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[1] Ambient noise tomography has been becoming an important tool to image the shallow lithospheric
structure of the Earth. Using 2 months of ambient noise data from 20 stations of the Himalayan Nepal Tibet
Seismic Experiment, we investigate the upper and middle crustal structure in the central Himalaya and
southern Tibet. About 120 interstation Rayleigh wave empirical Green’s functions with sufficient signal-to-
noise ratio are obtained and used for group velocity dispersion analysis in the period range 6–25 s using
frequency-time analysis technique. The obtained dispersion data are then used to construct 2-D group
velocity maps. At the short periods from 9 to 15 s, the distribution of Rayleigh wave velocities delineates
several distinct low- and high-velocity zones separated mainly by geological boundaries. The high group
velocity zone is located mainly around regions with plutonic rocks, and the low group velocity zone is
located around regions with sedimentary or metasedimentary rocks. Finally, we invert for the shear
velocity structure in the upper and middle crust along a N-S trending cross section at the longitude 86.5�E.
We observe a clear low-velocity layer in the middle crust (about 10–25 km depth) distributed on both sides
of the Indus Yarlung Suture zone. The existence of this midcrustal low-velocity zone suggests a
mechanically weaker middle crust beneath the central Himalaya and southern Tibet, which might decouple
the upper crustal deformation from that of the lower crust in the Tibetan-Himalayan orogenic processes.
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1. Introduction

[2] The collision between the Eurasian plate and
the Indian plate started about 55 Ma ago [e.g., Yin
and Harrison, 2000], and is still continuing at the
present time [e.g., Wang et al., 2001]. This succes-
sive collision forms the Himalaya and the Earth’s
largest and highest plateau with anomalously thick
crust [e.g., Coleman and Hodges, 1995; Chung et
al., 1998]. Geological observations [e.g., Hodges,
2000] have revealed that across the Indian-Asian
collision zone near the Himalayan Mountain
Range, the crustal deformation at shallow depth
is expressed mainly as a series of thrust sheets on a
decollement fault. Above the decollement fault, the
Main Central Thrust (MCT), the Main Boundary
Thrust (MBT) and the Southern Tibetan Detach-
ment (STD) form the southern Himalayan defor-
mation belt, namely the Main Frontal Himalaya
[e.g., Ni and Barazangi, 1984; Mitra et al., 2005].
Associated with shallow deformation of the crust
around the Himalayan Mountain Range, the mantle
lithosphere of the Indian plate is believed to
underthrust far away to the north beneath the
Tibetan plateau [e.g., Kind et al., 2002], and might
be horizontally shortened because of blocking by
the Eurasian plate [e.g., Molnar et al., 1993]. Such
a deformation system absorbs a large fraction of
the Indian-Asian collision and could play an im-
portant role in maintaining the continuing growth
and rise of the Tibetan plateau [e.g., Molnar et al.,
1993; Tapponnier et al., 2001].

[3] To explore the nature and the cause of crust
thickening and the lithospheric structure of the
Tibetan Plateau, numerous surface wave studies
have been conducted around the Himalayan Moun-
tain Range and within the Tibetan Plateau. These
studies have provided important information on
structural framework in the crust and upper mantle
beneath the plateau, and revealed significant var-
iations of crustal structure within the Tibetan
plateau. For instance, on the basis of the Rayleigh
wave group velocities, a low-velocity layer at
depth about 20 km is proposed to exist in southern
Tibet [e.g., Rapine et al., 2003]. On the other
hand, many previous works [e.g., Bourjot and
Romanowicz, 1992; Rapine et al., 2003] mainly

used seismic data recorded outside the Tibetan
Plateau. Because of sparse path coverage, these
previous studies mainly focused on the general
pattern of lateral variation of velocities. Thus the
detailed 3-D crustal and upper mantle velocity
structure is still not very clear around much of
the Tibetan plateau.

[4] Traditional surface wave tomography utilizes
phase or group velocity dispersion data excited by
larger earthquakes or nuclear explosions. Because
of uneven distribution of seismic sources and
seismograph stations, the intrinsic attenuation and
scattering along the raypath and (usually) unknown
characteristics about sources, the resolution power
of traditional tomographic methods is poor, espe-
cially at short periods (e.g., less than 30 s). The
traditional methods usually cannot resolve the
shallow crustal structure for most previous surface
wave studies. However, recent surface wave analy-
sis using ambient noise or coda wave interferometry
provides another valuable way to obtain short-
period surface wave empirical Green’s functions
(EGFs) between station pairs. And the obtained
surface wave EGFs can be used to investigate the
(shallow) crustal structure with much higher verti-
cal and lateral resolution. Theoretical studies based
on mesoscopic physics show that irrespective of
scattering, if ambient noise sources are evenly
distributed, the ambient noise possesses some kind
of intrinsic coherence [e.g., Weaver and Lobkis,
2001; Weaver, 2005]. And the intrinsic coherence
of ambient seismic noise can be used in seismology
to extract Green’s function between two seismo-
graph stations from cross correlation of continuous
recordings at the corresponding station pair [e.g.,
Snieder, 2004]. Successful applications with this
new technique to extract the Green’s function have
been demonstrated using earthquake coda wave
[Campillo and Paul, 2003; Paul et al., 2005] and
continuous ambient seismic noise [e.g., Shapiro
and Campillo, 2004; Sabra et al., 2005; Roux et
al., 2005]. Recently, ambient noise tomography has
been widely used from continental scale [Yang et
al., 2007; Bensen et al., 2008; Zheng et al., 2008]
to regional scale [e.g., Shapiro et al., 2005; Yao et
al., 2006, 2008; Lin et al., 2007], even in a small
volcanic area [Brenguier et al., 2007]. The
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