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Abstract: How to accurately predict earthquake is a global scientific problem that needs to be solved at present,
especially for short-impending earthquake prediction, which has been the hot topic of long—term attention in the
earthquake field, and obtaining effective precursor information is the key to forecast this type of earthquake.
Currently, it is difficult to predict short—impending earthquake because of the following reasons: firstly, there is
lack of universal precursor information which can reflect the occurrence process of strong earthquake; second,
the scientific community’s understanding of the earthquake initiation mechanism is not comprehensive enough;
finally, the earthquake prediction theory and its technical methods have not reached the level of application. In
this context, we found that the dynamics of gravitational field at ultra—low frequencies may be highly correlated

with the occurrence of short—impending earthquake. Therefore, a high—precision dynamic solid tidal gravimeter
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and an atmospheric tidal gravimeter were developed to capture gravity anomaly, which can detect the gravita-
tional field changes of 1~10 pGal at ultra—low frequencies (1~30 mHz). According to the monitoring, the dy-
namic gravity field changes of dozens of strong earthquakes from 2010 to 2023 were successfully captured, such
as the Yushu earthquake in China (7.1 —magnitude), the Turkey earthquake (7.8 —magnitude), and Indonesia
earthquake (7.4 —magnitude), etc. These data have the potential to be used as the precursor information of
short—impending earthquake prediction as they can reflect the whole process of earthquake from preparation to
occurrence. Furthermore, the physical mechanism of "basic stability—occluded energy storage—pre —shock
calm—energy release" for strong earthquake in short-impending stage was further verified. In addition, a plausi-
ble approach is proposed to achieve the time—space—intensity prediction for the short-impending earthquake, that
means a prediction model of probability, time, location, and magnitude of strong earthquake is constructed based
on high—density network observation and distributed precursor information database construction, and finally re-
alize the release of early warning information several hours before the earthquake. This study remains still in the
exploration stage, but the in—depth mining of precursor information hidden by the signal of gravity field changes
before the earthquake will undoubtedly bring hope to the successful prediction of short—impending strong earth-
quake.
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Fig. 1 Dynamic gravity anomaly monitoring
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Fig. 2 High-precision dynamic gravimeter
B 25 [ A 8 AR 200 )8 TR B U
T, WM T S B B 25 I B R 2 ) 5% ) LT AR
S AL TEIIRAS, s Sh AR AR A 5 ) HR A 0, [
A WA HEIT 0, PR AT LS BB AR A0 A sl . W
PR T7 SE B R AL A 1 It LR 24 W A A2 B 5 e 0 gy
A DTS AL FR A PR 2l , i al DU 0 K T A5 AR 4
RS A AR AT 8% o R A 8 7 A S A P — o
S PR A A B T 2 T 18 ) SIPIR S R AL R
F AT e R RS S AR AR A 2
WiAR = T, Pl A5G 5 Bl SERAE IR LL
e 3 25 [ R B 1 AR SE L, 25 TR B
A 00 S0 AR i A1 25 DR BRI 1 A e B PR 2R
Tl Hh 2 25 U FE A 2b) o R CER XA
JE PRI BEFEAS | — 2y .
£ BT AE A AT ) 54 2l 285 8141 347 T 0 AR 3
BRI E I LT ¢ "'ms(0.01 pGab), A



4 Wodb o H R

NORTHWESTERN GEOLOGY

2023 4F

IR AR, Sh 254 25 Bl 9 4 A5, TR ) AR
THEAZ LA 10HZ/d SR Af R 592 I SR 545 21 J 4 7 7 fin ke
JE T8 B0 A1, A BB ARG T )RR I L S A (1~30
mHz, 1~10 nGaD B 28 5 J) 78 {75 8., HIk e SH06A
B = Ry+2g; W 555 F D DC-400 Hz; i 4 10
A 25 cm; 20 BEF N 0.01 pGal; TAE IR JE H-10~50
C; AN 0.005°, 3 P 3K T 1 (UK 32 i S i,
HEA AVRERE S, S4B sh 0, [\ a HA ER
I, W L FeE . el Rk Mk, Z2UiReH DS AT
Z R AT B S5, A5 5T T AL A 28 3 o, SRR Y
B B (M =5.00 LU S i 285 . 36 F 22 F M DU 2R 5%
MR A5

2 MR R S AT ) R S R R R

2010 4F LI, ZE 3 FT 15 AT BABIF i A oo [ 1< 1)
% T 1A R F AR, WA A 3 2 ks D )
TR AT o3 14 P A2 B 0 S A5 L o I AROR, Bl A
AR AR T B0 o3 ML 70 i 52 i B4 3 A5 E 1 P Bl R IR AR
B, L0 HE 2 T 9 12 R e A I 22, AL (R TR AE 2

ShAS )P s 15 B H B i JR) B RN SR X [
(FE 3~ 13, an S5 B RR, 35559 101 5
& HRa R, HAE R 03~0.6 mv; PLEh Y F% 1
5 ORI AE Rl R R R, B RCR SETE 0 IR
IS
2.1 “4-14” EH 7.1 RE

2010 4F 4 A 14 H 7 : 49, 75 4 T W 8% A 16
M E R (N 33.1°, E 96.6°) K 4= Hi 72, Fe i = o H
Ms7.1 %%, BIERIE ] 14 km, TEZRTZ 66 h Fl 118
h YRS T S E AR R (5 B (R 3D, ey
1088.25 km, M Z i = H E LW W, kK RH
PLAE 2010 4F 4 H 10 H 2 : 00~6 : 00 B [A] B, 34t 4
h, VE(E R 5.9 mv., 58 (A 7E 2~4 my [X 8] /) 5 2 1)
] 47 3.7 h, S AETE 4~ 6 mv X [i] B RS2 R] 4 0.3 h;
B EH LA 2010454 H 12 H 5:45~10: 15
BF (] B, 22 it4.5 h, WE{E R 8.4 mv. S H(H A 2~4
mv X (8] (i FE S2 F (A S 2.5 h, B W EHTE 4~6 mv X
] 1) 45 22 B 0] Ry 0.9 h, S8 {H 7E 6~ 8 mv IX. [i] (1) £F
ZE W) (8] R 0.85 h, 5% fH K T 8 mv i £F Z2 1t [1] 2
0.25h,

1.00E—2

0.00E+0
—2.00E-3
—4.00E-3

~6.00E—3 - Sk | !
23:59:59 08:00:00 08:00:00
2010-4-10 11 12

1 [} 1 1
08:00:00 08:00:00 08:00:00 23:55:30
13 14 15 ER:E]

ZTHEZR /R 20104E 4 H 10 H 2: 00 5 20104E 4 H 12 H 5 : 45 4L sh

E3 EWM71EMEEAHNTSENNERE
Fig.3 Pre—earthquake dynamic gravity time—varying anomaly map of the 7.1 magnitude Yushu earthquake
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Fig. 5 Pre—earthquake dynamic gravity time—varying anomaly map of the 7.4 magnitude Indonesia earthquake
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Fig. 7 Pre—earthquake and co—earthquake gravity anomaly map of the 7.4 magnitude Mado earthquake
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Fig. 9 (a) Pre—earthquake atmospheric tidal cycle variation map and (b) dynamic gravity time—varying

anomaly map for the 6.1 magnitude Lushan earthquake
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Fig. 10 (a) Pre—earthquake atmospheric tidal cycle variation map and (b) dynamic gravity time—varying

anomaly map of the magnitude 6.0 Malcom earthquake
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Fig. 11 (a) Pre—earthquake atmospheric tidal cycle variation map and (b) dynamic gravity time—varying

anomaly map of the 6.8 magnitude Luding earthquake
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Fig. 12 (a) Pre—earthquake atmospheric tidal cycle variation map and (b) dynamic gravity time—varying

anomaly map for the 7.8 magnitude Turkey earthquake

wWYE BB, R 6.5 H UL LSRR SR . K fi 6P 2.5~4 my [X ] B, $FAE i 20 45 8
S AWM I R SRR AR R W TR R A, ThE s AR TE , B E - A AR R
PN MR TR R, AR B BN 2 MRS SR A,
BE D, EREHEEEAT, REAELT 2~4 mv i X
3.1.2 @éﬁﬁﬂ%ﬁ%*#ﬁﬁ 6] B, S H AR 22 Al 1.8~13.2 Wik S AL T
BT 3~ 13 S E MR, R 4~6 mv X B, F8 LR E R 0.25~2 hik; 7
%%UEJJE%{E51$(% {8 > 2 mv) Ik 2 i 2 B & WAHALT 6~8 mv Ay X 8] Bt, 5% FF et 18] 0.1~
WA, HLAFZERT[AIAE 20 min L ERGIBORGIN SIS E 15 Wik B E KT 8 myv A9 IX 8] B, S F5 4Lt e Ay
T AR S HAE S, HOEE AL T 2.5~20.90 mv X [EI B¢, 0.08~0.3 Wik, nf WL F(H 5 HFEenf ] 2 R e & .

iﬁ/\

ALJ\



10 ooJdb oMb BE NORTHWESTERN GEOLOGY 2023 4
a —400 -
-=500 IIl '|
=600 | \
< 800 IN ! y b ! —f
-900 —— )-w\/r«\ A | A\ O ety ! /";"/\\ /
B | S VW F Ll ) Y,
-1 100 Vad AN ] ‘
~1200 ! ! —1
23:12:01 23:12:01 23:12:01 23:12:01 23:12:01 23:12:01 23:12:01 23:12:01 23:12:01 23:12:01 123:12:01 23:12:01
2023/2/13 2023/2/14 2023/2/15 2023/2/16 2023/2/17 2023/2/18 2023/2/19 2023/2/20 2023/2/21 2023/2/22 2023/2/23 2023/2/24
i i) )
b 8 [ T H
6 - : i -
4 I ; I L
= 2 ! : - ‘, ;
=0 _ ﬂ*ﬁ +-4wwhﬂﬂa“ - "
o 5 ﬁ ' L i
E : I ‘ '
76 -1 1 a0 3
76:00:01 16:0‘0:01 16:06:01 16:00:01 16:00:01 16:06:01 16:60:01 16:00:01 16:00:01 16:0;):01 16:06:01 21;2‘3:22
2023/2/13 2023/2/14 2023/2/15 2023/2/16 2023/2/17 2023/2/18 2023/2/19 2023/2/20 2023/2/21 2023/2/22 2923/2/23 2023/2/24
]
LIHEFR /R 2023 4E2 18 H 12 : 00 (WL P 3h
13 EBEERHE 72 L4MEERASBIAPRTAE(DSHEENHTREER D

Fig. 13 (a) Pre—earthquake atmospheric tidal cycle variation map and (b) dynamic gravity

time-varying anomaly map of the magnitude 7.2 Tajikistan earthquake
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Fig. 17 Comparison chart of different gravimeter observation data
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