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THE STUDY ON SEI"SMICITY AND THE ESTIMATE OF THE
EARTHQUAKE RISK RECENTLY IN NORTH CHINA

_ _ Chen Ronghua
(Center for Analysis and Prediction ,SSB , Beijing China)
INTRODUCTION

A Ms 6. 1 earthquake took place in the district nearby the city of Datong ,Shanxi Province ,
in North China in' October 1989. As this earthquake is the strongest one in North China since
the Ms7. 8 Tangshan earthquake in July 1976, this‘earthquake has drawn much attention.
Many scientists consider that a new seismically active episode in North China is in the offing and
the degree of seismicity w1]1 be: hrgher than that in the sexsmlcally quiet eprsode of the last
decade This point of view has been strengthened by the occurrence of the Ms 5. 1 Xinzhou
earthquake in January 1991 and’the Ms5. 8 Datong earthquake in March 1991. How strong will
the selsmlcrty be in North China in the coming seismically active episode? Where will be the prin-
cipal sersmlcally active area? '

In this paper,based on the fairly detailed record data of the thir.d and the fourth seismically
active periods in North China,these questions are discussed by studying the characteristics of the
time process of the seismicity , the drstrrbutlon of earthquake magnitudes and the _migration of
principal seismically active area durmg each. active perrod Moreover we point out the most dan-
gerous area where a strong earthquake may take place and the estimated magnitude by studying
the concentrated areas of moderate earthquakes in recent 10 odd- -years 1n North China.

' STUDY ON SEISMICITY IN NORTH CHINA

To study the seismic tendency of the coming 10-odd years-in North China,we should study
the seismic characteristics of the past periods in this region. .

The North China seismic region extends over north Latitude 34°-—41°,and east longitude
109°—123°. As the earthquke records before the year 1000 for this region are insufficient ,only
the relatively-concentrated earthquakes of‘Ms>6 after IOOOA D. are separated rougtly into four
seismically active periods. The first rhight rangé from a certain time before the yea~ 1000 to
1068 A. D.. The second penod is from 1209 to 1368 A.D.. As generally acknowledged ,since
the late fourteenth century,the rccord of Ms>6 earthquakes in North China has been complete
on the whole™. The third, perlod from 1484 to 1730 and the fourth period from 1815 to the

present scem to be documented more reliably. Fig. 1 shows the trme series of earthquakes with

Ms =6 of the third and the fourth actrve periods in North China. It can be seen from Fig. 1 that



E15%

106 oAt o# o ¥ i
1 2 3 q 5
o S
M
sk
. (a)

7
L ﬂ{il

1500 1600 1700 Year
M 2 3 4 5
sr — — — H B
" ‘ (b)
e I ‘h |
1800 1900 2000 Year

Fig. 1 The time series diagram of earthqi.mkm with MZ>26. 0

in the North China seismic region
a. the third activeperiod (1484 —1730)
b. the fourth active period (1815—)

these two periods have very similar
seismic process and both periods can be
divided into five stages; 1. The initial
stage of active periods; 2. The stage of
relatively decreasing of seismic frequen-
cy; 3. The preparatory stage before
great energy release; 4. The stage of
great energy release; 5. The stage of
In the first
stage, several Ms=>6 earthquakes oc-

residual energy release.

curred within 20 years after 100 years
or so seismically quiet period; in the
second stage, the seismic frequency ob-
viously decreased; in the third stage,
the seismic frequency obviously in-
creased again ;in the fourth stage, great
energy released. The enefgy release in
the fourth stage accounts for 80 per-
cent of the total released energy of the
third period, and the released energy

in the fourth stage accounts for more than 60 percent of released energy of the fourth active peri-

od.

In the fifth stage, the seismicity was low. There were only two Ms>6 earthquakes in the

fifth stage of the third active period. According to the similarity of seismic processes between the
third and the fourth active periods , we can deducc that the stage of residual energy release of the
fourth active period will come after the great energy release stage from 1966 to 1976, and the

energy release will obviously decrease.

Table 1 Earthquake number of various magnitudes in the third and fourth

. active period in North China

Maénitude
Active period Sum Mmax
6. 0<M, <C6. 4 | 6. 5<M,<6. 9 M.=27. 0
3rd active period 11 8 7 26 8.5
4th active period 10 6 7 23 7.8

The frequency distribution of Ms_>>6 earthquakes is listed in Tablel. It can be seen from

Table 1 that the frequency distribution of Ms=6. 0 earthquakes in the fourth active period has
been close to that in the third active period, and that there is a strong earthquake obviously larger
than the others in each active period. Thus,we can deduce that almost all seismic energy of the
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fourth activé period in North China has been released and the peak stage of seismicity of the fourth

active period has been over. Based on the éimilafity of the seismic process and the difference of seis-
mic frequencies between the two active periods,one to three Ms=>6 earthquakes may take place®”

According to- the results of Refs. (3,4),the major seismotectonics in North China is NE to
NNE tectonic zones,the zonation of epicenters of strong earthquakes along this direction is most
obvious. In Ref. (3],NE to NNE :seismic zones in North China was divided into four seismic zones
from west to east (see Fig. 2). They are' as follows;

1. The Shanxi seismic zone. Its range is Xi'an —Taiyuan —Datong —Huailai;

2. The North China Plain seismic zone. Thls zone embraces the western and the eastern
branches,and ranges of which are Xinxiang — Xlngtm Sanhe and Heze —Cangzhou —Tangshan,
respectively ;

3. The Tan—Lu seismic zone. Its range is Linyi—Bohai—Haicheng ;

4.The Yellow Seéa seismic zone. The zone lays roughly in NS direction nearby 122°E.

. . Arranging the earthquakes in
1n° 115° 120° 125° 130°

Fig. 1 in seismic zone order, we

can obtain the results shown in

Shenyans Fig. 3 and 4. It can be seen from

Fig. 3 that the Ms=>6 earthquakes
in the former three stages of the

third active period mainly occurred
in the Shanxi seismic zone and the
North China Plain seismic zone,
especially in the Shanxi. seismic
zone, the Ms_>=>6 earthquakes in

Nanjing the fourth stage occurred in the

Hefei
° North China Plain seismic zone at

N sHangzhou 30° first, then moved eastward to the

Tan—Tu seismic zone then moved
Fig. 2  Seismic zones in NE direction in North China back to the North China Plain

I the west branch of North China plain zone ‘ zone and the Shanxi zone, in the

T the east branch of North China plain zone fifth stage there was a Ms =6

earthquake occurred in the Shanxi zone and the North China Plain zone respectively, and the
earthquake in the Shanxi zone was greater. It can be seen from Fig. 4 that the earthquakes in
the first stage of the fourth active period moved from the Shanxi zone to the North China Plain
zone and the Tan —Lu zone, the earthguake’s mainly occurred in the Tan —Lu zone in the second
stage, and in the Yellow sea zone in the third stage, in theh fourth stage, the earthquakes mainly
occurred in the Tan—Lu and the North China Plain zone, especially in the latter. The MsS. 1
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Fig.- 4 The time series disgram of earthquakes
with Ms=>6. 0 in each scismic zone in
North China in the 4th active period in Shanxi zone from January 1978 to April 1992

Fig. 5 Epicenter distribution of earthquakes with Ms>24. 0

ANALYSIS OF THE COMING SEISMIC RISK IN NORTH CHINA.

As mentioned above,the principal seismically active region may be in the Shanxi zone where

Ms =6 earthquakes will occur. Which places in the Shanxi zone are the dangerous areas where

great earthquakes may occur? Fig. 5 shows the epicenter distribution of Ms=>4. 0 earthquakes in
the Shanxi zone from January 1978 to April 1992. At first, we study the epicenter distribution
from January 1978 to October 1987. We can see from Fig. 5 that earthquakes occurred in Hunyuan
—Zhangjiakou and the s‘outhwés# of Taiyuan in this period. In fact, the two regions were the most

¢

.
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seismically concentrated regions in North China in this period except the old seismic areas of Xing-
tai, Tangshan and Haicheng. According to the experiential law that great earthquakes often oc-
curred in the concentrated areas of moderate earthquakes,these two regions should be the most
dangerous areas where great earthquake will occur. In November 1987,a Ms 4. 0 earthquake oc-
curred again in the Hunyuan —Zhangjiakou region. This earthquake made the distribution of epi-
centers in this region have the form of gap,and after the Ms4. 6 Yangyuan earthquake occurred in
July 1988, the Ms 6. 1 Datong earthquake took place in October 198S. In the southwest of
Taiyuan,the M5. 1 Xinzhou earthquake in January 1991 made the pattern of seismic gap mote per-
fect. Because the M, 6. 1 Datong earthquake in 1989 and the Ms5. 8 Datong earthquake occurred
in Hunyuan —Zhangjiakou region,the most dangerous region at present is the seismic gap nearby
Taiyuan,i. ¢. the region of Xinzhou, Dingxiang , Taiyuan, Jiaocheng, Taigu and Jiexiu, which has

citrcumference of 70km around Taiyuan.

On the basis of 23 examples of strong and moderate earthquakes, Lu Yuanzhong obtained the
following statistic magnitude formula of background seismicity gapm:
Ms=3.31gi, —1.48 = 0. 41 ;
Ms=1.231gL 4+ 5.35+ 0.51 |
where L (km) is the major axis of seismic gap,T (year) is the duration of seismic gap. The
calculated magnitude of seismic gap nearby Datong is 6. 1—6. 6 and consists with the actual mag-
nitude. The calculated magnitude of seismic gap nearby Taivuan is 6. 0—6. 7 and its median value
is taken as Ms6. 41-0. 4.

SUMMARY

1. On the basis of the data of the third and the fourth seismically active periods in North Chi-
na, we studied the characteristics of ssismicity time process.the frequency distribution of earth-
quakes with different magnitudes and the migration of principal seismically active area in each ac-
tive period,and concluded :hat one tu three Ms =0 earthquakes will probabiy occur in the remain-
ing time of the fourth seismically active period in North China and the principal area of these earth-
Juakes may be in the Shanxi seismic zone.

2. The study on the distribution of moderate earthquakes occurred since 1978 shows that the
most dangerous region in North China where Ms_>6 earthquakes will occur mar be the region
nearby Taiyuan.

3. If a strong earthquake occurs nearby Taivuan,the magnitude may be Ms 6. 440. 4.
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