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Abstract

The movement and strain model of the crust block is presented in this paper, and the strain
fields given according to the velocity fields from GPS networks in the continent of China and its
adjacent areas. The space distribution of the strain fields is not homogenous, and there is the
obvious regional feature. On the whole, the strain fields in the continent of China are strong and
compressive in the west, and weak and expansive in the east. Furthermore, There are three regions
of the higher compressive and shear strain, Taiwan, Himalayas mountain and Jiashi of Xijiang.
Their maximum compressive strain rates are respectively 1.6x107/yr, 8.9x10°/yr and 5.3x
10°°/yr; and the maximum shear strain rates respectively2.45x 107'/yr , 6.5x10°/yr and 8.1x
10°°/yr. The strain fields in the continent of China and its adjacent areas are  resulted from the
interactive force among Indian plate, Philibin-sea plate and Eurasian plate. The direction of the
principal compressive strain from GPS measurement data in this paper is ultimately consistent
with that from geology and seismology.

1. Introduction

It isan important studying task on geodetics to observe the crustal movement and compute its
strain. In the past, as the capability of measurement was limited, only could the strain fields in the
local region be studied by conventional geodetic method, such as the triangle measurement, or
three-length-measurement. In the recent decade years, a lot of precison GPS networks had
gradually been established in China. The basic data sets for studying the crustal strain fields in the
larger range would be provided by the repeated GPS measurements. In terms of the data sets,
some geodetic scholars have researched on the strain fields in the parts of China continent. A rigid
and elastic-plastic model of crust blocks can be established in this paper. Moreover, Based on the
horizontal velocity fields from GPS measurements, the content of China and its adjacent areas will
be divided into 54 blocks. The strain parameters of every block can be calculated respectively, and
then the strain fields obtained in the continent of China and its adjacent areas.

2.The velocity fields in the continent of China and its adjacent areas

By using the data combination method of GPS networks (Li Yanxing, et al., 2001), the
velocity fields in ITRF97 can be obtained in the continent of China and its adjacent areas (shown



in fig. 1). It includes the velocity vectors of 423 GPS points, and its coverage area gets to 1200

million km?.The average accuracy of velocity vectors of GPS pointsis 2.1 mm/yr.

3. Model of the strain fields

3.1. The model of rigid body motion

Based on Eular displacement law in rigid-body kinematics, the displacement of the rigid
body with a fixed point can be described as a rotation rounding the axis through the fixed point
(T. Doff, 1997). If the crust block can be regarded as the rigid body, its motion described as the
rotation rounding the axis through the center of earth as a fixed point. In the coordinates with the

center of the earth selected as the origin, if the absolute Eular vectors of the crust block is W(w,

W, W_), then the velocity of the point on the block V', (V,, V,, V), whose vector-length

A

is r (x, y, z), may beexpressed as:
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Supposed that the earth is regarded approximately as a sphere, and | and | are respectively the

longitude and latitude of the point, then expression (1) may be changed into:
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In expression (1) and (2), (V,, V,, V.) isthe velocity in the coordinates with the center of the

earth selected as the origin. It can be trandated into that of the station (observing point) as the
origin. That is,
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Where V,, V, and V, are respectively the velocity components on the longitudina way, the
latitudinal way and the vertical way in the coordinates with the station selected as the origin.
When expression (2) is placed into (3), and V is not considered, thus the following expression

can be derived:
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Expression (4) is called the rotation model of therigid crust block.

3.2. The elastic-plastic strain model of the crust block

For the crust block in the tectonic stress fields, there would be the deformation in its interior.
Generally, certain point during deformation of the crust block is always elastic and plastic. That is,
there is more or less elastic or plastic in the period (An Ou, 1992). Therefore, the strain of the
crust block would be an elastic-plastic strain. The ortho-curve coordinate is frequently deployed
on the sphere while the crust strain fields discussed in the larger range and the earth regarded as
the sphere. Moreover, it is well known that the longitudinal and latitudinal line are orthogonality
each other. In the investigated block, the ortho-curve-coordinates, which the geometric center

(I 5.] o) of the block is selected as the origin and the longitudinal and latitudinal line

respectively as the y-axis and x-axis, can be established. Meantime, the longitude | and latitude
| are taken on variables. Therefore, the point's coordinates (x, ») on the block can be

expressed as:
x=(-1,)rcos y=0 -jor (5)

The point's displacements along the longitudinal line and latitudinal line can be described
respectively asfollows:
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As the displacement resulted from the deformation of the crust block is generally very small,
above function (6) and (7) may be expanded at the origin by Tailor series and its 2™ order and
moreignored. That is,
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Expression (8) and (9) can be changed further into:
u=e,x+te,y v=e,xtey (10). (11)

If u and v are the displacements per time unit, then they are the velocity rates from the
deformation respectively along x -axis and y -axis. Hence, expression (10) and (11) may be
changed again into:

V,=ex+e,y V., =e,x+tey (12). (13)



x and y are placed into above expression, the following expression can be obtained:
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where ris the average radius of the earth. Expression (14) is caled the eastic-plastic strain
model of the crust block.

(14)
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3.3. Therigid and elastic-plastic movement and strain model of the block

The movement and deformation of the block is continuoudly variable with time. The
deformation in the block interior may be regarded as the motion between the points. Therefore, the
movement and strain model can be derived from expression (4) and (14).
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Further, the following expression may be acquired:
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Expression (15) is called the rigid and elastic-plastic movement and strain model of the block.

4. The strain fields in the continent of China and its adjacent areas
The continent of China and its adjacent areas are divided into 54 blocks and there are 5 and

more GPS station deployed on each block. According to the horizontal velocity components (V/,,

V) of GPS station, four strain parameters of each block (e,, e,,, €, and €,) can be derived

from expression (15). Moreover, based on the strain parameters, the principal strain (e, €,) and

its azimuth A, the shear strain between the east and north g, , maximum shear strain g, and

surface strain D of each block can also be calculated respectively by the following expressions.
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The calculated results of every block are given in table 1. Furthermore, based on the results, the
strain contours in the continent of China and its adjacent areas, including the linear-strain contour
on eadt, linear-strain on north, maximum shear strain and surface strain, are drawn respectively in
figure 2~6.

5.The strain analysis in the continent of China and its adjacent areas

(1). The spatial change of the strain fields in the China continent and its adjacent areas would
be non-linear, and represent the obvious regional feature. It can be seen from the table 1 and figure
2~6 that the space distribution of the strain fields in the continent of China and its adjacent areas
is not homogenous and their changes is non-linear. In the different regions, the characteristics
(compressive or expansive strain), direction and velocity of the strain fields show considerably
discrepant. From the strain feature, the space distribution of the west-east linear-strain is
expansive on the west of 95° E, the northeast and between Yangzi river and Zhujiang river, and
compressive on the large east parts of 95° E and the south of Zhujiang river. For the south-north
linear-strain, the seismic north-south zone is basically a boundary, compressive on its west,
Taiwan and southeast-sea-zone, and expansive on its east. For the surface strain, its distribution is
compressive on the west and north of Xinjiang, the center and south of Tibet, Gan-Qing-Ning,
Bohai, Taiwan regions and southeast-sea-zone. And yet expansive on the east and southeast of
Xinjiang, the north of Tibet, the northeast of China and between the south of Huanghe river and
the north of Zhujiang river. From the direction of principal compressive strain, the west of 85° E
presents NS or NNW, the east of 85° E largely NNE or NE, the northeast of China NE, the north
of China approximate to the west-east, the south of China NW, the north of Taiwan near NS, and
its center and south NW. From the quantity of principal compressive strain, the changed range of
different area is basicaly from 1x10™/yr to 2x10"/yr, and the difference between the
maximum and minimum can get to three magnitudes.

(2). There are 3 regions of the higher compressive and shear strain and 2 sub-high shear ones.
It can be seen from figure 4 and 5 that there are very obviously 3 regions of the higher
compressive and shear strain regions. They are respectively Taiwan and Taiwan straits, Hima-
Layas and Jiashi of Xinjiang. Their maximum compressive strain rates are respectively 1.6x
107'/yr, 8.9x10°/yr and 5.3x10°/yr; and the maximum shear strain rates respectively 2.45x
107/yr, 6.5x10°/yr and 8.1x10°/yr. Two sub-high shear strain regions are respectively the
center of the seismic north south zone and the west of Boha gulf. And their quantity are
respectively 4.8x 10°/yr and 4.3x10°/yr.

(3). There are the strong compressive NNE region in the south of Tibet plateau, and the
expansive zone from northwest to southeast in its north. After it getsto 100° E, the expansive
zone expands respectively to east and south. It can be shown clearly that the matter of Tibet
plateau is moving to southeast.

(4). The principal compressive strain in the continent of China and its adjacent areas may
mainly be effected from the collision between Indian plate and Eurasian plate and the subduction
of Philibin-sea plate. It can be seen from figure 6 that the collision center between Indian plate and
Eurasian plate is located basically in Qomolangma peak of Himalayas. Mountain The center-axis
of the collison is basically aong the longitudinal line in the north of Qomolangma peak. The
azimuth of the principal compressive strain is basically NS or NNW in the west of the center-axis,



and gradually returnsto east inits east. That is, N13° E in the south of Tibet plateau—N35° Ein
the north of Tibet plateau—N56° E in Gan-Qing area — approximate to the west-east in North
of China. It can be discovered obviously that the clockwise rotation of the principal compressive
strain direction is resulted from Eurasian plate crashed on NE by Indian plate and the obstruction
of Xiboliya block. The azimuth of the principal compressive strain is basically NW in the south,
center and west in South of China. Compared with North of Ching, its changeis very large. It may
be resulted from Eurasian plate dived on NW by Philibin-sea plate.

6.Conclusion and Discussion

(1). The space distribution of the strain fields in the continent of China is not homogenous.
Its generdl feature is strong and compressive in the west, and weak and expansive in the east. The

boundary between east and west is located basically in 105 E', and just in the seismic north-

south-zone.

(2). Synthetically analyzed figure 5 and 6, it can be concluded that the current strain fieldsin
the continent of China is largely resulted from the interaction among Indian plate, Philibin-sea
plate and Eurasian plate.

(3). The direction of the principal compressive strain from GPS measurement data in this
paper is on the whole consistent with that from geology and seismology. The direction of the
principal compressive stress in figure 7 is derived from geology and seismology (Ma xingyuan,
1989). After comparing figure 6 with 7, it can be shown that their direction is very accordant each
other, especially in the west, center, north of China and southeast along sea in which there are the
greater strain. By using the method presented in this paper, the quantity and direction can be
calculated atogether with GPS data. However, the direction of stress can only be obtained
generally, and the quantity never by that of geology and seismology.

(4). The strain parameters can be estimated by deploying the above method for the region,
and not just for apoint. If its coverage is very small, then the region can be regarded as a point. On
the contrary, the estimated parameters are of the general or average strain. It is just distinguished
the above method from that of geology and seismology. That is, it can be shown sufficiently that
there is difference in some regionsin figure 6 and 7.
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Tigurel The Welocity field of the crustal horizontal movement
In the continent of China and adjacent areas.
Note:The welocity iz relative to ITRFST.
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Figure 2 The linear strain of east-west direction in the continet of China and its adjacent areas.
Mote: “ indicats compressive strain ; “+” indicats expansive indicats ; The unit of strain is 10°%.
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