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ABSTRACT
Xie, X.-B. and Yao, Z.-X., 1991. The faulting process of Tangshan earthquake inverted simultaneously from the teleseismic
waveforms and geodesic deformation data. Phys. Earth Planet. Inter., 66: 265—277.
It is well known that for natural earthquakes the faulting processes are highly complicated. To study such processes, all of
the different types of data that can be acquired should be incorporated into the investigations. In accordance with this
consideration, the faulting process of the Tangshan earthquake (M
5 = 7.8) on 27 July 1976 is investigated.
First, the geometrical attitude of the fault is determined by analysing the geological structure, intensity distribution,
locations of the aftershocks and geodesic data collectively. Then the faulting process is simultaneously inverted from 14
WWSSN long-period teleseismic waveforms and 70 horizontal geodesic static deformation data. The results show that the
Tangshan earthquake is one of the strongest intraplate earthquakes with a complex faulting process. The dimension of the
main fracture is approximately 100 km by 15 km with a change in direction at the central part of the fault; the southern
segment strikes at about NE3O °, becoming 50—60 ° for the northern segment. The total seismic moment inverted is 2.0 X 1020
Nm and the dislocation was relatively concentrated near the central part of the fault, where the slip elapsed for a longer time.
These results suggest that near the city of Tangshan there might be a strong unbroken block and the fault changes its trend
there. Hence the fault system was locked before the earthquake. When the regional stress increased and exceeded the strength
limit, the fracture initiated from this location and extended bilaterally.

1. Introduction
At 19:42 GMT, 27 July 1976 (03:42 local time,
July 28), one of the world’s most destructive earthquakes struck the city of Tangshan in northern
China. The magnitude of this earthquake was 7.8
(M5) and the highest intensity in the epicentral
area was XI. A total of 242000 deaths and heavy
economic losses were caused by this earthquake,
and the city of Tangshan was almost completely
destroyed.
The North China Basin is a region of seismic
activity being a typical intraplate seismic zone. At
the end of the 1960s, this region was designated as
one of several key areas to be monitored, and a
large number of investigations and in situ experiments were carried out in this area. Especially
0031-9201/91/803.50

© 1991

—

Elsevier Science Publishers B.V.

after the occurrence of the Tangshan earthquake,
a number of detailed research studies have been
done by scientists from both China and abroad.
Among these works, the seismic background and
source process have been studied based on the
following data: (1) teleseismic P-wave data (Qiu,
1976; Butler et a!., 1979; Zhang et al., 1.980; Zhou,
1985; Kichuchi and Kanamori, 1986; Nabelek et
al., 1987); (2) geodesic data (Chen et al., 1979;
Huang, 1981, 1983; Zhang et a!., 1981; Zhang,
1982, 1983; Huang et al., 1989); (3) the
temporal—spatial distribution of the sequence and
the mechanisms of the aftershocks (Ding, 1978; Li
et al., 1980; Yang and Zhao, 1984; Shedlock et al.,
1987); (4) the distribution of the intensity (Yang
and Chen, 1981; Yang, 1982); (5) the seismogenic
geology and crustral structure based on the deep
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sounding data (e.g. Ye and Zhang, 1980; Zeng et
al., 1985, 1988; Lu et al., 1988). The results of the
above-mentioned research show that the Tangshan
earthquake is an intraplate earthquake with cornplicated source processes.
It is well known that for natural earthquakes,
the dislocation distribution along a fault, the fracture process and the time history of the slip are
highly complicated, i.e. the faulting process is a
broad-band temporal—spatial process. To well
constrain such a process and decrease the nonuniqueness in inversion, all types of available data
should be used. For a strong earthquake, some
kinds of data, such as the seismic waves recorded
at various distances and the static deformation
data collected near the fault, can be incorporated
conveniently into the quantitative inversion formulae to obtain the faulting process. Other kinds
of data, such as the geological material, aftershock
and intensity distributions, though they contain
very useful information, are difficult to include
into the quantitative investigations.
Based on the above consideration, we will determine the geometrical parameters of the fault by
analysing the geological material, geodesic data
and aftershock distributions comprehensively
(which is equivalent to providing a constraint upon
the fault attitude). Then by means of the method
suggested by Xie and Yao (1989b) the faulting
process of Tangshan earthquake is simultaneously
inverted from the teleseismic long-period waveforms and near-source static horizontal deformation data. First, however, we will give a brief
introduction of the simultaneous inversion method.

where u~(x,t) is the nth component of the displacement field in the medium, x is the coordinate of the receiver, ~ is the coordinate on the
fault surface, n q and i’,, are the normal vector and
slip vector of the fault surface at respectively, ~t
is the shear modular, [u(~, t)] is the scalar dislocation on the fault, G~p,qis the Green’s function for
the displacement field at x owing to the contribution of dislocation at
and the asterisk denotes
the convolution. In eqn. (1) it is assumed that the
slip direction is independent of time. The sumrnation sign on the repeated subscripts p and q are
omitted, this convention is reserved throughout
this paper. In eqn. (1), the displacement field
u~(x,t) is observable. If the structure, so that the
Green’s function, is known and assuming that the
orientation and slip direction of the fault can be
determined from other ways, eqn. (1) forms an
integral equation with [u(~, t)J as its unknown. If
the data acquired are sufficient, the fracture process, i.e. [u( t )}, can be determined from eqn.
(1). A simple approach to solve this equation is to
transform it into a system of linear algebraic equations by discretization. The procedure includes the
discretization for both the fault model and the
data.
For the discretization of the fault model, the
integration over the fault surface can be approximated by the summation on a number of
subfaults, i.e.
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2. Simultaneous inversion method
In terms of the representative theorem for a
seismic source (see e.g. Aki and Richards, 1980),
the displacement field in an isotropic medium
owing to the dislocation distributed on a fault
surface S can be expressed as
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where L~S(~k)is the area of the kth subfault and
K is the number of total subfaults. The complex
slip time history can be assumed as a superposition of a series of simple subevents, i.e.
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where J is the number of subevents on each
subfault, s(t) is a simple source time history (generally ds(t)/dt can be a unit triangular, trapezoid
or
starting
time of
thesemi-sinusoidal
jth subevent, pulse)
[uJkl is ttheis the
average
dislocation
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for the jth subevent on the kth subfault. Substituting eqn. (3) into (2), we obtain
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in which mfk is the seismic moment of the jth
subevent on the k th subfault and g~”~(
x, t) is the
response at the receiver point x owing to this
subevent.
For the discretization of data, we simply use
the discrete time series to approach the continuous
time function. For the mth receiver at xm, we
have
u,,~=
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Green’s function vector g~, u is a
datum vector composed of the obm is a (J X K) model vector comunknown model parameters m1~. If

the data acquired are sufficient, eqn. (6) can be
used to invert the faulting process m.
For each type of data we can obtain a formula
with a form similar to eqn. (6). The simultaneous
inversion formula can be formed by combining
the inversion formulae for different types of data.
However, before taking this step, a problem must

k~1

where
mfk

posed of the
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served data,
posed of the
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)

be solved. As we know, different kinds of data
generally have different resolutions on the ternporal process and often can be discretisized with
different sampling rates. For example, the nearsource strong ground acceleration records are very
sensitive to the high-frequency characteristics of
the source and can be sampled densely, but the
long-period teleseismic data depend only on the
low-frequency property of the source and may be
sampled sparsely. As an extreme, the static data
have no resolution on the temporal process, they
can be sampled only ‘once’ in the time domain. In
this study we use teleseismic waveforms and static
data, and as an example we have

)JT

where t. i~tand ~t is the sampling interval of
the time series. Equation (4) can be rewritten as
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on each subfault
1, 2,..., K, K is the number of the subfaults
1, 2,..., M, M is the number of the receivers
1, 2,..., N, N is the number of the displacement components for each receiver

The double subscripts in eqn. (5) can be rearranged to single subscripts and the fourfold
subscripts to double subscripts. Then eqn. (5) can
be rewritten as a concise form
Gm

=

where G is a (M X N X I)

=
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remembering here that
1, 2,..., I, I is the number of the datum
points in each time series
j 1, 2,..., J, J is the number of the subevents
k
m
n
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where the superscripts F and S denote the quantities linked with the teleseismic data and static
data, respectively. Remembering that m is a J X K
model
vector, we can see that the dimensions of
mF generally differs from that of mS because of
the different resolutions of the data. To combine
these data into a common inversion system, we
must adjust the vector m for different data to
make them have a common dimension. The static
displacement field is directly connected with the
final
slip,mk
or equivalent
to the accumulated
moment
on each subfault.
Noticing thatseismic
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m
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where

static displacement data are discussed here, the
present method permits data sets with different
temporal as well as spatial resolutions to be included into the inversion formula.

e
E

e

=

e

is a KX(JxK) matrix in which e=(1, 1
1)
is a J dimensional row vector with all its components equal to 1. Then eqn. (8) can be written as
GSEmF uS. Substitute GSE by G’ and again
substitute G’ by G5 and we have
GSm~~=uS
(9)
=

Omitting the superscript F for ~ and combining
eqn. (7) with (9), the simultaneous inversion systern for teleseisimc P-wave data and geodesic deformation data can be obtained as

I
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=
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(10)

For different types of observations, the amplitudes
of the data, number of the data points and reliability will vary considerably, and in order to balance their contributions to inversion a weighting
matrix W is introduced into eqn. (10). For exampie, if we acquired L F data points from the discretization of teleseismic waveforms and L~ data
points from static deformation data, and suppose
that the two types of data have similar amplitude
and statistical deviations, and will equally contribute to the result, the weighting matrix can be
written as
F

w=

~‘

0

~

CI

(11)

3. Data analysis and construction of the fault
model
3.]. Seismogenic geology and seismic deep sounding
data
Dunng 1966—1976, several destructive earthquake sequences struck the North China Basin
(i.e. Xingtai, 1966, M 7.2; Bohai, 1972, M 7.4;
Haicheng, 1975, M 7.3; Tangshan, 1976, M
=

=

=

=

7.8).
Mostofofthe
these
earthquakes
locatedearthnear
the edge
basin.
The greatwere
Tangshan
quake occurred in the Tangshan rhombic block,
which is situated at the boundary between the
Yanshan uplift and the depression of the North
China Basin, and is confined by the Jiyunhe fault,
Fengtai—Yejituo fault, Luanxian—Leting fault and
Ninghe—Changli fault. The northeast trending
Tangshan fault passes through the rhombic block,
and is suggested by some authors to be the seismogemc fault of the Tangshan earthquake (see
Fig. 1). Deep sounding data reveals (Zeng et al.
1985) that the upper crust in the epicentral area is
relatively fractured, the depth of its lower
boundary is 8—12 km. The middle crust is a lowvelocity layer with a thickness of 14—17 km, in
which there may be some thin high-velocity layers.
The focal depth of the Tangshan earthquake is
compatible with this layer. The depth of the Moho

where
1F and j5 are unit matrixes with orders
compatible to the numbers of rows of G F and G S
and the weighting
2 factor C can be evaluated by
(12)

c~(L~/L5)i/

discontinuity in this area is about 32—33 km and
the epicentre of the Tangshan earthquake is located
near the slope of a Moho uplift.
3.2. Teleseismic records

In practice, it is very difficult to comprehensively
evaluate the difference between the contributions
from different data sets, the weighting factor C
calculated with eqn. (12) can be used only as a
reference and will be determined by experiment.
The constrained inequality in eqn. (10) is used to
constrain the reversal slip of the fault. Although
only the long-period teleseismic waveforms and

For the magnitude 7.8 main event, nearly all
the seismic instruments in the Chinese network
were off-scale, but relatively good long-period Pwave seismograms were recorded by the WWSSN.
By making use of these data, several authors have
investigated the faulting process of the Tangshan
earthquake. Among these authors, Qiu (1976) ob-
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Fig. 1. The major geological structures in the Tangshan region and aftershock distributions relocated by Shedlock et al. (1987); also
shown in the figure is the projection of the fault model used in this study.

tamed a strike of about NE41° from the P-wave
first-motion data. Based on the model of a finite
moving source, Zhang et a!. (1980) suggested that
the main fracture occurred on a nearly vertical
right-lateral strike-slip fault with a strike of

NE3O°, and that the average velocity of the asymmetric bilateral fracture was about 2.7 km s~.
Butler et al. (1979) obtained a strike of NE2O
from the body wave simulation and a strike of
about NE4O° from the surface wave simulation.

TABLE 1
The main results for the Tangshan earthquake
Strike

Dimension

Depth

M

(degree)

(km)

(km)

0
(1020 Nm)

~a
(bar)

i~u
(m)

30
30

Fracture
velocity
1)
(km s

(70+45)X24

22

1.24

2.4/3.0

12

1.36

(70 + 70) x 15
140 x 15
140

Surface
15
15
12/7

1.8
2.8
1.75
1.2
2.0

2.5

30
57

2.7
4.44

29
37.2

4.6
2.6
4.2

20
40
30
30
5/45
30/55
49
56
34

100 xiS

7—22

84 X 34
112 xiS
70—120

0—33
0—15
0—20

4.3
2.6
2.2

Method and materials

Author

P-wave first motion
P-wave
Finite-moving source
P-waveform fitting
Surface waveform fitting
Body wave inversion
Body wave inversion
Body wave inversion
Body wave and
Geodesic data inversion
Geodesic data inversion
Geodesic data inversion
Geodesic data inversion

Zhang et at. 1980
ZhangetaL 1980
Butler et al. 1979
Butler et al. 1979
Zhou 1985
Kikuchi et al. 1986
Nabelek et al. 1987
This study
Chen et al. 1979
Zhang 1982
Huang 1983
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From inversion of the P waveform, Zhou (1985)
obtained a fault strike of NE3O0 Kickuchi and
Kanamori (1986) obtained a bilateral fracture process for the main shock, extending along strike
NE3O°.Instead of the continuous fracture model,
three-point sources were used by Nabelek et al.
(1987) to express the faulting process of the main
shock. Considering the different strikes of these
point sources they suggest that it is possible that
the main shock fault is composed of several fault
segments, each with a different orientation. Besides the above results, to meet the observed data,
Butler (1979), Zhou (1985), Kickuchi and
Kanamori (1986) and Nabelek et al. (1987) introduced thrusting subevents in their fault models.
These thrusting subevents possibly occurred near
the southern end of the main shock fault and kept
a percentage of about 10—20 in total seismic moment. The source parameters obtained by the
above authors are listed in Table 1.

3.3. Data from the earthquake sequence
For the Tangshan earthquake the main shock
was followed by an abundant aftershock sequence,
even though there were no obvious foreshocks.
The magnitude of the largest aftershock is M = 7.1.
Ding (1978), Yang and Zhao (1984) investigated
the spatial and temporal distributions of the strong
aftershocks. Shedlock et al. (1987) relocated some
aftershocks and investigated their spatial distributions. Nabelek et al. (1987) studied the source
mechanisms of some strong aftershocks. Summing
up their results, it is shown that most of the
to the north and not directly linked with the main
fracture, are located near the Tangshan fault (see
Fig. 1), alongexcept
aftershocks,
a strike
for of
those
NE3O°
that occurred
in the southern
farther
segment but striking about NE5O—60° in the
northern segment. For most of the aftershocks the
focal depths are distributed in a depth range from
8 to 22 km.
3.4. Geodesic data
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Fig. 2. The horizontal displacement field derived from geodesic
observations by Zhang (i982). It clearly revealed a right-lateral
strike-slip fault movement.

et al. (1981), Zhang (1982, 1983), Huang (1981,
1983) and Huang et al. (1989) gave the vertical
and horizontal deformations, for Tangshan earthquake. Shown in Figs. 2 and 3 are the horizontal
and vertical displacement fields by Zhang (1982).
The strong deformation area is a northeast trending strip, with a length of about 110 km and a
width of about 50 km. The horizontal displacement field clearly revealed a right-lateral strike-slip
faulting process, the relative movement between
two sides is about 2.5 m. The vertical displace-
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Fig. 3. The vertical displacement field derived from geodesic

The permanent deformations due to the faulting process can be determined from geodesic observations before and after the earthquake. Zhang

observations by Zhang (1982), as well as its connection with
the fault model used in this study. The dotted lines indicate the
uplift area and the full lines denote the descending area.
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ment field shows that there was some vertical
movement, with uplift on the northwest side and
downthrow on the southeast side.
Based on the geodesic data, Chen et al. (1979)
inverted the source parameters for the Tangshan
earthquake and obtained a general strike of
NE49°,the length and width of the fault being 84
km and 34 km, respectively. The total seismic
moment inverted is 4.3 X 1020 Nm, a value that is
considerably larger than that obtained from
seismic wave data. They suggest that it results
from large-scale aseismic fault creep before the
earthquake. Based on the optimisation method,
Zhang (1982) inverted the source parameters from
the geodesic data. He obtained a general strike of
NE56°, a fault dimension of 112 km by 15 km
and a total seismic moment of 2.6 X 1020 Nm.
Using the horizontal deformation data only,
Huang (1983) obtained another fault model with a
strike of NE34°, a length of 70—120 kin, a width
of 14—20 km and a total seismic moment of 2.2 X
1020 Nm. For comparison, the results obtained
from geodesic data are also listed in Table 1.

3.5. The construction of the fault model
Summing up the results in Table 1, it is shown
that the fault strike obtained from the P-wave first
motion and P-waveform data is NE2O—30°, and
from surface wave data is NE4O°, and the general
strike obtained from the geodesic data is about
NE5O—60°. These results imply that the faulting
process for the Tangshan earthquake is rather
complicated, and it seems that the fracture was
initiated in the direction of NE2O—30°,then the
southern branch fractured along this direction but
the northern branch turned from NNE to NE and
extended along the direction of NE5O—60°.
The investigation of the aftershock distribution
also shows (Shedlock, 1987) that the aftershock
belt can be divided roughly into two segments, the
strike of the southern part being nearly NE3O°
and the northern part striking NE5O—60°; the
change in direction being located near the city of
Tangshan. Consideration of geological materials
shows that the Tangshan fault, which passes
through the rhombic block, is possibly the seismogenic fault of the Tangshan earthquake. The
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aftershocks extended along this fault. According
to the vertical static displacement field (see Fig.
3), there is a strip trending about NE55° in which
the displacement changed sharply from uplift on
the northwest side to descent on the southeast
side. This strip clearly revealed the trace of the
northern segment of the mainshock fracture. In
addition, the horizontal static displacement field
also gives a quite good confinement on the position of the northern segment. For the southern
part, neither the vertical nor the horizontal displacement data give satisfactory confinement on
the fault position. Maybe this is the result of
smaller vertical dislocation in the southern part or
that the detailed dislocation structure is hidden by
the large thickness of unsolidated sediment in this
part. Considering that the fault strike determined
from both the P-wave first-motion analysis and
body wave inversion is NE3O°, the aftershock
distribution on the southern part is along a strike
of nearly NE3O°, and the main shock produced a
surface break trending NE3O°, which can be
traced along the southern segment for approximately 8 km (Yang and Chen, 1981), we can
suggest that the fault strike in the southern segment is approximately NE3O°.
The focal depth of the main shock obtained by
most authors varies between 7 and 22 km (see
Table 1). Shedlock et a!. (1987) determined that
most of the aftershocks were distributed in a
depth range of 9—20 km and suggested that the
brittle—ductile transition in the crust beneath the
Tangshan region of the North China Basin occurs
at a depth of about 20 km. Therefore, we define a
fault width of 15 km with the distance from its top
to the surface being 7 km.
From the teleseismic P-wave data several
authors suggest that during the faulting process a
thrusting subevent occurred near the southern end,
i.e. near the joint between the Tangshan fault and
the Ninghe—Changli fault. In order to simulate
this thrusting subevent, a nearly east—west trending thrusting fault segment is designed.
Summing up the analysis mentioned above and
considering the resolution of the data, a complex
fault model composed of seven subfaults is designed to simulate the Tangshan earthquake, in which
six subfaults are used to simulate the strike-slip
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TABLE 2
Parameters for subfaults
Number

0

iS

A

mo

0
1

110
210

40
70

90
190

0.17
0.16

2

210

80

180

0.26

4
5
6

235
240
240

80
80
80

185
180
185

060

(1020

Nm)

0104
0.23

events and the last one is for the thrusting movement. The dimension for each subfault is 16 by 15
km, so the total length of the fault extends to
about 100 km (except the thrusting segment). The
geometrical parameters of these subfaults are listed
in Table 2, in which number 0 is the thrusting
subfault, numbers 1 to 6 are located along the
fault from the south to north. The dip and rake
angles for these subfaults are designed by referring
to the results of previous works and slightly adjusting during the inversion. The projection of the
fault model on the surface as well as its relations
with geological structure, aftershock distribution
and static deformation are shown in Figs. 1 and 3,
respectively. It can be seen that the fault model is
compatible with these observations. This fault
model will be used to invert the faulting process of
the mainshock.

4. Inversion of the faulting process

For the Tangshan earthquake both the teleseismic P-waveforms and the static deformations
were acquired. The teleseismic waveform data has
good resolution on the temporal source process,
but because of the small take-off angle its resolution on the spatial characteristics in the horizontal
direction is rather poor. In contrast, the static
deformation data obtained from the geodesic observations has no resolution on the temporal process, but it is picked out near the fault and has
good spatial resolution. By combining both the
teleseismic wave data and near-source static deformation into the inversion system, it is likely that

the faulting process can be confined better in both
space and time.
A total of 14 WWSSN long-period vertical teleseismic waveforms and 70 horizontal geodesic displacement data of Zhang (1982) are used in the
inversion. Considering that the vertical static displacement should be affected more seriously by
the unsolidated sediments and movements of underground water, the vertical displacement is not
used in this study. The first 45 s of the P waveforms are digitized with a sampling period of 0.4 s,
while for each horizontal static displacement there
are two components (E—W and N—S), so we obtam a total of 1832 datum points. By preliminary
investigation we recognize that the fracture was
mainly confined to the first 30 s. In addition, at
the later portion the effective length of the data is
short, which will poorly constrain the result.
Therefore, in the formal inversion a 4 s time
interval between the subevents is adopted and the
seismic moments for seven successive subevents
on each subfault are inverted. A far-field source
time history dS(t)/dt with a pulse width of 5 s is
used. The total of 1832 equations with 49 unknowns and 49 constrained inequalities are put
into eqn. (10) to form the constrained inversion
problems.
In order to construct the Green’s function
matrix Gs, the static responses in stratified halfspace are calculated using the generalized reflection—transmission coefficient matrix method by
Xie and Yao (1989a), and the crustal structure is
modified from Zeng (1985). Long-period teleseismic responses are calculated using the method
by Langston and Helmberger (1975) and the
standard crustal model is adopted. To avoid the
effect of discretization, especially on the near-fault
static displacements, the subfault must be redivided into a number of small fault elements. Their
responses are calculated separately and numerically integrated to produce the response of the
subfault, which will be used as the Green’s function in inversion. The constrained least-squares
method by Lawson and Hanson (1974) is adopted
for solving this problem and gives the faulting
process on the fault.
The inverted faulting process is shown in Fig.
4, in which the horizontal coordinate is the scale
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of the fault and the vertical coordinate is time.

25

-7

Strike-slip
are denoted
hatched
circles and subevents
thrusting subevents
are by
denoted
by

LON 20

ADE 1.2

solid circles. Seismic moments for these subevents
are proportional to the areas of the circles, their
starting times are indicated by the positions of
their centres. The fracture is initiated from the
centre and then extended bilaterally. In the middle
part the fracture lasted for a longer time so that
the accumulated seismic moment is considerably
larger. The inverted seismic moments for these
subfaults isare2.04
moment
listed
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In Fig. 5
the synthetic seismograms calculated from the theoretical model are compared with the observed
waveforms, in which the upper traces are data and
lower
are synthetic
the numhers ontraces
the traces
indicate seismograms,
their peak amplitudes.
The comparison between the synthetic horizontal
static displacements and observed values are
shown in Fig. 6, in which solid arrows denote the
data and the hollow arrows denote the theoretical
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Fig. 5. Comparison between the observed waveforms and synthetic seismograms calculated from the inverted faulting model.
The upper traces are data and the lower traces are synthetic
seismograms. Number on each trace indicates the peak amplitude.

results. Also shown in Fig. 6 is the projection of
the fault model on the surface. Figures 5 and 6
show that the inverted results are well compatible
displacements
in marginal
ranwith
the observed
data. In area
Fig. show
6 thesome
observed
dom features, which may result from the effect of
nearby aftershocks.
Shown in Fig. 7 is the spatial—temporal resolu-
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Fig. 4. The main faulting process on the fault simultaneously
inverted from the teleseismic waveforms and static deformalion data. The horizontal coordinate is the scale on the fault
and the vertical coordinate is time. Strike-slip subevents are
marked with hatched circles and the thrust subevents are
denoted by full circles. The area of each circle is proportional
to its seismic moment and the centre of the circle indicates its
initial time,

the resolution
tion
histogram,
with
which
respect
indicates
to the truncation
the variation
of the
of
singular values. In Fig. 7 the horizontal coordinate
is the scale of the fault and the inclined coordinate
is the time. The singular values used for Figs.
7(a)—7(d) are 49, 46, 43 and 40, respectively. As
typical examples, a well-resolved subevent (the
second subevent on the third subfault) and a
poorly resolved suhevent (the fifth subevent on
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Fig. 6. Comparison between the observed horizontal static displacements and synthetic values calculated from the theoretical faulting
process, in which the full arrowheads are data and the hollow arrowheads are synthetic values. For comparison the projection of the
fault model used in this study is also shown in the figure.

the fifth subfault), are picked out to show the
resolutions. Along with the decrease of the number of singular values, the resolution gradually
decreases (meanwhile the reliability increases). For
the well-resolved subevent, the resolution is almost

~
~

C~d~
scale on the fault

Fig. 7. The spatial—temporal resolution histograms, which mdicate the variation of the resolution with respect to the truncation of singular values. For (a)_(d), the singular values used are
49, 46, 43 and 40, respectively,

Fig. 8. The inverted faulting processes corresponding to different singular value truncations. The singular values for (a)—(d)
are the same as those used in Fig. 7; the vertical and horizontal
coordinates are scales of the fault and time, respectively, which
are same as those used in Fig. 4. The hatched histograms are
accumulated seismic moments on the fault.
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Fig. 9. The distributions of accumulated seismic moment inverted by using different values of weighting factor C. The
weighting factor varies from zero to infinity, which means that
the data set changed from pure waveform data to purely static
data.

independent of the truncation of the singular values. For the poorly resolved subevent, despite the
fact that it is affected by the truncation, the resolution is still fairly good in both space and time.
Figure 8, where the coordinates are same as those
used in Fig. 4, gives the solutions for different
truncations corresponding to those used in Fig. 7.
The hatched histograms indicate the accumulated
seismic moments for these solutions. The solutions
in Fig. 8 are only slightly affected by the trucation
of singular values. Figures 7 and 8 show that the
simultaneous adoption of teleseismic waveforms
and static deformation data can provide us with
quite good resolution and stability,
As mentioned above, to compensate the contributions from different data sets, we have introduced a weighting factor C in eqn. (10). Figure 9
gives the accumulated seismic moment on the
fault inverted by using different values for the
weighting factor C, in which C varies between
zero (using the teleseismic data only) to infinite
(using the static data only). It clearly shows the

erate with relatively regular periods and migration
patterns. For such a fault system its strength is
nearly constant; when an earthquake occurs the
neous and likely
dislocation
on the to
fault
produce
will bea relatively
long andhomogenarrow
high intensity area. The situations for the Tonghai
earthquake (1970, M = 7.1) and the Luhuo earthquake (1973, M = 7.9), both of which occurred in
southwestern China, are typical examples. In contrast, the faulting process occurring where the
crust remains unbroken or, though broken, lacks a
large-scale deep-seated fault system, may be very
complex. In the rhombic block where the Tangshan
earthquake took place, there is no large-scale
deep-seated fault system compatible with a magnitude 78 earthquake, except the small-scale Tangshan fault. Though there may be a basement fracture near the Moho discontinuity, it does not
reach the surface (Zeng et al. 1988). Besides, for
more than 2000 years no destructive earthquake
has occurred in this region according to Chinese
historical records. So we suggest that the faulting
process of the Tangshan earthquake is probably
the spreading and linkage of small-scale faults
under the regional stress field. Our results show
that the main fracture changed direction at the
centre and large dislocations concentrated in this
segment. Although the length of the main fracture
is as long as 100 kin, the length of the high
intensity area is relatively short (10 km for the
area of intensity XI and 35 km for the area of
intensity X) and approximately compatible with
the inversed dislocation distributions. This suggests that near the city of Tangshan, there is a
strong unbroken block, which locked the fault

276

system. When the regional stress field increased
and exceeded the strength limit the fracture mitiated from this part and extended bilaterally. The
high strength of the central segment produced the
larger slip and slip velocity as well as the high
intensity area.
Table 1 lists the source parameters obtained by
various authors, including the result of the present
research. The total seismic moments obtained by
different methods or from different data sets vary
between 1.2 x 1020 and 4.3 x 1020 Nm. The results obtained from body wave data alone are
between 1.2 X 1020 and 2.8 x 1020 Nm. Such a
difference mainly results from the different considerations about the source model. When a point
(or points) source that has a relatively high radiative efficiency is adopted, it tends to obtain smaller
moment. Alternatively, if we use a finite size fault
model, it tends to obtain a large total moment,
because the energy radiated from different parts
of the fault will interfere with each other. The
total seismic moments obtained from the static
deformation data alone are between 2.2 X 1020
and 4.3 x 1020 Nm, such a difference primarily
results from the depth and width of the fault
model. The near-fault static displacement field on
the surface mainly depends on the dislocation in
the shallower depth, so a narrower and shallowly
buried fault tends to produce large surface displacement. In other words, for such a fault model
we will obtain a smaller total seismic moment,
Perhaps this is part of the reason why Chen et al.
(1979) obtained a moment that is considerably
larger than that by others. On average, the seismic
moments obtained from the static data are a little
larger than those from the body wave data. In the
present study, we use a common fault model for
these two types of data sets, which provides us
with an opportunity to examine their consistency.
A difference of about 20% is revealed in Fig. 10.
Such a systematic difference may be attributed to
the following sources: (1) the static data may
contain some information from a long-period
source movement that is outside the body wave
frequency band; (2) in static data there are contributions from the aftershock sequence; (3) before
the earthquake, aseismic fault creep occurs, as
suggested by some authors. It seems, however,

X.-B. XIE AND Z.-X. YAO

that the present data cannot give a confident
judgement on these sources.
Our results show that the faulting process can
be determined better by making use of as many
data as possible, and suggest that the simultaneous inversion method proposed by the authors
is effective for such a purpose.
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