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ABSTRACT
Cosmogenic dating, using in-situ

26Al and 10Be in quartz pebbles from
alluvial terrace surfaces, constrains
the late Holocene slip rate on the
Xidatan segment of the Kunlun fault
in northeastern Tibet. Two terrace
risers offset by 24 ± 3 and 33 ± 4 m,
having respective ages of 1788 ± 388
and 2914 ± 471 yr, imply a slip rate of
12.1 ± 2.6 mm/yr. The full range of
ages obtained (≤22.8 k.y., most of them
between 6.7 and 1.4 k.y.) confirm that
terrace deposition and incision, hence
landform evolution, are modulated by
post-glacial climate change. Coupled
with minimum offsets of 9-12 m, this
slip rate implies that great
earthquakes (M ~8) with a recurrence
time of 800-1000 yr, rupture the
Kunlun fault near 94°E.

INTRODUCTION
Competing models of large-scale

deformation during continental collision (cf.
Peltzer and Saucier, 1996, for a recent review)
differ in several key aspects. One is the relative
amount of shortening absorbed by thrusts and
by strike-slip faults. Another is the proportion
of strain taken up by large faults as opposed to
that distributed within the blocks they separate.
Any quantitative assessment of strain
localization or partitioning requires accurate
knowledge of slip rates along active thrusts and
strike-slip faults. In this paper we present results
of cosmogenic nuclide dating of offset alluvial
terraces, at one site near the eastern end of
Xidatan Valley (Fig. 1) that enable us to
constrain the late Holocene slip rate on the
Kunlun fault in northeastern Tibet, one of the
largest left-lateral strike-slip faults of the India-
Asia collision zone (Tapponnier and Molnar,
1977).

GEOLOGIC AND GEOMORPHIC
FRAMEWORK

The Xidatan pull-apart trough is floored by a
broad Quaternary bajada fed by north-flowing
drainage catchments with headwaters in the
Burhan Budai Mountain range. This ice-capped
range peaks above 6000 m, and is chiefly built
of folded turbidites and phyllites belonging to
the Triassic Songpan Garze terrane of eastern
Tibet (Chang et al., 1986). Present-day glaciers
flowing down the north slope of the range stop
short of the Xidatan trough. There is no clear
evidence of glacial deposits in Xidatan, which
implies that the ice tongues in the latest
Pleistocene did not cross the active Kunlun fault
trace.

The fault trace cuts across the fans of the
north-sloping bajada, and is marked by large,
stepping sag-ponds and pressure ridges.
Commonly, risers of inset alluvial terraces are
offset laterally 10 to 100 m by the fault (Kidd
and Molnar, 1988). Despite the seismically
disrupted morphology, there is no historical or
instrumental record of recent earthquakes in the
area (Gongxu et al., 1989).

SITE DESCRIPTION: INSET
TERRACES AND RISER OFFSETS

The site studied here is located near the
eastern end of Xidatan, at the outlet of a stream
fed by glacial meltwaters (Fig. 1). The
corresponding glacier tongue extends from
~5500 m to ~4800 m. The apex of the stream
fan is at an elevation of 4300 m, roughly that of
the permafrost line (Derbyshire, 1987).

The stream is now entrenched within inset
terraces along the west side of its largest, oldest
fan, which is thinly sprinkled with loess (light
gray on SPOT image, Fig. 3A) as typical of
most streams in Xidatan (SPOT is a french
acronym for "Satellite for Observation of the
Earth"). Large alluvial fans first formed at the
outlet of the lowermost moraines, and were
then incised by, and hence protected from
further action of the stream. Continued incision
led to the abandonment of several terraces, new
fans forming downstream from the older ones.
We infer that such stepwise, northward
progradation of deposition is due to stream
profile adjustment, in tune with the wet, warm
climatic episode that followed deglaciation; i.e.,
the early Holocene optimum, now identified in

various parts of Asia (Gasse et al., 1991; Pachur
et al., 1995) and the subsequent, drier period.

There are three main terrace levels at the
site: T0 is the active flood plain, T1' is the
terrace last abandoned by the stream, T1 is a
first strath terrace ~1.70 m above the stream
bed, and T2 is a second strath terrace, ~2.5 m
above T1 (Fig. 3B). T3 is the highest level,
corresponding to the ancient fan surface, about
5.5 m above T2, and is incised by small gullies
or rills. Although T1 is now clearly abandoned
by the stream, its western riser south of the fault
trace is not well defined, and its surface
occupied by a wet, marshy area (dark region on
SPOT image, Fig. 3A). All of the terrace
surfaces are paved with relatively small, well-
rounded and sorted pebbles and cobbles (Fig.
2). Both of the principal risers (T2/T1 and
T3/T2) are offset by the fault (Fig. 3). Our
measurements of the riser offsets (with a tape in
the field, corroborated by air photo and SPOT
image interpretation), are 24 ± 3 m and 33 ± 4
m, respectively. A sagpond on T2, and a
pressure ridge on T3 (Fig. 2) make more
accurate measurement difficult. The particularly
large sags and pressure ridges on T3 (Fig. 3A)
imply cumulative ground deformation by great
earthquakes. On T2 such features are smaller
and smoother, and there are no clear mole
tracks on T1 (Fig. 3, A and B).

SAMPLING AND COSMOGENIC
DATING

Samples weighing 30-300 g (most
commonly ~100 g), lying on the surface or
sometimes partially embedded in it, were
collected on T1, T2, and T3 along two traverses
parallel to the fault (Fig. 3B). We processed 29
samples for 10Be and 26Al cosmic ray exposure
dating (cf. Lal, 1991); 13 on T1, 10 on T2 and 6
on T3. Quartz was separated and purified using
the methods described by Kohl and Nishiizumi
(1992), and the ratios of cosmogenic 26Al and
10Be to stable isotopes were determined by
accelerator mass spectrometry (AMS) at the
Lawrence Livermore National Laboratory
(LLNL)-AMS facility. The cosmogenic
production rates used here are those
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TABLE 1. ANALYTICAL RESULTS OF COSMOGENIC DATING OF 29 SAMPLES AT STUDY SITE.

*Sample numbers increase with terrace height. Capital suffix D, and U, refer to downslope (north of fault-trace), and up-slope
(south of fault-trace), sampling paths, respectively.

†N.D. is no data.
§Propagated analytical uncertainties include error on the blank, carrier and counting statistics.
#Propagated uncertainties on the model ages include a 20% uncertainty on the production rate.

$Average is a weighted mean of both 26Al and 10Be model ages, x[ ]= σ 2[ ] x i
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view that the imprint of climate change on
geomorphology cannot be used to infer ages of
chief elements of the landscape in the field or
on SPOT images, and hence the order of
magnitude of slip rates on active faults (e.g.
Ritz et al., 1995).
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Sample* 10Be§ 26Al § 10Be model age# 26Al model age # Average$ Ratio

(105 atoms.g -1) (105 atoms.g -1) (yr) (yr) (yr) 26Al / 10Be

Surface T1    

KL2D(a) 0.225 ± 0.06 1.18 ± 0.135 265 ± 88 228 ± 57 239 ± 48 0.86
KL2D(b) 0.473 ± 0.037 2.14 ± 0.157 558 ± 120 414 ± 97 471 ± 76 0.74
KL2D(d) 0.137 ± 0.046 1.29 ± 0.168 162 ± 63 250 ± 65 205 ± 45 1.55
KL2D(e) 0.258 ± 0.027 1.41 ± 0.124 304 ± 69 273 ± 65 288 ± 47 0.90
KL2D(f) 0.149 ± 0.025 1.13 ± 0.23 176 ± 46 218 ± 66 190 ± 38 1.24
KL2D(g) 1.25 ± 0.051 7.52 ± 0.264 1476 ± 301 1455 ± 329 1467 ± 222 0.99
KL2D(h) 1.76 ± 0.076 13.1 ± 0.610 2073 ± 424 2536 ± 553 2245 ± 337 1.22
KL2D(i) 0.493 ± 0.113 1.26 ± 0.125 582 ± 177 244 ± 60 279 ± 57 0.42
KL2U(a) 1.61 ± 0.069 10.5 ± 1.37 1901 ± 389 2035 ± 526 1948 ± 313 1.07
KL2U(b) 5.50 ± 0.093 32.6 ± 1.03 6495 ± 1304 6332 ± 1430 6421 ± 963 0.97
KL2U(c) 0.204 ± 0.033 1.34 ± 0.138 241 ± 62 260 ± 64 250 ± 44 1.08
KL2U(d) 1.25 ± 0.123 7.35 ± 0.617 1478 ± 329 1423 ± 340 1452 ± 237 0.96
KL2U(e) 0.31 ± 0.023 1.33 ± 0.097 366 ± 78 258 ± 61 299 ± 48 0.71

Surface T2    

KL3D(a) 2.17 ± 0.103 13.2 ± 0.614 2556 ± 526 2550 ± 582 2553 ± 390 1.00
KL3D(b) 2.08 ± 0.068 12.9 ± 0.485 2454 ± 497 2508 ± 569 2477 ± 374 1.02
KL3D(c) 9.74 ± 0.194 59.2 ± 1.59 11516 ± 2315 11514 ± 2593 11515 ± 1727 1.00
KL3D(d) 3.16 ± 0.178 N.D.† 3727 ± 774 N.D. N.D.  N.D.

KL3D(e) 2.48 ± 0.095 14.9 ± 0.503 2932 ± 597 2882 ± 652 2909 ± 440 0.98
KL3D(f) 2.98 ± 0.099 17.9 ± 0.667 3523 ± 714 3470 ± 787 3499 ± 529 0.98
KL3U(a) 3.01 ± 0.125 18.4 ± 0.892 3557 ± 727 3560 ± 815 3558 ± 542 1.00
KL3U(b) 2.46 ± 0.128 15.9 ± 0.854 2908 ± 601 3088 ± 710 2983 ± 459 1.06
KL3U(3) 6.09 ± 0.248 32.3 ± 1.24 7193 ± 1468 6273 ± 1423 6719 ± 1022 0.87
KL3U(4) 2.03 ± 0.136 12.6 ± 0.643 2396 ± 505 2437 ± 559 2414 ± 375 1.02

Surface T3    

KL4D(d) 4.31 ± 0.106 24.3 ± 1.44 5095 ± 1027 4723 ± 989 4902 ± 712 0.93
KL4D(e) 4.5 ± 0.133 24.7 ± 0.85 5312 ± 1074 5015 ± 1032 5158 ± 744 0.94
KL4D(f) 4.81 ± 0.166 28.2 ± 1.09 5681 ± 1153 5483 ± 1127 5580 ± 806 0.97
KL4U(1) 18.9 ± 0.403 119.0 ±3.47 22392 ± 4504 23324 ± 4746 22833 ± 3267 1.04
KL4U(2) 4.27 ± 0.106 23.4 ± 1.05 5037 ± 1015 4683 ± 972 4852 ± 702 0.93
KL4U(4) 4.33 ± 0.172 25.3 ± 1.69 5110 ± 1042 4970 ± 1058 5041 ± 742 0.97


