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Abstract

In earthquake prediction, strong earthquakes are usually preceded by a series of small earthquakes. Thus,

correct identification of those small earthquakes characteristics tell precursor observations and will lead to accurate predic-
tion and judgement of impending main shocks. This paper discusses seismic source dynamic parameters, medium and rupture
characteristics, and their variations during small earthquakes. Focal mechanism and its variation before and after main shock
are also demonstrated along with several seismic examples to summarize the change of rupture characteristics (primary
rupture direction, ambient shear stress, and waveform’s temporal) and periodicity during small and medium earthquakes.
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1. Introduction

After Tangshan earthquake, Hua[1] used all first motion
data of P wave occurred within 360 km from its epicenter to
make comprehensive focal plane mechanism. This data was
recorded by Baijiatuan (since 1958) and Beianhe (since 1975)
observatories. It was found that the mechanism could not be
solved during 1958 to 1971 because the contradiction ratio y
reached 40%. After 1972, v went down to below 20% and it
was found the P axis of the average major compressive stress
aligned with the P axis of the later Tangshang M7.8 earth-
quake. After Tangshan earthquake, y came back to 40% and
the distribution of initial motion of small earthquakes be-
came irregular (Fig. 1). Xu et al. [3] divided the area N38° ~
41°, E114° ~ 120° into three regions and determined the
average direction of the P axis from the comprehensive focal
plan mechanism and using initial motion smoothing method,
separately. The obtained P axis direction was consistent with
Hua’s results. The variation of the contradiction ratio before
and after the Tangshan earthquake can also be clearly seen
from the focal plane mechanism made based on the P wave’s
initial motion data recorded by Changli observatory (Fig. 2).

It was indicated by numerous previous earthquake exam-
ples that in several years before the destructive earthquake,
the directions of major compressive stress axes (P axes) of
small and micro earthquakes occurred within the later de-
structive earthquake would become consistent, which were
close to the P axis direction of that destructive earthquake
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and the direction of regional stress field. During that time the
contradiction ratio evidently decreased. It was even found
that the larger area in which the directions of P axes were
consistent, the higher magnitude the future earthquake may
have. This conclusion is an effective method in earthquake
prediction. In order to explain this problem, the focal
mechanism should be understood as a stress field released
during earthquakes, which is the focal stress field. It is not a
regional stress field and depends on the tectonic structures of
the regional stress field and the local area of the hypocenter.
The distribution of direction of faults can be considered as
regular from the view of a large scale (> 10 km). Therefore,
the strong earthquakes, which are caused by large rupture
activities, have reliable and regular focal mechanisms which
are consistent with the local stress field. However, from a
small scale (< 100 m), small crevices with different direc-
tions and rate of movement spread over the entire area and
inhomogeneous of the tectonics become prominent. Thus,
the directions of P axes of small and micro earthquakes are
generally disorganized. If the local stress field intensifies at
some time, two conjugate small crevices in a certain area will
be easy to rupture and the crevices with other directions will
not. The directions of P axes of small and micro earthquakes
become consistent. A large area in which those directions are
consistent means a strong local stress field and a wider con-
trol range, and the future earthquakes occurring in that area
will have higher magnitudes.

As found by seismologists of former Soviet Union, in
Garm and other regions of middle Asia, the directions of P
axes of small and micro earthquakes turned to be consistent
from disorder within one and half to two years before the
occurrence of medium and strong earthquakes. Moreover,
those directions turned to 90° at two months or a little bit



longer before the main shock[3-5]. Such phenomena were
also observed in China. For example, before the Songpan
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earthquake, the nodal plane solution of Songpan station

showed that the directions of P axes started to turn from EW
direction to NS direction at end of 1974. Moreover, the nodal

Figure 1.
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Comprehensive focal plane mechanism before and after Tangshan earthquake. (a) Baijiatuan 1958~1971; (b) Baijiatuan 1972~1976.7.27; (c)

Table 1. Nodal plane solutions of small earthquakes obtained from Songpan and Gangu stations
Nodal plane | | Nodal plane Il X Y P T N
Station Duration Direction/ Direction/ Position/ Position/ Position/ Position/ Position/ 7
inclination inclination elevation elevation elevation elevation elevation
Song- 70.7-74.11 | 27.5°NW/75° | 308.5°NE/55° 38.5%/35° 298°/15° 829/13° 343°%/36° 188.5%51° | 29%
pan 74.11-76.8 | 70°NNW/51° 305°SW/54° 214.5%36° 341°/39° 8°/2° 275°/59° 99°/31° 25%
Gangu 71.1-73.12 32°NW/50° 338°NE/55° 69/35° 302°/40° 8/59° 274°/2° 182°/30° 31%
74.1-76.8 33°SE/60° 318°SW/65° 228°/25° 122°/30° 84°/3° 177°/40° 3519/49° 18%
Table 2. Directions of P axes of Haicheng earthquake and other medium and strong earthquakes as well as their precursory earthquakes
. Epicentral location . P axis
Origin time Longitude Latitude Location Magnitude Position Elevation
12/22/1974 123°’ 41025’ Shenwo reservoir 4.8 179° 45°
2/4/1975 122°48° 40°39° Haicheng 7.3 66° 17°30°
6/24/1975 111°42° 40032’ Horinger 4.4 120° 74°
4/6/1976 112°12° 40014’ Horinger 6.3 73° 2°
10/14/1976 112°34° 40°39° Liangcheng 4.1 200°30° 41°
10/17/1976 112°38’ 40°38° Liangcheng 3.9 172° 2°
21211977 112°15° 40020’ Horinger 4.1 192° 17°30°
3/14/1977 112°30° 40°30° Liangcheng 4.5 86° 43°
4/14/1978 117924’ 32°30” Changfeng 2.3 159° 24°
3/2/1979 117924’ 33012’ Guzhen 5.0 255° 45°
5/10/1977 119%’ 31°36° Lishui 4.1 358° 1548’
7/9/1979 119°18’ 32°30° Liyang 6.0 268° 40°
7/31/1979 108°26° 40054’ Urat front banner 4.4 140° Very large
8/25/1979 108°7’ 41014’ Wuyuan 6.0 46° Very small
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plane solution of Gangu station indicated that, from the
beginning of 1971, the directions of P axes turned to be along
NS direction from disorder status and those directions had
been switching to EW direction from the beginning of 1974
till the occurrence of Songpan earthquake.
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Table 2 lists directions of P axes of several medium and
strong earthquakes as well as their precursory earthquakes. It
can be found that the P axis rotated about 90° from precur-
sory earthquake to the main shock and the elevation differed
alot.

From above data it can be found that at later stage of
preparation process of the medium and strong earthquakes,
the direction of P axes of the small and medium earthquakes
which occurred in focal region and its marginal area might
turned a large angle from the formed dominating direction.
Because earthquakes usually occur in a comparatively small
space and during a short time-period, therefore such turning
of the P axis may not be found from the focal plane solutions
obtained from a single observatory. However, if the obser-
vatory and all its data about the initial motion of P wave are
located in the seismogenic zones of medium and strong
earthquakes, there is a possibility to detect such turning or at
least the increase in the contradiction ratio y can be found.
Based on this phenomenon, the origin time and epicentral
position of future medium and strong earthquakes can be
timely estimated if it is found that the directions of the P axes

become consistent and render an obvious tendency of turning.

The mechanism that causes the turning of the P axes was
explained by Brady[6] as a characteristic of closing period of
rock cracks and explained by Gupta[7] in terms of vertical
migration of seismic activity.

2. Seismic Source Dynamic Parameters

Zhu et al.[8] investigated the stress drop Ac and focal ra-
dius a of micro earthquakes (M_1.5 ~ 2.9) occurred from
Apr-2-1971 to Feb-14-1977 (before and after the Tangshan
earthquake) using spherical explosive source model (section
3.3.3.2). They found that before the M 7.8 Tangshan earth-
quake, Ac of small earthquakes occurred in the region of
Ninghe-Tangshan-Luanxianwere comparatively high and
had an average value 22 bar. After the main shock, that av-
erage value dropped to 12 bar, however, a small earthquake
occurred near Ninghe and two small earthquakes occurred at
north to Luanxian still had high Ac values. Soon after, two
strong aftershocks with M6.9 and M6.0 occurred in these
two areas. It was also found that the average focal radius of
those small earthquakes before the Tangshan earthquake was
40m, which increased to 49m after it.

Lin et al[9] studied Ac and a of partial M 1.5 ~
2.9earthquakes occurred from May-25-1970 to Jun-25-1977
in the areas of Tangshan-Fengnan-Ninghe-Tianzhuang using
circular shear dislocation model (section 3.3.1). It was found
that the average Ac was 2.3 bar before the Tangshan earth-
quake and the value dropped to 0.2 ~ 0.3 bar after it. The
average focal radius (a) was 490m before that earthquake
and the radius became 540m after the main shock.

Such phenomena were also found from the small earth-
quakes occurred before and after the Haicheng earthquake:
Ac of small earthquakes before the main shock are higher
than Ao of those after the main shock; focal sizes of small

earthquakes before the main shock are lower than those after
the main shock; the distribution area of such earthquakes is
by and large consistent with the aftershock area. However,
other researchers found that there were not obvious varia-
tions before and after the Haicheng earthquake in Ac and
focal size[10]. Even worse, different results were obtained
by different researchers who studied the same earthquake
using same focal source model (see section 1.3.1). Tsujiura
[11] and Bakun[12] studied foreshock sequences of several
earthquakes occurred in Japan and United States, and found
different results in comparing Ac of the foreshocks to that of
the main shock.

Chen et al. introduced rupture mechanics into the deter-
mination of the focal dynamic parameters[13] and studied
the variation of ambient shear stress (to) before and after
Tangshan earthquake[14]. It was concluded by them that the
1o is higher before the main shock and lower after it. This
conclusion is well accepted in China.

To is basically the same as Ac. In physics, Acis the dif-
ference of focal stresses before and after the shock. From the
view of rupture mechanics, after the earthquake, the focal
medium entirely broke so that the stress is zero. In this case,
Acequals the focal stress before the earthquake. Also, by
using the cracks (type Il) of a 2D plane strain as the seismic
rupture model, the focal stress before the earthquake Ac is
the preseismic ambient share stress 1o. In determining Ao, the
first step is to obtain seismic moment and focal radius in the
frequency or time domain based on the circular shear dislo-
cation model. Next, Ac along with the average and maxi-
mum dislocation can be calculated from elasticity using the
following equations

7
Ao = m03
16a
AT = 16Ac-a (1)
Tru
AU = 3AU
2

The first step in calculating tois exactly the same as the
first step of determining Ac. Based calculated seismic mo-
mentum and focal radius, tocan be calculated based on rup-
ture mechanics theories as

. (1-v) 7z, (2a)3
° 3(2-v)z,

1
M, =2lg(2a)+—
° 9 a)Jrl.S{

AT 4(1-v)7p
2a 3(2-v)mur,

In above equation, v is Poisson’s ratio (v = 0.252); p is
shear modulus (u = 33 GPa); n is radiation efficiency of the
seismic waves (1 = 0.05); 1y is yield strength (t, = 200 MPa).
Comparing Eqn. (2) to (1) and we can see that toonly differs
from Ac by a coefficient.
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3. Variation of Characteristics of Media

Variation of Q value before medium and strong earth-
quakes

The quality factor of medium, Q, is a dimentionless pa-
rameter that describes the seismic wave absorption capability
of the medium. A medium with excellent integrity will ab-
sorb less seismic waves, and therefore has a high Q value,
which can be used to predict future earthquake tendency in
three ways.

(1). Q can be applied in creating seismic ground motion
parameter zonation map and used for long-term prediction.
In the areas with high Q values, the expected maximum
magnitude of its potential hypocenters will be high; other-
wise, the maximum magnitude will be low. Fig. 2a shows the
distribution of the Q value in Shanghai and vicinity and Fig.
2b displays the distribution of potential seismic sources. By
comparing the two figures, it can be found that the distribu-
tions are consistent with each other[15].
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Shanghai and vicinity

Figure 2.

(2). In medium and short term prediction, several earth-
quake examples indicated that the Q value was high in the
epicentral area before the main shock and became lower after
the earthquake. Fig. 3 shows the distribution of Q values
before and after the Haicheng earthquake, which were re-
corded by local observatories[16]. From that figure, it can be
found that before the earthquake the epicentral area had
higher Q values while after it the Q values evidently reduced
in the areas northeast and southwest to the epicenter. Simi-
larly, previous study revealed that the peak Q value before
the Tangshan earthquake was 660 and after the main shock,
it went down to 606. That value was further reduced to 357
after the M6.9 Ninghe earthquake on November 15, 1976.
Since then, there has been no M > 7.0 earthquake occurring
in that area[17].

(3). Q can also be used to determine the earthquake type.
Higher Q value means that the medium has better integrity,
which can accumulate a large amount of energy therefore
leading to strong earthquakes. On the contrary, the medium
has lower Q values does not accumulate enough energy, and
can only cause small ruptures instead of strong earthquakes.
The occurrence of strong earthquake breaks the medium near
the hypocenter, therefore reducing the local Q value.
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Figure 3. Distribution of Q values before and after Haicheng earthquake

3.1. Microtremor

If the enlargement factor of a seismograph is turned higher,
regular, periodic vibrations will be shown on the seismogram
even without earthquake. Such vibrations whose period
ranges from 0.1 second to several minutes are called mi-
crotremor. In order to acquire a higher enlargement factor
while not to affect the seismic record, the enlargement factor
is usually set to a level that the double amplitude of the in-
duced microtremor will not exceed 1 mm. Abnormal mi-
crotremor was found before a number of strong earthquakes,
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which has drawn a lot of attention.

For example, the abnormal microstremor was detected
before the Haicheng earthquake[16]. The daily amplitude of
microtremor was determined following below steps. Three
maximum amplitudes were selected in 10 minutes before and
after 12:00 am and 12:00 pm that day, separately. Two av-
erage values were calculated which represented the ampli-
tudes at 12:00 am and 12:00 pm, the average value of the two
average amplitudes is the daily amplitude of microtremor.
As shown in Fig. 4, the amplitude of South-North mi-
crotremor recorded by short period seismograph of Shipen-
gyu seismic station, which is 20 km from the epicenter,
decreased in two days before the Haicheng earthquake. That
value slightly increased at 10 hours before the main shock.
Similar variation was also observed from the records of
Dandong station, which is 100 km from the epicenter. The
amplitudes of microtremor recorded by other local stations
did not show evident variation.

As found by Zhu[18], before the Tangshan earthquake, the
amplitude of microtremor recorded by Changli station,
which was 80 km from the epicenter, dramatically decreased
(Fig. 5). The decreasing of the microtremor’s amplitude in a
short period was also detected before several strong after-
shocks. However, no obvious variation in such amplitude
was observed from distant observatories.
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Figure 4. Amplitude of microtremor recorded by Shipengyu station

Scale
value

100 =

M7.8

20

0 L i 1 1 L ]
16/7/76 1B/7/7T6 20/7/76 22/7/76 244776 IE/TITE ZB/7/TE

Figure 5. Amplitude of microtremor recorded by Changli station

Zhu[16] also discussed peculiar undulation occurred be-
fore medium and strong earthquakes. For example, during
tens of hours to ten days before the earthquakes with mag-
nitude higher than Ms4 which occurred in Beijing area, a
peculiar undulation was observed from seismograms re-
corded by a SKZ seismograph which was located within 250
km from the epicenter. Such undulation discretely appeared
along the N-S and E-W horizontal directions (especially the
N-S direction). Its waveform was smooth and rendered as
shortwave columns with period ranging from 10 to 20 sec-
onds. Its amplitude was three to five times as large as the
amplitude of the microtremor. Zhu studied 22 Ms > 4
earthquakes occurred during 1957 to 1971 and found that
such peculiar undulation had appeared before 18 earthquakes.
Moreover, there were 31 peculiar undulations being detected
in 1972 and 1973. During that period, 16 Ms > 4 earthquakes
occurred and 15 of them were relevant to such peculiar un-
dulation.

Before the Great Chilean earthquake of May 22, 1960 (Ms
= 8.9), long-period strain seismogram recorded at Pasadena
(10,000 km from the epicenter) clearly showed unusually
long-period (300 — 600 sec) wave arriving at the P time of a
large foreshock (Ms = 6.8) which occurred about 15 minutes
before the main shock (see Fig. 6)[19].
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Figure 6. Blow-up of the precursor on the strain seismogram, the Press-
Ewing seismogram is shown for comparison

The variation of the amplitude of microtremor reflects the
change of characteristics of the media. Kanamori and Cipar
[20] considered such unusual wave that occurred before the
main shock indicated a large slow deformation in the epi-
central area prior to the major failure. However, Zhu et al.
[17] insisted that such wave is caused by the new pulsation
source formed from upwelling of underground hydrothermal
fluids and acoustic emission.

4. Epicentral Rupture Characteristics

Assuming an earthquake with nonsymmetric bilateral
rupture and the rupture lengths for the two sides are L, (for
primary rupture with long side) and L, (for secondary rup-
ture with short side). Major epicentral rupture characteristics
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include the direction of the primary rupture L, and the ratio
of the length of the primary rupture and the total length of the
rupture Lo/L, where L = Ly + L. The value Lo/L varies be-
tween 0.5 and 1, where 0.5 indicates a symmetric bilateral
rupture, and 1 means a unilateral rupture. Detailed methods
of calculating that ratio will be introduced in a separate paper.
Width of Fourier spectrum (w) is defined as the bandwidth
which is 70% of the maximum spectral amplitude. w repre-
sents the complexity of seismic waves. The wider w is, the
more frequency the seismic wave has, the more complicated
the rupture process should be, and therefore the more un-
evenly the epicentral medium and stress are distributed.

Liu et al.[21,22] studied four earthquakes with magnitude
around M6.0 which occurred in southeastern China since
1970. Those earthquakes are: M6.0 Liyang earthquake July 9,
1979; M5.9 Heze earthquake November 7, 1983; M6.2
southern Yellow Sea earthquake May 21, 1984; and M6.1
and M6.2 northern Gulf earthquakes December 31, 1994 and
January 10, 1995, respectively. In studying those earth-
quakes, six seismic wave parameters were investigated using
seismic wave method, error estimations were also discussed.
Those parameters are: rupture characteristics (Lo/L), primary
rupture directions, ambient shear stress t, temporal perio-
dicity of waveformr, Q values for P waves, and the width of
Fourier spectrum w. In their study, the characteristics seis-
mic wave parameters of abnormal earthquakes occurred on
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seismic gap and belt were studied to define the single fore-
shock in order to reveal the radiation of the seismic wave of
the single foreshock, which is difficult to be identified before
the main shock by using traditional seismic activity method.

Through their investigation, following conclusions were
obtained.

(1) The primary rupture directions of earthquakes occur on
seismogenic zones are parallel to the coming main shock’s
nodal plane and they either are tangent to the zone or point
outside the zone. However, during the normal periods, the
primary rupture directions are disorganized.

Let’s use the Liyang M6.0 earthquake as an example.
Table 3 lists the calculated results of rupture characteristics
of medium and small earthquakes that occurred before and
after the main shock. In that table, A and ¢ denote the azimuth
of the primary rupture directions and its root-mean-square
error (RMSE), respectively. If distribution of the local
seismic stations was not ideal, three or more possible pri-
mary rupture directions could be found. A and o values were
not selected for such cases. n is the number of seismic ob-
servatories. Certainty factor (CF) of the primary rupture
direction was defined as: CF = | when o < 15° and only
one primary rupture direction was determined; CF = Il when
15° <o < 30° and only one primary rupture direction was
determined; CF = Il when two possible primary directions
were found.

Table 3. Rupture characteristics of medium and small earthquakes occurred before and after the Liyang M6.0 earthquake

No Date | Time | Longitude Latitude | M. | L/L | A, 01(%) A0 03(%) | n | CF
Before Liyang M6.0 earthquake

1 1977-05-10 11:56 119°13° 31°58’ 4.6 0.95 5

2 1977-09-10 21:35 117°56° 32°59’ 2.8 1.0 331.4,22.5 3 [ 1T
3 1977-11-08 21:05 117°30° 32°00” 2.6 0.87 317,8.7 4 [ 1
4 1977-11-28 05:22 116°53’ 32°45’ 2.1 1.0 2

5 1978-01-28 13:01 117°32’ 32°11° 2.8 1.0 205.3,12.1 3 (1
6 1978-01-28 13:48 117°37’ 32°11’ 3.1 0.88 290.8,7.2 28.3,7.2 5 [III
7 1978-02-16 08:42 117°32’ 31°59’ 2.8 1.0 2

8 1978-03-26 04:03 117°31° 32°02’ 3.3 0.9 302.1,9.4 6 [ I
9 1978-03-26 20:51 118°43’ 33°15’ 3.6 0.88 309.1,17.7 7 1T
10 1978-04-14 04:40 117°21° 32°29’ 3.0 1.0 2

11 1978-05-28 14:13 117°32’ 32°02’ 3.2 0.93 186.6,5 116.6,5 5 [III
12 1978-06-25 04:34 119°17’ 31°27° 3.0 1.0 2

13 1978-07-06 11:44 120°57” 32°43’ 3.7 0.93 303.4,17.3 5 [ I
14 1978-07-17 00:48 120°50° 32°45’ 3.9 0.78 306.7,19.7 5 [ I
15 1978-07-17 00:52 120°59’ 32°46° 33 0.73 42.7,13.7 4 [ 1
16 1978-07-27 20:30 117°27° 31°57’ 3.1 0.90 247.4,15 352.4,0 4 [ 11T
17 1978-11-24 23:38 117°27 32°22’ 33 0.70 212.7,25 4 [ 11
18 1978-12-01 01:03 119°37° 31°43’ 33 1.0 301,30 3 [ 1T
19 1978-12-19 08:07 119°00° 32°22’ 2.8 1.0 2

20 1978-12-23 10:53 117°36’ 32°10” 33 1.0 214.2,17.3 4 [ 11
21 1979-01-25 18:25 120°12’ 33°20” 3.1 0.93 20.6,7.5 4 [ 1
22 1979-04-16 05:27 117°04’ 32°57’ 2.2 1.0 2

23 1979-04-28 09:15 121°27’ 32°53’ 3.0 1.0 2

After Liyang M6.0 earthquake

24 1992-01-25 06:37 119°51° 31°55’ 3.2 0.76 45.7,0 6 [ I
25 1992-03-20 23:10 120°04’ 32°08’ 2.8 0.90 199.7,7.2 327.2,7.2 5 [III
26 1992-05-29 16:33 120°38’ 33°29’ 3.3 1.0 2

27 1992-06-27 07:35 117°46° 32°30” 3.0 1.0 243.3,15 153.3,15 4 |11
28 1992-09-13 03:47 117°07’ 32°08’ 25 0.90 191.4,0 3 (1
29 1992-10-25 17:46 120°34’ 32°45’ 35 1.0 135.5,12 8 [ I
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Table 4. Rupture characteristics of medium and small earthquakes occurred before and after the southern Yellow Sea M6.2 earthquake
No Date | Time | Longitude | Latitude | M. | L, /L | A, o, | A, 0,09 | n | CF
Before southern Yellow Sea M6.2 earthquake
1 1978-07-06 11:44 120°57° 32°43’ 3.7 1.0 14.8,0 134.8,0 4 11
2 1978-07-17 22:48 120°50° 32°45’ 39 0.90 474,85 138.9, 8.8 5 11
3 1979-01-04 18:28 120°30° 33°50° 4.3 1.0 120.7,5.8 411
4 1981-01-11 21:30 120°36” 33°34’ 3.7 0.95 155.9, 5.2 220.9,5.2 7 [
5 1983-09-10 07:47 122°29° 34°14° 3.5 0.73 5
6 1983-09-25 14:30 120°07’ 32°51” 3.5 0.94 238.8,11.6 9 [
7 1983-10-07 19:38 122°19° 34°26’ 37 0.80 229.4,17.3 3|1
8 1983-10-11 22:36 121°20° 34°35’ 39 1.0 313.9,43 220.5,4.3 10 | 1N
9 1983-10-14 05:00 121°16° 34°40° 3.3 1.0 313.9, 15 223.9, 15 4 |1
10 1983-10-19 14:25 121°25° 33°49” 4.1 0.96 233.3,12.4 8 [
11 1984-05-16 17:16 120°35° 33°05’ 3.6 0.93 213.7,14.0 711
12 1984-05-17 11:56 120°30° 33°05’ 33 1.0 36.1,13.2 221.1,22.9 6 |1
13 1984-05-17 11:59 120°30° 33°05’ 34 0.80 198.6, 7.5 333.6,7.5 4 11
After southern Yellow Sea M6.2 earthquake
14 1992-05-29 16:33 120°38” 33°29’ 3.3 0.93 226.8, 15 24.3,22.5 4 11
15 1992-08-19 07:49 120°58° 33°40° 3.0 0.97 25.7,15 411
16 1992-08-25 03:21 121°42° 34°12’ 4.1 0.86 232.6,11.2 I
17 1992-10-25 17:46 120°34° 32°45’ 35 0.83 135.4,8.6 12 | |
/480 170 1180 190 1200 1.0 1220 direction of the earthquakes occurred during normal periods
(the periods during which no earthquake occurred and no
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Figure 7. Primary rupture direction of small and medium earthquakes on ° Hangzhou
the seismogeniczone of Liyang M6.0 earthquake @it

Fig. 7 shows the primary rupture directions of small and
medium earthquakes on the seismogenic zone that occurred
before the Liyang earthquake. Fig. 7 displays the primary
rupture directions of other small and medium earthquakes
that occurred in the same area. From Fig. 7 it can be clearly
seen that except for the M 3.1 earthquake in January 28,
1978, the primary rupture directions of all other earthquakes
that occurred at the edge of the seismogenic zone either
pointed out from the zone or were tangent to it. Further in-
vestigation showed that the M 3.1 earthquake has two pos-
sible primary rupture directions, one of which was 290.8°
which pointed out from the zone and the other one was 28.3°
and pointed into this zone. Therefore, its certainty factor was
I11. Another characteristic is that those primary rupture di-
rections were consistent. A of directions of 8 earthquakes
were close to 300° and the azimuth angle of the directions of
other 7 earthquakes were around 210° (30°) (Table 3). Those
directions were roughly parallel to the main shock’s nodal
planes. However, as shown in Fig. 8, the primary rupture

100

1 1 1 1
6.0 117.0 118.0 1200 1210

Figure 8. Primary rupture direction of small and medium earthquakes that
occurred during normal periods in Liyang area

(2) The primary rupture directions of earthquakes that
occur on seismic belts are either close to the direction of the
belt or conjugated to it (close to the direction of the main
shock’s primary rupture plane), and point to the same direc-
tion. For the earthquakes that occur during the normal peri-
ods, theirprimary rupturedirectionsvary in different areas.

Let’s use the southern Yellow Sea M6.2 earthquake as an
example. The calculated results of rupture characteristics of
medium and small earthquakes that occurred before and after
that main shock were listed in Table 4.

Fig. 9 displays primary rupture directions of small and
medium earthquakes occurred on the seismic belt before the
southern Yellow Sea earthquake. From that figure, it can be
seen that most primary rupture directions were consistent
with this seismic belt’s direction and pointed to southwest
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(SW) except for three earthquakes: M 3.3 occurred at 11:56
on 1984-5-17, M 3.4 occurred at 11:59 on 1984-5-17, and
M, 3.3 occurred at 5:00 on 1983-10-14. Each of the three
earthquakes had two candidate primary rupture directions
and one of them pointed to SW. The other rupture direction
of the first earthquake pointed to northeast (NE), and the
other rupture directions of the rest two earthquakes pointed
to northwest (NW) and conjugated to the direction of this
seismic belt. The CF of those earthquakes was Ill. As stated
in[23], for this seismic belt, the azimuth of nodal plane 1 was
350° and the one of nodal plane 2 was 77°. Based on the
distribution of the plotted primary rupture directions, we
determined that the nodal plane 2 was the primary rupture
plane which extended to northeast (NE).

Fig. 10 shows the primary rupture directions of small and
medium earthquakes occurred in the same area (the southern
Yellow Sea earthquake’s belt) during normal periods. These
directions either pointed to SW or NE, which were ap-
proximately consistent to the belt’s direction.

122.0 123.0

35.0

—{=z4.0

—330

is low and varies smoothly. It was also found that during the
time periods from several months to 2 years before the main
shock, the temporal periodicity of waveform r changes vio-
lently and several lower values might appear. In the normal
periods r is comparatively higher and changes gently.

Fig. 11 plots the variation of ambient shear stress of the
Liyang M6.0 earthquake sequence and its abscissa is se-
quence number of the earthquakes. From that figure, it can be
found that before the main shock (especially in 1 year) the
shear stress value was higher and varied more violently
while in other time that value was lower and varied smoothly.
This phenomenon can also be seen from the calculated ex-
pected value 10 and RMS o of t of earthquakes that occurred
before the main shock (09/10/1977 ~ 07/08/1979) and during
normal periods (01/25/1992 ~ 10/25/1992), as shown in
Table 5.
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Figure 11. Ambient shear stress (1) of small and medium earthquakes

inLiyang M6.0 earthquake sequence

Table 5.  Expected value and RMS of t during different periods in Liyang
M®6.0 earthquake sequence
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Primary rupture direction of small and medium earthquakes
occurred on the seismic beltbefore southern Yellow Sea M6.2 earthquake

Time period 1o (bar) | o (bar) | Number of samples
9/10/1977~7/8/1979 10.0 1.8 43
7/6/1978~7/8/1979 12.7 2.8 25
1/25/1992~10/25/1992 6.7 1.5 9

The variation of temporal periodicity of waveform r is
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Figure 10. Primary rupture direction of small and medium earthquakes
occurred during normal periods in southern Yellow Sea area

(3) The average ambient stress t of the small and medium
earthquakes that occur in a year before the main shock and
within 200 km from the epicenter increases and changes
acutely. However during the normal periods, this stress value

displayed in Fig. 12. That plot shows that the temporal pe-
riodicity changed violently from August 7, 1978 till the main
shock and a number of low values appeared with the mini-
mum 0.934. During other times the temporal periodicity was
steady, whose value varied in the range 0.99 + 0.1.
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Figure 12. Waveform’s temporal periodicity (r) of small and medium
earthquakes inLiyang M6.0 earthquake sequence
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Fig. 13 displays the variation of ambient stress of the small
and medium earthquakes in the southern Yellow Sea M6.2
earthquake sequence. It was found that the T value dropped a
little right before the main shock. Table 6 lists 1y and ¢ of ©
during different time periods, which shows that during 3
years and 4 months before the main shock (especially 8
months before it), T was higher and varied violently. How-
ever, during other time periods, that value was lower and
steady.

Average stress = 20.02 bar
Standard deyiation = 19.71
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Figure 13. Ambient shear stress (1) of small and medium earthquakes
insouthern Yellow Sea M6.2 earthquake sequence

Table 6. Expected value and RMS of t before and after southern Yellow
Sea M6.2 earthquake

varied smoothlyduring other time periods. Expected value
and RMS of t of earthquakes that occurred 3 years 9 months,
1 year 10 months, 1 year before the main shock, and that
occurred during normal period were calculated and com-
pared in Table 7, from which obvious differences can be
observed.

Fig. 16plots the variation of temporal periodicity of
waveforms r in this earthquake sequence. From that figurei-
tis observed that the temporal periodicity r was higher and
varied smoothly during most of the normal time periods
while it reached the lowest value of 0.939 and violently
varied from January 13, 1993 till the main shock.
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Figure 15. Ambient shear stress (t) of small and medium earthquakes in
northern Gulf M6.1 and M6.2 earthquake sequence

Time period 1o (bar) | o (bar) | Number of samples
1/24/1978~5/17/1984 24.4 5.0 20 Table 7. Expected value and RMS of t before and after northern Gulf
1/11/1981-5/17/1984 | 203 | 58 15 earthquake sequence
9/10/1983 ~ 5/17/1984 19.2 6.4 13 Time period 1o (bar) | o (bar) | Number of samples
1/27/1992~10/25/1992 13.9 5.1 8 3/9/1991~12/28/1994 8.2 15 14
] ] o o 2/22/1993~12/28/1994 | 9.6 18 8
Fig. 14 describes the variation of temporal periodicity of 1/2/1994 ~ 12/28/1994 10.3 23 5
waveform r. It is obvious that r reached the lowest value of 3/12/1999~12/11/1999 9.8 1.5 9
0.963 at two months (3/7/1984) before the main shock. That
value was higher and varied smoothly in the range of 0.99 + o1 - Average value = 9.86x10™
0.01 in other time periods. ' Standard deviation = 1.5x10
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Figure 14. Waveform’s temporal periodicity (r) of small and medium
earthquakes insouthern Yellow Sea M6.2 earthquake sequence

Fig. 15shows the variation of ambient shear stress 1 in the
northern Gulf M6.1 and M6.2 earthquake sequence. Similar
to the previous samples, the r value had more and higher
peak values and violently varied in the year before the M6.1
and M6.2 earthquakes. However, the t value was low and

earthquakes in northern Gulf M6.1 and M6.2 earthquake sequence

(4) The strongest (or the second strongest) earthquake that
occurs within 100km from where the main shock occurs and
within two years before it is defined as the single labeled
foreshock of the main shock. It was found thatthe fore-
shock’s ambient shear stress 1 is several-fold higher than that
of other earthquakes which occur in the same time period.
Lo/L of those foreshocks is close to 1, which indicates a
unilateral rupture.
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In the Liyang earthquake sequence, t of regular earth-
quakes ranged from several to less than 20 bar. The maxi-
mum ambient stress is 90.3 bar which was recorded for the
M 4.6 earthquake of May 10, 1977, and the second largest
stress is 54.6 bar. The maximum value was calculated as the
average value of the stresses which were recorded by five
local seismic stations, which was reliable. Ly/L of the M 4.6
earthquake was 0.95, which was close to unilateral rupture.
That earthquake occurred two years before the main shock
and at 60 km from the main shock. Since the occurrence of
the M 4.6 earthquake till the main shock, there was no
stronger earthquake occurred within the distance of 200 km
from the main shock. Therefore, the M, 4.6 can be considered
as the single labeled foreshock.

In the Heze earthquake sequence, the M| 4.6 earthquake of
December 23, 1981 occurred two years before the main
shock and at 50 km from it. Till the occurrence of the main
shock, it was the largest earthquake within 100 km and the
second largest earthquake within 200 km from the epicenter
of the main shock. Its Lo/L was 1, which belonged to uni-
lateral rupture. The ambient shear stress of that earthquake
was 170.7 bar, which was calculated as the average value of
the stresses which were recorded by three local seismic sta-
tions. That value was evidently higher than the ambient shear
stress of other earthquakes in the Heze sequence, thus, the
M_4.6 earthquake was considered as the labeled earthquake
of the Heze M5.9 earthquake.

(5) Lo/L of the earthquakes occurring before the main

shock is a little bit higher, but that difference is not so distinct.

Also, there is no distinct variation regularity found for the Q
value of P waves, and the width of Fourier spectrum before
and after the main shock. Qvalue of the deep medium is
higher, while that of the shallow medium is lower.

5. Conclusions

This paper introduces important seismic source parame-
ters (stress drop, focal radius, etc.), characteristics of me-
dium (Q value, amplitude of microtremor, etc.), and rupture
characteristics (Lo/L, primary rupture direction, ambient
shear stress, and waveform’s temporal periodicity), and
explains how those parameters affect the small and medium
earthquakes’ focal mechanisms (direction of P axes, nodal
plane solutions, etc.) through a number of earthquake ex-
amples. This paper reveals that the investigation of these
parameters measured from small and medium earthquakes
can be used as effective criteria in determining and judging
impending main shocks that occur in same seismic zone. The
findings of this paper can be further applied for advancing
seismic wave method in earthquake prediction.
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