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1,Introduction
In a given area, we can obtain two kinds of data about the direction of
faulting.One is the fault striae from the field work of geologists; and the other is
from the solution of the P wave first motion, which gives the two nodal planes
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perpendicular to each other.the fault plane being one of them and its slipping
direction being the normal of the other
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If there is an average stress tensor in a not very large area and in a not very
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long time period, then the direction of its shear component on a given plane can
be calculated. This direction should be consistent with the observed one.Thus,as
an inversion problem,the average stress tensor can be determined by making the
angle between the calculated and the observed directions as small as possible.

STUDY ON THE CHARACTERISTICS OF CRUST STRESS FIELD
IN EAST CHINA BY INVERSION OF STRESS TENSOR

This method of inverting stress tensor or fitting slipping direction was provided
by Etchecopar ,et al.(1981) and Vasseur.et al.(I983), and applied to the data of
China by Xu (1984,1985) and Gan, et al.( 1988 ).
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In this paper, we use this method and the data of the solution of P wave
first motion to study the characteristics of the crust stress field in East China.
For this purpose, we improve this method in two respects:
(1). On the Scopes of Area and Time
For a large earthquake sequence, the region related to the average tensor is
the source area., i.e.the distribution area of main and after shocks. For an area,

ABSTRACT
This paper combines the search procedure with the optimization procedure to inverse
the average stress tensor, and applies this method to study the crustal stress field using data of the
solution of P wavefirstmotion. By dealing with the data of Haicheng, Tangshan, Xingtai, Anyang,
Liyang, Taiwan, Fujian and Guangdong areas, we obtain the characteristics of crust stressfieldof
East China. The directions of the principal pressure stress always possess a small dip angle, but
the azimuths vary from NEE {in north part of East China) to SEE (in the south part). This frame
probably isrelatedto the push-extrusive effects of the northwestern Pacific plate from NEE and the
Philippine plate from SEE.

within which the seismic activity is high but no large events occurred.according
to the time limit of the available data, we also estimate the average stress tensor
by using this method. In this case, both of the time and area scopes are usually
larger than the former .
(2). On the Details of calculation
We directly take the results from the search procedure (Gan, et al.,1988) as
the initial value of the optimization procedure.This step makes the iteration
fast. We change the type of the objective function to be easy to calculate, A
complex case— the direction of the fault slipping is equal to or opposite to the
direction of the normal of auxiliary plane,— is considered in our program.
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2. Principles
The basic assumptions are: the stress tensor is relatively stable in a not very
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big area and in a not very long time period, the stress tensor is symmetric, and
the slipping of fault results from the shear component of stress tensor T. cr1 ,
£r3, and o-3, are respectively the pressure, the middling and the tensive principal
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stress of stress tensor T in Principal Axis Coordinate— ox'yV, V and T are
respectively the matrix of T in ox'yV and in Ground Surface Coordinate—

and
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oxyz ( ox—north, oy—east, oz—down vertically ) ( Fig.) ). <p , 6 and $ are the
three Euler angles as shown in Fig. 1.
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The shear component F of T on plane N which with normal n, is
F = T • « " - ( « • T - n)n

{4)

Let
(5)
Fig.l

Principal Axis Coordinate ox'y'z' and Ground Surface
Coordinate oxyz, q>,6, and ty are the three Euler angles.

here,
I—the unit tensor
•iji—arbitrary positive constants

that is
0

Substituting T,in (4), and marking its shear component as F^*, we have
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The unit vector of F^*or F is written as :

0

ana
which means that the direction of F^is the same as that of F.

i,j= 1,2,3

Let

here, A is the matrix of the coordinate transform, and
A = (Aij),

i,j= 1,2,3

Au = —
from (5), we obtained the matrix T', of T, in ox'yV as following-

A |2 =

n o <r

A ]3 = sindsini/r

T', = 0 R 0
.0 0 0_

A., =

(2)

here, R = (ffj-u,) / (ff|-<Jj) is called the bias ratio of the principal stress.
From (1), the matrix T, of T, in oxyz is:
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A J2 = — cos<psin<?
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here,
R). For each tensor and each event,we calculate the shear component on the N
tjj = A 1 ( + R

AJJ

plane, and the angle between it and ni; and then do the same for the M plane:
(6)
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here, L is the number of events.
If a group parameters satisfy that:

From (6) we can see, that the direction of the shear component of the stress
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(8)

tensor only contains information on the parameters <p,6,il>, and R, i.e., for the
stress tensor, we can only determine the directions of three principal axes and
the bias ratio R, by fitting the direction of the shear component in the observed

then this group of parameters <p ,8 , $ and R.is one of trying solution.Here,
a,, is a given constant, k is a given number to allow that a few events (k) do not
satisfy (8). Obviously,the smaller a0 or k,the smaller the number of trying solu-

direction of the slipping of fault.

tions.

In this procedure, if all solutions give a N <oM for a fixed event, then

the fault plane of this event is N ; otherwise, it is M.

3. Methods of Calculation
The nodal planes N and M from the solution of the P wave first motion are
shown in Fig.2, n" and m are the unit vectors of the normal corresponding to

(2). Method of optimizating the stress tensor
We set up the object function Q as follows:

N and M, respectively. Usually, we do not know which nodal plane is the fault
plane except some large earthquakes.If N is the fault plane, then m is the slip-

here, s, is the unit vector of the slipping direction of the fault plane determined

ping direction; otherwise, M is the fault plane andrus the slipping direction.

by the search procedure for the event i ( e.g., if N is the fault, s~is H); fj* is the
calculated one. Thus, the problem of theoptirnization is to find a tensor { with
parameters <p,0,i/r and R ),which gives a minimum Q. For this purpose, the simple acceleration type of the optimization was used in this study.
(3), Combination of two methods
Since the object function Q is nonlinear and its minima are very concentrated, the selection of the initial values for the optimization is very important.
A selection in error may lead to a sub—minimum and obtain a meaningless result. To avoid this possibility, Gan, et al.( 1988 ) considered a large number of
initial points ( 5 x 10*).Their method needs large memory and long time for the

Fig.2 Two nodal planes determined from the solution of
the P wave first motion
(I). Method of searching the stress tensor
By separating the definition domain of <p, & , \ii ( all € [ 0,n] )and R ( £ [0,1] ) ;
we set up a great quantity of stress tensor with the parameter g r o u p s , fl.tf,
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calculations.
In this paper, we combine the optimization with the search. Each trying so— 6 —
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lution from the search procedure is taken as an initial value in the optimization
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procedure. After iterations, final parameters <p,8,iii and R, and a final value of
Q, are obtained, correspondingly. This proceeding is applied to all trying solu\

tions.Comparing these final values of the object function Q, a minimum can be
found, and the corresponding final values of the parameter tp,O,tli and R. are
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considered as the result.
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The computing time of our method is only one fiftieth of Gan' et a l . ' s for the
same data.
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4. Data and Results of Inversion
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(1). Haicheng area (in Liaoning Province)
We collected the data of the solutions of the P wave first motion for the
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Fig.4 Distribution of events and the 5 sub—regions used for the
Tangshan area. The direction and the azimuth of <r, obtained in this paper are marked by arrows.

earthquake Haicheng ( Feb. 4,1975, Ms 7.3 ) and its aftershocks. According to
the distributions of these 57 events, we divided them into A,B and C sub— regions ( Fig.3 ), and inverted their stress tensors by using the methods mentioned

(3). Xingtai area (in Hebei Province)

above. The results are listed in Table 1, and the directions of al are marked in

For this area, we have collected 40 events— the aftershocks of the

Fig.3 .

earthquake Xingtai ( Mar. 8, 1966, Ms 6.8 ), and have divided them into 3
groups( Fig.5 ). The results are listed in Table 1, and <r, is marked in Fig.5 .
Table 1
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Fig.3 Distribution of events and the 3 sub-regions divided for
Haicheng area. Arrow represents the direction and
azimuth of principal pressure stress <7, in versed by this
study.
(2) Tangshan area (in Hebei Province)
The data are the same as those used by Gan.et a!., The 60 events are the
aftershocks of the big earthquake Tangshan ( July 27, 1976, Ms 7.8 ) , and are
divided into 5 groups instead of Gail's 3 groups. The corresponding sub-regions and the directions of ax are shown in Fig.4, and the results in the Table
I.
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Fig.5 Distribution of events and the 3 sub-regions used for the
Xingtai area. Arrows point out the direction and azimuth of
ff, given by this study

Fig. 6 Distribution of events and the 3 sub-regions used for
the Taiwan area. The arrows points out the direction
and the azimuth of ?,
(7). Fujian area (in Fujian Province)
For this area, 20 events are divided into Ao and Bo groups ( Fig.7), and the

(4). Anyang area (in Henan Province)
Here the collected 14 events are considered as one group, although their

results are shown in Table 3.

distribution area is relatively large. The result is in Table 2.
(5). Liyang area (in Jiangsu Province)
As for the Anyang area, we handle the 12 events as one group. The result is
shown in Table 2.
Table 2
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(6). Taiwan area (in Taiwan Province)
We collected and compiled 57 events' solutions of the P wave first
motion.These events occured in this area from thirties to eighties . Three groups
are divided and shown in Fig.6. Table 3 lists the results.
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Fig.7

Distribution of events and sub-regions used for the
Fujan area (Ao and Bo ) and the Guangdong area (
A,B,C,D,E and F ), The arrows point out the direction
and the azimuth of <r,
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(8). Guangdong area (in Guangdong Province)
Here the collected 73 events are divided into 6 groups ( A,B,C,D,E and F)
shown in Fig.7, and the results are in Table 3.
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5. Characteristics of the Stress Field in East China
Fig.8

In order to investigate the characteristics of the crust stress field of East
China, we estimate the average azimuth and dip angle of er, in the Haicheng,
Tangshan, Xingtai, Fujian, Taiwan, East Guangdong and South Guangdong
areas, and list them in Table 4 together with those of the Anyang and Liyang

The average azimuths of s, in the 9 areas of East
China.The number in this figure is the same as in Table 4.
{ 1.— Haicheng area, 2.— Tangsha area, 3.— Xingtai
area, 4.— Anyang area, 5.— Liyang area, 6.— Taiwan
area, 7.— Fujian area, 8a.— East Guangdong area, 8b.—
South Guangdong area)

areas. All these <7, are plotted with their azimuths in Fig.8 .
From Table 4 and Fig.8, we can see a remarkable character of stress field.
In East China, from north to south, the aaimuth of the principal pressure stress

Table 4

cr, varies from NEE to SEE, but always . ..
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(1). The crust stress field of whole East China is outstanding with a nearly
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with a small dip angle.

These characteristics probably mean that:

Anyang
{A.B.J>^;CC.E.F;

horizontal pressure stress, and this is probably related with the push-extrusive
effect of the Pacific plate from the east.
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(2). In the north part of East China, the effect of northwestern part of the
Pacific plate From NEE is more remarkable; and in the south part of East
China, the effect of Philippine plate (the west part of Pacific plate) from SEE is
more remarkable.
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