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Abstract

The alignment of olivine crystals is considered as the dominant source of seismic anisotropy in the subcrustal lithosphere
and asthenosphere. Different components of large-scale anisotropy can be traced in depth distributions of the radial and
azimuthal anisotropy of surface waves. We propose a global model of the lithosphere—asthenosphere boundary (LAB) as a
transition between a ‘frozen-in’ anisotropy in the lithosphere to anisotropy in the sublithospheric mantle related to the
present-day flow. Due to different orientations of velocity maxima in the anisotropic subcrustal lithosphere and the
asthenosphere, the velocity contrast related to the LAB can increase in particular directions. Because of their long
wavelengths and horizontal propagation, surface waves suffer from poor lateral resolution. However, surface waves with
various wavelengths allow us to map gross features of the LAB with a good vertical resolution. We estimate depths to the
LAB to be between 200 and 250 km for the Precambrian shields and platforms, around 100 km for the Phanerozoic
continental regions and 40—-70 km beneath oceans from the world-wide depth distribution of the radial and azimuthal
anisotropy of surface waves.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction 1968). Third, it is a layer in which density and other

mechanical properties are controlled by chemical

There are various geophysical definitions of the
Earth’s lithosphere. The lithosphere can be defined as
the cold outer shell of the Earth, which can support
stress elastically (Anderson, 1989). Alternatively, it is
the crust and a part of the upper mantle that translates
coherently in the course of plate tectonics (Isaacs et al.,
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composition and temperature (Jordan, 1978, 1988;
Poudjom Djomani et al., 2001). The widely adopted
thermal definition considers the lithosphere as a con-
ductive layer above a convecting mantle and associates
the lithosphere—asthenosphere boundary (LAB) with
an isotherm of about 1300 °C (Artemieva and
Mooney, 2002). The LAB is also associated with a
layer of increased electrical conductivity caused by
partial melting (Jones, 1982). Various physical param-
eters need not necessarily describe the same boundary.
However, several studies demonstrate an agreement
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between the lithospheric thickness as derived from
seismological, thermal and electromagnetic observa-
tions (Anderson, 1989; Praus et al., 1990; Babuska and
Plomerova, 1993).

Seismology finally defines the lithosphere as the
high-velocity outer layer of the Earth, which is at
many places underlain by the low-velocity zone
(LVZ), a region of diminished velocity or negative
velocity gradient in the upper mantle (Gutenberg,
1959). From this and isostatic studies, it has been
concluded that a weak region underlies the relatively
strong lithosphere. As a consequence, it has been
called the asthenosphere. As several physical param-
eters change at the bottom boundary of the litho-
sphere, it appears to be one of the most significant
discontinuities in the seismic stratification of the
upper mantle (Gaherty et al., 1999). The seismic
definition describes the LAB from the point of view
of mean isotropic velocities. However, since the
1960s, an incompatibility of Love- and Rayleigh-
wave dispersion has been found in several studies
(Anderson and Harkrider, 1962; Aki and Kaminuma,
1963; Anderson and Toksoz, 1993). The incompati-
bility between isotropic shear velocities inferred from
Love and Rayleigh waves is generally considered a
strong diagnostic for the presence of anisotropy in the
upper mantle. During the last decade, several studies,
based on surface-wave inversions and shear body-
wave splitting, have focused on the modelling of
seismic anisotropy (Silver, 1996; Montagner, 1998;
Debayle and Kennett, 2000). It has been generally
accepted that the uppermost mantle is anisotropic
from the point of view of propagation of seismic
waves (Anderson, 1989; Babuska and Cara, 1991).
Montagner and Tanimoto (1991) found that about 2%
anisotropy is required in their global 1D anisotropic
model of the Earth down to a depth of 200 km. Both
surface- and body-wave studies show that strong
shear anisotropy is restricted to the upper 200—300
km (e.g., Leveque and Cara, 1983; Gaherty et al.,
1999). A two-layered anisotropic model (Debayle
and Kennett, 2000) is constrained by the azimuthal
anisotropy of SV waves. In the upper layer (down to
about 150 km), the anisotropy is related to past
deformation frozen in the lithosphere and in the lower
layer it reflects present-day deformation due to plate
motion. Seismic velocity anisotropy is defined as
kp=100(vp™ — vp™™)/vp™™ (%) for longitudinal

P-waves and similarly for shear waves (ks). Values
of kp about 6—9% and kg about 4% were found in
several regional studies of lithospheric anisotropy
based on body waves and xenoliths (Babuska et
al., 1984; Mainprice and Silver, 1993; see also
Silver, 1996; Savage, 1999 for reviews of shear-wave
anisotropy).

Characteristics of the upper mantle anisotropy
change both vertically and laterally. In the continental
mantle lithosphere, we observe dipping orientation of
the high-velocity directions which are consistent
within individual lithospheric domains (Babuska et
al., 1993; Plomerova et al., 1996, 2000, 2001; Levin
et al., 1996; Houseman et al., 2001). Distinct and
abrupt changes in 3D orientation of anisotropy often
relate to prominent tectonic boundaries between indi-
vidual lithospheric domains, which have been as-
sembled during a continental accretion. Individual
continental domains of the lithosphere have different
histories, tectonic development and origin. Therefore,
a ‘frozen-in’ origin of seismic anisotropy in the
continental mantle lithosphere is the most plausible
explanation rather than being formed by the stress
field due to the present-day plate motion (Savage,
1999). The structure of the oceanic lithosphere seems
to be simpler. The high velocities due to the lattice-
preferred orientation (LPO) of olivine are subhorizon-
tal and aligned approximately parallel to the ancient
sea-floor spreading (Nicolas and Christensen, 1987,
Barruol et al., 1997).

In the sublithospheric part of the upper mantle,
both beneath continents and oceans, the high-velocity
directions are explained by the ag-axes of olivine
crystals oriented parallel to a present-day flow. The
upper mantle flow is prevailingly subhorizontal in a
global scale, with several local ascending or descend-
ing currents (Montagner, 1994). Similarly, according
to orientation of anisotropy, one can model a generally
oriented, dipping anisotropy in the continental litho-
sphere and a subhorizontal anisotropy in the sublitho-
spheric mantle. If it is so, a boundary between the two
anisotropic layers should exist in the upper mantle
(Gaherty and Jordan, 1995). Therefore, besides a
difference in the thermal state of the lithosphere and
asthenosphere, and in isotropic seismic velocities, a
change in seismic anisotropy may be distinctive for
the LAB. Due to seismic anisotropy, the velocity
contrast related to this boundary can be much larger
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than that which could be produced by compositional
variations and thermal state alone (Babuska and Cara,
1991; Sobolev et al., 1997).

The Lehmann discontinuity (L) was originally
associated with the lower boundary of the astheno-
spheric LVZ (Lehmann, 1961) or with the top of a
region of high-velocity gradient between 250 and 350
km depth. Later, it was proposed as a discontinuity
separating anisotropic layers in the upper mantle at
average depth of 220 km world-wide (Leven et al.,
1981; Revenaugh and Jordan, 1991; Karato, 1992; see
also Gaherty and Jordan, 1995 for a review). Savage
(1999) considers L as a possible boundary between
““frozen-in’ past anisotropy and present strain.”

In this paper, we propose a model for the disconti-
nuity between the ‘frozen-in’ seismic anisotropy and
the anisotropy due to present-day flow in the upper
mantle. The discontinuity is mapped through changes
of depth-dependence of relative polarisation aniso-
tropy (€r), formerly also called radial anisotropy,
and azimuthal (G) anisotropy of surface waves (Mon-
tagner, 1994; Babuska et al., 1998). We associate
depths of the transition between the fossile seismic
anisotropy and the anisotropy due to present-day flow
with depths of the LAB.

2. Mapping changes in the upper mantle anisotropy

Surface-wave anisotropy, which relates to S-wave
anisotropy, is determined by the two parameters of
anisotropy, ¢ and G, depending on elastic coefficients
(i), as well as on velocities. The polarisation aniso-
tropy is defined as &=(N— L)/L = 2(vsg — vsv)/Vsvs
where N=pvay=1/8(c1;1 + c22) — 1/4(c12) + 1/2(cqs)
and L= pv3y=1/2(cqs+css), and where p stands for
density. The ¢ expresses differences between the
horizontal (vsy) and vertical (vgy) shear velocities.
The polarisation anisotropy ¢ can be related to the
orientation of olivine crystals and/or to the type of
flow in the mantle. Basically, ¢ tends to be positive for
a subhorizontal flow and negative for a vertical flow.
The azimuthal anisotropy G( G, ¥/g) expresses azimu-
thal variations of vgy (Montagner and Nataf, 1986)
and it is described by cos G.=(css — c44)/2 and sin
Gs=cs4 terms. The azimuthal anisotropy exhibits 7
periodicity and is given by amplitude G and azimuth
Vg, denoting azimuth along a wave path.

Babuska et al. (1998) studied the depth distribution
of the relative polarisation anisotropy &r=¢E — &,
where &, is for a model anisotropy. Here, the 1D
anisotropic model ACY400 was used for &, (Mon-
tagner and Tanimoto, 1991). The upper 200 km of this
radial reference model based on surface-wave data is
characterised by 2% polarisation anisotropy, which
decreases below this depth down to 400 km. Below
400 km, the model is isotropic. The anisotropic
parameters of the global 3D upper mantle model
(AUM) are given as a 10X 10° grid down to 500
km depth, with a vertical resolution of about 50 km
down to 200 km depth, with an error of less than 1%.
Resolution decreases with increasing depth. The per-
turbations from the model, &g, are approximately
+ 5% within the upper 150 km. Simons et al.
(1999) found that lithosphere shear-wave speed,
derived from Rayleigh waves recorded at a dense
portable array in Australia (van der Hilst et al.,
1998), varies as much within domains of similar
crustal age as between units of different ages. Never-
theless, considering both the polarisation and azimu-
thal anisotropy of Love and Rayleigh waves allowed
us to infer an age-dependent large-scale fabric in the
mantle lithosphere. Original manual standardisation of
depth-dependence of i for the North American and
Eurasian continents (Babuska et al., 1998) was auto-
mated in this paper and extended to the global data.

Depth distributions of relative polarisation aniso-
tropy &g in a 10 X 10° grid can be divided into five
main groups according to their specific depth-depend-
ence in the upper 200 km (Fig. 1). Two of the types,
marked as Types 1 and 4, exhibit negative deviations
in the uppermost mantle (specifically between 45 and
80 km) relative to model ACY400. While the &r
decreases in this depth interval and reaches a mini-
mum at depth about 100 km, the &R of Type 4
increases from negative to positive values with depth.
Other two types, Types 3 and 2, exhibit distinct
positive deviations. Type 3 is characterised by either
a monotonous decrease of g with depth below about
70 km, or, it exhibits a minimum at depth below 200
km (triangles and dots in Fig. 1, respectively). g of
Type 2 shows a minimum at depth above 200 km.
Type 5 does not show clear negative or positive
deviations from the reference model and varies with
depth within a %+ 0.5% limit relative to its mean value
in the upper 150 km.
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Fig. 1. Examples of five types of the specific depth-dependence of the relative polarisation anisotropy &g =& — &, (dashed line marks—&g). The
polarisation anisotropy ¢ measures the difference between the horizontal and vertical shear-wave velocities. Types 1, 2 and 3 are mostly
observed in Precambrian, Phanerozoic and oceanic regions, respectively. Type 4 represents transitional regions and Type 5 regions with
minimum deviation from the 1D model. Parameters of the surface-wave anisotropy (¢ and G) were extracted from the global 3D anisotropic
model AUM and ¢ is the reference 1D anisotropic model ACY400 (Montagner and Tanimoto, 1991).

Lateral variations of the type are systematic and
indicate regions with similar & (Fig. 2). However,
there is a subtle difference between Types 2 and 3,
corresponding to orogenic and oceanic lithosphere
(see below). In some regions of northern Africa or
western North America, the depth distributions are
very similar at around 200 km depth. On the other
hand, world-wide comparison of the polarisation
anisotropy g in the mantle lithosphere, at a scale
10 x 10°, correlates to a certain degree (Babuska et
al., 1998) with the age of continental provinces (e.g.,
Zandt and Ammon, 1995; Kusky and Polat, 1999) and
types of the Earth’s crust (Mooney et al., 1998). The
surface-wave anisotropy beneath Precambrian shields
and platforms is characterised mostly by negative &g
(mostly Type 1, see Fig. 1), indicating that vgy ~ vy
or even vgy = vgy at some depths. Due to the fact that
the five types of characteristic depth distribution of
polarisation anisotropy &r are ascribed to 10 X 10°
intersections, they represent a very large volume of
the mantle lithosphere. Therefore, relatively small size
features of crustal tectonics, e.g., narrow orogenic

belts surrounded by large Precambrian units, are not
reflected in the map of types in Fig. 2.

The maximum perturbation of the relative polar-
isation anisotropy is at depths of about 100 km
(Babuska et al., 1998). In western Australia, the spe-
cific depth-dependence of ¢y is of Type 1 with values
larger than — 2%, while the minima of g commonly
found in Precambrian regions attain — 5%. This means
that vgy is comparable with vgy, or it remains larger
than vgy beneath the Australian continent. This is in
agreement with results of the surface wave tomography
(Debayle and Kennett, 2000). On the other hand,
beneath Phanerozoic regions and beneath oceans, &g
is positive, reflecting that vgi>vsy. Though the types
are ascribed to the intersections of the 10 X 10° cells,
due to the long wavelength of the surface waves, the
dependence represents a relatively large volume of the
upper mantle, which extends with increasing depth.

The polarisation anisotropy ¢ provides information
regarding the ratio of vgy/vsy, while the depth dis-
tribution of azimuthal anisotropy G shows variations
in amplitude and orientation of vsy. Several compo-
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Fig. 2. World-wide distribution of the five types of Eg(%) specified in Fig. 1 and shown for 10 X 10° grid. The triangles mark intersections where
the depth-dependence of £ could not be assigned to any of the five types or were checked manually (9% of the total number).

nents can be recognised in depth distributions of G,
which reflects namely the anisotropy of the crust, the
mantle lithosphere and in the sublithospheric mantle.
The azimuthal anisotropy differs in amplitudes and in
orientation with depth. Usually, the strongest aniso-
tropic signal in G is observed in the mantle lithosphere
beneath the continents, while beneath the oceans, the
azimuthal anisotropy in the mantle lithosphere and in
the sublithospheric mantle are often comparable (see
Fig. 3¢). The relatively strong signal of G beneath the
oceanic plates is most likely related to the well-
developed asthenospheric LVZ beneath the oceans,
with its upper boundary denoted as the Gutenberg
discontinuity (Revenaugh and Jordan, 1991). The
weakest sublithospheric signal of azimuthal aniso-
tropy is found beneath stable Precambrian cratons.
We inspect the characteristics of the depth distribu-
tions of polarisation anisotropy &g and azimuthal
anisotropy G(G, yg) to estimate the depth of the
transition from the ‘frozen-in’ anisotropy in the litho-

sphere to the anisotropy reflecting the ‘present-day’
flow in the asthenosphere (Silver, 1996; Barruol et al.,
1997; Savage, 1999). Assuming the anisotropic signal
need not be coherent in the mantle lithosphere and
sublithospheric mantle, we look mainly for a change in
orientation (/) and in amplitude ( G) of G. The change
is located above the extreme of &g, which reflects the
present-day mantle flow (Fig. 3). The changes in
anisotropy were located automatically as either a dis-
tinct change in azimuth g, or they were estimated
from a defined decay in amplitudes for the case of
coherently oriented azimuthal anisotropy in both layers
(Fig. 3d).

The minimum of &r of Type 1 (Fig. 3a), found
mainly in the Precambrian areas with a thick crust (see
Fig. 2), marks a depth where vgy = vy, indicating a
rather steep dip of high-velocity orientation frozen in
the lithosphere (Babuska et al., 1998). We note that
vgy is absolutely larger than vy if £g <— 2% at depths
shallower than 200 km. Therefore, the discontinuity is
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Fig. 3. Determination of depths of a discontinuity in anisotropy (full circle) related to the LAB for three basic types of the depth-dependence of
R (triangles). Changes in orientation (a, b, c¢), or in amplitudes (d) of the vector G( G, ), where the magnitude of G is proportional to the
length of thick lines in the left-hand side of the figures and azimuth /g is shown clockwise from the vertical, are searched in a depth range
(marked by the interconnected arrows) above the Er(/) extreme related to the mantle anisotropy reflecting the present-day flow in the
asthenosphere. The olivine lattice-preferred orientation due to a past deformation or a present stress field is responsible for the observed seismic
anisotropy of the different origin. The transition is related to the change from the frozen-in anisotropy in the mantle lithosphere to anisotropy
caused by a present-day flow beneath the lithosphere.
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associated with a change of G at a depth between the
minimum and maximum of &g. This maximum marks
a region with vgi>vgy related to subhorizontal mantle
flow. Similarly, for g of Type 2 (Fig. 3b), found
mainly in orogenic belts, the depth of the transition is
again sought between the local extremes; however, the
shallower one is in this case positive as compared with
a negative shallow extreme for Type 1.We suggest that
the upper maximum reflects moderately dipping ani-
sotropic structures frozen in the Phanerozoic conti-
nental lithosphere. For Type 3 (Fig. 3c) the oceanic
crust is very thin and its anisotropy is not resolved by
the long period surface waves. Likewise, the oceanic
lithosphere is thinner as compared to that beneath the
continents. As a consequence, in the upper mantle
beneath the oceans we associate the maximum of &
of Type 3 with the well-developed sublithospheric
LVZ.

Besides the three basic types of &g, we observe two
other shapes of the depth-dependence. A transitional

180° 240° 300°

shape called Type 4, characterised in the depth interval
of 45-80 km by an increase of the polarisation aniso-
tropy from negative values (Fig. 1), was found mainly
around plate margins and in central and southeast Asia
(Fig. 2). At some places, mostly under oceans, pertur-
bations of less than + 0.5% were found; this defines
Type 5. For these two types, a depth for the change of G
was determined manually taking into account the
tectonic environment, as well as the criteria described
above.

3. Global model of lithosphere thickness

A proposed global model of the lithosphere thick-
ness, based on the depth-dependence of the relative
polarisation anisotropy &g and azimuthal anisotropy
G(G, Y) of surface waves, is presented in Fig. 4.
There is a correlation between the depth of the LAB
and the Earth’s tectonics. The thickest lithosphere,

60° 120° 180°

Fig. 4. Proposed global model of the lithosphere—asthenosphere boundary (LAB) defined as a transition between the frozen-in anisotropy in the
mantle lithosphere and anisotropy due to a present-day flow in the sublithospheric upper mantle derived from polarisation and azimuthal

anisotropy of surface waves.
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about 250 km, was found beneath old cratonic areas—
the Archean cratons of North America (Canadian
Shield) and Greenland, central Brazil, the Kaapwaal
and west African cratons, most of Australia, and the
Precambrian of Antarctica. The largest region of a
thick lithosphere extends from Fennoscandia to the
eastern part of the Indian Shield, eastern Siberia and
China, though it comprises, besides extensive shields
and Precambrian platforms, also several young oro-
genic belts as the Himalayas and Tibet. On the other
hand, we have found a thickness only of about 150—
200 km beneath the eastern Siberia, where Artemieva
and Mooney (2002) modelled a very thick thermal
lithosphere.

As mentioned before, the 10 x 10° grid of data
allows us to see only gross features of the litho-
sphere—asthenosphere transition. From this point of
view, Europe represents a small, poorly resolved
region and the complexity of its tectonics can
hardly be detected. However, the proposed model
clearly shows the thin Phanerozoic lithosphere to
the southwest of the Trans-European Suture Zone
(TESZ, Pharaoh, 1999), and the thick lithosphere
beneath the Precambrian East European Platform
and the Baltic Shield to the northeast of the suture.
Surprisingly, vast regions of central Asia with
Phanerozoic crust (Mooney et al., 1998) also show
signs of a thick lithosphere characteristic of cratonic
regions. It is probable that the lithosphere there is
substantially thickened due to the collision of India
with Asia.

As expected, the thinnest lithosphere is observed
beneath the oceans (Fig. 4). In general, the whole
Mid-Atlantic Ridge shows a thickening of the oceanic
lithosphere in direction of the sea-floor spreading.
However, in agreement with Gaherty et al. (1999),
our results do not suggest that a pure cooling process
can explain thickening of the oceanic lithosphere with
age. We also observe a thicker lithosphere in the
Philippine Sea ridge environment (10°N 130°E—
40°N 140°E), which is younger than the Pacific
(20°S 180°E—20°N 200°E), where the lithosphere
is thinner (Fig. 4). However, the accuracy of our
model, based on data which sample the outer shell
of the Earth from 20 km depth with a step of 12 km is
low, especially in oceanic regions with a thin crust and
lithosphere. In addition, the process of lithosphere
thickening from below by a simple cooling cannot

explain the dipping structures observed in the con-
tinental lithospheric domains.

4. Discussion and conclusions

The study of seismic anisotropy, as a distinct phe-
nomenon of the upper mantle due to preferred orienta-
tion of olivine crystals, is a tool to understand the large-
scale fabric of the upper mantle (Babuska and Cara,
1991). Various approaches, based on analyses of body
waves, reveal dipping anisotropic structures in conti-
nental provinces (Babuska et al., 1993; Plomerova et
al., 1996; Levin et al., 1996; Frederiksen and Bostock,
2000). A method of constructing three-dimensional
(3D) self-consistent anisotropic models (Sileny and
Plomerova, 1996) of the continental lithosphere allows
us to detect lateral changes of the large-scale fabric of
individual lithospheric blocks. The changes occur at
boundaries of lithospheric blocks. A concept of aniso-
tropic domains of the mantle lithosphere (Plomerova et
al., 1996, 2000) resulted from these findings. Aniso-
tropy of the lithospheric domains is interpreted as
having a ‘frozen-in’ origin (Babuska and Cara, 1991;
Savage, 1999; Debayle and Kennett, 2000). A complex
and most probably vertically varying anisotropic struc-
ture of the lithospheric domains, e.g., beneath Australia
(Clitheroe and van der Hilst, 1998; Kennett, 2001), is
reflected in laterally varying azimuthal anisotropy
derived from the shear-wave splitting. Moreover, Salt-
zer et al. (2000) showed on synthetics that such
structures, represented, e.g., by a two-layered aniso-
tropic medium, can even produce a ‘null’ splitting
despite the fact that waves travelled through a strongly
anisotropic medium. Considering only simple one-
layered anisotropic model of the upper mantle with
horizontal axes can be then interpreted as a discrepancy
between anisotropic observations of surface and body
waves. Anisotropy produced by shear deformation
along prominent sutures (McNamara et al., 1994;
Barruol and Souriau, 1995; Vauchez et al., 1998)
represents one component of the observed effective
anisotropy. Different types and orientations of aniso-
tropic structures, detected by body-wave observations
in continental domains are integrated by observations
of long-period surface waves.

The analysis of the depth distribution of surface-
wave anisotropy (Montagner, 1994) is a challenge.
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Large-scale anisotropic structures of the mantle litho-
sphere can be modelled by olivine (a,c) foliation
planes plunging steeply beneath Precambrian shields
and platforms, compared with Phanerozoic provinces
and oceans, which show moderately dipping (a,c) or
subhorizontal foliation (Babuska et al., 1998). There-
fore, Mohorovicic, Lehmann and Gutenberg upper
mantle discontinuities, originally associated with dis-
tinct changes in average seismic velocities, can also be
related to changes in seismic anisotropy. In our
attempt to model the LAB, we associate its depth
with changes in anisotropy due to the difference in its
origin. We define the LAB as a transition between a
‘frozen-in’ anisotropy in the mantle lithosphere and a
present-day anisotropy due to a flow in the sublitho-
spheric mantle. The modelling is based on changes of
azimuthal G(G, Yg) and relative polarisation &i
anisotropy of surface waves with depth.

Various estimates of the LAB are based on isotropic
seismic velocities (Babuska and Plomerova, 1993),
especially in velocity—perturbation tomography stud-
ies (Iyer and Hiraharam, 1993; Kennett, 1998). Seismic
estimates of the lithospheric thickness have either used
the anisotropy as the base for defining the thickness or
have ignored it. It is evident that due to the differences
in orientation of dipping anisotropic structures (the
(a,c) olivine foliation) in the continental subcrustal
lithosphere and the asthenosphere, the lithosphere—
asthenosphere velocity contrast can increase. Velocity
anomalies in the upper mantle are strongly affected by
different orientations of dipping anisotropic structures
within the mantle lithosphere. Neglecting the seismic
anisotropy, which cannot be considered as a second-
order effect (Anderson, 1989), increases errors in the
LAB estimates based on isotropic velocities. Seismic
waves propagating in dipping anisotropic structures
can be misinterpreted as having velocities higher than
their true average in isotropic studies. This can produce
a false high-velocity heterogeneity, e.g., a high-veloc-
ity lithospheric slab (Sobolev et al., 1997). In regions
with steeply dipping high velocities, the isotropic
studies can result in an over estimate of lithosphere
thickness.

The thickest continental lithosphere, independent
of method used, is found beneath the Precambrian
cratonic areas. However, the common thickness of
200-250 km derived from changes of anisotropy
(Fig. 4) is smaller than the thickness up to 350—400

km, found in global seismic tomographic studies (e.g.,
Zhang and Tanimoto, 1993; Grand, 1994). Depths of
the lithospheric roots shallower than those from the
global models are also reported from regional tomo-
graphic studies (Bijwaard et al., 1998; Ritsema and
van Heijst, 2000; Debayle and Kennett, 2000) and are
supported by thermal estimates (Artemieva and
Mooney, 2002). Shallower depths for the LAB are
in agreement with models of mantle convection
assessing to these depths equilibrium of cratonic roots
and a secondary convection (Doin et al., 1997).
However, accuracy of intrinsic values—parameters ¢
and G—with a depth resolution of 50 km, limits the
accuracy of the model. Moreover, especially in con-
tinental regions, the 10 X 10° grid of data is not
sufficient to detect short-wavelength topography at
the base of the LAB. Therefore, a more detailed study
with a higher density of anisotropic information will
be the target of future research.

We conclude that the boundary between the fossile
seismic anisotropy and the anisotropy due to present-
day flow in the upper mantle determined from
changes of depth-dependence of relative polarisation
anisotropy (£g) and azimuthal (G') anisotropy of sur-
face waves can be associated with the LAB. The
proposed global model shows the thickest lithosphere
up to 200—250 km beneath Precambrian shields and
platforms, as well as beneath several collision zones in
Asia; the lithospheric thickness decreases to about 100
km, on average, for the Phanerozoic continental
regions, and up to 40—70 km beneath oceans.
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