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[1] We have built a Sv-wavespeed tomographic model for
the upper mantle beneath the Siberian platform and
surrounding region derived from the analysis of more than
13,000 fundamental and higher mode regional waveforms.
The dense path coverage and rich higher mode content of
the data allow building an upper mantle image with an
horizontal resolution of a few hundred kilometers extending
to ~400 km depth. The high velocity, upper mantle lid or
seismic lithosphere is ~200 km thick beneath most of the
Siberian platform but may extend to ~250 km depth
beneath small areas. A high velocity seismic lid also
underlies a large region west of the Siberian platform. Our
observation of a ~200 thick seismic lithosphere beneath the
Siberian platform on the slow-moving Eurasian plate,
similar to the thickness of the seismic lithosphere beneath
Precambrian terrains on the fast-moving Australian plate,
suggests that a moderately thick seismic lithosphere beneath
Precambrian terrains may be more common than previously
supposed. INDEX TERMS: 7207 Seismology: Core and mantle;
7218 Seismology: Lithosphere and upper mantle; 7255 Seismology:
Surface waves and free oscillations. Citation: Debayle, E., and
K. Priestley, Seismic evidence for a moderately thick lithosphere
beneath the Siberian platform, Geophys. Res. Lett., 30(3), 1118,
doi:10.1029/2002GL015931, 2003.

1. Introduction

[2] Eastern Asia is a mosaic of ancient continental frag-
ments separated by mountain ranges and fold belts. The
crustal evolution of the largest Archean terrains, the Sibe-
rian platform (Figure 1), is thought to have started ~3.5 Ga,
but the oldest rocks found thus far are ~3.3 Ga [Jahn et al.,
1998]. Initial seismic studies [Lerner-Lam and Jordan,
1983] suggest that the tectonically stable parts of northern
Eurasia, including the Siberian platform, have a thick, high
velocity lid extending to ~400 km depth; recent thermal
modeling suggests that the thermal lithosphere [Jaupart and
Mareschal, 1999] of the Siberian platform is ~350 km thick
[Artemieva and Mooney, 2001].

[3] In this paper, we present a high-resolution shear
velocity model of the upper mantle beneath NE Asia using
more than 13,000 Rayleigh wave regional seismograms.
The dense path coverage gives the model a lateral resolution
of a few hundred kilometers, and the rich higher mode
content of the events analyzed provides sensitivity down to
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~400 km depth. Our model shows substantial variation in
the thickness of the high velocity, upper mantle lid with
values less than 100 km thick beneath tectonically active
regions and values which may locally exceed 250 km
beneath small parts of the Siberian platform. However, for
most of the Siberian platform and the stable region to its
west, the high velocity lid extends to 200—225 km depth. In
this paper we equate the high seismic wavespeed “lid” to a
“seismic” lithosphere [Jaupart and Mareschal, 1999],
likely to be related to processes in the mantle of thermal
and/or compositional origin (e.g., via depletion of the
cratonic keel).

2. Development of the 3D Upper Mantle
Velocity Model

[4] We construct the 3D upper mantle model using the
two-step procedure previously used for Australia [Debayle
and Kennett, 2000] and eastern Africa [Debayle et al.,
2001]. We first use the automated version [Debayle, 1999]
of the Cara and Lévéque [1987] waveform inversion
technique to determine a 1D path-average upper mantle
velocity model compatible with observed surface waves.
We then combine the 1D velocity models in a tomographic
inversion using the continuous regionalization algorithm of
Montagner [1986] to obtain the local Sv-wavespeed at each
depth (see Debayle and Kennett [2000] for the details).

[s] The method is based on the assumptions that the
observed surface waveform can be represented by multi-
mode surface waves propagating independently and along
the great circle. These assumptions are valid for a smoothly-
varying medium without strong lateral velocity gradients
[Woodhouse, 1974]. Kennett [1995] examined the validity
of the path average approximation for surface wave prop-
agation at regional continental scale and concluded that it
should be suitable for periods between 30 and 100 s and
remain valid at longer periods (>50 s) where surface waves
cross major structural boundaries, such as the continent-
ocean transition. Significant deviations from great-circle
propagation have been observed for short periods (<40 s)
surface waves [Levshin and Ratnikova, 1994; Alsina and
Snieder, 1996; Cotte et al., 2000], but surface wave ray
tracing in Earth models [Yoshizawa and Kennett, 2002]
similar to ours confirms that off-great circle propagation can
reasonably be neglected for the fundamental and first few
higher modes at periods greater than ~40 s and for paths
less than ~10000 km. (Of the 13055 waveforms used to
build our model, 74% have propagation path lengths less
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cratonic-like basement lying buried beneath the west Sibe-
rian basin [D. Ionov, personal communications, 2002].
Debayle and Kennett [2000] found that the thickness of
the high velocity lid beneath the fast-moving Australian
plate oscillates around 200 km, and Ritsema and van Heijst
[2000b] find a similar lid thickness beneath the cratons on
the slow-moving African plate. Our finding of a comparable
lid thickness beneath the Siberian platform on the slow-
moving Eurasian plate suggests that very thick cratonic
roots may be less common than previously supposed.

[13] Acknowledgments. Most of this work was done while K. Priest-
ley was an invited professor at the Ecole and Observatoire des Sciences de
la Terre in Strasbourg. We thank J.J. Levéque for discussions on tomog-
raphy issues, M. Cara, D. McKenzie and B.L.N. Kennett for helpful
comments on the manuscript, and Sylvana Pilidou for help with GMT
plotting. Constructive reviews by J. Ritsema, A. Zollo, and an anonymous
reviewer helped improve this manuscript. We would like to thank Rick
Benson and the IRIS DMS for providing the data used in this study. This
work is supported by the INSU program ‘Intérieur de la Terre’. Super-
computer facilities were provided by the French ‘Institute for Development
and Resources in Intensive Scientific Computing’ (IDRIS). This is Cam-
bridge University Department of Earth Sciences contribution 7249.

References

Alsina, D., and R. Snieder, Constraints on the velocity structure beneath the
Tornquist-Teisseyre Zone from beam-forming analysis, Geophys. J. Int.,
126, 205-218, 1996.

Artemieva, 1. M., and W. D. Mooney, Thermal thickness and evolution of
Precambrian lithosphere: A global study, /06, 16,387—16,414, 2001.
Bassin, C., G. Laske, and G. Masters, The current limits of resolution for

surface wave tomography in North America, 87, 897, 2000.

Cara, M., and J. J. Lévéque, Waveform inversion using secondary obser-
vables, /4, 1046—1049, 1987.

Cotte, N., H. A. Pedersen, M. Campillo, V. Farra, and Y. Cansi, Off-great-
circle propagation of intermediate-period surface waves observed on a
dense array in the French Alps, Geophys. J. Int., 142, 825—840, 2000.

Curtis, A., J. Trampert, R. Snieder, and B. Dost, Eurasian fundamental
mode surface wave phase velocities and their relationship with tectonic
structures, /03, 26,919-26,947, 1998.

Debayle, E., SV-wave azimuthal anisotropy in the Australian upper-mantle:
Preliminary results from automated Rayleigh waveform inversion, Geo-
phys. J. Int., 137, T47—754, 1999.

Debayle, E., and B. L. N. Kennett, The Australian continental upper mantle:
Structure and deformation inferred from surface waves, 105, 25,423 —
25,450, 2000.

Debayle, E., J. J. Lévéque, and M. Cara, Seismic evidence for a deeply
rooted low-velocity anomaly in the upper mantle below the northeastern
Afro/Arabian continent, Earth Planet. Sc. Lett., 193, 423436, 2001.

PRIESTLEY AND DEBAYLE: SIBERIAN CRATON UPPER MANTLE

Ekstrom, G., J. Tromp, and E. W. F. Larson, Measurements and global
models of surface wave propagation, /02, 8137—-8157, 1997.

Goodwin, A., Precambrian Geology: The dynamic evolution of the conti-
nental crust, 666 pp., Academic Press, San Diego, Calif., 1991.

Jahn, B. M., G. Gruau, R. Capdevila, J. Cornichet, A. Nemchin, R. Pid-
geon, and V. A. Rudnik, Archean crustal evolution of the Aldan Shield,
Siberia: Geochemical and isotopic constraints, Precambrian Res., 91,
333-363, 1998.

Jaupart, C., and J. C. Mareschal, The thermal structure and thickness of
continental roots, Lithos, 48, 93—114, 1999.

Kennett, B. L. N., Approximations for surface-wave propagation in laterally
varying media, Geophys. J. Int., 122, 470—478, 1995.

Lerner-Lam, A., and T. Jordan, Earth structure from fundamental and higher-
mode waveform analysis, Geophys. J. R. Astron. Soc., 56,759—797, 1983.

Levshin, A., M. Ritzwoller, and L. Ratnikova, The nature and cause of
polarization anomalies of surface waves crossing Northern and Central
Eurasia, 117, 577-591, 1994.

Montagner, J. P., Regional three-dimensional structures using long-period
surface waves, Ann. Geophys., 4, 283—-294, 1986.

Nataf, H.-C., and Y. Ricard, 3SMAC: An a priori tomographic model of the
upper mantle based on geophysical modeling, 95, 101—-122, 1996.

Pearson, D. G., S. B. Shirey, R. W. Carlson, F. R. Boyd, N. P. Pokhilenko,
and N. Shimizm, Re-Os, Sm-Nd, and Rb-Sr isotope evidence for thick
Archean lithospheric mantle beneath the Siberian craton modified by
multistage metasomatism, Geochimica et Cosmochimica Acta, 59,
959-977, 1995.

Ritsema, J., and H. van Heijst, Seismic imaging of structural heterogeneity
in the Earth’s mantle: Evidence for large scale mantle flow, Science
Progress, 83, 243-259, 2000a.

Ritsema, J., and H. van Heijst, New seismic model of the upper mantle
beneath Africa, Geology, 28, 63—66, 2000b.

Ritzwoller, M., and A. Levshin, Eurasian surface wave tomography: Group
velocities, 103, 4839—4878, 1998.

Tarantola, and Valette, Generalized nonlinear inverse problems, 20, 219—
232, 1982.

Spetzler, J., J. Trampert, and R. Snieder, The effect of scattering in surface
wave tomography, Geophys. J. Int., 149, 755-767, 2002.

Trampert, J., and J. Woodhouse, Global phase velocity maps of Love and
Rayleigh waves between 40 and 150 seconds, /22, 675-690, 1995.

van Heijst, H., and J. Woodhouse, Global high-resolution phase velocity
distributions of overtone and fundamental-mode surface waves deter-
mined by mode branch stripping, Geophys. J. Int., 137, 601—620, 1999.

Woodhouse, J. H., Surface waves in a laterally varying layered structure,
37, 461-490, 1974.

Yoshizawa, K., and B. L. N. Kennett, Determination of the influence zone
for surface wave paths, Geophys. J. Int., 149, 440—453, 2002.

E. Debayle, IPGS - EOST (Ecole et Observatoire des Sciences de la
Terre) 5, rue Rene Descartes, F67084 Strasbourg Cedex, France.
(eric@tomo.u-strasbg.fr)

K. Priestley, Bullard Laboratories Madingley Rise, Madingley Road,
Cambridge, CB3 0EZ, United Kingdom. (keith@esc.cam.ac.uk)



