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[1] Variations in the seismic velocity structure of the Himalayan collision zone include
significant differences between its north and south portions, with transitions in
physical properties across the Greater Himalaya. We combined P- and S-wave traveltimes
from a temporary broadband seismic network in eastern Nepal and southern Tibet with
arrival times at the permanent station network of the Department of Mines and Geology of
Nepal to determine the seismic velocity structure across the Himalaya, using local
earthquake tomography and traveltimes of regional earthquakes. The P-to-S velocity ratio
(Vp/Vs) structure marks the difference between the Indian Plate and the overlying
materials, with the Vp/Vs ratios being high for the former and low for the latter. We also
found a significant increase in the uppermost mantle seismic velocities from south to
north, reaching P-wave velocities (Vp) over 8.4 km/s north of the Greater Himalaya. These
high Vp values do not seem to be the result of biases due to anisotropy in the upper
mantle beneath the Greater and Tethyan Himalayas. Instead, we suggest that rocks in the
lower crust of the underthrusting Indian Plate undergo metamorphism to eclogite as
they plunge to greater depth beneath the mountain range, explaining the high
seismic velocities.
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1. Introduction

[2] The Himalaya chain is one of the products of the
continental plate collision between the Indian Plate and
Eurasia, and is composed of detached slices of the crust of
the Indian Plate [Molnar, 1984] that underthrusts the
mountain chain and the southern Tibetan Plateau [Zhao et
al., 1993]. As a result, the crust has been thickened across
the collision zone, with differences in thickness greater than
30 km between southern Nepal and southernmost Tibet
[Schulte-Pelkum et al., 2005]. The structure of the lower
crust and the upper mantle is critical in understanding
processes associated with mountain building. For instance,
the pressure increase resulting from thickened continental
crust can trigger metamorphic reactions at lower crustal
levels; in particular, evidence for transformation to eclogite
in the Indian Plate gives support to theories about mass
transfer from the lithosphere to the underlying mantle. This
phenomenon might also influence the topography of moun-

tain ranges and plateaus [e.g., Henry et al., 1997; Sapin and
Hirn, 1997; Bousquet et al., 1997; Boyd et al., 2004;
Garzione et al., 2006; Kay and Kay, 1993; Beck and Zandt,
2002].
[3] In this study, in addition to producing a seismic image

of the crust and upper mantle across the Himalaya, we
emphasize the seismic velocities in the lowermost crust and
uppermost mantle. We aim to determine the fundamental
differences in the seismic structure beneath Nepal and the
southern Tibetan Plateau. Using seismic data from local and
regional earthquakes recorded at a temporary network and
nearby permanent stations, we obtain a two-dimensional
south-to-north model across the Himalayan Collision Zone,
combining data from receivers on the plains of southern
Nepal, the Himalayas and the Tibetan Plateau, south of the
Indus-Tsangpo Suture Zone.

2. Tectonic Setting

[4] The collision between the Indian Plate and Eurasia
began between 45 and 55 Myr ago [Garzanti et al., 1996;
Rowley, 1996; Zhu et al., 2005] and is ongoing, with a
convergence rate of about 36 mm/yr [Chen et al., 2000;
Holt et al., 2000; Wang et al., 2001]. The Indian Plate slides
as a coherent unit beneath the Himalayan range [e.g.,
Molnar, 1984], which comprises pieces of Indian crust
detached from the rest of the Indian lithosphere [e.g.,
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