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1. Introduction

Understanding how convergence is partitioned in the Himalayan
arc and across the entire Tibetan plateau provides critical kinematic
constraints on mechanical models of continental lithospheric
deformation. Based on geomorphic evidence, Li and Yin (2008)
recently claimed to have discovered several active E-W trending
left-lateral faults in south Tibet. These faults, interpreted to be part
of a ~100 km-wide and >500 km-long Dinggye-Chigu fault zone
(DCFZ), would follow the Himalayan arc from ~88°E to the eastern
syntaxis (95°E). The total slip-rate across this zone would be at least
4 to 8 mm/yr, and possibly up to 25 to 70 mm/yr (when summing
given slip-rate on each fault). The rates are then compared with the
right-lateral slip-rate along the Karakorum fault in western Tibet,
inferred to be between 1 and 10 mm/yr from the literature. It is
concluded that, since 4 Ma, oroclinal bending is the dominant
process in Himalayan tectonics (Klootwijk et al., 1985).

This article has major implications on the mechanics of the
Himalayas and of the collision belts in general. Our fieldwork,
geomorphic and geodetic analysis of the region studied by Li and
Yin (2008) suggest that: 1) the geomorphic offsets interpreted by
these authors are better explained by landform alignments with no
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Fig. 1. Simplified geological and active fault map of the Dinggye region (see inset for
location within Indo-Asia collision framework). The Gongzuo and Comuzhelin basins are
characterized by folds, trending on average EW, of the Tethysian sediments in the hanging
wall of the north dipping south Tibetan detachment system (e.g., Burg et al., 1984). Present-
day active faults are NS trending normal faults (e.g. Armijo et al., 1986). Note the extension
of high lake stands (at 4400 and 4460 m asl) marked by clear shorelines (sand bars, steep
cliffs, etc...). Arrow is location of Fig. 3. Rectangles are Figs 2, 4 and 5.
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Fig. 2. Large river bed cannot be used to infer tectonic left-lateral displacement. River is deflected due to the bedrock outcrop partially damming the valley at the foot of the bajada
(note ~E-W bedding in bedrock). Unconstrained bounds of the deflection range from 0 to 5.7 km.

tectonic origin, 2) GPS and earthquake data do not support E-W 2. Active fault mapping and geomorphic offsets

left-lateral shear in south Tibet and 3) there is no evidence for active

left-lateral shearing so far in the region west of the eastern A first and fundamental step in the study of Li and Yin (2008) is
Himalayan syntaxis. to map five previously unrecognized active faults. We suggest that

Fig. 3. Example of colluvial slope-deposits indurated by a calcareous matrix along the 4400 m asl paleo-lake shore line (see Fig. 1 for location). These are typical around the paleo-lake
and have been mis-interpreted by Li and Yin (2008) as a scarp along an active fault trace. Arrow is location of inset.
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some of the faults mapped by Li and Yin (2008) are paleo-shorelines A
or other geomorphic features with no tectonic origin. Several faults
said to be active have no distinguishable trace on high-resolution
images and do not show typical features of active strike-slip fault
such as mole tracks or pull-apart depressions. The authors do not
provide evidence other than the supposed deflected streams,
deflected smooth terrace risers, or offset shorelines, but these de-
flections are not systematic and sometimes indicate opposite senses
along a given fault. We will show that all geomorphic elements
presented by the authors as evidence for active faulting are
ambiguous and may be interpreted in a completely different way.
Such demonstration can easily be performed using the Google

paleo-shoreline

Earth™ imagery and we briefly show some examples below. (sand bar or ciif) N
The South Gongzuo fault (CGF) is mapped as a range bounding gs3tesaas DOOOINg
structure, between the Gongzuo basin (~4500 m asl) and the high ot S'r“*"““ i N28.30]
range of the Kangchengjunga foothills (~5100 m asl; Fig. 1). The Q Belao-leke canlara
fault is interpreted as left-lateral, offsetting streams by 500 to 1 éﬂ;ﬁi’l’n‘;f;’ié;ﬂsm 2 km
3500 m (Fig. 4 in Li and Yin, 2008). In fact, the mapped fault exhibits B  sodrosk

a left-stepping geometry untypical of strike-slip faults and the range
front is rather smooth and in the absence of slope break. Only 3 of
the 11 stream channels crossing the fault are mapped as deflected by
the fault and none of these offsets is clear (see for instance Li and
Yin westernmost site where Fig. 4B of Li and Yin (2008) shows a
marker - the valley edge - approximately aligned on either side of
the supposed fault trace while they claim it is offset by 2.7 km).
Furthermore, the fault is described as buried below the T2 fluvio-
glacial deposits in which the deflected channels are incised. This
leads to an impossible relative timing with the fault at the same time
older (because buried below the deposits) and younger (because
offsetting the channels incised within the deposits) than the T2
deposits. We conclude that the southern boundary of the Gongzuo
basin is better interpreted as a passive piedmont (bajada) with no
evidence of active tectonics.

The Central Gongzuo fault (CGF) is interpreted to truncate several
alluvial fans and to offset left-laterally one stream channel by ~1100 m
(Fig. 4 in Li and Yin, 2008). This deflection, ranging from 0 m to 5.7 km
when considering the whole width of the upstream channel, is most
likely imposed by a large bedrock outcrop lying in front of the river
course (Fig. 2). It cannot be used as a reliable geomorphic marker of
tectonic offset. The western stretch of the CGF corresponds in the field to
a scarp in colluvium indurated by a calcium carbonate matrix overlain by
a thin sandstone level located at an elevation of 4400 m asl (Figs.1 and 3).
We rather interpret this deposit and the associated scarp as a paleo-
shoreline of a large paleo-lake that occupied a wide area of the upper
Arun (or Pumqu) catchment (e.g., Wager, 1937; Armijo et al., 1986; see Bedrock slope
paleo-lake contour in Fig. 1). mapped asT3

The North Gongzuo fault (NGF) is interpreted to have offset left-
laterally three terrace levels by 85 to 380 m (Fig. 6 of Li and Yin,
2008). A closer examination of this area (Fig. 4) reveals that a large
sand ridge was mistakenly interpreted as an active river channel,
that mapped T1 terrace is in fact the slope of the sand ridge, that
mapped T2 is the present-day stream bed, and that mapped T3 is a
bedrock slope. No fault scarp (mixed up with little incisions) is
visible, and no offset can be measured (Fig. 4).

The North Comuzhelin fault (NCF) is interpreted to lie on the
southern flank of an E-W ridge extending into the Comuzhelin lake
(Fig. 5) and to offset left-laterally paleo-shorelines by ~50 m (Fig. 5 Strearn incision

of Li and Yin, 2008). A closer look to this area reveals that the mixed up with
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Fig. 4. A) Interpretation of the Northern Gongzuo basin region. B) High-resolution _==——= paleo-shoreline @@ village I:I sircarnbads
image of the site of terrace offsets described by Li and Yin (2008). C) High-resolution - palec-lake sand bars
image interpretation showing the unreliable interpretation of Li and Yin (2008). No > Stream E and deposits, top and slope D bedrock

active fault is crossing the area, stream has barely formed any terrace. White arrows
indicate inferred trace of active fault by Li and Yin (2008).
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shorelines have been improperly mapped and exhibit an apparent
right-lateral rather than left-lateral offset (Fig. 5C). In fact there is
no clear evidence of any active fault in this area and the 15° east-
dipping striations as indicated in Fig. 7A of Li and Yin (2008)
suggest considerable amount of dip slip rather than an active
strike-slip fault. The geomorphic evidence of dip slip is however
lacking.

We conclude that Li and Yin (2008) do not provide any con-
vincing morphological arguments to constrain the rate of active

left-lateral faults, neither the existence of such faults. The obtained
Plio-Quaternary ages are thus useless to this respect.

3. Geophysical evidence

Using GPS data from two stations published by Paul et al. (2001),
Li and Yin (2008) calculate a N-S shortening rate of 12 4+3 mm/yr
and an E-W left-slip rate of 2.5+ 1.5 mm/yr between a station in
south Tibet (#1) and a station on stable India (#2) (Fig. 6). This
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Fig. 5. Detail of the western part of Comuzhelin lake (see Fig. 1 for location). A) Landsat satellite image enhancement. B) Interpretation of image. Note uppermost shoreline (here a
prominent sand bar) wrongly mapped by Li and Yin (2008) in their Fig. 5: the apparent horizontal separation is not left-lateral but right-lateral across the roughly EW elongated
sedimentary bedrock outcrop itself interpreted as a strike-slip fault. Square is C. C) High-resolution image enhancement from GoogleEarth of upper paleo-lake shoreline on western
shore of Comuzhelin lake (see location in Fig. 3). Arrows point to clear sand bars that show a right step across EW trending bedrock outcrop that cannot be interpreted as a left-lateral
offset as suggested by Li and Yin (2008). No evidence of EW fault trace can be seen despite the high resolution of the image (pixel size of about 1 m).
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Fig. 5 (continued).
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Fig. 6. A) plot of GPS velocities in southern Tibet (velocities from Zhang et al. (2004) projected relative to station JANK). Green vectors for stations west of Ama Drime massif.
Background is Fig. 2 of Li and Yin (2008). B) Projection of EW component of velocities on a N-S profile (eastward values are positive). Velocities show no left-lateral component
across the DCFZ. There may exist a strike-slip component, it is right lateral and significant only for stations located north of the suture zone (YSZ). The relative velocity between
stations (JIAN, LAZE, XIGA) and stations (JANK,DELO,YADO, KHAN) amounts to about 2 mm/yr right-laterally (ignoring error bars). (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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appears compatible with their lowest estimated slip rates. However,
the authors recognize themselves that the two stations are not
separated by the alleged DCFZ but by the Dinggye N-S normal fault
and the Main Boundary Thrust (Fig. 6). Indeed, it would have been
wiser to consider the Lhasa (LHAS) GPS station which is separated
from station #2 by the DCFZ and the Main Boundary Thrust (see
Fig. 2 of Li and Yin, 2008; Fig. 6). In that case the relative motion
between the two stations would combine N-S shortening and E-W
right-lateral shearing or E-W extension, which is incompatible with
the proposed left-lateral faults. We show more GPS sites and ve-
locities (Zhang et al., 2004) on Fig. 6, that show no evidence for left-
lateral shear, and, which are more compatible with right-lateral
shear, if any movement occurs across the DCFZ.

Focal mechanisms of two small earthquakes (M~5) (Priestly
et al., 2007) indicate, respectively, no shear stress and right-lateral
shear on E-W vertical planes. Li and Yin (2008) try to discuss how
this could be compatible with E-W left-lateral shear. This exercise
is useless as the ~70 km depth of the two events locate them in the
Indian subducting slab (Priestley et al., 2007; De La torre et al.,
2007; Liang et al., 2008). They have thus little to do with the state
of stress in the south Tibetan crust. The upper crustal seismicity in
south Tibet rather indicates almost pure N-S normal faulting with
no sign of E-W left-lateral shear (e.g., Harvard GCMT; Liang et al.,
2008).

4. Other evidence for left-lateral faulting in southeastern Tibet?

Citing Ratschbacher et al. (1992, 1994), Yin et al. (1994) and Li
(1992), Li and Yin (2008) claim that evidence for E-W left-lateral
faults extend to at least 92°E, defining the >500 km long DCFZ. It is
also suggested that the fault zone could extend up to the eastern
syntaxis where left-lateral faults were observed by Burg et al. (1998)
and Ding et al. (2001) (Fig. 2 of Li and Yin, 2008). These assertions
are rather surprising as most of these references are misquoted. The
study by Ratschbacher et al. (1992) contains absolutely no data
about evidence for left-lateral faulting. Ratschbacher et al. (1994)
describe few left-lateral brittle faults near Xigaze, close to the
Yarlung-Tsangpo suture zone, but these faults occur together with
conjugate right-lateral ones and indicate a N8E compression not E-
W left-lateral strike-slip faulting. From the right-stepping geometry
of the N-S normal faults in the main rift systems (i.e. Yadong-Gulu)
Ratschbacher et al. (1994) and Li (1992) proposed limited compo-
nent of left-lateral shear in a ~N60° direction. This direction is
oblique to that proposed for the DCFZ. Burg et al. (1998) and Ding
et al. (2001) describe left-lateral faults (Yiema-La and Pai) limiting
to the west the eastern Himalayan syntaxis (Namche-Barwa).
However, these faults extend for ~150 km at most and strike almost
N-S on the western side of the syntaxis, and bend to N50°E at their
southern extremity. These faults certainly do not strike N70°E for
~225 km as dumped in Fig. 2 of Li and Yin (2008).

5. Conclusion

Geomorphology is a powerful tool to evidence and characterize
active deformations (e.g., Tapponnier and Molnar, 1977; Armijo et al.,
1986; Peltzer et al., 1988; Avouac et al., 1993; Gaudemer et al., 1995;
Meyer et al,, 1998; Van der Woerd et al., 2002). However, such
analysis has to rest on careful observation of the landforms and not
lead to the invention of active faults. Contrarily to what is stated by Li
and Yin (2008) there is no evidence for E-W left-lateral faulting in

south Tibet east of Dinggye (88°E). The present-day stress field in that
area corresponds to an E-W minor stress axis (03) with ~N-S normal
faults (e.g., Armijo et al., 1986). We conclude that there is no left-
lateral DCFZ connecting south Tibet with the eastern syntaxis, which,
symmetrically with the Karakorum fault, would play a major role in
Himalayan arc oroclinal bending.
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We thank Van der Woerd et al.'s comment on our recent work that
documents the existence of active easter-trending left-slip faults in
the eastern Himalaya. In the comment, they raised the possibility that
the left-slip faults may represent geomorphologic features unrelated
to active tectonics. Although our study is preliminary and many details
remain to be worked out by careful and systematic investigations in
the future, we believe that the first-order interpretation of a diffuse
left-slip fault zone in the eastern Himalayan arc is correct. In addition
to the evidence we presented in our paper, we want to emphasize the
following points. (1) The active faults we documented can be
observed directly in the field in a few places. (2) The systematic
eastward curving of the south-flowing stream across the Central
Gongzuo fault would have flowed up-stream relative to the regional
west-flowing Kuqu Zangpo if it were a pure geomorphic feature as

suggested by Van der Woerd et al. This odd drainage geometry is best
explained by left-lateral offset along the active Central Gongzuo fault.
(3) The GPS data cited by Van der Woerd et al. do no refute active left-
slip faulting across the Dinggye-Chigu Co fault zone. The reference
framework used in their Fig. 6 is misleading, which is located south of
the active Main Frontal Thrust that adds additional and unrelated
complexity to the problem discussed in our study. Using station JAIN
located north of the fault zone as a reference point, the average values
of all three GPS stations located directly south of the fault zone (i.e., at
KHAN, DELO and YADO) show left-slip motion with a slip rate of 4-
7 mm/yr. This rate is consistent with our estimated long-term slip rate
across the left-slip fault zone.
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