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Abstract

We investigate the Tibet—Quinghai plateau and the Tarim basin in terms of spatial variations of the elastic thickness
(T.) in the frame of the thin plate flexure model. The method of investigation makes use of a convolutive method,
which allows high spatial resolution of the flexure properties and overcomes some of the problems tied to the spectral
admittance/coherence methodologies. We study the relation between the topographic and subsurface loads and the
observed crust-mantle interface (CMI) undulations, the latter having been obtained from gravity inversion. The
gravity data used for the inversion are a unique set of high quality data available over the Chinese part of the plateau,
and constitute the highest resolution grid today available in this impervious area. The gravity inversion is constrained
by results from the study of the propagation of seismic waves. The two extensive sedimentary basins, the Tarim and
the Qaidam basins, are modeled by forward gravity modeling. The oscillations of the CMI obtained from the gravity
inversion agree well with those expected by loading the thin plate model of spatially variably elastic thickness with the
surface and subsurface loads. It is found that the modeling of the sedimentary basins is essential in the flexure
analysis. The spatial variations of elastic thickness correlate with the extensions of the different terrains that constitute
the plateau. Most of the Tibet plateau has low T, varying in the bounds 10-30 km, with lower values in the
Qiangtang terrain, where the 7, reaches 8 km. The Tarim and the Qaidam basins, Precambrian platforms overlain by
sediments, are rigid and have a T, of up to 110 km and 70 km, respectively. The flexural analysis distinctly discerns
the Tibet plateau, with thick crust, part of which is molten, from the cratonic areas, the Tarim and Qaidam basins,
which though of thinner crust, act as undeformable rigid blocks.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Tibet and Quinghai, whose 5000 m average height
makes it an interesting topic for isostasy studies.

The investigated area regards the plateau of Fig. 1 shows the topographic map of the area,
and the main features are recognized: the massive

plateau, which along its southern and western
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Fig. 1. Topography of Tibet—Quinghai plateau. Main towns and rivers are shown.

range towards the North. The further impor-
tant depression is the Qaidam basin to the north-
east of the plateau. In Fig. 2 the main structural
lines are reported, which are the Main Bound-
ary thrust, the Jarlung Zangbo suture, the Bang
Gong Nujiang suture, the Jin Sha Suture,
the Kunlun suture, and the Altyn Tagh fault.

Starting from the 1980s the crustal structure of
Tibet has been investigated by geophysical studies
in the frame of the GGT, PASSCAL and IN-
DEPTH/GEDEPTH projects. The best studied
area refers to the SW-NE trending profile AA’
(Fig. 2) connecting Lhasa and Golmud. The
Tibet crust was found to be about 70-80 km
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Fig. 2. Main structural elements and main tectonic lines in the Tibet—Quinghai plateau. The profile AA’ is discussed in the text.
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thick with a probably partially molten crust
beneath the depth of 20-30 km, characterized
by high conductivity and a seismic low-velocity
zone [1-6].

Our investigation of the Tibet-Quingahi pla-
teau is made in the frame of an Italian—Chinese
cooperation project started in 1997, that in its first
stage achieved the inversion of the observed Bou-
guer gravity data in terms of crustal thickness
variations over the entire Tibet plateau [7,8].
The present paper reports on the results from
the second stage of the cooperation that includes
a refinement of the crustal thickness model, by
taking into account the gravitational effect of ex-
tensive superficial structures (e.g. basins). Further-
more, the observations are used to formulate an
isostatic thin plate flexure model (e.g. [9]).

Regarding the model of thin plate isostatic
compensation, the Tibet-Quinghai plateau and
neighboring areas have been studied in the past
by several authors. The Western Himalayas and
the Karakoram Range, including parts of the Ta-
rim basin, have been investigated by Lyon-Caen
and Molnar [10], and Caporali [11-13]. Lyon-
Caen and Molnar [10] model the observed gravity
values along a profile across the Tarim basin and
reaching the Kun Lun range by a flexing plate of
constant 7,=40 km (flexural rigidity 5Xx10%
Nm), and local type compensation (7.=0 km)
starting from about 100 km SE of the Tarim ba-
sin. Caporali [11-13] studies the Bouguer and to-
pography along profiles crossing the Karakoram
and Western Himalaya and reaching into the Ta-
rim plate. The Tarim plate is found to be consid-
erably more rigid than the Karakoram Range.
From spectral analysis it is inferred that in the
Western Himalaya and Karakoram the litho-
sphere is rheologically layered, with a strong
upper crust and upper mantle separated by a
weak lower crust.

The Himalayan range was studied by Lyon-
Caen and Molnar [14], Karner and Watts [15]
and Royden [16] along profiles extending from
the Ganga basin across the Himalayas into the
southern portion of the Tibetan plateau. The
studies agree essentially in modeling the observed
Bouguer values with the flexure of the under-
thrusting Indian plate by the load of the sedi-

ments of the foreland basin and the weight of
the mountain range. The Indian plate is estimated
to have a T. of 80-100 km. Lyon-Caen and Mol-
nar [14] find a decrease of T, beneath the Greater
Himalaya to values of 10-20 km. The Tibet pla-
teau was investigated with the pioneering works
of Jin et al. [17,18]. The average admittance and
coherence curves between the topography and
Bouguer fields were estimated over a rectangular
area covering the central part of the plateau and
were modeled by a constant 7, lying between 40
and 50 km. Correlation studies of the topography
and the Bouguer gravity fields suggested the pres-
ence of a weak decoupling zone between the Ti-
betan crust and upper mantle [17]. The forward
modeling of the Bouguer gravity field along six
profiles crossing Tibet was made with a 2D flex-
ural model, where the elastic plate was allowed to
have variable T.. The plate was modeled as being
composed of the Eurasian and the Indian plates,
separated by a suture fault. The Indian plate has
higher values of 7, to the south (90 km), below
the Ganga plain, decreasing to a value of 30 km
below the plateau. The value of the Eurasian plate
is 45 km in Tarim, decreasing to 35 km below the
plateau [18]. Burov and Diament [19] investigate
the flexure over the Tarim basin by 2D analysis
using the model of a multilayered crust and lith-
osphere and non-linear mechanical parameters.
The crust and mantle are divided each into a brit-
tle, elastic and ductile layer. They show that the
non-linear and linear elastic modeling lead to es-
sentially the same results, as long as the second
derivative of flexure is less than about 1077 1/m.
The 2D linear modeling predicts an elastic thick-
ness of near to 60 km, which produces essentially
the same results as the non-linear modeling, where
the CMI is set at 50 km depth, the crustal part of
the lithosphere has zero strength below 20 km,
and the lithosphere has zero strength below 120
km depth.

Although the Tibet plateau and surrounding
areas have been studied before by flexure analysis,
these studies were limited to profiles. In the
present work the 2D spatial variations of 7, in
the entire Tibet and surrounding areas are mod-
eled, which overcomes the problems that arouse
in comparing 7, values obtained with different
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methodologies and model parameters. The model
we use in the flexure analysis is as follows. The
lithosphere is assumed to deform elastically in re-
sponse to sufficiently old loads (> 10° yr) accord-
ing to the thin plate model. The flexural rigidity
of the lithosphere is allowed to vary spatially. The
lithosphere is allowed to have density variations
that are considered as internal loads and added to
the external topographic load. The usefulness of
the investigations of 7, has been illustrated by
Burov and Diament [20], who developed an ana-
lytical and numerical approach to explain 7¢ in
terms of the lithospheric rheology, thermal struc-
ture, and strain/stress distribution, allowing a
means to constrain the lithospheric structure
from estimates of 7.

The flexure modeling is accomplished in the
spatial domain in a manner similar to the one
proposed in Watts et al. [21], pursued later by
Cazenave et al. [22], and the 7. is modeled in
2D. The methodology involves the convolution
of the load with the point load response function
of the elastic plate model, obtaining the model
flexure. The model flexure is compared to the ob-
served flexure of the lithosphere. The observed
flexure of the lithosphere is assumed to be equal
to the CMI undulations, which are obtained
by gravity inversion. All geophysical constraints
regarding structure or geological models, from
which density variations can be desumed, are tak-
en into account in order to obtain a model of the
CMI undulations by inversion of the observed
gravity data.

We adopt a modified version of the CMI depth
model reported in Braitenberg et al. [7] that is the
result of a gravity inversion with the constraint of
active and passive seismic investigations. In the
improved version, the gravity effects of the two
great sedimentary basins, the Tarim and Qaidam
basins, are computed by 3D forward modeling,
relying on existing models of the densities and
depths of the basins.

2. Inverse modeling of the spatial variations of
flexural properties

The thin plate flexure model predicts that the

outermost layers of the earth respond to long
term loads (> 1 Myr) analogous to a thin elastic
plate overlying an inviscid fluid. The loads are
made up of the sum of the topographic and sub-
surface loads. The flexure w(7"), with 7 = (x,y),
of the plate loaded by a load A(7"), in frequency—
space is defined by (e.g. [9,23]):

—

W(?)Z#DWHU‘) (1)
Pm—Pc+ gl I

Where W(?) is the Fourier transform (FT) of the
flexure w(7) of the median line of the plate,
H( k) is the FT of topography, pm, p. are respec-
tively the crust, and mantle densities, g is the nor-
mal gravity, k = (ky, k) =2n(v,, V) is the two-
dimensional wave number, v, and v, are the spa-
tial frequencies along the x- and y-axis, respec-
tively, and D is the flexural rigidity of the plate,
which is a function of Young’s modulus E, the
Poisson ratio o, and the equivalent elastic thick-
ness 71, as:

ET?

== @

In our paper we refer to the elastic thickness in-
stead of to the flexural rigidity, which implies a
choice of a rheological model. We refer to stan-
dard values with E=10"" Pa and 6=0.25. The
elastic thickness must be scaled accordingly for
a different choice of the rheological model.

By taking the Fourier inverse transform of Eq.
1, the relation between the two quantities is given
in space by the relation:

w(7) = s(7) * h(T) (3)

which is the convolution product of the load 4(7)
with the point load flexure response function
s(7).

In the thin plate flexure model, it is generally
assumed that the flexure w(7’) approximately
equals the deviations from the flatness of the
CMI. By using a series of flexure response func-
tions in the convolution, each corresponding to a
value of T, between 0 km and 110 km, with a step
of 0.5-10 km, we obtain the corresponding undu-
lation of the flexure CMI. In order to compute
the spatial variations of 7., the root mean square
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(rms) difference between the observed CMI and
the flexure CMI undulations can be determined
on square windows of side lengths L. The inverted
T. for the specific window is the one that mini-
mizes the rms error, and thus achieves the best-fit
approximation of the observed CMI. A detailed
description of the flexural modeling by the con-
volution method is made in Braitenberg et al. [24],
where the methodology was tested on a synthetic
model and applied to the Eastern Alps.

3. The model of the depth to the CMI

As shown above, the modeling of the T. is
made by a best fit of the flexure CMI with an
independent CMI model. Over Tibet observed ter-
restrial gravity data and seismological constraints
on the crustal structure were combined to formu-
late a solution of the undulations of the CMI
[7,8]. We refer to these two papers for details on
the gravity database and the modeling. The CMI
was obtained by application of an iterative hybrid
spectral—classical inversion approach which has
already been extensively tested on synthetic mod-
els [25] and in various geographical areas as the
Alps [26-28] and Karakorum [29]. The method is
an alternative to the approaches of Oldenburg
[30] and Granser [31].

3.1. The basins

An improvement with respect to the CMI mod-
el of Braitenberg et al. [7,8] was achieved by tak-
ing advantage of the fact that now a model of the
two great sedimentary basins, the Tarim and Qai-
dam basins, is available. The Tarim and Qaidam
basins, having great horizontal extensions and
considerable thickness, affect the gravity field con-
siderably. Although in gravity inversion studies
the fields due to superficial and deep masses can
be separated respectively by frequency filtering to
a certain extent (e.g. [32]), the separation fails
with very extensive structures. It was shown by
Jin et al. [17] that gravity variations in the Tibet
area longer than 150-200 km are likely due to
masses seated at depths of 50-100 km, that is at
CMI level. In Braitenberg et al. [7,8] the gravity
effect of the sediments was reduced by frequency
filtering the observed gravity field, according to
the results of Jin et al. [17], at a wavelength of
200 km. The two basins being of such large extent
(2000 km and 700 km length for the Tarim and
Qaidam basin, respectively), the frequency filtered
gravity data were still affected by the influence of
the basins. Models of the basin thickness are now
available to us on a 0.5 by 0.5 degree grid that
was obtained by integrating a large number of
seismic exploration lines [33]. In Fig. 3 the basin
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Fig. 3. Model of sediment basin thickness for the Tarim and Qaidam basins. The 3000 m topographic isoline has been added

(gray line).
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thickness is mapped. The maximum thickness of
the Tarim basin is 15 km. In the northwestern
part a shallowing of the basin is present, with
depths to about 4 km. On the flanks of this area
the basin steeply falls towards the Tien Shan in
the North and towards the Kun Lun range to-
wards the South. The Qaidam basin is smaller
in extent and has a depth of 10 km. Also a density
model is available and shown in Fig. 4, and refers
to the mean density in a column extending from
the base to the surface. The density modeling was
obtained from the integration of geological and
geophysical investigations and borehole measure-
ments (IGG-CAS database and [34]). The forward
modeling was made by dividing the basin in thin
horizontal slices, the gravity effect of which was

Lon (d
MECE)

evaluated by upward continuation. This proce-
dure is considerably faster than by discretization
with prisms. The gravity effect of the two basins is
given in Fig. 5. The gravity values mainly reflect
the varying depths of the two basins. For the
Tarim the greatest values are found in the south-
ern and northeastern part, where values reach
—100 mgal (1 mgal=10"> m/s?), for the Qaidam
basin the correction is also considerable and is up
to —96 mgal.

3.2. The undulations of the CMI
The gravity effect of lithospheric thickening is

modeled separately, adopting the lithospheric
thickness model of Zhou et al. [35], and a density
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Fig. 5. Gravity effect of Tarim and Qaidam basins. The 3000 m topographic isoline has been added (gray line).
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contrast of lithosphere to asthenosphere of
0.04x 10° kg/m3. Details on the lithospheric mod-
el and on the modeling can be found in Braiten-
berg et al. [7,8].

The gravity field of the basin model and of the
lithospheric thickening is used to prepare the ob-
served Bouguer field for the CMI gravity inver-
sion, obtaining the values graphed in Fig. 6. The
corrected Bouguer values over the central part of
Tibet are between —500 and —600 mgal, having
lesser values in the Tarim (between —100 and
—200 mgal) and towards the Qaidam basin (be-
tween —400 and —500 mgal).

The corrected Bouguer field, which is stripped
from the effects of the Tarim and Qaidam basins
and of lithospheric thickening, is used in the grav-
ity inversion of the CMI undulations, repeating
the procedure described in Braitenberg et al.
[7,8]. The CMI is modeled as a continuous plane
of constant density contrast. From a technical
point of view, laterally varying densities could
be introduced into the model, but the complete
lack of constraining information does not allow
such a procedure. The inversion procedure de-
pends on the CMI reference depth, which is the
depth of the CMI for null Bouguer anomalies and
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Fig. 6. Bouguer gravity field over Tibet-Quinghai plateau, corrected for lithosphere and sediment basins. This field is used for
the gravity inversion. The hatching marks the area where no point gravity data were available. Towns, main tectonic lines and

3000 m topographic isoline have been added.
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on the vertical density contrast across the inter-
face. In Braitenberg et al. [7,8] different couples of
the CMI reference depth and the density contrast
were tested, by controlling the solution with the
constraining data. The best agreement was found
for the reference depth d equal to 35 km and the
density contrast across the interface equal to
—0.4x 103 kg/m?.

The solution for the CMI variations according
to the gravity inversion is shown in Fig. 7. Over
the greater part of the plateau, the CMI is at a
depth between 67 and 74 km. The Tarim basin
has a shallower CMI with values between 40
and 50 km, for the Qaidam basin the CMI is at
a depth of approximately 60 km.

4. Flexural modeling

The isostatic flexure modeling is fulfilled by ap-
plying the sum of the topographic and crustal
load to the thin plate model. The flexure is com-
puted by applying the convolution product of the
load with the flexure response function character-
ized by a certain value of the flexure parameter 7,
and the model parameters given in Table 1. The
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Fig. 7. CMI undulations obtained from the constrained gravity inversion and forward modeling. Hatched area, towns, tectonic

lines and 3000 m topographic isoline as in Fig. 6.

flexed surface is compared to the CMI obtained in
the previous paragraph by the constrained gravity
inversion. The flexure parameter 7. is tuned so as
to obtain the minimum of the rms difference be-
tween the flexure and the gravity CMI. The anal-
ysis is carried out on square windows of side
length L that are shifted by the quantity W in
order to cover the entire investigated area. The
side length L determines the spatial resolution
with which the T, is modeled. Tests made on a
synthetic numerical model representing the East-
ern Alps, found that a small value of L leads to
unstable results, and big values of L mask existing
spatial variations of T, so a trade-off between the
two values should be found. In the case of the

Table 1
Parameters used in the flexural modeling

Mantle density P 3.1x10° kg/m?
Crustal density Pe 2.7%x10° kg/m?
Young modulus E 10" Pa

Poisson ratio c 0.25

Grid spacing dx,dy 20 km

Grid size CMI Lx,Ly 2280 km by 3640 km
Grid size Topo Lx,Ly 3600 km by 5600 km

synthetic model, a reasonable value of L was
found to be 120 km. For the Tibet area we have
tested overlapping square windows of 120-250 km
side length shifted by one third of L. We find that
a value of 250 km is adequate for the conditions
of the Tibet area. The larger size with respect to
the synthetic tests is explainable by the fact that
the grid sampling in Tibet is 20 km, whereas the
synthetic model was available at 5 km, in which
latter case the number of values that enter the rms
evaluation is greater.

The load is given by the sum of the topographic
load and the inner-crustal loads. The topographic
load is equal to the product of the topographic
height and the density of 2.7x 103 kg/m?, the
same as used for the topographic reduction.

The calculation of the inner-crustal loads is
done in vertical columns, and in the general case
of a layered crust is expressed by:

N N
Louied = Y _hipi—y_hipe (4)
i1 P

with Lyyurieq inner-crustal loads, A; thickness of the
ith layer, p; density of the ith layer and p. the
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Fig. 8. Total load given by the sum of topographic and inner-crustal loads over the Tibet-Quinghai plateau expressed in terms
of pseudotopography. Hatched area, towns and tectonic lines as in Fig. 6.

density of the reference crust. In our model the
crustal reference density is equal to 2.7 X103 kg/
m?, and the buried load is confined to the sedi-
mentary basin. In Fig. 8 a plot of the total equiv-
alent topography is made, which is the sum of the
topographic and subsurface loads divided by the
crustal density. The inner-crustal loads refer to
the Tarim and Qaidam sedimentary basins. The
resulting spatial variations of T, are plotted in
Fig. 9a, the resulting flexure CMI undulations in
Fig. 9b, and the residual CMI undulations (flex-
ure CMI minus gravity CMI) in Fig. 9c. The
greater part of the Tibet—-Quinghai plateau is
found to have a T, between 11 and 20 km. Lower
values of near to 8 km are found for the Qiang
Tang terrain and in the area limited by the Kun-
lun fault to the South, the Altyn Tagh line to the
North, and the Qaidam basin to the East. The
part of the Qiang Tang terrain that bends south-
wards in the eastern part of the plateau is found
to have higher values of T, between 20 and 40
km. The Qaidam basin has high 7, between 50
and 70 km, the greater part of the Tarim basin
even higher values up to 110 km. The Tarim basin
is found to have the lowest values of 7, in its
southwestern part (between 30 and 20 km), in
correspondence to the area where the base of
the basin shallows to a depth of near to 4 km

(see Fig. 3). The flexure CMI resembles the grav-
ity CMI very closely, as can be verified by com-
parison of Figs. 7 and 9b. The absolute difference
between the two depths is mostly limited to values
between 3 km, as is shown in Fig. 9c.

5. Discussion and conclusion

The Chinese—Italian exchange program FLEX-
OLIT started in 1997 and has produced a unique
opportunity to study the gravity field over the
entire Tibet—Quinghai plateau. In a previous
study [7,8], a first model of the CMI was formu-
lated over the Tibet-Quinghai plateau and the
Tarim basin, using all available results from seis-
mic investigations and performing a constrained
gravity inversion. In the present paper this CMI
model was further improved in correspondence of
the Tarim and Qaidam basins, as the two basins
were modeled by forward gravity modeling,
adopting existing data on the depth and the
mean density of the basins. The correction
amounts to approximately 5 km and produces a
shallower CMI beneath the basins. The CMI re-
flects a model in which the density contrast across
the interface is constant, an assumption that must
be withheld, until sound geophysical arguments
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are found that rebut this hypothesis and allow
quantifying the variations in density. The CMI
is found to be at a depth between 70 and 75 km
over most of the plateau. The Yarlung Zangbo
suture has a deep CMI (75 km), with a shallowing
to values between 65 and 70 km along the Ban-
gong Nujiang suture. The shallowing of the CMI
is paralleled in the topography, which is charac-
terized by a depression of near to 500 m along the

suture. This upwarping of the CMI along the su-
ture was found previously and related to the con-
version process of the Indian and Eurasian plates
by Jin et al. [18] and in a recent revision of all
available seismologic recordings along the profile
AA'’ (Fig. 1) [36]. In the northeastern part of Ti-
bet, comprising the Songpan terrain and the area
limited by the Altyn Tagh line and the Kun Lun
fault, the CMI shallows, with smallest depth val-
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Fig. 9. Results from the lithospheric flexure model. (a) Lateral elastic thickness variations. (b) Depths of the CMI according to
the flexural loading. (c) Difference between the flexure and gravity CMI undulations (positive: flexure CMI deeper than gravity
CMI). Hatched area, main tectonic lines, towns and 3000 m topographic isoline as in Fig. 6.
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ues below the Qaidam basin (near to 60 km). The
Tarim basin has a shallow CMI, with values be-
tween 40 and 50 km. The structure we find for the
CMI correlates with a number of other geophys-
ical observations that have been made along pro-
files or in isolated investigation points. Kao-Honn
et al. [37] characterize the Tarim basin with a
crust with a depth of 42 km, dipping southwards
towards a depth of 50 km. Regarding the N-Tibet
and Qaidam basins, teleseismic recordings were
interpreted with seismic tomography by Wittlin-
ger et al. [38]. The study gives a mean crustal
thickness of 54 km for the Qaidam basin.

The CMI obtained from the gravity inversion is
used to estimate variations in the flexural proper-
ties of the Tibet plateau. We apply the thin plate
flexure model loaded by the topographic and in-
ner-crustal loads. The spatial resolution at which
the flexural rigidity is obtained is very high (250
km) due to the convolution approach, overcoming
the need to calculate the admittance and coher-
ence functions of the gravity field and the load or
alternatively of the CMI and the load. The con-
volution method [24] was tested on a synthetic
model situation and was shown to be a valid
means to recover spatial variations of flexural
properties with a higher resolution compared to

the admittance approach. We express the flexural
properties of the plateau in terms of lateral varia-
tions of Tk.

When applied to the Tibet—Quinghai plateau
and the Tarim basin, the resulting map of 7. re-
veals dramatic differences in the different terrains.
The Tibet—Quinghai plateau has a 7, of 10-30
km, with a lowering to 8§ km found in the Qiang
Tang terrain and north of the Kun Lun fault.
Very much higher values are found for the Tarim
(up to 110 km) and the Qaidam basins (up to 70
km). Burov and Diament [20] undertake a model-
ing of 7T, in different situations taking the yield
stress envelope of the lithosphere into account.
One major controlling factor is the mechanical
decoupling of crust and mantle, which leads to a
drastic reduction of the value of T.. In the case of
a layered model of the lithosphere, the T is given
by an approximate relation that depends on the
depth of the CMI (k), the depth below which the
crustal part of the lithosphere is ductile (/#;) and
the depth below which the mantle part of the lith-
osphere is ductile (/). The relation is [20]:

Te =3/l + (ha—h)> ~max(h, h—hy) ®)

The thickness /; is greatly controlled by the geo-

EW (km)
Fig. 9 (Continued).
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Fig. 10. Seismicity for the years 1980(Jan)-1992(March) over the Tibet—Quinghai plateau. Circles for events with magnitude
4= M<5, triangles for 5= M <6, and squares for M =6 [42]. Main tectonic lines, rivers and towns have been added.

thermal gradient, with a shallowing for steeper
gradients.

A recent compilation of heat flow data in China
mainland, including Tibet, has been made by
Wang [39]. The Tarim basin (45 mW/m?) and
the Qaidam basin (54 mW/m?) have low heat
flow, with respect to the Southern Tibet flow (82
mW/m?). The Qiang Tang fold belt is also found
to have a low heat flow value of 45 mW/m?. Our
findings regarding the 7, variations correlate well
with the heat flow values, in that the high heat
flow of most of Tibet correlates with the low T,
values, and the high 7. values of the Tarim and
Qaidam basins correlate with the lower heat flow
values. An exception to this correlation is found
in the Qiang Tang belt, where we obtain low T,
values, but heat flow is also low. Presently the
characterization of the Qiang Tang heat flow re-
lies on one single heat flow measurement, and it
cannot be ruled out that the low value pertains to
a local anomaly. The low T, values found for the
Tibet plateau comply with the findings from MT
(Magnetotelluric) surveys that interpreted the un-
usually high midcrustal electrical conductivity ex-

tending across the Lhasa block and the Qiang
terrain with the presence of partial melt along
grain boundaries. The top of the midcrustal con-
ductive layer along the SW-NE trending profile
passing through Lhasa and Golmud was found to
be between 15 and 25 km depth [40]. We find
higher T, values in the eastern part of the Qiang-
tang terrain, across the Jinsha suture. Our find-
ings indicate that a structural change occurs in
this area, along with a southward bending of the
main structural features. Apart from the low heat
flow values, the high 7, found for the Tarim basin
correlates well with other properties, such as the
seismicity, geological considerations and the re-
cent deformation revealed by GPS. The Tarim
basin is known to be near to aseismic and to de-
form relatively little. This has been proposed be-
fore to be tied to the fact that its strength is high-
er than the one of its surrounding areas [41].
Theoretical modeling using a viscous layer acted
on by a rigid block indenter showed that an in-
crease in strength would predict a relatively low
lying area, a normal thickness crust surrounded
by higher topography and thicker crust, with rel-
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atively small strain rates and total strain within
the basin [42]. Interpretation of recent GPS ob-
servations has shown that the Tarim basin has
very little inner deformation, and rotates like a
rigid block [43]. A map of the seismicity for the
period January 1980 to March 2002 gives a con-
firmation of the fact that the Tarim basin hardly
deforms (Fig. 10), where all events with M =4 are
displayed. Circles refer to events with magnitude
4= M <5, triangles to 5= M <6, and squares to
M =6, according to the catalog published by
NEIC [44]. It can be seen that the Tarim basin
is near to being aseismic, although seismicity is
strong along its margins. Also the Qaidam basin
has low values of seismicity, compared with its
surrounding areas. The high T, values of the Ta-
rim basin conform to other cratonic areas [20].

Our study has shown that the crustal model
obtained from constrained gravity inversion and
forward modeling leads to a consistent model in
terms of lithospheric flexure. The depth to the
CMI obtained from the gravity study is in good
agreement (mostly within 3 km) with the undula-
tions of the CMI expected for the flexural model,
which has spatially varying elastic thickness T.
The elastic thickness variations we find definitely
separate the Tarim and Qaidam basins from the
Tibet—Quinghai plateau, as the two basin struc-
tures appear to be much more rigid with respect
to the Tibetan crust. Although the Tibetan crust
is much thicker than the basins, it has low elastic
thickness values, which is in accordance with the
observations of heat flow, seismic velocities and
electrical resistivity which have been interpreted
due to the presence of a partially molten mid-
crust.
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