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Abstract; We solved the five focal mechanisms of moderate and small swarm earthquakes occur-
ring since 1999 in Yingkou and Haicheng using the P-wave first-motion method. We defined the
sum of the inclinations of three orthogonal and principal stress axes of the focal mechanisms for
the moderate and small earthquakes and that of the tectonic stress field in corresponding areas in
the 3D coordinate system as parameter of the consistency of the mechanisms. It is a quantitative
index used to measure the release stress field of an earthquake source and the conformance degree
of the regional tectonic stress field. The conformance degree of the regional stress field and the
focal mechanisms increase as the value decreases. The conformance degree of the regional stress
field and the focal mechanisms of moderate and small earthquakes are higher because of the en-
hanced tendency of the regional tectonic stress field and higher possibility of occurrence of a
stronger earthquake in the future. The result shows that the parameter of the consistency of the
focal mechanisms was reduced to a minimum value of approximately 10 ~ 60 days before the
occurrence of larger earthquakes for the earthquake swarms in Yingkou and Haicheng. Time and
fluctuation range of the low value may be related to the characteristics of the earthquake swarm.
The consistency parameter fluctuated significantly in common swarms such as the 2008 Haicheng
earthquake swarm and the 2012 and 2013 Qingshiling earthquake swarms in Gaizhou City. All the

mean values of the consistency parameter were greater than 125°. The value was low before the
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occurrence of the two stronger earthquakes (M5.4 on November 29, 1999 and M5.1 on January

12, 2000) in the foreshock sequence in Xiuyan. The value varied between 20° and 30°, and the

minimum value was less than 65°. The consistency parameter did not vary significantly, and the

mean value is not high (73°) for the 2014 earthquake swarms of Xihaiyu and Gaizhou, thus indi-

cating some strengthening tendency of the stress field. However, because the consistency param-

eter is not consistently low, further research must be conducted in the future. Nevertheless, the

parameter of consistency of focal mechanism is more useful for judging the stress condition in the

focal region than using the P-axis trend of focal mechanism.
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Fig.1 Distribution of earthquake swarms in Haicheng—

Yingkou area since 1999 used in the study
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Tablel Basic information of earthquake swarms in Haicheng— Yingkou area since 1999

P A 1k 15 ] Hh A5 Rt/ K R HLE /ML R [H] M =25 K /IR
1 1999-11-09—2000-06-30 Uk 25 201 5.4(M) 1999-11-29 91 *
2 2008-11-03—2009-04-19 I IR 168 4.8 2008-11-14 34
3 2012-02-02—2012-12-23 M 14 324 4.8 2012-02-02 22
4 2013-03-30—2013-05-07 5 M55 14 41 4.0 2013-03-30 24
5 2013-12-23—2014-10-04 55 JN 74 ¥ 4 283 4.3 2014-08-22 26 *
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Fig.2 Included angles between 3 pincipal axes of background

A2

stress field and 3 stress axes of focal mechanism
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Fig.3 Normalized frequency distribution of P-axis of focal mechanism of 5 earthquake swarms at intervals of 10°
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Fig.4 Variation of focal mechanism consistency parameters of each earthquake swarm with time
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Table 2 The results of consistency parameters of focal mechanisms for the Xiuyan M5.4 earthquake sequence in 1999

ErRES fisf [ BHEM —BHSE/C) &5 P[] BHEM —BHESH/ O
1 1999-11-09T7:01 4.1 48 44 1999-11-30T19:43 3.4 62
2 1999-11-09T7:07 4.2 39 45 1999-11-30T20:19 4.3 37
3 1999-11-09T17 ;44 3.6 26 46 1999-11-30T21:07 3.7 91
4 1999-11-16T18:57 3 58 47 1999-12-01T1:47 4.2 43
5 1999-11-25T0:59 3 72 48 1999-12-01T4:33 4.3 61
6 1999-11-25T20:47 4 68 49 1999-12-01T4:58 3.5 66
7 1999-11-25T20:55 4.4 73 50 1999-12-01T12.45 4.3 39
8 1999-11-25T21:17 3.5 62 51 1999-12-02T23:16 3.6 38
9 1999-11-25T22:08 3.2 66 52 1999-12-03T7:20 3.2 36
10 1999-11-25T23:19 3.2 49 53 1999-12-03T17:57 3.7 38
11 1999-11-26T23:34 4.4 56 54 1999-12-08T17:17 3 47
12 1999-11-26T23:36 3.1 53 55 1999-12-13T5:49 4.1 55
13 1999-11-27T15:48 3.2 57 56 1999-12-20T8 ;34 3.4 56
14 1999-11-28T8:15 3.3 63 57 1999-12-21T11:34 3.2 56
15 1999-11-29T5:56 3.2 66 58 1999-12-27T19:27 4 57
16 1999-11-29T12:10 5.9 40 59 1999-12-27T19.57 3.2 99
17 1999-11-29T12:18 3.6 32 60 1999-12-27T23:48 3.7 47
18 1999-11-29T12:23 3 73 61 2000-01-09T19:41 3.7 82
19 1999-11-29T12.28 3.2 99 62 2000-01-12T7:43 5.5 115
20 1999-11-29T12.45 5.1 35 63 2000-01-12T7:45 3.6 94
21 1999-11-29T13:03 3.4 79 64 2000-01-12T8:27 3.4 69
22 1999-11-29T13:05 3.4 52 65 2000-01-12T10:21 3.1 19
23 1999-11-29T13:12 3.4 78 66 2000-01-12T11:56 3.2 33
24 1999-11-29T14.55 3.3 81 67 2000-01-12T13:00 4.3 54
25 1999-11-29T15:12 3.6 22 68 2000-01-12T13:02 3.2 127
26 1999-11-29T16:16 5 53 69 2000-01-12T13:07 3 131
27 1999-11-29T16:20 3.1 126 70 2000-01-12T13:11 3.5 27
28 1999-11-29T16:43 3.2 57 71 2000-01-23T11:33 3.1 38
29 1999-11-29T19:09 3.3 125 72 2000-01-24T22:31 3.5 43
30 1999-11-29T22.29 3.2 88 73 2000-01-30T18:39 3.4 138
31 1999-11-29T23:54 3 69 74 2000-02-02T0:07 3.6 56
32 1999-11-30T0:29 3.2 43 75 2000-02-17T10:19 3 35
33 1999-11-30T7:52 4 67 76 2000-03-19T23:18 3.3 95
34 1999-11-30T10:08 3.5 51 77 2000-03-19T23:41 3.8 26
35 1999-11-30T13:58 5.2 43 78 2000-03-20T1:47 3 57
36 1999-11-30T14:02 3 160 79 2000-03-22T20:08 3.3 118
37 1999-11-30T14:06 4.9 51 80 2000-04-15T4:30 3.4 15
38 1999-11-30T14:09 4.3 65 81 2000-04-27T4 ;10 3.1 43
39 1999-11-30T14:30 3.4 17 82 2000-06-01T13:57 3.2 73
40 1999-11-30T14:35 3.3 63 83 2000-06-01T14:46 3.3 152
41 1999-11-30T15:27 3 115 84 2000-06-01T18:14 3 74
42 1999-11-30T17:40 3 110 85 2000-06-05T16:52 3.2 114
43 86 2000-07-19T7:55 3.6 38
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in Haicheng and Gaizhou area

B SN X BN E

The results of consistency parameters of focal mechanisms for earthquake swarms

FELH —HESHITES

i T R A — S T A7 — S M A8 — S E LTS —Hz
= s} ] ma M B/O st ] mog M /O it ] ma M /O s} (] BHM ¥/
1 2008-11-03T2:55 4.1 187 2012-02-02T5.16 4.7 88 2013-03-30T8:19 3.2 240 2014-01-04T14:51 3.4 65
2 2008-11-03T8:24 2.6 134 2012-02-02T5:19 2.5 176 2013-03-30T14:05 4.0 28 2014-02-07T14,39 3.1 71
3 2008-11-03T12:38 2.6 150 2012-02-02T5:43 4.3 45 2013-03-30T14:06 2.9 54 2014-02-09T1:44 3.0 102
4 2008-11-4T11:56 2.7 112 2012-02-02T5:44 2.7 46 2013-03-30T14:10 2.7 152 2014-02-11T9:15 3.6 77
5 2008-11-09T0:46 4.0 117 2012-02-02T8:14 3.5 84 2013-03-30T15:16 2.9 94 2014-02-14T2.49 3.0 67
6 2008-11-09T1.55 2.8 192 2012-02-02T16:34 3.0 68 2013-03-31T12:53 3.9 82 2014-02-24T10:30 3.6 65
7 2008-11-11T2:06 3.5 82 2012-02-06T10:19 2.9 100 2013-04-16T0:45 3.8 224 2014-03-01T2:38 3.2 59
8 2008-11-11T2:14 2.5 104 2012-03-30T2.55 2.6 191 2013-04-16T0:46 2.6 165 2014-03-03T11:30 3.4 66
9 2008-11-11T2:27 3.0 102 2012-06-22T17:46 2.5 180 2013-04-16T10:57 2.7 190 2014-03-17T9:42 3.1 96
10 2008-11-11T7:25 3.4 46 2012-07-12T20:21 4.3 125 2013-04-23T0:21 3.4 26 2014-03-26T3:27 3.0 63
11 2008-11-14T6:53 4.8 163 2012-07-12T20:25 3.6 147 2013-04-23T1:54 2.3 187 2014-03-26T3:28 3.7 90
12 2008-11-14T9:15 2.5 190 2012-07-12T20:45 2.7 110 2013-04-24T1:37 3.2 183 2014-03-28T2.46 3.1 78
13 2008-11-28T14:29 2.6 82 2012-07-12T21:35 2.6 172 2013-04-24T2.07 3.1 122 2014-03-29T13:26 3.2 85
14 2008-12-04T11:09 2.8 132 2012-07-15T12:36 3.7 143 2013-04-24T3:45 3.7 116 2014-04-03T3:24 3.2 65
15 2008-12-04T11:46 2.8 71 2012-08-04T19:23 2.8 180 2013-04-24T3:52 3.0 180 2014-04-08T19:07 3.0 102
16 2009-01-01T13:46 4.2 112 2012-09-15T8:54 3.2 173 2013-04-24T4:41 2.5 161 2014-04-18T9:07 3.7 64
17 2009-01-10T22:39 2.8 147 2012-11-01T19:25 4.0 82 2013-04-24T5:36 2.8 178 2014-04-25T9:14 3.0 34
18 2009-01-12T3:38 2.6 103 2012-11-03T14:37 2.6 81 2013-04-24T10:53 2.5 152 2014-04-28T7:59 3.4 66
19 2009-01-13T16:15 3.1 169 2012-11-23T18:48 2.5 141 2013-04-24T11.:02 2.4 164 2014-05-17T16:08 3.0 52
20 2009-01-14T10:35 3.9 40 2012-11-28T4.34 2.8 180 2013-04-24T12:15 2.6 224 2014-05-22T8:24 3.1 126
21 2009-02-02T15:14 3.4 82 2012-11-28T8:12 2.6 203 2013-04-24T15:36 3.0 43 2014-06-05T2:13 3.1 84
22 2009-02-14T16:34 2.9 141 2013-04-24T19:39 3.5 209 2014-06-10T7:44 3.0 62
23 2009-03-01T8:26 3.1 140 2013-04-26T0:17 2.5 205 2014-06-26T4:05 4.1 40
24 2009-03-08T20:33 2.7 180 2013-05-02T15:11 2.4 250 2014-07-04T11:02 3.0 83
25 2009-03-08T21:06 2.7 79 2014-08-22T7:54 4.3 63
26 2009-03-24T17:48 2.7 116 2014-09-28T11:12 3.3 65
27 2009-03-25T7.14 2.6 169

28 2009-04-03T9:22 2.5 138

29 2009-04-06T9:19 2.9 142
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