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Research on the Precursor of Moderate Earthquakes
before M_—=5. 0 Seimic in the Northeast Region
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Abstract:In this paper, three parameters (E,T,and R) were used as tools to describe the activi-
ties of moderate earthquakes defined by statistical analysis of 11 earthquakes (M=5. 0) in the
northeast region of China. The results showed that seismic activity in this area had obvious re-
gional characteristics such that intense seismic activity of M; —>4. 0 earthquakes was observed pri-
or to all M=5. 0 earthquakes in Liaoning and to the west of the Nenjiang fracture. The final mod-
erate earthquakes prior to the M—=5. 0 earthquakes generally occurred within six months. The in-
terval average was three months; the shortest period was 0. 7 month in Liaoning Province. In ad-
dition, the interval ranged from two to nine months with a four-month average west of the Nen-
jiang fracture. However, intensive moderate earthquake activity was not observed prior to M=
5.0 earthquakes east of the fracture. The probability of the expected M_>5. 0 earthquake occur-
ring in the area of Yingkou— Haicheng— Xiuyan was more than 75% , which was accompanied by
enhanced moderate earthquake intensity. If a foreshock sequence existed, its epicenter was loca-
ted in the scope of 22 km near the larger earthquake. Essentially, the epicenter of M= 5. 0 earth-
quake occurring to the west of the Nenjiang fracture was located in the vicinity of the initial or lat-
est moderate earthquake area, at a distance of 11~67 km. Therefore, the ETR method has some
significance in determining the epicenter of next M_=5. 0 earthquake after the occurrence of mod-
erate seismic activity.
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Table 1 Earthquakes with Ms_>5. 0 in northeast China since 1970 .
/° /° /M 11 M=5.0 E.T
1 1975-02-04 40.7 122. 8 7.3
R, 3
2 1978-05-18 40.7 122.6 5.9
3 1980-01-08 40. 2 125.1 5.7
4 1980-02-10 48.9 121.8 5.3
5 1986-02-09 48.7 126.5 5.0 (1)
6 1999-11-29 40.5 123.1 5.4 3
7 2003-08-16 43.9 119.7 5.9
8 2004-03-24 45.4 118.2 5.9 4
9 2005-07-25 46.9 125.0 5.1
100 20060531 AL T 120 .0 M = 4.5+40.042T +0.551E — 0. 004R (1)
11 2008-06-10 49.0 122.5 5.2
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Table 2 Ms=5. 0 earthquakes in northeast China since 1970 and corresponding catalogue of Ms4. 0 earthquake

(M 4.0~5.2)
M=5.0
No. - - M.
1 1974-05-07 39°18’ 119°42' 4.2
2 1974-09-10 38°54' 120°00" 4.2
3 1974-09-14 38748’ 120°06' 4.0
4 1974-12-22 41°12' 123°35' 5.2
. 5 1974-12-30 41°12' 123°35' 4.1
975
’ . 6 1975-02-04 40°40' 122°46' 4.0
’ 7 1975-02-04 40°40' 122°46' 4.0
8 1975-02-04 40°41' 122°35' 4.3
9 1975-02-04 40°41' 122°35' 5.1
10 1975-02-04 40°41' 122°35' 4.0
11 1975-02-04 40°41" 122°35' 4.8
1 1976-09-05 41°36' 120°18' 4.4
2 1976-11-18 39°55' 122°19' 4.9
3 1977-04-28 41°50' 120°36' 4.3
4 1977-06-05 41°57' 121°18' 5.1
1978 5 1977-09-26 40°44' 122°33' 4.5
5.9 6 1977-10-11 40°43' 122°43' 4.1
7 1978-01-21 40°44' 122°13' 4.0
8 1978-02-15 38°50' 121°28' 4.0
9  1978-03-31 40°45' 122°35' 4.0
10 1978-03-31 40°43' 122°35' 4.2
1 1978-02-15 38°50" 121°28' 4.0
1980
s 7 2 1978-08-30 39°18’ 124°07' 5.2
' 3 1978-12-25 10°38’ 122°58’ 1.7
1 1998-01-29 40°08’ 123°31' 4.6
2 1998-02-08 39°55' 122°28' 4.2
3 1998-06-08 38°30' 124°01" 4.3
4 1998-09-06 40°44" 120°01" 4.1
1999 5 1999-11-06 38°34' 121°28' 4.1
5.4 6 1999-11-09 40°32' 123°01' 4.1
7 1999-11-09 40°32' 123°01' 4.2
8  1999-11-25 40°32' 123°01' 4.0
9  1999-11-25 40°32' 123°01' 4.4
10 1999-11-26 40°33' 123°01" 4.4
1 1979-02-27 47°36' 121°48' 4.9
1980 2 1979-06-16  49°36' 121°30’ 1.0
5.3
Los1 3 1979-12-15 48°30’ 122°35' 4.4
5 4 4 1979-12-15 48°30' 122°30" 4.8
5 1979-12-16 48°25' 122°30' 4.7
2003 1 2002-10-20 44°41' 117°20' 5.2
5.9 2 2002-10-20 44°40' 117°20' 4.5
2004 3 2002-10-21 44°40" 117°16' 4.1
5.9 4 2002-12-03 44°24" 116°45' 1.2
1 2006-05-03 48°52' 121°29' 4.7
2008 2 2006-09-13 49°38’ 121°31" 3.7
5.2 3 2007-03-19 47°38' 122°10' 4.1
4 2008-03-21 49°38’ 121°25' 3.5
1986 1 1985-03-23 47°24' 129°53' 3.5
5.05.45.5 2 1985-07-22 48°48' 126°48' 4.3
2005 1 2004-06-22 47°15' 121°28' 3.5
5.1 2 2005-02-02 47°41' 124°41' 4.2
2006 1 2004-07-27 43°32' 125°13' 3.5
5.0 2 2006-02-22 44°31' 121°46' 3.5
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Table 3 The calculated results of parameters for moderate earthquake centralizing activities

T E R
M=5.0 M. 4.0~5.2
> / /%1012 ] /km ' v
1975 7.3 9.1 3.95 69.75 5.24.24.05.24.14.84.04.04.35.14.0
1978 5.9 19.1 1.17 13.67 4.44.94,35.14.54.14.04.04.04.2
1980 5.7 10. 4 1.98 88.91 4.05.24.7
1999 5.4 22.2 0.28 51.63 4.64.24.34,14.14.14.24.04.44.4
1980 5.3 9.7 0.71 59. 66 4.94.04.44.84.7
2003 5.9 1.5 1.08 4.52 5.24.54.14.2
2008 5.2 22.93 0.15 14. 8 4.73.74.13.5
1986 5.0 10. 77 0.03 3.54.3
2005 5.1 13.27 0.02 3.54.2
2006 5.0 20. 4 0.0 3.5 3.5
4, , M M, >=4.0 (
=5.0 . 3), 5 4 100
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Fig. 2 The image of moderate earthquake increasing before big events in Liaoning subarea.
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Table 4 Distances between the Ms_>5. 0 earthquakes and moderate earthquakes

M=5.0 /km
/M Ay Az As Ay As As—10
1975 7.3 367.9 359.8 356.8 104. 8 104. 8 0~22.2
1978 5.9 264. 4 94.9 243.6 196. 6 Ag233.9 0~11.1
1980 5.7 409. 1 149.5 227.5
1999 5.4 62.8 94.3 233.7 325.1 266.0 0~11.1
1980 5.3 144. 4 84.6 99. 4 89.6 11.1
2003 5.9 271. 1 271.1 271.1 338.9
2008 5.2 11.1 66.7 173.9 67.6
1986 5.0 384. 4 35.1
2005 5.1 380.0 94.9
2006 5.0 188.5 245.4
5
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Fig.3 The image of moderate earthquake increasing before big events in west of Nenjiang fault subarea.
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Fig. 4 The image of moderate earthquake increasing before big events in east of Nenjiang fault subarea.
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Table 5 The interval statistics from the last moderate earthquake to a earthquake with Mg =5, 0

4 5 4
M=5.0 M, /
1975 7.3 1974-12-22 (5.2) 1.5
1978 5.9 1978-03-31 4.2) 1.6 2.6
1980 5.7 1979-06-30 (4.5) 6.4 ’
1999 5.4 1999-11-06 4. 1) 0.7
1980 5.4 1979-12-16 4.7) 1.9
2003 5.9 2002-12-03 (4.2) 8.5 4.4
2008 5.2 2008-03-21 (3.5) 2.7
1986 5.0 1985-07-22 (4. 3) 6.7
2005 5.1 2005-02-02 4.2) 5.1 4.3
2006 5.0 2006-02-22 (3.5) 1.23
4 s o
M5 o ,
[15-16]
’
4
’
4 (
2 1 ), 1970
2 4 =5 9 , M.3.9, M 4.0
( ) M=5.0 Loy M, 2 1 (
M, =5. 0 , 7. 5)
b b
78% 2 . 1995—1996 2009 — 2010
b
5 b ’
’
6, ,
5
33%., ) 5
, ) 4
1970 3 M5 , 2009 MZ=5.0 R
—2010 4 s o
M5 , ,
6 1970 4
Table 6 Seismic situation in the enhanced period of Ms4. 0 earthquake in Liaoning since 1970
4
1971—1972 6 1972-04-14 M,5.2
1974—1975 11 1975-02-04 7.3
1977—1978 10 1978-05-18 5.9
1979—1979 6 1980-01-08 5.7
1987 —1988 5 1988-02-25 M.5.2 2 0
1993—1994 6 1995-04-15 M;.5.0
1995—1996 5 -
1998—1999 10 1999-11-29 M5, 4
2009—2010 5 —
1979—1980 5 1980-02-10 5.3 2008-06-10
2001—2002 5 2003-08-16 5.9
2003—2004 8 2003 5.2
1986
2009—2010 4 — 1 2005

2006
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Fig. 5 The frequency charts of earthquake with different magnitudes in Liaoning subarea.
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