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[1] Like most other major continental rifts, the Baikal rift zone (BRZ) in Siberia is
presumably underlain by a hot and partially molten mantle, which has a reduced seismic
velocity relative to surrounding areas. Recent seismic tomography studies, however, gave
conflicting results about the depth extent and even the existence of the low-velocity
anomaly beneath the BRZ, suggesting that additional constraints arg'needed. Here we
present results from stacking of about 1700 radial P-to-S receiver functions from a
single long-running seismic station, TLY, located at the SW tip,of Laké"Baikal. A clear
uplift of the 410 km discontinuity (d410) with a magnituderof about 47 km relative to
the south margin of the Siberian platform is observed beneath the rift: Currently available
seismic results suggest that the uplift is unlikely to be caused by addition of water to
mantle transition zone (MTZ) silicates but is the result of a 550°@yreduction in temperature
in the vicinity of the d410. In addition, the 660 km discontinuity (d660) shows a
downward trend toward the rift from the south, suggesting,that the entire MTZ might have
a low temperature beneath the rift. The thickening ofithe MTZ suggests a high-velocity
anomaly of about 2% in the MTZ, and rules out thie,possibility that the rifting is caused by

a mantle plume originated in or beneath the mantle ttansition zone.
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Res., 111, XXXXXX, doi:10.1029/2005JB004099.

1. Introduction

[2] The Baikal rift zone (BRZ%) is the seismically most
active rift on earth. On the basis of a sgismic €atalog compiled
by the Advanced National Seismic Systemy(ANSS), a total of
eight earthquakes with magnitude 5:5,or larger have occurred
inside the rifted valleys during the decadé between 1994 and
2003. The rifting was originated along the boundary between
the Archean Siberian platform and the Paleozoic-Mesozoic
Altai-Sayan-Baikal foldbelt'somes35 Myr ago [Logatchev
and Zorin, 1992; Keller'et al., 1995] (Figure 1). Similar to
most other major continental rifts, the BRZ is characterized
by higher than normal heat”flow [Lysak, 1984], negative
gravity anomalies [Zorin et al., 1989], and thinned crust
[Zorin et al., 2002; Gao et al., 2004]. Rift-orthogonal mantle
flow associated with the rifting and rift-parallel magma-
filled cracks beneath the BRZ are suggested by measuring
shear wave splitting parameters [Gao et al., 1994a, 1997]
and inversion of P wave arrival times [Gao et al., 2003].
Surface geologic analyses and focal mechanism studies
show that the regional stress in the central area of the BRZ
is extensional with a direction of extension orthogonal to the
rift axis. In the northern and southern 1/3 of of rift zone, the
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regional stress field has a left-lateral strike-slip component
[Sherman, 1992].

[3] While most other continental rifts such as the Rio
Grande and East African rifts were found to be underlain
by a low-velocity zone in the upper mantle and even the
mantle transition zone (MTZ, 410—-660 km depth range)
[e.g., Davis, 1991; Slack et al., 1996; Achauer and Masson,
2002; Wilson et al., 2005a], contradictory seismic tomogra-
phy results were obtained beneath the BRZ. Most studies
suggested low seismic velocities in the upper mantle beneath
the rift [e.g., Gao et al., 1994b, 2003; Achauer and Masson,
2002; Friederich, 2003; Brazier and Nyblade, 2003; Tiberi
et al., 2003; Zhao et al., 2006], and others did not find such
anomalies [e.g., Petit et al., 1998]. The depth extent of the
low-velocity anomaly differs greatly among the studies,
from less than 100 km to as deep as 600 km. Friederich
[2003] suggested a plume-like low-velocity cylindrical
anomaly extending from about 135 km to the MTZ, centered
at the southern tip of Lake Baikal. Petit et al. [1998]
suggested a plume-like upwelling of lower mantle material,
from a depth of about 700 km to near the surface beneath the
southern margin of the Siberian platform. Plume-related
origin of continental rifts was also suggested for the East
African rift, beneath which a low-velocity structure with a
depth extent of about 500 km is found [Ritsema et al., 1998;
Nyblade et al., 2000].

[4] While the discrepancies of the tomographic results
beneath the BRZ are partially related to the difference in the
data sets and techniques used, the intrinsic low resolving
power of deep anomalies, especially those in the MTZ, of
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