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1.Introduction

The seismic wave precursors to earthquakes can be classified into 2
basic types according to the kinematic and dynamic characteristics of sei-
smic waves, The precursors of kinematic characteristics of seismic waves,
such as seismic velocity anomalies, including premonitory changes in Vp/
Vs and travel-time residuals were researched for more than 20 years by
many seismologists ( Fedototv, S, A et al 1977, Feng, D.Y. and Gu, J.P,,
1981; Reyners, M., 1981) , But the precursors of dynamic characteristics
of seismic waves in medium of earthquake preparation, such as their am-
plitudes and forms were investigated not so broadly and deeply, Among
them the precursory anomalies of the amplitude ratio of S—and P—waves
and their application to earthquake prediction had been studied by Feng
De—yi (1974 ), Talwani, P, (1981) and the others, A variation in the use
of the amplitude ratio of P—and S—waves for esrthquake prediction had
been that of Fedotov et al, (1977) . they had studied changes in the pa-
rameter log CE./Ep), where E, and Ep are the radiated energies of the
short period S—and P—waves, ‘

In this paper,on the basis of thaoretical research of wave propagation
in medium preparing earthquake and practical analysis of abundant obser-
vational data, we have investigated broadly the precursory dynamic char-
acteristics of seismic waves before strong and moderate earthquakes, The
results obtained show that the premonitory variations of some dynamic
characteristics of seismic waves before large earthquakes can be observed
remarkably, Therefore, these precursors must be taken into account in
the earthquake prediction researches,

2.Theoertical Research on DynamiclCharacteristics of Seismic Waves in Medi-
um Perparing Earthquake

The cracked rock in a medium of earthquake preparation may be sim
ulated by a polyphase medium, For simplicity we have investigated the
wave propagation theory in the case of two—phase medium,

2.1 Basic Equations and Parameters ©f Medium for Propagation of
Seismic Waves in Two—Phase Medium

we assume that the medium preparing earthquake consists of two ph-
ases or elements; phase 1 is the solid skeleton and phase 2 is the poro-
us fluid or another soft element, According to Filippov, E,G, and Bachr-
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amov, B.M. (1978), the Hook’s law in this case can be représnted as

1) Juty’ . Tr2)
of1l= g, +A, dive "+ 2p, ax'f +Agdivu
(1) (L1
C1)_ du i Ju i )= 11
Ty =, 3% + 3% Ty (1)

for the phase 1, and
— —>
o(?)=az+}»2divu”]+7\4divu[1]

A , T ;=1;,=0 (xy%x;) (2)
for the phase 2, where A;, Ay, Agy Ay, n,are the corresponding elastic m-
oduli and a,=Az-A,, u‘f’ is the component of displacement vector u of
k—th phase in the direction x;, 0‘5’ is the normal stress of k—th phase
in the directtion x, and ' is the shear stress of k—th phase in the dir-
ection x; acting on the plane with normal direction x,,

. .* .
Representing the displacement vector u‘/’by use of the potentials @
- .
and Y5 C 0, 57, $*§’),

W =gradd, +roty, (j=1.2) ' (3)

the equations for propagation of P—and S—waves can be writen as;

] 02
Aibd,+B,8b = X pyy LY (adn _ 9%y

ot? ot ot
1 32 3, 3
B:Ad, +A,Ad, = E‘Pn atd:l_b g)tl - da)tz) €4
and
g d By 0 gy
w, AW, ! )—jgllpll ot +b at  — ot )
2 A GLTRRRECL TRRMA
e g =b (-5 )= 0 €8
where
Ay=hy+ 2u,+(—1)’pzp$
B,=>\;+z+(—1)’&a_z 6)

P
and b is the diffusion coefficient which can be represented by using the

viscosity v, permeability K and porosity o;

2
b="§ . C7)

The parameters of medium may be given by the following expressions
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(Li Qing—he anb Feng De—yi, 1982),

)\1'—'(_1"(1’) ( 1 -K,9)?2A,

R,=C1l-9) (1-K,9) 2,

A=01-(1-9)(1-K,9)2])),

As=v A A~ 9P,

}\4=\/)‘-1)\29

az=)"3_)\4=—Puq) (8)
where A,, p, and A, are the elastic moduli of the corresponding solid and

fluid particularly, According to Sato, [,(1952), we have approximately:
K, =0.478, K, =1.348, If the constitutive relationship for fluid is:

P=A(pp) +B, so we have; Ay =An., The parameters p;, p;; with density
dimension are determined by Biot, M A, (1956) as

pP=pP1+pP2s p1=C1~9)p,, P:=9PPes

Pr=P11+P12y P2=Pr2t P22y P1:<0 9)

where p,, pr are the densities of solid and fluid particularly,

2.2 Variations of Form and Amplitude of Spherical Seismic Wave in
Two—Phase Medium , ;

In a general way we may take the formal solutions of equations for
" spherical P—wave (4) in the form of .Fourier integral with attenuation

coefficient B,

=
¢1(Y°t);j Ooé_(‘yﬂ)_‘ “. ) +B o
~00
d’z(Y-t):J. Oome' (t=——) 4B do .

~oo. Y
where 8 is the radius of §pherica1 source, a is the velocity of P—wave,
© is the angular frequency, t is the time and r is the radial distance,
By replacing (10) into( 4 ) ,we can obtain the following equations
for A(w)and B(w):
ajAlo)+a;,B(o)=0 (j=1.2) (11)

where ay,, a;, are

1 2
a,,=A,(B—'l—§3- +p”(Dz—ib(D (l=1.2)

1 2
8'k=Bj(B"'iaal) +plzC02+ibCD .(Vj,K=1.2, I#K)

(12)
From (11 ) we can see that for obtaining the nonzero solutions the

gtzcnirant of coefficients must be equal to zero, i,e,
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2

81,85, — 81285, =0 . (13)

and .i‘n this case we have
Alo)=-2*2B(a)=-222B(p) . (14)
ag, a3,

Let us put the real and imaginary parts of left hand in the equation
(13) into zero, we can obtain after simplification; ' C
(x+x0) 2= 4(y+yo)?=R,

(x+x) (y+yo) =R, B 15

where J S
1 C 1 C
Xo="y *—Toaz, Yo=T7 ﬁba)
C.
= 2 _ 2 _ 4 4

R[ Xg 4y° CIC!)

. . _Csb s .

Rz—?(QYQ 4C1C0 (16)
and

2
x=p-2, 5= (17)

Ci=A,A,-B\B,y, C,=A psa+Asp ~(B,+B,)p,,

.C3=A1+A‘2+B1fBz’ - Ci=p11P22tpr2’ -

Co=pi1+p22t 2p,, ' 18)
From (15), (16)we can obtain the followmg expressxons for velocities
a; and attenuation coeff1c1ents '

a F/x,+\/xf.+ 4y}
® - 2y}

B,='_P/Ji;+\/x;+4}'1 . (19)

where

x; = iJR1+\/R122+16_§2_x°

__ Ry _ R,
y,_X’+x° yu—iJR1+\/R|2+IS'R2_y°
2

(20)

From (19), (20) we can see that there are P—waves of two types wi-
th different velocities a,, and a, which may be propagated in the two—
phase medlum and when b% 0, we have 8= 0 and frequency—-dependent
velocities a,, a, and attenuation coefficients B,, Bse

For simplicity we take a tension—type source with the normal stress
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L = 5 &
p=poe f (t)on the source surface, i,e, let us take the boundary conditio-
ns;

0V e =—ay+p (1 — @) f(t)
‘D limig=a; +pepf(t) 21)
and initial conditions,

au(l) au(l,
(1) (3) — e ———
u'VV=y'¥=90, 3t = at =0 (22)

By replacing (10) into (21), we can obtain the final expressions for
potential functions as

. Y—& B
A io (t- ) +8yy
b1 (v,t) = & f+°°—'—‘°’)e X do

Jm1 -0 Y

. -8 )
bt ij’ooB’(m) elm(t— Ya; ) +8iv
s LY, Ty :

f=1d -0 Y

do (23)

where A (co),B;'(co)are determined by
3 5 th
’};l[a nAj(e)+a lzB,-(m)]=F(co)p¢, (1-9)

2 () L)
’El[az.A,(cn)+azzB;(co)]=F(co)poq> (24)

(25)
and F(o)is the Fourier integral of source function f(t),

F 1 oo jot
(m)=ﬂj_oof(t)e dt (26)

From ¢, (v,t) é,(y,t)we can obtain the corresponding expressions for

_c‘l“isp_lacement field easily, The initial condijtions (22) can be satisfied aut-
omatically,
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In the special case when b= 0, from (15) we have
2C,
i ="/ o (27)

C.(1/1 ——-—48;9)
B;=0

Obviously, the velocities a,, a, in this case are independent of freguency

w, For comparison we give the corresponding approximate expression of

radial displacement in the case of monophase elastic solid medium with

modulus p, and velocity a, for enough small source radius;

e () )]

By the similar way we can obtain the corresponding expressions for

28)

u-=

displacement field of S—wave,

Figures 1, 2 show the forms of P—and S—waves in two—phase med-
ium with porous air and porous liquid and in corresponding monophase
medium for source function f(t) as a half—period sinusoid, From these
figures we can see that the forms and amplitudes of seismic waves propa-

gated in the two—phase medium may have remarkable variations in com-

parison with those in the corresponding monophase medium,
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Figure 1. The theoretical

l _ waveforms of P—waves in
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two—phase medium with porous

air { curve 2 )and with porous
water (curve3 )and in

corresponding monophase medium

(curve 1')‘,_L—is the relative
displacement ,_t_=(t—aL) /T is the
1

relative time, ky=0,1, p;2= 0,
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2.3 Preliminary Theoretical Analysis of Premonitory Variations in
Dynamic Characteristics of Seismic Waves in Medium Preparing Earthqua-
ke

According to the described above theoritical results.including Figures
1, 2,we may draw the preliminary conclusion that if the crust medium
preparing earthguake can be simulated by two—phase medium, so we
may observe the following premonitory variations of dynamic characteris-
tics of seismic waves, ‘ ,

(1).The variations of the amplitudes and amplitude ratio of P and S
waves.‘ - ‘

The above results demonstrate that the variations of P—wave ampli—
tudes must be more obvious, then the S—wave -amplitudes and, therefore,
the amplitude ratio of S, P—waves also must be enough remarkable, If in
the process of earthquake preparation the crust rock is microcracked at
the first and then saturated, so the P—wave amplitude must be increased
during the former stage and decreased during the latter stage, but the
amplitude ratio of S, P—waves must decreased in the former stage and
increased in the latter stage of process preparaing earthquake.

(2). The variations of form, period and spectra of P—waves.

From (23)—(25) and Figure 1 we can see thet the form, period and
spectra of P—wave may have rather obvious changes in the process of ear-
thquake preparation, For example, Fig, 1 shows that the dominant peri-
oed or the period of first—motion of P—wave may decreased before large
oarthquake(o

(3). The variations of vibration duration and characteristics of seis-
mic coda,

From Figl, 2 we see that in the process preparing earthquake, espec-
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ially in the latter stage when the rock may be full of water or another
liquid, the vibration duration of P—wave is often enlarged, Mor.eover,
because the seismic coda may consist of multireflected—refracted waves,
difracted waves, diffused waves and other waves in the way of superpos-
ition, some characteristics of coda must have enough remarkable variatio-
ns, For example, the vibration duration of coda may be enlarged and
the attenuation of coda intensity may be slow,, -

3. Premonitory Variations of Dynamic Characteristics of Seismic Wa-
ves in Medium Preparing Earthquakes on the Observational Data

3.1, The Amplitude and Amplitude Ratio before and after strong and
Moderate Earthquakes in Chine,

The variation of the seismic amplitude ratio from near earthquaks
before and after strong and moderate earthquakes have been observed,
Using the methods of dealing with maximum direct P,S—waves amplitudee
ratio (As/Ap)from multi or Cand ) single stations, of dealing with refle-
tive P, S—waves amplitudes ratio (Asr/Aps or Asr/As, Apr/Ap)from
multi or Cand ) single stations, of dealhng with relation between maxmum
direct P, S—waves amplitudes etc, we found the anomolous forms of the
spatial and temporal characteristics of the amplitudes ratio before large
earthquakes,

Fig 3 showt the variation of the amplitude ratio of S, P—waves bef-
ore the Naping M5,7 earthquake November, 17, 1974 recorded at Minxian
(a)and Lixian (b ) stations, we can find that for several months before
the earthquake the forms of the amplitude ratio in two stations tend to
towards lower, of course, their forms are different slightly because the
position of single station is different,

Authors had studied detaily the amplitude ratio of S, P—waves befo-
re and after the Haicheng M 7,3 earthquake February 4, 1975(Li Qing—
he, Feng De—yi 1982) ., The direct P, S—waves amplitudes of 607 weak
earthquakes, occurred around the Haicheng earthquakes epicentre from
January 1970 to July 1975 have been recorded by 20 stations, and .have be~
en made correspoding statistics, we obtained the temporal and spatlal di-
stribution and immediate-term shock charactersitics of the large earthqua-
ke, Fig 4 is a scheme of the daily average value of S, P—waves amplitu-
de ratio from Novemder 1, 1974 to March 31, 1975. From this scheme we
can see that before December 22, 1974 M=5.2 Bénxi earthquake and Febr-
uary 4, 1975 M=7.3 Haicheng earthquake the amplitud ratio appear all
high value and the shock occurred in the process of the peak value falling,

The amplitude ratio value before the main shock (M=7.3) is 15.4, it is
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more high.than others, We alto see that the average level before shock is

‘higher than after,
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S—wave amplitude ratio before the 1975
Haicheng M7.3 earthquake
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If draw a relation between direct waves maxmum amplitu’de As and
Ap using the earthquakes datum month out recorded by several station,
we can find they have a better relativity, Make the linear fit using foll-
6wing formula,

As=a+bAp (29)

The coefficient’a’ and’b’ may be obtained with least squares method.
Fig 5 is a scheme of average ‘b’ value of Chengxian, Minxian and Lixian
stations respect to time, One can see that before November 17, 1974 Son-
gpan M 5.7 earthquake and August 16, 1976 Songpan M7.2 earthquake the

’b’ value appear lower during former stage and then higher during latter
stage,

Pug 16

| 72

1974 1975 1976t
BAs MEAR, IREAR. LEEFYb ERENREKEL
Figure 5, Variation of coefficent b obtained
from records at Chengxian, Minxian and Lixian
stations on an average with respect to time,
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Figure 6. The spatial distribution of S—and P—waves
amplitude ratio in Songpan region before (a ) and
after (b)M 5.7 earthquake bet:ore M 7.2 earthquake (c) .
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Fig 6 is a scheme of the spatial distribution of S and P wave amplit-
ude ratio in Songpan reglon before and after M 5,7 earthqake, the number
in the brackets shows the earthquake number of times and upper shows
the amplitude ratio, (a)shows the stage from February 1974 to November
17, 1974, the main shok (M=5.7) occurred in the nexghborhood of the bo-
undary region of high value 2,90 and low value 2,03 and, then times ratio
occuring in the two regions is large (2,06:28); (b) present that the gra-
des of average amplitude ratio and eventVS‘trr‘nes in the neighborhood of
the epicentre fall aflter‘ the earthquake; after 1975, the grades of the two
parameters rise markably and the event M=7.2 occurred in the region of
large variation of the grade, presented by (c),

Since the microquake are fr'erquent before Haicheng M=7.3 and erery-
station appeares the amplitude ratio peak early or late, then the time—
divergence ATo between appearing peak and occuring main shock baers a
relationship with the epicentre distance A, Fig 7 is a diagram of this rel-
ation, in which the serial number 1—10 are Dalian, Chaoyang, Tieling,

Dandong, Jinzhou, Heian, Yingkou,Fushun, Shenyang, Jiguanshan stations
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Figure 7. The relationship between the precursor time’
AT, of short—term peak value of amplitude ratio and

epicentral distance A for Haicheng earthquake,
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respectively, Althouth the epicentral distances of Fushun, Shenyang and
Jiguanshan stations.are different but AT, are almost same, and they are
located in the northeast of main shock region, we can consider that this
phenomenon may be governed by same physical cause,

3.2 Survey of Some Dynamic Characteristics of Seismic Waves in the
Preparing Earthquake Region Utilizing"man—made explosion sourc-
es

The man—made explsion souces possess knowing energy, single stimul-
ated way, identical radial way, simple disturb etc advantages, so it is
feasible,

We select Maranshan mine province Anhui as explosion point, Liyang
region province Jiangshu (in which occurred M=6.0 earthquake at July 9,
1979) is a pfepariﬁg earthquake region explored, Liyang station is away
from explosion source about 100km and the explosion point, epicenter and
station are on same line, so the seismic waves led by the explosion may
pass through the preparing earthquake region and the direct and reflected
waves can be received in the station, Fig 8 shows the variations of the
Asr/Apr, Asr/As, Apr/Ap and travel time residual AT received in ‘the Li-
yang station from man—made explosion before Liyang M=6.0 earthquake
in comparison with the Vp/Vs of the eatthquake, in wich the Asr and
Apr are the maxmum horizontal and vertical displacemnt reflected from
Moho surface respectively, From this we can see that the average velue of
the monthly average value of Asr/Apr is 2,02 from December 1974 to Apr-
il 1977 but general tendency fall rapidly begining at the latter half of 1977
and presents obvious anomaly, its average value is 1.8, the range of ano-
maly is 46 percent, it is relative with the process of the preparing earth-
quake M=6.0 and we can see that the forms 6f the Asr/Apr are analogous
to the Vp/Vs and AT,

From Asr/As, Apr/Ap we see also that, moreover, the variation of
P—wave amplitude is large than S—wave, so that the amplitude ratio
depend mainly on P—wave, this conclusion is same with the theoretical
result (Li Qing —he) and velocity ratio result,

3.3 The Change of the Coda

The coda is caused by mutiple, scattering and the overlap of body,
surface and transformed waves in ithomogeneous medium, so it can carry
a lot useful informations on the earthquake source region,

First, we studied the coda led,_b); the man-made explosion in Marans-
han mine before and after Liyang M=6.0 earthquake at July 9, 1979, rec-

eived by Tianpingshan and Hangzhou stations, Fig 9 is a scheme of its
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variations, In which, (a) reprensents the variation of travel duration
of coda respect to time, we can see that the duration increase gradually
before shock and decrease after the shock, (b) indicates the frequency
feature, The predominant frequency on every time window in the coda
range is a function of time, i, e, {=F (t). According to reseach of Aki
(.1969 ), there is approximate expression; ‘
. f=a-Kt o (30D
and the change of the slope can reflect the relationship of f’ and ‘t’,
From (b)the ‘K’ tending to falling can be seen in the preparing eart-
hquake region before shock, the shape function of the coda can be repre-
sent as following, .
A=A ™ (31)
where A is shape function and A, is its maxmum scope value, a is
attenuation coefficient, If we take maxmum amplitude A, in several time

window, then the following formula is represnted;

A,
AtInAm | (32)
and
— 1 =-1
G—n_1l¥la| (33)

where o is attenuation coefficient of coda as shown in Fig 9(c) .we can
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see that a fell before and recovered after earthquake, (d) shows the

quality factor *Q’ in the scattering region, Because
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Figure 9, The changes of the
coda different parametres
respect to month before
Liyang M6,0 earthquake on
July 9, 1979 in Hangzhou
and Tianpingshan stations,
(a) .average duration of the
coda;
(b) .average frequency feat-
ufe of the coday
(c) .average attenuation co-
efficient of the coda am-
plitude;
(d) ,averé.ge quality factor
of the coday
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Next, Fig 10 gives the scheme of ‘K’ and ‘a‘ of the coda received by
Gangu, Wudu and Lanzhou stations before and after Songpan M=7 2 ear-

thquake at 1976 ,Not only these two parameters have more obvious change

before and after the large shock, but also they present synchronons roug-

hly variation

These four parameters v, K, a, Q of the coda led by man—made expl-

osion befoer Liyang earthquake present identical variation in two stations

and their forms is approximate to the forms of the velocity ratio anoma-
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ly (Dong Song—sheng et al’) These results show that the prepartion of
large edrthquake in the scattering region is a major cause controlling the
attenuation feature -of the coda No matter whether the seismic rays pass
through the preparing earthquake region, the variation of the attenuation
feature of the coda is all correspording to large earthquake so long as the
scattering 'region‘ include the preparing earthquake, this illustrates the
atten.uatibn feature is only relative to the medium characteristics in the
scattering regio.n. Moreovér, the magnitudes of K, a relate to the epicen-
tral distance, and the recovery after earthquake depend on whether the

scattering region include whole preparing earthquake region,
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Figure 10. The changes of the coda different

parametes before and after Songpan M 7.2 earthquake
| "in Wudu, Gangu and Lanzhou stations,
the upper diagram is the average frequency
feature of the coda respect with month in
wudu and Gangu stations;
the lower diagram is the average attenua.tio‘n
coefficient of the coda amplitude respect with

month in Gangu and Lanzhou station;

" 3.4, The Precursor Anomalous Variation of the Dynamical Character-
istics ‘of Short—Period Rayleigh Wave before large Earthquake,

From former theoretical analysis we can infer that the velocity and
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spectra of short—period Rayleigh surface wave before large earthquake
may happen more obvious changes.

we collected short—period Rayleigh surface wave datum of some
large earthquake occurred in the west Sichuan province and Yunnan
province since 1976, received by Chengdu, Kangding, Luzhou and Lanzhou
stations using Kilposs seismographs and analysed the velocities, spectrum
and forms of Rayleigh wave, These feature all have obvious anomalies,
Here we would introduce the spectral variation in particular, Draw the
dealt with spectrum of every earthquake into a same diagram to compar-

ison, Here we use maxmum amplitude Amax to dealt, we drawa a scheme
of the variatioe of s= s/Amax respect to frequency f, and draw a scheme

:= desf respect with f, ds, df

of the relative change rate of the spectrum

may be replaced with difference. Fig 11 is a diagram of the relation of

S| and f, Fig 12 is a diagram of relation of I§| and f, ‘A’ and f are

taken from several earthquakes occurred in the west Sichuan province,
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Figure 11, The variation of the relative spectra
|S|respect with frequenecy f in the ear-
thquakes occurred at the west Sichuan
province recorded by Luzhou station,

(the anomalous point is relative with the process
of M>5.8 earthquakes), —
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Figure 12, The variation of the relative change
rate of spectra |S~| respect with frequenecy
f tof he earthquakes occurred at the west
Sichuan province recorded by Luzhou station,
(the anomalous point is relative to the

process of M>>5.8 earthquakes ) ,

recorved by Luzhou station, These results illustrate that the spectrum
and its relative change rate may happen obvions anomalous variations bef-
ore M>6.0 earthquakes, and they are basically agree with the anomalous
variations of the group and phase velocity, etc, .,

4 ., Preliminary Conclusions

Based on above—mentioned theoretical and practical results we can
obtain foffowing preliminary conclusions;

(1), The cracked rock in 2 medium of earthquake preparation may be
simulated by a poly—phase medium.When’ seismic waves propagate throu-
gh in this medium their forms, amplitudes would change, so that it prov-
ide theoretical foundation for practical observation,

(2). Many instances state tlje ampliture, amplitude ratio, period of
first—motion of the bvédy wave, feature of coda and some dynamic char-
acteristics of short—befiod Rayvleigh wave would appear relevantly varia-
tions when seismic wave pa.ss through the cracked medium. They possess
some general marks, such as anomalous form, range, duration, temporal

and spatial distributjon,etc,This is meaningful for earthqkake predication,
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(38); Since explosion source has a advantage of simple source, fixed
position, we applied these man—made explosion datum to study many dy-
namic characteristics and get pleased result, so a serial explosion datum
before Liyang M=6.0 earthquake are rare useful datum,

( 4) Many precursor anomalous variation of dynamic parametres are
agree with velocity anomalous variation, this states the seismic dynamic
and kinematic variation may be governed by a uniform physical cause, s-
uch as microcracked appearing and water permeating,

(5).The amplitude ratio of Haicheng and others earthquakes possess
more odvious anomalous information for short—immediate forecast, these
retults provide a possible way for short—immediate forecast,

we take note of that incomplete observation and absent special instr-
uments are major influence 'on our further improte, if we should apply
special instruments such as controlled sources and make seismic—roent-
genoscopy to source region,then reseach for seismic dynamic characteristi-

cs would make new progress,
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