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Abstract: Based on 185 earthquake cases with about 2500 anomalies collected in
{Earthquake Cases in China) from 1966 to 1999, the average numbers, spatial

distribution ranges, average periods of the precursors, as well as the relation-
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ship between these quantities and the mainshock magnitudes, have been exam-
ined. The result shows that the seismicity, deformation and underground fluid
can offer more evidences for earthquake prediction, and their average numbers
of precursors increase exponentially with the mainshock magnitude, especially
for deformation and fluid precursors. For seismicity, the precursor numbers of
earthquake frequency, seismic gap, b value and seismic belt are about 50% of
total precursor numbers. The spatial distribution range of precursors is several
times of fracture size of the mainshock. Average epicentral distances of deform-
ation and fluid precursors increase linearly with the mainshock magnitude. The
anomaly periods are proportional to the magnitude of the mainshock: the larger
the mainshock, the longer the anomaly period. The result also indicates that the
current existing methods or observation items could not offer enough scientific
evidences for yearly earthquake prediction, if the expecting mainshock is not
large enough (for example, for Ms5—6 earthquakes). At the same time, the
effects of fluid and electromagnetic precursors on long-or middle-term (several
years) earthquake prediction, even on yearly earthquake prediction, may not be
so powerful as we expected. With the approach of the mainshock, the precursor
distribution concentrated to the epicenter region gradually and the number of
precursors increases quickly. This tendency began from middle-or short-term
phase within about one year or more before the mainshock. but not in the imme-
diate-term in a very short time period. Further more, the obvious diffusing
process of the precursor distribution proposed by other authors could not be
identified in this paper. Finally, the selected spatial range for precursors in
{Earthquake Cases in China)and its potential influence on the conclusion of this

paper have also been discussed.

Key words: earthquake cases in China; average number of precursors; average
distance of precursors from the mainshock; average duration of precursors be-

fore the mainshock
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Fig. 1 Distribution of Ms==5. 0 earthquakes (open circles) in Chinese mainland from
1966 to 1999 and 185 earthquake cases (solid circles)
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Table 1 Statistics of Ms—=5. 0 earthquakes (aftershocks removed) in different regions from
1966 to 1999 and the situation of the { Earthquake Cases in China)

9 A B A& 1057 LA -~ JRZ: 105°LAZR
= G ,

N Ne R No/Ni N. Ry/Ry No/N N. Ro/Ry
5.0—5.9 123 7 0.06  232/219 73 0.32/0.33 65/57 42 0.65/0.74
6.0—6.9 11 4 0.10 63/48 32 0.51/0.67 16/13 13 0.81/1.00
7.0-7.9 3 1 0.33 16/9 9 0.56/1.00 6/4 4 0.67/1.00
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R STV T R, MRS TR HFS . 1966—1999 EFHMIER L W 2K TR
P2 6.0—6.9 2L 2K 5.0—5.9 HHBAEZEROIGE &AM, A IR H = 3%
ARWAFICSTH DR 1967 45 3 H 27 HAL K 6. 3 i iE 5 1966 - & 7. 2 b E it
23 R B, OB R AR BB SE s 1984 48 5 J1 21 H I 6. 1 901 6. 2 Fuih R E - 1
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Table 2 Catalog of earthquakes with Ms==6. 0 in Chinese mainland from 1966 to 1999
(aftershocks have been removed) and the situation of the { Earthquake Cases in China)

H ) e L E
Ms i 25 15 ®/ O

F-H-H 90N/D AE/D
1966-03-22 37.50 115.10 7.2 WAL & N
1966-09-28 27.50 100. 10 6.4 = A
1967-03-27 38.51 116. 50 6.3 IOk
1967-08-30 31. 60 100. 30 6.8 DU
1969-02-12 41.50 79. 30 6.3 A
1969-07-18 38. 20 119. 40 7.4 it N
1969-07-26 22. 32 111. 80 6.4 JTAR BRI N
1970-01-05 24. 20 102. 68 7.8 7 B N
1970-02-07 23.08 101. 03 6.2 =
1970-02-24 30. 65 103. 28 6.2 NS
1971-03-23 41. 40 79. 30 6.0 B A
1971-03-24 41. 30 79. 40 6.1 BB AT
1971-03-24 35. 50 98. 10 6.3 H AR =
1971-04-28 23. 00 101. 10 6.7 =
1971-09-14 23. 00 100. 80 6.2 =M W BRI 2 R
1972-01-16 40. 30 79. 00 6.2 B B A A
1973-02-06 31. 30 100. 70 7.6 Py N/
1973-06-03 44, 20 83. 60 6.0 L RSN
1973-08-11 32.90 104. 10 6.5 (NIRRT N/
1973-08-16 23.10 101. 20 6.3 =
1973-09-10 42.50 130. 90 6.4 w R R U b 72
1973-09-29 41. 90 131. 00 7.7 R VR UR Hh 7=
1974-05-11 28. 20 104. 10 7.1 PN PN S N
1974-07-05 45. 00 94. 20 7.1 i 5L b BERAR TR S A, oI BE
1974-08-11 39. 40 73. 80 7.3 s BT 5 B a3 H R, TEE
1975-01-15 29. 40 101. 90 6.2 I J
1975-02-04 40.73 122.72 7.3 TR J
1976-04-06 40. 20 112.10 6.2 e N/
1976-05-29 24. 50 99. 00 7.3 PTED A N
1976-05-29 24. 60 98. 70 7.4 P b REIF I 2 £58
1976-07-28 39. 40 118.00 7.8 LA R L NG
1976-08-16 32. 60 104. 10 7.2 WJImE—FR NG
1976-08-23 32.50 104. 30 7.2 PIASE R AW - RBUR T HI 155 2 5%
1976-09-23 39. 90 106. 40 6.2 PSERTHLE AL N
1976-11-07 27. 60 101. 10 6.7 Dy iR R N
1977-01-02 38. 20 91. 20 6.4 H VY
1977-01-19 37.10 95. 80 6.3 T 1 FE A7 b ) N/
1977-12-19 39. 90 77. 30 6.2 7 9 7Y 7R J
1978-10-08 39. 40 74. 80 6.0 EE =T i
1979-03-15 23. 20 101. 10 6.8 =M NG
1979-03-29 42.00 83. 40 6.0 P 58 R J
1979-07-09 31. 45 119. 25 6.0 YL T3 B PR N
1979-08-25 41. 20 108. 10 6.0 N5 A N/
1981-01-24 31.01 101. 11 6.9 I J
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1981-09-19 23.02 101. 46 6.0 = AR

1981-11-28 42.92 131.15 6.2 m IR R R b 7=
1982-06-16 31. 96 100. 03 6.0 o H Ak J

1983-02-13 39. 97 75.07 6.7 v 4 J

1983-04-05 40. 04 75. 23 6.1 B YA ARSI 2 £
1983-11-07 35.17 115. 25 6.0 1L 2R 3 15 NG

1984-05-21 32. 60 121. 66 6.1 G N

1984-05-21 32. 64 121. 60 6.2 g BRI AN 2 %
1985-04-18 25. 89 102. 93 6.2 PR N

1985-08-23 39.53 75.32 7.1 B A SR VG, W I RE 59
1986-08-26 37.78 101. 63 6.5 o e

1987-01-24 41.47 79. 34 6.4 3 8 1 A1 NG

1987-02-26 38.06 91. 25 6.1 FHilgiE N

1988-11-06 22.92 99. 79 7.4 mEWE—KY N

1988-11-06 23.16 99. 55 7.2 mEWG-KD T 7Bk S WU A A 2 3R
1989-04-16 29.99 99. 23 6.6 Py i e N

1989-04-25 30.05 99. 42 6.6 Y1 B EL 37 56 75 1 AR
1989-05-03 30. 11 99. 54 6.3 Py I [ 38 R 7 T 7R
1989-05-03 30.07 99. 55 6.3 Py e [ 378 38R 5 72
1989-09-22 31.58 102. 51 6.5 Py i /N4 NG

1990-01-14 37.84 92. 00 6.5 I PG N

1990-04-17 39.53 75.21 6.3 B NG

1990-04-26 36. 06 100. 33 7.0 H A N/

1990-06-14 47. 90 85.09 7.2 B L s Yl EIE e ot R el S VR R U N ]
1990-10-20 37.11 103. 72 6.1 HIETE NG

1991-02-25 40. 40 79. 40 6.5 BT A N

1992-04-23 22.30 99. 10 6.7 2 28 B N

1992-04-23 22. 60 99. 00 6.9 g A o 2 58 AU B AR 2 F R
1993-01-27 23.10 101. 10 6.3 pay R N

1993-10-02 38. 20 88. 90 6.6 B A 8 NG

1993-10-26 38. 60 98.70 6.0 AR &

1993-12-01 39. 40 75. 40 6.0 A N

1994-01-03 36.10 100. 10 6.0 IR N

1994-12-31 21. 00 109. 40 6.1 Jbs s NG

1995-01-10 20. 50 109. 40 6.2 B B L XGR TS 2 £E
1995-07-12 22.00 99. 30 7.3 7P NG

1995-10-24 25. 90 102. 20 6.5 = B E N

1995-12-18 34. 60 97. 30 6.2 HigNZ N

1996-02-03 27. 20 100. 30 7.0 2 L NG

1996-03-13 48. 80 88. 00 6.1 R HIEES J

1996-03-19 39. 90 76. 80 6.9 B s T L N

1996-05-03 40. 80 109. 60 6.4 NEZTPS N

1996-11-09 31.70 123. 10 6.1 Kn J

1997-01-21 39. 60 77. 40 6.4 s A g NG

1997-01-21 39. 60 77. 40 6.3 s A i AU 3 52 4 R
1997-03-01 39.50 76. 90 6.0 B s A Ui AU 5% 72 B 4 R
1997-04-06 39. 50 76. 80 6.3 s A Ui AU 588 72 7 b 72
1997-04-06 39. 60 76. 90 6.4 i Ui A0 i 547 55 A
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1997-04-11 39.70 76. 80 6.6 B A o A1 T S8R 5 b 7
1997-04-16 39. 60 76. 90 6.3 58 A Ui A1 558 7 4 72
1998-01-10 41.10 114. 30 6.2 ek N
1998-03-19 40. 20 76. 80 6.0 ST S T 1 J
1998-08-02 39. 60 77.50 6.0 B A i A1 558 5 7R
1998-08-27 39. 90 77.90 6.6 S 5E Ain Uig ATV 547 75 it 7
1998-11-20 27. 30 100. 90 6.2 DT NG
1999-04-08 43. 40 130. 30 7.0 i ARE T VR TR Hh 7=

585 XF 7T RUAT HUE , PRIRTEHAE . R SUEFHI S 2 32 5% O5m = ET 8 i AR
AR 105 AR IX 428 6. 0—6. 9 b B & 742004 5. 0—5. 9 FHMFBIF R T EHV5; KL
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Fr—E WP, 5 28 R . AR SCRT & BT IR S W B O AR i 0 S Y 3t 1R ) B el Bk
P M EE R AR W H K KT8« B > PR AE A 25 L2 LA o F2 ) W5 7.

MHRZ S8 A ML . 185 K 5 LI LR P IL sy K 2516 245 JE 3= 7 B AT JK 57 9
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ROIAEER . 29 910 BB A MR 55, 29 7100, 5390 K 66 LR B P AT AL . MG
LR (R 3. BHRE . fEREBA G AR EE B A& ET . R R
T 72 TN o A $4E 5 AN AL AR A . BTIR T T R AL R AR A B AR AT R
DURLRT IR A5 2 B LUk 36 3 Sehr B 1 & WA R S () 2 B UL 35T H i B 4 9 22
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Table 3 Precursor numbers of different subjects in { Earthquake Cases in China)

e LY A HL % PIRES # ik
SHHH 797 593 318 808
SR T 5 L 32% 24% 12% 32% AHEMSEH” S A8 2516
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Table 4 Numbers of earthquake precursors in { Earthquake Cases in China)

e R e B )
FEEK R B L ol o Wk Lo wEE DL R
S BH 102 65 47 44 91 32 128 190 54 27 17 797 &5,
SEBSE 13% 8% 6% 6% 11% 4%  16%  24% 1% 3% 2% 169 WM,
= ECH 85 54 39 33 78 27 93 75 35 23 16 HABHIH

RO 462 302 210 18%  43% 1500 510 410 19%  13% 9% EIARSFH
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2 SRy AS[R) 2 B0 2 38 4 0t 72 0 7 2 o B O SRR R R K 2 R AL AR
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RS IG T CEL 2b) WY G PR b 52 2 o1 4 S o B i B AR G N (8] 220 FTE TR R B A
G A 3% (2.38/0. 7723, 09). X BIRAE . KA R FTIE 57 Bosm i Sc 5 R R 22 F
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Fig. 2 Average number of the anomalies and their relationship with mainshock magnitude

(a) Seismicity; (b) all precursors; (c¢) deformation; (d) electromagnetism; (e) fluid.

Histogram: actual statistical results, curve: fitted exponential function
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(a) JB2; (b) Wi (o) Wilks (D FFAFIE. B EFRFR RIS 45 R s B RN P35 h B A 2 )5
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S A B A 2 7. A Z
REWHE "’;’:Téiijj_l I)%/}ltjm R;‘ﬁlﬁifkm Ly/L. L
4.5—4.9 63.7 10. 4 6.1
5.0—5.4 123.5 15.5 7.9
5.5—5.9 120. 8 23.0 5.3 L (DI ERR; L, 5l A RIS
6.0—6.4 158.5 34.2 1.6 4(1990) 3 &
6.56.9 177.6 50. 9 3.5
790 221.5 75.7 2.9

WAZBLEE R, R RZE HLTE ) b [ R SR, 2007) B T RiJK S5 14 328 BT [l (X
B, X SRR RN e, 5.0—5.9 9%, 6.0—6.9 ZLF 7. 0—7. 9 L Hh =BT
Jk 5 B 18 B 43 90 2 AR P R 200 km. 300 km 1 500 km. 4K 38 AR SC R 5 #5419 TE
AR E AT IR S0 R [, AR bR T T A R R B I R IE SR A Ve L R AR
B0 A B AR 2D BSR4 ) S E AT AR T RE A st U . (PR T O S SRR AS GRSt
FEASB T IR 5% H GE 1T FEABO 1Y Fo A% /0y BE T % #5300 5 1 285 SR 25 7 A6 B 5 19 5% .
AR NS B TR DS A SIS — W0 3 347
2.4 REMEARESEERELANXER

B TN S B o e B o o s e 1 < N 1 M TN SO O A e e Wi ]
FEAFAE—E M 225, I 4 af UL, D52 5 P R | 600—1500 RIFMA B, 11y
S I ) Bl R AR 2 2 M (& 4a) 5 JTJE S8 S B AE RE R 200—400 K IF 45 5 B .
[FI A B 72 230 L3 R 3% K (B4 b) . AR IE £ # BT LU - B A8 5 s 18] H AR X B

-

1800 7 (=1461.61L787.63)1(39235L124.86)4 7 5 97084208, 10)6522032.5 104 = 600
00T 534 spm26117 a6 Pid e ) - ((1.71 .\1)+mz.m f:({» : :// () 7
1500f () 00 _ 500 ’ v
T 1200 = a00 = 400 ’ ’
= A4S = ’
= 900 k= £ 300 ’ ’
600 = 200 I 200 ’ ’
™ 30 " 100 100 ’ ’
0 0 0

5.0 5.5 6.0 6.5 7.0 7.5
X (]

5.0 55 60 65 7.0 7.5
=l

5001 () > 500
400 ’ 400
= 300 ’ 300

[Tu)/d
1] /d

5 200 ’ i 200
o8 100 a @ ’ o 100 9 W a
0 0+ £ ‘
50 45 60 65 7.0 7.5 5.0 55 6.0 6.5 7.0 7.5
AL ] TR X [H)

4 P RENEYE ERERLR
(a) WG~ (b) FrAmIK; (o BAE; (D B (o Wik, HFEFR YR E; HE
FER T4 5 A IR) 2 M R AR s IR IR 95040 BASMESE T I H 4R Y L AF X ]
Fig. 4 Average durations from anomaly appearance to mainshock occurrence (days) and their
relationship with mainshock magnitude
(a) Seismicity; (b) all precursors; (c¢) deformation; (d) electromagnetism; (e) fluid. Histogram: actual

statistical result; solid line: fitted linear function; broken line: confidence region with a=0. 05

http://www.dizhenxb.org.cn



334 o B A - BT AR AT IR GE VTR AL 20 A 25

ol

Sk 300500 RASNGE (K 4o) 5 ik
B AH X RSB, K2k 150350 K
(E Se), WLHES AT ZHZMH (K
Ad).

i bl . SR RS ROk R E
FOEA G, B bR R, FE B
) . M AR S Bh M S A R B,
YN T TR, SRR R 2—3
L OMBH KT 7 RN, SR mEE A] Gk
A—54F; AR SRR 1—2 455 ik
SHWMBRAKT TN, —fEA 14
JOBE R S H AL, 5 9%, 6 iR iR Y
TR SR B DN — % kg 0. 5—1 4% ML

220 -

SRR R /km
= > 5]
= [= (=1

—

=

<
T

Do
=1

BN R)/d

2
FERE N R)/d

6 R IE 57 V- 2 Hh B B I IR 1

Ak (R 500 KA

A0 RN B IR S TR R PR SRR I 95 00 ELAE
MEAR R 2 P A SV B s S0 19 2R AT IR S A

W) b6 SRR 7 R —

Fig. 6 Average epicentral distance of precursors
vs time (500 days before mainshock)

x axis is the time to interval earthquake (days). Open

circle represents the average epicentral distance (km),

error bars give the range of it under 95% confidence lev-

el, and full circle represents the abnormal frequency

= ‘> o2 .Ip v, - B

TR T 2% % 2 0% 0%
L T W Y VO VO U VU~
2 5 H-o% B B oy B ¢
s B = BH% © L ©

16
15
11
£
% 13
12
! K
N
SRR T T
+ %_d = 2 b = v
= T i
0 5% 2 T - ¥ R A )

Fig.5 Average durations from anomaly appearance

to mainshock occurrence (days) by using several

seismic forecasting methods

SR BN T AR, YRR T
(TR e B N 61 B S T o

v Al R 2 v T 260 2% M 6 4 G 1
JURRTRIN J7 5 100 55 B A K A2 A B i
VAP < 1 B3 N Rl R I SO 7|
JEE R S XL AN AR R R SR
B JOPH R BRI R T 2 4 P,
bAE . WK S -3 SR B O 2 4R
(P 5). 3t IE A Hb A% 24 vk 18 12 W 1E
SR AR R BB RUBE R I T 2 T B
S8 TR B
2.5 FIKRETFHERERMENEZK

FETF 1697 50 iH A 58 & IE &
S IR TR SR B, B 6 AT
AR S 34 5% R R 5 O 1 R ) 2
[E] A 6 R (LA ZS 0 [/ 3R ). il DL BE 7%
B B ZNF 300 R Z 5 . HiI IR 54 28 0] 43
A7 B 5 B ) A e i R A, B
SRR R S g, X b

BRI, MR ERAE . X — i AR R MO ff T AR RO 4 o e 400 i B A B IR R Y
FeL I B BEA H L. 300 K Z V- 44 52 v BE I (8] A2 46 AN I d . R 29 0 A £ 180—200 km 2
). A A A RTIE S W R E R R AL, B RPEI A BEARE. RIEEAT

160—180 km 2z [&] (] 7).

B 6. 7 ik S B (L2018 390 BRI 8] B 28 16 290k . RZY AR T 300
RITHh - S BB 25 200 K25 50 808 BN g K@ . X RRE . A U il
ORI ETIR 57 R 2 B R AT 300 RZJ5 . AT 200 R 25 5 7 40 W] i 2.

http://www.dizhenxb.org.cn



240+ ~600
]

2200 500
Z 2001 100 g
B =
£ 1801 300 =
il 3
& 160 1200 £

140 L eet 00

. . ° e % .
120601400 1200 10b0 800 600 400 200 0

PRI /d
B 7 FTJE S w2 52 v B A R AR Ak GRR AT 1500 R D
250 B R R BRSO B R, DR I 95 0 S MR R A T i
W Z O s 950 B KR T IR S8 k. i) R 7 AL R 6
Fig. 7 Average epicentral distance of precursors ws time (1500 days before the mainshock)
x axis is the time to interval earthquake (days). Open circle represents the average epicentral

distance (km) , error bars give the range of it under 95% confidence level,

and full circle represents the abnormal frequency

3 Wi E&®R

D (R EZRFDBETE R AR A AR w2, fE—E R BRI T B Bess 227}
FERMETMGE 7. JUR A, EIRE DA G W5 =B AE S B 24T R
JEAZ L AR AR BIE AR B 249 910 SR A MR 24 S i, 29 7106, 5300 ¢ 66 0011
RBIHA AL | B SRS R . WA R TR E . I E MBI, =X b {H ., &K
SETT IR PR A S R R B MR e BB R RO B —F . XS Ty ik B S RO R LI fE 7 G
i fiE s AT — P A X S EOLSR R AR, S Z AL T A . AR
AT S R I I 119 1 ] A

2) NrHEHm S EREBHN KRS, Ry, B2, WkrwBEmy 2, 7
P 5 b RO B AR SO N A s L AR X D BRSO AT . X EE
K . IRV 2 5 B R B R S 0 S T MR A 2 e RO AR S . X —
P n AR A TR S RORE L R R AR MR S RO L A T AR SR LR T RE AL R D A 4
K.

3) P2 S A S OR Ok R R GUE MR IEANOG . MR MO S I B AR R T
gt i A e . HRG/NT T RN 23 AL RAERT T Hmt Ak
A—54F; AR S B O AR 1—2 4F; MR R W URBRT 7 A — R HA 14ER
FER SR IFE] . 5 %, 6 G0 ot 52 i PR S 0 N1 — B 0. 5—1 AR HLE SR I 1) — i
AINF LA, HERERT 7 Gk, P35 FR S MR 2 4F.

ALt 72 2 P TN A X B A LA A T . BR AT IR AR ROATRR AL . S 2 S ]
PR ORT 1.5 4F. READR IR X AR AR BRI S T . ORI R I R T 2
AL PR O fE L PRSI 2 S R R 2 4R

IR EE R AE TR S I )R T R R b R W] RE B B B9 SE TR . S — 7 i R
B, MAEBE BN ) A BEOR A . 24 FARER O i I (BN 5 2 52D . AR 4R 2 iy i 2

http://www.dizhenxb.org.cn



&

o B A - BT AR AT IR GE VTR AL 20 A 257

SEH AT RE AR B, R R A AR R PR SIS R R T A A ) AR A T A N A G 56 b
AR R ALY, X 5—6 G rh iR M AR A TN . KRG IR ER VT RECE A E L. SR, AR, B
WEAFHTIE 2 RHE 3 AR MR R B9, L B R AR 4R 23 i b T RB 6 R 4 A0 VE T Al RE L JF
A INFRATTET AR A4 K.

) S H B BER R AR AR B . R ZYFRRT 300 RFFG. R B EEHIS £, 200
RZJGES WG R ME KGR X 5LEXS 1976 4EfH1 7.8 ¢, 1989 K[ 5.9 %%, 1998
AE5RAL 6. 2 ZOF1 1975 SRR 7. 3 G Hh RE S5 BN RE A 5 T A5 45 8 AH — B0 Crp [ b RR ) M
P w] . 2005). XLLEHWIR, AT 1—2 R R b, RE A s i . ik, AR
AR BRI G EE 5 SFHME A B0 E RIS K2 IR T 300 RZ .
17 0 T A - 2 S 30 AT A 5 MR T TR R X RIS R T R b R T
I8 BEUR S5 B0 N I S AR R B

5) WRAHIKRA . ATJR S H o A0 B AR T MR A 2 R (3—8 %), 55 K b R
B B O S PR 5 1) 5 1) R Y B R AR AR 2. [ K S R v I R R R AR b B AR M
Koo TBAE . ARSI B, R X IR R . B KRR . 5.0—5.9
P BT SR Z T EE 4 R 100—150 km. 6. 0—6. 9 LI ZE 29K 150—200 km, 7. 0—
7.9 MR LN 250 km MRS P BIER R YR YUNT T HAE, 2905 150 km, 7 UL E
M=) 200 km,

N2 AN [ B B S 19 25 B) 3 A A2 AR B S BE B F R B /N T 300 RZ 5, HirJk =
WP R R R RN . I R P U AR s 300 R ZET-E A R = R AR R B
KR53 A AE 180—200 km Z i) 5 T HL I ) HiJE 5 8 B A 2, P 358 b B 20 A [R) AR 55 A
FE s AT 160 km B, X —IREWRE . FEE ARG, RATEH M B RE B, Ak 5
w5 () 3 AT A 1) 5= B B i A TR S R T R W . SRS B i Ak
FE L W e B S5 LI MUY ER ] A A 5, M AR (1993) & 4R i . B B R R
H i) A0 L, T B B S R AR R PR AR [ e B R B B R A L ) el
45, (ARSI Z RO SIS R B, B m 2 rh B ks . b B RZ s
T RORE 1 v 3 B BT A S g s A] B 2 B B TR AR SOOI oK BR A8 A DU 2 FiF IR S
(] 43+ A5 1) /1 B B S5 7 7 L

6) mBITTRHE R G BA MR, M e AR T 2 00 B 22 AKCF 400 T Mo RE 1000 A 21 e
R AN BN 1 B A KO CREADITE S 8 (R 0 7 TET  bGRR  T D B F- BF  BE AE AR A T
PR G — AR e . BT AR i R R 25 BYE ) Cf [ AR SRy, 2007) J& DTl M 2 [ A
T8 2R HEAE R . L0 T 6 S5 8 98 S L ) 0 o B HE X AR SC e 1T 45 SR i vl R s e, & — A
o BN L TTIe A (R UL 5 R R i 57 45 R R . T DLW 2 1 IR AR Ak i X B0E [
H Fr #b 2= Wr 2 K A ¢ (Keilis-Borok, Malinovskaya, 1964), Wi ZEm 2R E 5 &% 2 6]
HAHBOL AW IEA R (Utsu, 19615 RIFGSE, 1990). WM& ERA BRI HE .
[HE S P B2 A S U= Nl = S o PG (E 11 e SN N (e 5 g U (| P e
AR E B, TR M M), 5.0—5.9 2%, 6.0—6. 9 LM 7.0—7. 9 ZH1FZ200 km,
300 km F1 500 km (A7 I8 S5 5 2 B0 Bl 32 SRS LATEOEE b R 2 80 s2 FiJE =W f2 b iR
Y EE AR A A H 352 F ORI 5538008 DA Ry 1Y) R i I At DX I T R AR 4200 Rl
2 T R O T B 4 () G v IE ST 45 R B . O B R R S 1) DX L T e K 5 AR

http://www.dizhenxb.org.cn



258 H = 2 Eitd 31 &

H #r #7322 Wr )2 R E Sk i 58 (Varnes, 1989; Bufe, Varnes, 1993; Bowman ez al, 1998;
Jaume, Sykes, 1999). o [E KRl 7 Zh 72 5 H A A2 E B9 NS I R FECREAE (14 i S DX 3
K2 JE 260—400 km, 22 7 HHFRAA R LR 3—5 f5 CHIG R, 2009, HEFZHIE
P b G S L AE AR 2 9 R 50 Bl N %% 2] (Keilis-Borok, Soloviev, 2003). 5 —
J7 T s AR S TF S8 AF (L1990 R4 v B R Bl b 7R 25 Hh i i R 5B R Z M M Gt K R (L=
104" 178 5 0—5.9 %, 6.0—6.9 KM 7.0—7.9 HHEHHEREL N 515 km,
16—47 km F1 52-—148 km, H FRRME A 5 %5290 75 km, 235 km F1 740 km. %F BB 4] i
SERAED M FLE . 5 G, 6 G AR T IR K BN B O RS R X T 7 R EHLER . Y
FRBER/NT 7.5 HuF, S AEM R RO R RS GE G L M) BE M 7 GLL LR
500 k[ ij JK 25 B Bl AR W) 5 (7. 5 R 2 RBE Ll 93 km, 5 f5 R0 2R E 2y
g 465 km). T 19661999 4E( P [E 5241 )185 WEFIH . KT 7.5 HKH (A 1970 4F
W 7.8 G, 1973 4FWEE 7.6 GLR 1976 4RI 7. 8 94 3 k. BRI EE S Bk, R B
SEE D HLE I ETIR SR CHEVE [, N A T A4S R 43 R B A IR R o A ve L (RO
JEEF . SR B R WD B B R Y R AT e s st U . R I P BRIk R
B HINE B LRI RE A LI A R R A BRI, T o S TR A R B e AR AR B
K6 5% B G REAR O 19 BRI o BRI AR SC 48 125 RS 237 A B S 1 5 T

AN, A5 DI 5 B Be s 8] b KRR G I A A& S e A A . I Ry Kb AR i
ELAG A B DG I S M 114 245 () 915 [ AT 38 b i 0 24 RUBE 199 7 % 1 K (Press, Allen, 1995), 25t fAf
e % Wy 31198 = v ] I 9 e 1 R 6 R D =11 Nl s D R VNG o ) 115D

T) AR SCAE VAR W 25 5 5 B () B R B X R M R T D, X — i
AN HEZ AL BAESEPR TAE D, 72 AR 55 0L 0 5 B0 DX 4y Bl L L T RE
SR AR R ME RS R IR AR 0 R e AR v SR A PRI AN B A — RCORE R T AE
B IE B Gy ARV Dy A TR, ATRE SR SE PR X R AR e A SO GE g R IR
KIERZH BEERR, R ZHLEAEE AW, 2 EHR TLRRZ ML HE,
FE g B AUA R RUASUR W St g i — 221 . e iERE . S 5UA MR FEA
AR, DRI JF i fob 5 P A 3 1 2 SO K.

5SRO BRI AR LA A SO K 26 S0 s DA 248 K 22 B0 50 0 02 1 %of B4 722 )
HEAT I o AR SCHJRAE KB R OF 98 0 il b 3R IO e 3 L PR RRAE . DRI T U5 494 1 0 B 52 S
et B B O BE WG L. REEARGETE 25 J 0 — A 5835 5 52 ORS A A o A0 38 55 o 42
i PR RPE A5 B AH R B9 v B SRR —F i k4R ) B A A [R].

o ]t 5 R M 0 A ) A o A O R B U AR L R SR AT I 2 0O AR g
WRAAR BF T SLAR AL T DA L RO 1 B R T B R

2 % X #

MR (E 4D, 2002a. A EEFI(1992—1994)[M]. db5t. HoaZ ekl . 1-428.

BRMEAE (E4i). 2002b. o E (199519960 [ M. dLHT. HbfZ i BLdk . 1-488.

BEALAR (EGR). 2002¢. FFEEM(1997—1999) [ M. 50, HuZ AL . 1-468.

IR, mE, HEE, 2B RO, K4, 2009, 9 E KR 7 S0 A /N R N AR BERURFELT . MR (FF 2 0.
Mt e, g, RER, REE. S0, KA. 1993, PEMBETMRMISIM]. Jbat: Rk . 250-256.

http://www.dizhenxb.org.cn



334 o B A - BT AR AT IR GE VTR AL 20 A 259

RIFGE, I, BEE. 1990, BRI IM]. b Jbat KA AL . 138-148.

TR (gD, 1988, HEZMI(1966—1975) [M]. Jbxt. HufZ it . 1-294.

SRR (). 1990a. FEEFN (197619800 [M]. Jbs . HifE AL 1-421.

FKEERR (FE ). 1990b. A EE M (19811985 [ M. Jb5t: #ufE kL. 1-294.

WK (ESD. 1999, PEFEH(1986—1988)[MT. JLIT: HufZ ikt 1-394.

HEER (4. 2000, PEFEH(1989—199D[MT. JLIT: HuFZ ikt . 1-453.

PE AR R, 2007, AR (DB/T24-2007) [S]. Jbat: MR Mkt . 4.

o 7R R M U TR WL 2005, A st X5 b 7R R T R AR AE 5 TR0 7 Rk S LML db g AR RRE : 178-190.

Bowman D D, Ouillon G, Sammis C G, Sornette A, Sornette D. 1998. An observational test of the critical earthquake
concept[J]. J Geophys Res, 103; 24359-24372.

Bufe C G, Varnes D J. 1993. Predictive modeling of the seismic cycle of the greater San Francisco Bay region[ J]. J Geo-
phys Res, 98, 9871-9883.

Jaume R, Sykes L. 1999. Evolving towards a critical point: A review of accelerating seismic moment/energy release prior
to large and great earthquake[ J]. Pure Appl Geophys, 155; 279-306.

Keilis-Borok V I, Malinovskaya I. N. 1964. One regularity in the occurrence of strong earthquakes[J]. J Geophys Res .
69(14) . 3019-3024.

Keilis-Borok V 1, Soloviev A A. 2003. Nonlinear Dynamics of the Lithosphere and Earthquake Prediction[ M]. Heidel-
berg: Springer-Verlag: 355.

Papazachos C B, Karakaisis G F, Scordilis E M, Papazachos B C. 2005. Global observational properties of the critical
earthquake model[J]. Bull Seism Soc Amer, 95; 1841-1855.

Press F, Allen C. 1995. Patterns of seismic release in the southern California region[]J]. J Geophys Res, 100(B4) .
6421-6430.

Utsu T A. 1961. Statistical study on the occurrence of aftershocks[]J]. Geophys Mag, 30: 521-605.

Varnes D J. 1989. Predicting earthquakes by analyzing accelerating precursory seismic activity[ ] |. Pure Appl Geophys .
130. 661-686.

http://www.dizhenxb.org.cn





