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subduction process along the Pacific border. Stress
investigation in the continental crust is a very im-
portant problem not only for science but also for the
practical purposes. There are four main factors which
produce tectonic stresses: gravity anomalies of the
crust, density inhomogeneities, deformation from
area with intraplate collision, residual elastic defor-
mations and underthrust stresses conditions from
convective mantle. We present the stress model of
the crust and lithosphere for the Central and Sou-
thern Asia on the basis of the finite element mode-
ling. For the crust we take the elasto-plastic rheol-
ogy with Drucker-Prager criterion. In the lithosphere
the elasto-plastic model with von Mises criterion is
assumed. We investigated stresses which are pro-
duced by the crustal density inhomogeneities and
surface relief. The calculations are done using the
U-WAY finite element code [Vlasov et al., 2004]
developed at the Institute of Applied Mechanics
Russian Academy of Sciences (similar to the Nas-
tran program). Density inhomogeneities are based
on the AsCRUST-08 crustal model [Baranov, 2010],
which has resolution of 1×1 degree. AsCRUST-08
was built using the data of deep seismic reflection,
refraction and receiver functions studies from pub-
lished papers. The complex 3D crustal model con-
sists of three layers: upper, middle, and lower crust.

Besides depth of the boundaries, we provided ave-
rage P-wave velocities in the upper, middle and lower
parts of the crystalline crust and sediments. The seis-
mic P-velocity data was also recalculated to the den-
sities and the elastic moduli of the crustal layers
using the rheological properties and geological con-
straints. Strength parameters of rocks strongly de-
pend on temperature, tectonic and fluid pressure. Flu-
id pressure can reduce resistance forces in faulting
rock, tectonic pressure increases these forces.

Results. Isotropic pressure in crustal layer is
approximately equal to 0.6—0.8 from lithostatic va-
lues, for example 900 MPA on the 40 km depth
(Poisson ration changes in the crustal layer from
0.25 to 0.32 in accordance to its mineral proper-
ties). In the mantle isotropic pressure practically
equals to lithostatic values which corresponds to
Poisson ratio 0.5. Lateral pressure variations in the
crustal layer are limited by 10—15 % (negative pres-
sure anomaly under Tibet orogen reaches 15 %).

Shear stresses gradually increase with depth and
reach approximately 650 MPA in the lower crust
under Tibet orogen and 300 MPA on the 30km depth.
The models in this work are simplified in several
aspects. However our purpose was to compare gra-
vity stresses in the normal continental crust and
under Tibet orogen with anomaly thick crustal lay-
er.
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The lithosphere plate tectonics theory describes
the process of oceanic crust opening and closure
in geological history of the Earth using the Wilson
cycle [Keary, Vine,1991]. Upon the end of the cy-
cle the oceanic crust being formed at its early sta-

ges is almost completely destructed in the process
of subduction. As for the continental margin it is
modified during the cycle with formation of volcanic
and non-volcanic islands arcs, back- and fore-arc
sedimentary basins, and orogens. During the next

Admin
Text Box
    



����������������� !"�#�$%�&'�(�%��)�) �((

+,����-.�,/�0	��.������1�,	���0.�0��0���,������������	��
C

o
m

p
ar

is
o

n
 o

f 
m

o
d

el
s 

ev
o

lu
ti

o
n

 o
f 

th
e 

o
ce

an
 a

n
d

 c
o

n
ti

n
en

ta
l m

ar
g

in
s 

d
u

ri
n

g
 t

h
e 

co
m

p
le

te
 W

ils
o

n
 c

yc
le



��������	
������������

�($ ����������������� !"�#�$%�&'�(�%��)�)

stage of cycle the previously formed continental
margin is subjected to deep transformation again
leaving in the structure of newborn margin only some
relics of the previous ocean crust known as ophio-
lites. However, as the study proves, complete de-
struction of the previous continental margin is not
reached. Always or quite often it is preserved a sig-
nificant part of newborn continental crust accreting
laterally an existing continental plate and modified
during further transformations passing though con-
secutive stages of states that could be called a ver-
tical line of the tectonostages for particular conti-
nental margin. Evidence for that conclusion is an
age rejuvenation of the continental crystalline crust
while moving from the central parts (shield) towards
their outskirts (continental margin). It is proposed
the geological timescale of tectonostages derived
from the Wilson cycle and established their time
boundaries for the last 2500 million years. Along with
the developed model for continental margins evolu-
tion it allows application of the concept of horizon-
tal sequence of tectonostages transition into verti-
cal and vice versa to study structure of continental
margins [Karpenko, Prykhodchenko, 2009]. It is
supposed that for the Wilson cycle of 1200 million
years every continental margin is subjected to the
tectonic process as follows. During the first stage
of a divergent epoch (0—200 Ma) a new oceanic
basin is forming due to a continental rift. Present-
day example of such a rift one can consider the
Red Sea Rift and latitude-oriented rift system bet-
ween North and South America stretched into the
Pacific and Atlantic Oceans. Predecessor of the fu-

ture Red Sea ocean was Tethys and Prototethys pa-
leo-oceans originated during the stages of 590,75—
385,75 Ma and 992,5—793,0 Ma ago. The Tethys is
corresponding to present-day Alpine-Himalayan oro-
genic zone and related sedimentary basins, and the
Prototethys ones to the Donbass Foldbelt and its
eastern prolongation into Karpinskiy Ridge. Rejuve-
nation of continental margins age towards the pe-
riphery of the continents set the problem of studying
evolution of those margins applying concept of ver-
tical and horizontal sequences of tectonostages.
For this purpose the model of evolution (tectonic strat-
ification) of continental margins is developed. It includes
six stages of tectonic evolution: origination of a new
ocean and its opening (divergent epoch of the Wilson
cycle), stage of the oceanic basin shortening and ther-
mal subsidence (convergent stage), the stage of par-
tial inversion, and the next stage of the complete in-
version along with the compression thrusting (colli-
sion stage) (Table). Corresponding to the stages is
the types of crust being formed (ocean, quasi-ocean,
quasi-continental, continental). The stages are divi-
ded into geosynclinal and orogenic sub-stages (the
Bertran cycle). It is demonstrated that tectonostages
and orogenies are matching (Alpine, Hercynian, Cale-
donian, Baikal and others) for the last 1500 million
years. Actually, the features and direction of changes
in vertical and horizontal sequences of continental
margin tectonostages is a basic tectonic regularity to
be studied because it determines existing types of
sedimentary petroleum-prone basins, sedimentary
complexes and separate prospects considered as hy-
drocarbon traps.
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An important class of problems in mechanics of
heterogeneous media (including geological ones) is

studying regularities of deformation and destruction
of specific quasi-two-dimensional (plate) systems,
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