axis (Figure 3e). South of the Nyonno
Ri, deformation at the contact between a ∼3 m thick meta-
basic layer (Figure 3h) and the migmatites is characterized
by foliation gently dipping to the east and N‐S lineations
(Figure 4l).
[29] North of the Ama Drime range, quartzites very sim-

ilar to those outcropping on the active normal fault scarps
farther south outcrop ∼1 km north of the Kharta‐Sangkar
fault (Figure 2a). Foliation in the quartzites trends N24 38W
(Figure 4h) parallel to normal faults that affect and tilt the
surrounding micaschists and gneiss. When back‐tilted the
gneiss show a ∼N15 striking lineation parallel to STD shear
zone lineations in the area (Figure 4h).
[30] Some authors [e.g., Borghi et al., 2003; Liu et al.,

2007] have proposed that the Ama Drime is the northern
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3.2.3. Ama Drime Range
[23] Except at the very northern tip of the range, above the

STD, all rocks comprised between the Kharta–Sangkar and
Dinggye active faults are crystalline rocks belonging to the
HCS. Along the Belung and Tanghyu valleys most rocks are
migmatitic orthogneiss containing large layers and boudins
of metabasites that have recorded eclogite facies metamor-
phism, and that have been attributed to the LHCS (our
LoHCS) because of similar rock types [Groppo et al., 2007].
Inherited U‐Pb zircon and monazite ages from these
orthogneisses provide similar 1.7–1.8 Ga age than in the
Uleri orthogneisses of the LoHCS [Robinson et al.,
2001; Liu et al., 2007; Cottle et al., 2009] confirming
the possible correlation. Similar rocks outcrop in the core of
the range and south of the Nyonno Ri on the eastern side of
the Ama Drime (Figures 2a and 3b). These lithologies con-
stitute the Ama Drime orthogneissic unit (ADO).
[24] Deformed rocks outcropping east of Kharta in the

footwall of the Kharta fault have been interpreted by
Groppo et al. [2007] as corresponding to the main thrust
between the LHCS (LoHCS) and the GHCS (UHCS)
(MCTu). In that area, rocks indeed show a strong defor-
mation, with foliations dipping N179 44W on average and
lineations striking ESE‐WNW to NW‐SE (Figures 2a and
4e). However, analysis of the deformation in rocks that
show a clear downdip lineation reveals top‐to‐the‐west
shear senses and thus a normal ductile shear zone. That
ductile shear zone is in the direct prolongation of the eastern
branch of the Kharta active fault (Figure 2a). The relative
dispersion of the lineations (Figure 4e) suggests that a pre-

vious deformation lineation has been affected by the ductile
normal fault. Ductile mylonites with ∼N‐S foliation and
top‐to‐the‐west motion (Figure 3l) are observed everywhere
in the footwall of the Kharta fault and constitute the Kharta
shear zone (Figure 2a). The mylonites trend N15 32W with
lineations striking N284 on average in Tanghyu valley
(Figure 4f). In the upper Arun gorges the foliations strike
N29 27W and the lineations N290 (Figures 2a and 4g).
[25] Similarly, east dipping mylonites have been described

on the eastern side of the range in the footwall of the
Dinggye fault defining the Dinggye shear zone (Figures 2b,
3i, 3j, and 3k) [Zhang and Guo, 2007]. The mylonites trend
N178 46E SE of the Nyonno Ri and N21 33E east of the
Sangkar Ri, with lineations trending N82 and N103,
respectively (Figures 2a, 4k, and 4m).
[26] On both sides of the Ama Drime, normal deformation

is observed to occur at various temperatures from ductile
mylonites to cataclasites with the temperature of deforma-
tion decreasing toward the active fault. This pattern is
classically interpreted as the progressive uplift of the deep
part of the fault in its footwall [e.g., Leloup et al., 1993]. All
leucocratic dikes appear to be affected by the normal ductile
deformation along the western flank (Figures 2b and 3m)
while several dikes crosscut the mylonitic foliation along the
eastern flank (Figures 2b and 3j). This could indicate that
the western shear zone was active until more recent times
than its eastern counterpart.
[27] In the northern part of the Ama Drime range, north of

the Nyonno Ri, lithology change to paragneisses and pelitic
schists crosscut by leucogranites here defined as the Ama
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Drime paragneissic unit (ADP). The top of this lithologic
unit, just bellow the STD is mostly composed of highly
sheared pelitic schists and leucogranites similar to those
found in the Kharta‐Saer unit within the STD SZ. Such
rocks are visible dipping to the north below the Sangkar Ri
summit (Figure 3d). Paragneiss also outcrop farther south on
the eastern flank of the range where they are affected by the
Dinggye shear zone (zone k, Figure 2a). Given their struc-
tural position, above the ADO attributed to the LoHCS and
just below the STD shear zone within the UHCS, such
gneisses could be the equivalent of the Kharta gneiss.
However, the lack of observation and detailed fieldwork
between the Sangkar Ri and the Nyonno Ri leave open other
interpretations, as for example a correlation with the LoHCS
paragneisses overlying the Uleri Gneiss [Goscombe et al.,
2006]. We propose a possible map for the boundary be-
tween the Ama Drime paragneissic and orthogneissic units
(Figure 2a), although precise mapping and characterization
would require further fieldwork. We named this boundary
the Nyonno Ri boundary.

[28] There are no precise descriptions of the deformation
of the orthogneiss in the core of the Ama Drime. Away from
the bounding normal faults, however, the metabasic rocks,
when they have not been disrupted in the surrounding
migmatites (Figure 3g), define kilometer long layers that are
affected by folds with approximately horizontal axial planes
and ∼N‐S trending axis (Figure 3e). South of the Nyonno
Ri, deformation at the contact between a ∼3 m thick meta-
basic layer (Figure 3h) and the migmatites is characterized
by foliation gently dipping to the east and N‐S lineations
(Figure 4l).
[29] North of the Ama Drime range, quartzites very sim-

ilar to those outcropping on the active normal fault scarps
farther south outcrop ∼1 km north of the Kharta‐Sangkar
fault (Figure 2a). Foliation in the quartzites trends N24 38W
(Figure 4h) parallel to normal faults that affect and tilt the
surrounding micaschists and gneiss. When back‐tilted the
gneiss show a ∼N15 striking lineation parallel to STD shear
zone lineations in the area (Figure 4h).
[30] Some authors [e.g., Borghi et al., 2003; Liu et al.,

2007] have proposed that the Ama Drime is the northern
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However, the lack of observation and detailed fieldwork
between the Sangkar Ri and the Nyonno Ri leave open other
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would require further fieldwork. We named this boundary
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[28] There are no precise descriptions of the deformation
of the orthogneiss in the core of the Ama Drime. Away from
the bounding normal faults, however, the metabasic rocks,
when they have not been disrupted in the surrounding
migmatites (Figure 3g), define kilometer long layers that are
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(Figure 4h) parallel to normal faults that affect and tilt the
surrounding micaschists and gneiss. When back‐tilted the
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3.2.3. Ama Drime Range
[23] Except at the very northern tip of the range, above the

STD, all rocks comprised between the Kharta–Sangkar and
Dinggye active faults are crystalline rocks belonging to the
HCS. Along the Belung and Tanghyu valleys most rocks are
migmatitic orthogneiss containing large layers and boudins
of metabasites that have recorded eclogite facies metamor-
phism, and that have been attributed to the LHCS (our
LoHCS) because of similar rock types [Groppo et al., 2007].
Inherited U‐Pb zircon and monazite ages from these
orthogneisses provide similar 1.7–1.8 Ga age than in the
Uleri orthogneisses of the LoHCS [Robinson et al.,
2001; Liu et al., 2007; Cottle et al., 2009] confirming
the possible correlation. Similar rocks outcrop in the core of
the range and south of the Nyonno Ri on the eastern side of
the Ama Drime (Figures 2a and 3b). These lithologies con-
stitute the Ama Drime orthogneissic unit (ADO).
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footwall of the Kharta fault have been interpreted by
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between the LHCS (LoHCS) and the GHCS (UHCS)
(MCTu). In that area, rocks indeed show a strong defor-
mation, with foliations dipping N179 44W on average and
lineations striking ESE‐WNW to NW‐SE (Figures 2a and
4e). However, analysis of the deformation in rocks that
show a clear downdip lineation reveals top‐to‐the‐west
shear senses and thus a normal ductile shear zone. That
ductile shear zone is in the direct prolongation of the eastern
branch of the Kharta active fault (Figure 2a). The relative
dispersion of the lineations (Figure 4e) suggests that a pre-

vious deformation lineation has been affected by the ductile
normal fault. Ductile mylonites with ∼N‐S foliation and
top‐to‐the‐west motion (Figure 3l) are observed everywhere
in the footwall of the Kharta fault and constitute the Kharta
shear zone (Figure 2a). The mylonites trend N15 32W with
lineations striking N284 on average in Tanghyu valley
(Figure 4f). In the upper Arun gorges the foliations strike
N29 27W and the lineations N290 (Figures 2a and 4g).
[25] Similarly, east dipping mylonites have been described

on the eastern side of the range in the footwall of the
Dinggye fault defining the Dinggye shear zone (Figures 2b,
3i, 3j, and 3k) [Zhang and Guo, 2007]. The mylonites trend
N178 46E SE of the Nyonno Ri and N21 33E east of the
Sangkar Ri, with lineations trending N82 and N103,
respectively (Figures 2a, 4k, and 4m).
[26] On both sides of the Ama Drime, normal deformation

is observed to occur at various temperatures from ductile
mylonites to cataclasites with the temperature of deforma-
tion decreasing toward the active fault. This pattern is
classically interpreted as the progressive uplift of the deep
part of the fault in its footwall [e.g., Leloup et al., 1993]. All
leucocratic dikes appear to be affected by the normal ductile
deformation along the western flank (Figures 2b and 3m)
while several dikes crosscut the mylonitic foliation along the
eastern flank (Figures 2b and 3j). This could indicate that
the western shear zone was active until more recent times
than its eastern counterpart.
[27] In the northern part of the Ama Drime range, north of
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--> PT path
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2. Late exhumation stage
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(U-Th)/He, apatite, Tc : 70 ± 20 °C 
(Farley,  2000)

(U-Th)/He ages, apatites

Age/Elevation plot

~1 mm/yr since at least 4.2 Ma
Agree with the P-T-t path:
--> ~4 km of vertical exhumation
      ~1.2 mm/an since 12 Ma du to N-S faulting

Jessup et., 2008 + Analysis, CALTECH
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40Ar/39 Ar ages, biotites

Age/Elevation plot

-Biotite from the foliation plane of the ductile normal 
shear zones.
- Ductile coeval deformation in Dinggye and Kharta 
shear zone
-Rapid cooling at ~11 Ma in Dinggye
-Slower cooling in Kharta between 10 and 6 Ma
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3. The Nyainqentanglha Massif
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3. The Nyainqentanglha Massif
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3. The Nyainqentanglha Massif
		  Long-Term Deformation
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3. The Nyainqentanglha Massif
		  Short-Term Deformation
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Harrison et al. (1995)

10 Ma
This study

5-7 Ma
Stockli et al. (2002)

~1 mm/an
+phases

This study

~1 mm/an
+phases

This study
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Short-term deformation
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Mechanisms of extension, for each rift? The same for all Tibet?
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Kapp et al., 2005

The Ama Drime Massif

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

+

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)? 

Long-term deformation Short-term deformation
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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.
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Merci pour votre attention!


