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Abstract

In the time near to earthquake occurrence, a sburce region and its
neighbor region are in unstable state,In this case, some weak external fac-
tors,such as tidal forces,atmospheric pressure or magnetic storms,may mo-
dulate the processes in these regions and the precursors produced by thes\e
processes.If we find some precursors synchronized with some external fac-
tors, we should pay a special attention to.possibility of earthquake oc-
currence.In previous paper, we stated many of examples of our country to
demonstrate the modulation model.In this paper, we present some exam-

ples quoted from foreign countries to demonstrate the model. It should be

pointed out that the external factors may possibly cause aseismic slip and’

false precursors,

Introduction

The short-term and the impending earthquake prediction is the most
iﬁxportant one among earthquake prediction with various terms.This prob=
lem has been approached in two ways; the first is based on instrumen-
tally recorded precursors, the second has considered the trigger effect of ex-
ternal factors on earthquake occurrence.In general, the precursor and the
trigger effects were usually regarded as independent each other. It is our
view that external factors may not only trigger earthquakes but may also
influence precursors, so that both precursor and trigger effect are depen-
dent uponeach other (Guo, Qin, 1980) . We proposed the following model.

Just prior to the occurrence of an earthquake, the processes in source
region and its neighborhood change to an unstable state.In this case some

weak external factors, such.as tidal forces, atmospheric pressure, or mag-
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netic storms may influence the processes in the source region and its neigh-
borhood. That is the processes are modulaled by these external fac.tors.
Therefore the precursors appearing in the source region and its neighbor-
hood are formed by the pr;cesses and the modulation. During the time
that the external factors act on the source region and its neighbourhood,
the processes are excited and the precursors are more remarkable in am-
plitude, more concentrated in time and more varied. Then some fluctuation
phenomena of precursor synchronized with external factors may appear.
We may judge the possibility of earthquake occurrence based on this syn-

chronization.

Physical mechanism of modulation

According to the combination model of earthquake preparation ( kuo,
et al, 1973), an earthquake source is composed of a stress accumulation
element and some stress adjustment elements which are located in the
neighborhood of the former In the stress accmulation element, the shear
strength of the medium or the static frictional limit on fault plane is highs
the adjustment element, however, contrasts with the stress accumulation
element, having a strength much lower than the stress accumulation ele-
ment,Under action of regional tectonic stress, special in the time unear to
earthquake occurrence, the stress adjustment element may produce creep .
slipping, plastic deformation and flow, thereby transfering stress into the
extremes of the accumulation element, thereby initiating an earthquake.-
When an earthquake is occurring, fracture in the accumulation element
propagate rapidly, stopping only when it again meets the adjustment ele-
ment,.The kinds of adjustment elements are varied and may include cree-
ping faults, plastic regions having high temperature, regions rich in fluid,
junction regions of geologic faults, regions composed of broken stone and
so on,We may postulate an earthquake source according to the combination
model shown in Fig 1.In the simplest example, the adjustment element is
a creep fault that is located on both ends of an accumulation element, as
shown in Fig 2. '

According to this model, instablities will appear in the accumulation
element and the neighboring adjustment elements just prior to the occurr~
ence of an earthquake.Instablity in an adjustment element, such as creep
slipping, plastic deformation and flow, appears earlier than instability in
the accumulation element.This precursors observed in the adjustment ele-
ment appear earlier than preciirsors observed in the accumulation
lement, ‘
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The influence of external factors, such as tidal forces, atmospheric

pressure and magnetic storms, on processes in the source region and its

neighborhood can be classified as follows.

1.Mechanical effect According to Fig. 2, tidal forces and atmospheric
pressure act on the source region and concentrate stress in the tip of the
creeping fault, thereby causing the accumulation element to approach fai-
lure.When a fault is strike-'slip, the intermediate principal stress axis is
directed vertically.Variations of atmospheric pressure may influence the
‘magnitude of the intermediate principal stress and the shear strength of
the medium ( Mogi, 1967, 1971) .Owing to inhomogeneity of crustal struc-
ture and relief of the ground, tidal forces and atmospheric pressure will
enhance the shear stress and the tensile stress on fault plane for dip-slip
ior strike-slip earthquake in some cases. The above mentioned effect may
nfluence the instability of the source region.Because high tidal forces
and atmospheric pressure act intermittently on the source region, the mo-
dulation of instability in the source region is intermittent also.

2.Stress-chemical corrosion In general, some fluids, such as water,
exist in the adjustment element and contain some chemical substances
that may cause corrosion in the tip of the crack around which there are
stress concentrations, thereby causing extension of the crack,Tidal forces
and atmospheric pressure can urge fluids to migrate to the tip of the
crack.Because these external factors act intermittently upon the fluid, the
‘extension of crack is intermittent a'lso(Guo, et al, 1982).

Under the influence of a magnetic storm, some ions in the fluid may
migrate into the tip of the crack, causing corrosion increasing the insta-
bility. ‘ ,

3,Magnetic effect In the rock around the tip of crack there are small
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"ferromagnetic grains that experience magnetostriction during magnetic

storms. This magnetostriction may influence the extension of cracks and
thus modulate the f‘ailuvre process. _

4.Magnetic-caloric effect Immediately before an earthquake, the tem-
perature on a fault plane is increased by preceding slip. In this case, the
fault plane possibly becomes a thin layef with higher temperature.The geo
current induced by magnetic storms is concentrated in this layer, fur-
ther increasing the temperature and thus the instability of the source region,
In this mahner, magnetic storm may modulate the processes in a source
region and its adjustment element,

Examples of modulation

As stated above, external factors not only modulate the accumulation
element, but also modulate the adjustment element or adjustment {jeld.
This means that precursors modulated by external factors may appeaf‘in
epicentral area (accumulation element ) as well as its periphery.If the ad-
justment element is large, then precursors may appear far from the epi-
center. we only take the tidal modulation as an example as follows,

We present some obvious examples of precursors and creeps in the So-
veit Union, Japan and America that

may demonstrate the . above men-

tioned modulation model.

(1)The Jan. 14, 1878 Izu-Oshima-
Kinhaj earthquake (M= 7 )

This earhquake is a famous one
in Japan for recent years, On Jan. 9,
a sudden change of radon was obser-
ved in the station which islocated in

the middle of the Izu-peninsula ( Na-

emans i4 Jan.1978 o
500 New moon | . , '
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_ ' . Fig. 4 Radon station, epicentre of
400 ot e mainshock and its distribution of
M2 4 6 6 12 1y 18 15 16 afftershock of Izu—Oshima—Kinhaij
1577 1578 Sug. earthquake :
Fig.3 Relation of a sudden change of [ Radon station
radon with a Izu—Oshima—kinhai 4-——Epicentre of mainshock
earthquake O ~aftershock '
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kamura et al, 1980) . This sudden change of radon is shown in Fig.3 The
radon station is 25km from epicentre of the main shock, and its location
are within the area of after shocks which occured during the period from
14 Jan. to 28 Feb.as shown in Fig. 4.

It is interested that the day, Jan. 9, coincided with a new moon, as
shown in Fig. 3 .According to the modulation model, the synchronization
means that the area around the radon station is unstable, we should pay
a special attention to the earthquake,

( 2 ) The Izu—Hanto—Toho—Oki earthquake of June 29, 1980

This earthquake(M=6.7) is near to the Jan.14, 1978, earthquake above.

The foreshocks that occured four days before the main —shock coin-

cided with high tidal force as shown in Fig. 5.
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Fig. 5 The Izu—Hanto—Toho—Oki earthquake of June 29, 1980
and related seismicity Cafter B £ )

(3 )In the book wrote by Asada et al (1978), there are four typical
examples of sudden changes of strains.Two among them coincided with
full moon or new moon, and 8—6 hours later,the earthquakes took place,
as shown in Fig. 6 and Fig. 7.

( 4 )In the middle Asia, The Soviet Union, two days belore the Alay
earthquake (M= 7 ) a sudden anomaly, AF, of the magnitic field amplitude
difference between the Adijan station and the Taskent station appeared
‘(Fig. 8 ) .The epicentre of the earthquake is near to the Andijan and
about 250km from Taskent.

(:5)The Feb.7, 1972 Garm ear.thquake(M=4.7) 3—to 4 days
before this earthquake, sudden change inradonconcentration was observed
in thé Obi—Garm hydrochemical station ( Mirzoev, et al, 1974), located
130 km from the epicenter.lt is interesting that the radonm increasing day

was coincided with a new moon, as shown in Fig. 9.



523

95

0 — ,
| 26 buiy P976
- -8 an
20l Bm 1xg Irago hour 4.1 Isebay
[p'r 1xid™® ) *
20 L) S S R O g
— -
: X
60 - PT o
N
s 3
80
100
12 14 16 18 20 22 24

Fig. 6 Correlation between the full moon and the
sudden change of strain C after Asada)

0 (Nebukawa) -
. an| epicenter ]
20t hour (¢ station
s Ajiyxo | 6 nvov.1977
40 ga| 1 x10F 20K) 1.3'9
- B [Dr Ix1076
N S N o
|01 |
80 | ]
3 O
100 |
14 16 18 20 22 24 2
Fig.7 Correlation between the full moon and the

sudden change of strain (after Asada 1978)

480

New meon

AL

1878.11.2

M=7

sk Mmagnetic

M” index
A |

Lo
N

g

AN

:MWNY 30
Oct.1978

Fig. 8 Varition of the difference of magnefic field on Andijan
and Taskent with time (after V.A Shapiro et al.1980)

Ty



9% Wk W R %W ‘ LT

gEans
35 [' .
&, ‘J\ ) - . A

e f
’\,AN \/\/ "ﬂ'/ V\\«\/ /‘\ o ® i.:g

N
25

B Wol b

[#A)
gl
7=

-~
~)

W

5 L . ! L 1 L ! : ]
5 15 25 5 15 date

Jan. reb.

Fig. 9 Correlation between sudden change

of radon and lunar phase

( 6 )The Nov.28, 1974 Thanksgiving earthquake On Oct.31, 27 days
before the earthquake, a sudden magnetic anomaly was observed in sta
tion which is 11 km {rom epicenter in Hollister, this day is within the pe-

riod of high tidal force, as shown in Fig.10.
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Fig.10, Magnetic anomaly before the 2.Modulation of the adjustment

Thanksgiving earthquake of 1974
(after Asada)

region This modulation is respon-
sible for precursory processes in the
adjustment elements which are far
from the epicentral area.

3.Aseismic modulation If a precursor coincides with external factors
and there is no earthquake to follow it, then we call this an aseismic
modulation, for example, Johnson et al(1974) presented three creep
events in California. In their paper, among them two events coincided

with ftll moon, as shown in Fig.11—12.In the Soviet Union, there were
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some hydrochemical anomalies in the Middle Asia region, which coincided

with high tidal force, we take a change of radium as an example in Fig.

13.

pore pressure

water table

1 L I L

A e 4

647 9 g9
1972

8-21 8-23 8-25

Fig.11 Correlation between full

moon and Aseismic anomalies

® New moon

Ra 10" (k3p )

A A
F/V\/Ju

[ SR 1 1 t 1

18 20 22 248
Jun. 1974

Fig.13 Correlation between new

moon and Ra anomalies on the

Alamaging fault

. some false precursors. It

mnm

)l ) fulé moen creep
0 1 I J. i - ! A
mb ¥ o
0r
_8 |
cm3 o
6b .
ok water table
2 3
7-22 e 26 28

1972 _
Fig.12 Calculated pore—pressure

change, observed water—level change

and fault creep event on Aug.23,1972

This modula-

tion is that the external factor dire-

4.Falsemodulation

ctly modulate the objects which appear
should be
pointed out, in some time false pre-
cursor may be coincidental with earth-
quake occurence.Because, on the one
hand, the external factor may di-
rectly produce false precursors, on the
other hand, the external factor have
some things to do with earthquake
occurrence.

( Received March, 1984)
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