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Abstract
This report describes the dataset and some results from a deployment of both a linear

array and an areal array in Northern Tibet. The experiment was a collaboration of
German, US, British and Chinese universities and institutions, with stations provided
by IRIS-PASSCAL, SeisUK and GIPP (GFZ-Pool). The northern edge of Tibet, where
the Kunlun mountains drop towards the Qaidam basin is marked by a steep Moho step,
shallowing from 70 km to 50 km Moho depth. The upper mantle below northern Tibet
is characterised by an unusual doubled negative polarity discontinuity at 100 and 160 km
depth (300 km). Lower velocities are found beneath the Kunlun mountains and Songpan-
Ganzi terrane to large depths (300 km). Below the northern Tibetan plateau (Qiangtang
terrane) the lower velocities imaged in previous studies are shown to only be present west
of 94◦E. The data from the British stations of this network are archived at SeisUK and
the IRIS-DMC with FDSN network code XO (valid for years 2007-08).

Background

The Tibetan plateau is the type example of plateau formation in response to continent-
continent collision. Based on two decades of geological and geophysical exploration it was
found that India underthrusts Tibet at its southern margin and that the great elevation of
Tibet is supported by crustal thickening, in southern Tibet most likely brought about by
underthrust Indian crust. The mechanism for crustal thickening and the continuing growth
of the plateau at its north-eastern margin are widely debated, though, and this area had only
seen a few isolated geophysical experiments prior to the experiment presented here.

The study area stretches from the Bangong-Nujiang suture in central Tibet to the Qaidam
basin in the North. It crosses the Jinsha suture, which was formed by the closure of an ancient
ocean, and the Kunlun Shan. The northern margin of the Kunlun Shan is marked by a steep
topographic drop into the Qaidam basin, a desert with a sediment thickness ofmore than 4
km. The main tectonic structures are the strike-slip system formed by the South and North
Kunlun faults, which hosted the 2001 Mw = 7.9 Kokoxili earthquake, and the series of thrusts
at the the northern edge of the Kunlun, the North Kunlun thrust system. However, the deeper
structure (e.g. dominantly north or south-dipping, depth extent) is not well known.

Survey Procedure

In total, 23 stations were deployed in May 2007 (Fig. 1), and recovered in September 20081. 9
stations (7 CMG-3T, 2 CMG-40T) were deployed as part of a 2D (ASCENT) array consisting
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1The deployment time was shorter than originally envisioned because the political climate in China at the
time (in the year of protests in Tibet and the Olympics) made an extension of the import permit impossible.
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Figure 1: Station distribution. (A) Overview (red: ASCENT, blue:INDEPTH) (B) Detailed view
of SeisUK station deployment area. Yellow: SeisUK stations (circles: CMG40, triangles: CMG3T);
red: US stations (PASSCAL: CMG 3ESP and CMG 3T), black: German stations (GFZ, CMG3ESP).
Continous and dashed red lines show approximate locations of receiver function profiles in Fig. 5A,B
and C, respectively.

mainly of PASSCAL stations. 14 stations (CMG40T) were deployed together with CMG3 ESP
stations from the German pool to form a dense linear profile across the Kunlun mountains for
passive imaging using converted phases and for recording explosions for a wide-angle modelling
profile (INDEPTH-IV array)[Zhao et al., 2008]. The shots were recorded with 100 Hz, and
most of the passive data were recorded with 50 Hz (with a few stations recording at 100 Hz)
(see Table A1).

Stations were deployed in about ∼1.50 m deep pits for the sensor. The sensor was placed
on a base plate, which was coupled to the ground using plaster-of-Paris, and was protected
and thermally insulated with styrofoam boxes. The data logger and gel batteries were placed
within a plastic box and buried to a depth of 0.6–1.0 m. Correct operation of the stations was
checked by a second visit a few weeks after deployment; for the profile stations data recordings
of the explosions were also downloaded at the time, and the sampling rate adjusted.

Where possible, sites were chosen such that they could be guarded, though even this could
of course not be continuously done. Also, because of the sparsity of population off the main
roads and the nomadic lifestyles of most inhabitants, about 30% of stations had to be deployed
on open land. For both unguarded and guarded stations, an effort was made to make sure
they would not be easily visible from the road or main track. We suffered one incidence of
vandalism (stolen solar panels and cut cables), ironically at one of the guarded stations.

Data quality

We calculated noise probability density functions variation using the method of McNamara and
Buland [2004] (Figure 2). Overall, noise levels were very low for temporary installations. Due
to the long distance to coasts, the noise levels were close to the USGS minimum noise model
of Peterson [1993] within the microseismic band. At long periods, the vertical components
of the best stations came within 10 db of the low noise model for permanent stations, with

Permitting problems also prevented a deployment of the UK stations in the central and northern Qaidam and
Qilian Shan as originally envisioned but these areas were occupied with US station in the summer of 2008.
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Figure 2: Example of noise probability density plots for quiet (top) CMG3T and noisy (bottom) CMG
40T station. Note that for periods between 0.2 and 1 sec (1-5 Hz), the ‘noisy’ station has actually lower
noise levels than the quiet one. The thick continuous lines show the USGS minimum and maximum
noise model [Peterson, 1993] for permanent stations.

the horizontal components about 20 db higher and much more variability. The data quality
at most stations was sufficiently high that nearly all earthquakes at 30–95◦epicentral distance
with M > 5.5, and a good proportion of earthquakes with 5 < M < 5.5, provided useful delay
times for teleseismic tomography (see Fig. 3 for an example of a teleseismic recording).

The pit at one station (KSN4) hit permafrost at about 90 cm, and the sensor was changed
to a 40T at the service run because of concerns of stronger horizontal motions. However, the
data quality at this site turned out to be similar to other stations.

Selected Results

• A NS oriented wide angle profile from the central Qaidam across the Kunlun mountains
into the Songpan-Ganzi terrane (Fig. 4) based on recordings of 5 major shots and a
number of smaller shots indicates a crustal thickness of 70 km and thin or absent sedi-
ments below the Kunlun Shan, and a crustal thickness of 45 km plus ∼ 5 km of sediment
below the Qaidam basin [Karplus et al., 2011]. At the same depth, velocities below the
Qaidam are slighly faster (by 0.2 km/s) in the mid- and lower crust. Mantle velocities
from Pn also seem a little faster below the Qaidam (8.2 km/s below the Qaidam versus
7.9-8.0 km/s below the Kunlun). The transition between both regimes is rapid, resulting
in a Moho step of nearly 20 km over a lateral distance of less than 30 km below the
North Kunlun thrust (NKT), confirming earlier inferences based on sparser networks
[Zhu and Helmberger, 1998, Vergne et al., 2002]. The Moho reflectors of the Qaidam
and Kunlun crust appear to overlap, resulting in a complicated double-Moho structure
at the transition.

• Common-conversion point stacks (CCP) from P receiver functions across the Kunlun
range (Fig. 5B, Zhao et al. [2011]) confirm the existence of the Moho step below the
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Figure 3: Data example: Bismarck Sea event 7/6/2007 00:40:39, M=6.1 Delta = 63◦ recorded at
JSO3

Figure 4: Wide-angle models. Left: Profile geometry during active shooting: yellow stars: shots;
blue triangles: SeisUK broadband stations (CMG-40T); white circles: short period stations. Right:
(a) Elevation measured along INDEPTH IV active-source profile (black curve) and TOPO1 elevation
along the INDEPTH IV profile averaged over longitudes from 94 to 96◦E (red curve). SKF South
Kunlun Fault, NKF North Kunlun Fault, NKT North Kunlun Thrust. (b) Shallow crustal velocity
model from first arrival tomography (color scale from 2.5-6.1 km/s). Depth of zero is equivalent to 4.8
km elevation. Vertical exaggeration is 4 times. Black-striped area is unconstrained by first-arrivals.
LVZ low velocity zone. (c) Composite shallow and deep crustal velocity model from ray tracing the
INDEPTH IV controlled-source profile (color scale from 2.0-8.2 km/s). Major reflectors shown as white
lines. No vertical exaggeration. After Karplus et al. [2011]
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Figure 5: (A) Common Conversion Point stack (CCP-stack) for P-receiver functions for the Jinsha
suture (JRS) profile (western profile in Fig. 1B. KF: Kunlun fault. (B) As A, except for Kunlun
mountains profile (Eastern profile). (C) Mantle scale P-receiver function (top) and S-receiver function
image along a NE-SE. This profile incorporates data from the INDEPTH-IV deployment in the northern
part but also makes use of data from previous experiments. Short-dashed black lines mark interpreted
positive discontinuities (Moho, 410 and 660 discontinuities) in the P-RF image; long-dashed lines mark
the nominal depths of 410 and 660 discontinuities. Colored dashed lines marks interpreted negative
discontinuities from S-reveiver-functions. Interpretative lines are superimposed on both P- and S-RF
images (modified from Zhao et al. [2011]).

NKT and also show the presence of thick sediments between the Qaidam. An intriguing
southward dipping negative polarity discontinuity can be seen to extend from the surface
at the NKT to at least the mid-crust. This feature is not visible in the refraction model,
but as the negative polarity indicates a low velocity zone, it might be hard to see in
wide-angle data. In contrast, the Jinsha suture is not associated with a step; instead,
the crust shallows gently from ∼ 80 km in central to ∼ 70km in northern Tibet.

For studies of mantle discontinuities, the newly acquired data was merged with data
from older experiments, and both P- and S-receiver CCP stacks were generated. Below
northern Tibet (from 31-35.5◦N, i.e. from just south of the Bangong-Nujiang suture
to the NKT), two negative polarity discontinuities are observed at ∼ 100 and 160 km
depth. Usually, negative polarity arrivals within the mantle in S-receiver functions are
interpreted as lithophere-asthenosphere boundary (LAB). The shallower phase might
indicate the bottom of a very thin and warm Tibetan lithosphere. Southward directed
underthrusting of Eurasian lithosphere would then imply that the deeper discontinuity
is the Asian LAB, the preferred interpretation of [Zhao et al., 2011], but would require
an unusually thin lithospheric Asian mantle and shortening of over ∼500 km across the
northern boundary of Tibet, for which the geological evidence is lacking. Below the
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Figure 6: Slices through VS tomographic model based on INDEPTH and ASCENT stations [Nunn
et al., 2011]

Qaidam, a conventional LAB is observed at ∼130 km depth. The deep P-RF image
shows similar downward deflections for both the 410 and 660 km north of 32◦N, which
is indicative of slower mantle velocities above 400 km.

• In total, more than 19,000 teleseismic relative P-wave arrival times and 4000 S-wave
arrival times could be determined using waveform cross-correlation [Nunn et al., 2011].
The seismograms were recorded from 416 events (for the P-waves) and 72 events (for the
S-waves) at 80 stations. Crustal structure was included explicitly into the tomographic
model based on receiver function results and, along the Kunlun profile only, the wide
angle data, but fixed in the inversion. The S-wave model (Fig. 6) shows a pronounced
low velocity zone below the Kunlun Shan and the Songpan-Ganzi terrane, which extends
to large depths (300 km). A similar low velocity zone was observed by Wittlinger et al.
[1996] along a linear profile near 93◦E. The Qaidam is characterised by faster velocities
(consistent with the Pn velocities of the wide-angle model) but the details of the velocity
structure depend crucially on representing correctly the Moho step at this point.

Within northern Tibet below the Qiangtang terrane, considerable East-West variation
exists, with only areas west of 94◦E being characterised by low velocities, which in older
works were thought to prevail throughout the Qiangtang. The lower velocities in the
western part of the study area (north of 32◦) are consistent, in a qualitative sense, with
the downward deflection of the 410 and 660 km described above.

Data from the 2D array were also used in an ambient noise tomography of China [Yang
et al., 2010] and for a seismicity study of Northern Tibet [Wei et al., 2010]. Preliminary results
of the tomographic modelling formed the basis of the master thesis of Hang-Tung Chow (Univ.
of Cambridge, 2009).

Outlook

Further ongoing studies are concerned with surface wave tomography (at the University of
Missouri), measurements of shear wave splitting (at University of New Mexico). Work contin-
ues in Cambridge on the P- and S-wave body wave tomography as well as integration of body-
and surface waves (C. Nunn, Ph.D. thesis research). The areal stations are also contribut-
ing to a finite-frequency tomographic study integrating the past seismological experiments in
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Tibet [?]
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Table 1: Station list
Site Lat (◦N) Lon (◦E) Ele. (m) Sensor Start-of-data End-of-data Sampling (Hz) Notes

KSN1 35.8465 93.9816 3980 3T 2007:150 2007:167 50
3T 2007:167 2008:252 100 a

KSN2 35.5030 94.6837 4748 3T 2007:160 2008:247 100

KSN3 35.7601 94.6209 4067 40T 2007:159 2008:151 100

KSN4 35.5305 94.2403 4913 3T 2007:152 2007:161 50

40T 2007:161 2008:247 100 b

JSO1 35.4251 93.4549 4498 3T 2007:157 2008:249 50

JSO2 35.1686 92.9852 4736 3T 2007:155 2008:250 50

JSO25 34.6429 92.8038 4856 3T 2007:170 2008:250 50

JSO3 34.3751 92.7747 4555 3T 2007:155 2008:250 50

KSO1 36.2666 95.2654 3136 3T 2007:158 2008:246 100

KF66A 35.3540 94.9505 4572 40T 2007:153 2007:183 100
40T 2007:183 2008:245 50

KF71A 35.3929 94.9397 4647 40T 2007:152 2007:183 100
40T 2007:183 2008:244 50

KF76A 35.4444 94.9435 4605 40T 2007:152 2007:183 100
40T 2007:183 2008:244 50

KF81A 35.4801 94.9774 4613 40T 2007:152 2007:184 100
40T 2007:184 2008:246 50

KF86N 35.5076 95.0459 4723 40T 2007:155 2007:184 100
40T 2007:184 2008:245 50

KF91A 35.5535 95.0802 4759 40T 2007:155 2007:184 100
40T 2007:184 2008:245 50

KF96A 35.5979 95.1013 4647 40T 2007:155 2007:183 100
40T 2007:183 2008:246 50

KF101A 35.6409 95.0882 4530 40T 2007:157 2007:184 100
40T 2007:184 2008:246 50

KF106A 35.6878 95.0968 4452 40T 2007:157 2007:184 100
40T 2007:184 2008:246 50

KF111A 35.7558 94.9697 4197 40T 2007:157 2007:183 100
40T 2007:183 2008:245 50

KF116A 35.8010 94.9022 4042 40T 2007:157 2007:185 100
40T 2007:185 2008:246 50

KF141A 36.0305 94.8088 3269 40T 2007:160 2007:174 100
40T 2007:174 2008:240 50

KF146N 36.0750 94.7887 3218 40T 2007:148 2007:171 100
40T 2007:171 2008:246 50

KF151N 36.1250 94.7593 3164 40T 2007:152 2007:174 100
40T 2007:174 2008:240 50

∗ Instruments were aligned magnetic north (declination 2.73◦)
a GPS timing unreliable 88/2008-129/2008
b GPS timing unreliable 98/2008-199/2008
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