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Abstract; The small earthquake swarm activity level in South Tianshan, Xinjiang, was relatively
high from March 2008 to December 2013.1In this paper,31 small earthquake swarms occurring in
this area are systematically studied, the parameter characteristics of earthquake swarms are
summarized, the relationship between small earthquake swarms and the occurrence of future
moderately strong earthquakes is discussed, and criteria for precursory earthquake swarms are
analyzed and tested. Results show that: (1) earthquake swarms in South Tianshan are
concentrated in several regions,the magnitudes of most are 2.0~3.9,and the largest magnitude of
each swarm is mostly about M| 3.5.Seven swarms have a total magnitude of M| =>4.0 with a max-
imum value of M| 4.9 and there are less than 20 earthquakes for most earthquake swarms with a
duration of less than seven days.(2) The activity of earthquake swarms is mainly concentrated
near Atushi.75% of the swarms are accompanied with M >>5.0 earthquakes two months after their
occurrence,and the epicenters of these medium-strong earthquakes are principally located in the

intersection of Kashi and Wugia.The corresponding ratio of the magnitude of earthquake swarms
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and future medium-strong earthquakes has no obvious correlation with the magnitude of

corresponding earthquakes.There is also no good relationship between the number of earthquakes

in an earthquake swarm and the corresponding ratio.(3) Results using the combined method of

U-K and U-p are preferable for determining the type of earthquake swarm,and the correct rate

accounts for about 32% of all results. Results of analysis provide a reference for determining

whether an earthquake swarm has precursory characteristics or not.

Key words: earthquake swarms; parameters characteristics; determination of the precursory

swarm; western part of South Tianshan
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Table 1 Characteristics and parameters of earthquake swarms in western part of South Tianshan
- ‘ . K ERE/ML= RS
o s e 4 K& 1k B[R] . 23 1.0/M =
- R ML soMizs0 U K o h b
1 fiy & &F 40°46' 77°39’ 2008-03-22 1 3.3 6/6/4/2 1.00 0.58 0.00 1.58 0.43
2 I\ 40°20’ 77°16 2008-07-31 1 3.9 16/16/12/2 0.94 0.53 0.47 0.90 0.51
3 iy £ 39°28’ 77°05' 2008-09-10 1 3.3 7/7/6/2 0.50 0.49 0.00 3.50 0.48
4 iy & & 40°45' 77°56 2008-10-23 1 4.6 13/13/5/1 0.01 0.01 0.61 3.50 0.56
5 AS:¥i 95 40°12' 77°29’ 2009-01-07 1 3.7 6/6/3/1 0.91 0.06 0.00 3.50 0.61
6 I\ LK 39°26' 77°00’ 2009-01-23 1 3.1 7/7/3/1 0.18 0.28 0.00 3.50 0.52
7 iy P& A 40°11' 75°41 2009-01-24 1 3.4 6/6/4/1 0.39 0.16 0.00 3.50 0.36
8 o] ] 4+ 39°31' 75°46' 2009-04-06 1 3.3 16/16/7/2 0.90 0.59 0.59 0.83 0.47
9 AS: ¥ ¢ 39°28' 77°04 2009-09-05 1 3.1 9/9/5/1 1.00 0.14 0.58 3.50 0.49
10 NFAKE 39°34 77°26' 2009-09-29 1 3.6 8/8/4/2 0.29 0.24 0.50 3.50 0.52
11 Nk 39°26' 76°52"  2010-02-13—14 2 4.6 28/28/5/2 0.24 0.03 0.58 3.50 0.58
12 ey 39°31' 74°46' 2010-02-17 1 4.5 12/12/6/3 0.22 0.03 0.62 3.50 0.37
13 I=Ni 41°17’ 79°02"  2010-04-08—10 3 4.6 42/42/12/6 0.54 0.44 0.56 2.47 0.42
14 LENTE 40°04’ 74°55' 2010-12-20 1 3.0 5/5/4/1 1.00 0.68 0.00 3.50 1.13
15 ol B 40°29' 79°24"  2012-01-14—15 2 3.5 10/10/5/1 0.16 0.10 0.53 3.50 0.64
16 vt 39°11" 75°47" 2012-03-04 1 3.5 10/10/6/4 0.57 0.56 0.46 0.20 0.54
17 iy el - 39°35' 75°29’ 2012-03-08 1 3.5 34/34/17/5 0.63 0.67 0.70 3.50 0.45
18 NS 39°57 75°12"  2012-04-03—15 13 4.2 50/50/26/7 0.49 0.67 0.57 0.60 0.55
19 \FKEE 39°37’ 76°32 2012-05-08 1 3.2 14/14/12/1 0.90 0.24 0.57 3.50 1.19
20 iy el 39°49' 75°39’ 2012-06-08 1 3.7 43/43/22/8 0.80 0.76 0.64 3.50 0.34
21 o 39°25' 76°55"  2012-08-30-—01 3 3.9 11/11/6/1 0.37 0.02 1.28 3.50 0.76
22 iy P& 40°26' 77°12"  2013-01-01—06 6 3.2 6/6/4/2 0.06 0.48 0.00 0.50 0.77
23 Ay 39°35' 77°10"  2013-01-07—12 6 3.2 12/12/4/1 0.57 0.41 0.88 0.20 0.55
24 LEWH 40°09" 77°48"  2013-02-18—24 7 4.9 16/16/9/4 0.06 0.54 0.43 3.00 0.29
25 = 39°57’ 75°38'  2013-03-07-—08 2 3.3 25/25/4/1 0.97 0.18 0.78 3.50 0.73
26 ot 39°33’ 74°49"  2013-06-09—10 2 3.5 19/19/10/4 0.09 0.72 0.72 3.50 0.43
27 i 39°29' 76°58"  2013-06-19—23 5 3.3 14/14/9/2 0.89 0.67 0.94 3.50 0.59
28 LR 40°02' 75°36'  2013-06-22—01 10 3.5 12/12/9/2 0.94 0.12 0.77 3.50 0.78
29 i B 39°20’ 75°30"  2013-09-27—28 2 4.2 13/13/11/3 0.80 0.09 0.57 3.50 0.68
30 iy P 40°22' 77°14"  2013-12-03—10 8 3.9 49/49/29/7 0.88 0.71 0.49 3.50 0.65
31 i B 39°39" 75°41"  2013-12-14—25 12 3.8 20/20/13/4 0.01 0.78 0.97 2.90 0.36
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Table 2 The type of earthquake swarm and its relationship with moderate-strong earthquakes in the study area
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1 bl 45 27 FERk v wik X dEEk o AWk 0 AR

) ANSKEE dEmrdE X @k V0 dEmErE X dEmidk X< mik 20081005 BE 6.8 65 290

iy ] 1 emrde < demidk < dEmigk X dEREJE X dERiJE X 25 260
3 By £ & FERie v FEwk 0 FEEIE VO FEEE 0 FERE

NEKEE dERTIE < widk 0 dRmEEIR X dEmJE X dRmEik X 45 110

4 NEKE dERidE X dEnrdk X dEmidk X< dEmrdk X dEmiJk X 2009-02-20  AFE 5.4 28 190

Faf [ A1 Emidk X dEmidk X< FEmiJk X dEmiJk X dEmiJk X 27 250

5 ] [l A1 FERTE X wk 0 dAERIR X dEmk X dERiIE X 2009-04-22 BRI 5.0 0 17 140
6 OANSKEE dEmrdk 0 dAeEpdk V0 dEmk 0 dEmTk 0 dAEEIE
ANBOKE FEEidk o dEmidk 0 dEmiR o dEmiE O dEmEIR

; BB FEEIJE X JEmidE X< FEEEJE X JEWEJE X dEREiJR X 2010-03-02 FiA#L 5.2 17 360

i Tk X JEmk X dFEEIIE X dEWiE X dEmiJE X 13 340

8 5 A JEmrdk X dEmidk < FEmiJk < dEmiJE < FERiJE X 2010-06-10 &fE 5.2 61 390

9 = ik ik Mk gk dERTIK X 2011-01-01 A 5.1 12 70

10 o B FERiIE X dEEEIE X dEETE X< FEEGE X dEmik X 54 200

. At miJk <~ ®IJK < EIJK o EIJE 0 HEIJE 0 2012-03-09 W 6.0 5 480

o ] £ gk AEEEIR X FEmEJE X dEmidk X FERik X 1 500

12 5E Jenrdk X JERTIE X dERTJR X dERiIE X dERTJE X 2012-06-01 Z4AF 5.0 47 30

13 gk JERTJR < FRERIR < dRERGIR X FERIR X JERiR X 24 140

14 ] P& A midk AERTIE X AERGIR X dEmEgE X dERGIK X 2012-08-11  BEAF 5.2 64 220
15 A i FEmrdk 0 dEmrdk 0 AEmk V0 FEEk 0 Wk

" iy [ A1 ERGIE X dEREIE X dERTIR X dERTR X Rk 2013.01.20 W% 5L 61 23 320

Ao R X dEmEgk X dERTIE < dEmk X dREik X i 18 400

17 HEWH  FEaidk X kR X FEmidk X FEmidk X FERik X 2013-05-11 WL 5.2 15 26

51 ik X< dEwidk X dEmiJk X dEmidk X dEmidk X 3 160

L Jemrde X< dEmidk X dEmigk X< dEmipdE X dEmigk X 20 130

18 A i ik dBETIR X dEmEIE X dEmgk X dERiIE X 2013-06-30 HEEA 5.0 8 320

LAR Jenrde < dERiJE X dEArIk X dERiJE X dERidk X 1 230

19 i B Jenrdk X dERTIE X dERidk X dERiJE X dEmiJk X 2013-12-01  MUIE 5.3 63 320
20 iy [l A1 mik X mik X Mk X Ak X ArJk X
B B FEFrk 0 dEmk 0 AEEEk V0 FEEE 0 dEmk
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Fig.2 The duration of earthquake swarm and magnitude of corresponding mainshock
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Table 3 Statistics of number of earthquake swarms before medium-strong earthquakes in the study area
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A7 K=>0.60,0<C0.55, M H & A K-p B JKE
s (DU-K-p 45 :U>0.5,K >0.60,0<20.55, N H
FEN U-K-p BIET IR R/ () 2H G ] U>0.5,

K =>0.60,p<C0.55,h<1.0,6>>0.65 H i AL 3 10
L WH E R HTIE R AT .

HRAE LA 5 2l 5 48 A5 2 i R = R Y 2 B R AT
PR H R LS & A e 5 X A 10 R AT R 5
DL SR 5 DX PN AN (] R 0 2 A 5 v i it 7 22 ) ) O
FLOBR B R R A e br . B A 2R R
FEWCH E AT IR R I RIS 3 5 O R AE T YA
R ) S AR T B 0T I R DU DA Ay A 5 TE A Y L 5 D)
3 SR AN T 5 SR T A0 SR R B TR 3l 45 R S ) o 3R
AT IR, HL S SO o b X 7 U A 4G 56
ERf Y 2R IR I .

M 2 v LA R U-K 414 48 b5 K 50 1E 1
A 10 R(10/31) AT BB L i3k 3 32 90 ;U-p 4
AR IEF A 10 ) 10/31), 5 BER RS U-
K A K-p AR5 IER I 8 I(8/31) .1k
S 26 Y0 s U-K-p 2145 40 22 15 b K 560 1E 8 119 U 4K
A BRI E S Ko AA M 5 R A 24 418
B 7 A2 A P AT IR M, LS R B E B A 9 Ik (9/
3, BB 29% . UL AT UL BIF A DX P A A AR
R HARIEE R U-K 8% U-o 21 & %508 H 0 5
B o A 30 T ) BN T T LA 2 G B e iT DAl R
TS Sh 25 5 s MR 1 & R B B e Rt S %
RO, E R TR AT s BRI 5T X8R R BR L B
A S AN BT AS 58 8, AL 3o i K = A 1Y ) ) o
I 28 J5 2 v i 52 A5 AR TR BT R R Ll P B X
SRS 96 R AN AR, T B4 A At i IR 0 B
TR AT 3 T 9T .

3 FHig

ASCHESE T B 58 pE K 1L P BE 20082013 4F 1N
31 YRR S B BE L, 73 B T RIS 3h 19 2 B0k
IE R T R BTG 2l 5 S e s b R R YOG R L R4
Bk g 1 H) e R A e 5 B ET IR ME R 45 AR, 45 1
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(1) 47 i B K 1L 7Y B 2 7% B 1 3l A X 4R P IX
B, RRAE NG SR RO e K — WK 2013 4E 2 ] 18
HE S Wi M 4.9 BRE R T 5 b de KRR
M 3.0~4.9 JEHE AN, BFRALT 20 WEREZ &
BEVE Sh Lt Al AE 7 R DA A 3L 27 Wk, 5 B
87 %6 s AT P 5] v i 7% BT U R AR T AR i) ) 5 L
e KRR Z A BLIE

(2) ¥ =M RAESR 2 AW AR 500 km {8
P& 5 R T i b 7R A 6 R b R BIF S XY
TS R RE R E WA A JE X M5.0 DL b A iR
HhE .

(3) FEFETE 3l 5 A Sk BT XTI v i i 7% ) R 2
22 ,30~500 km i [l VAR A AT REME . A2 A O Y
FANFIBRR 1 22 /0 34 5 L J5 Az 14 v i i i % iy 23
PR AR DA % v i b 7 R 2 () e A B i 1) R DG 1 5 AR R
TG Sl RS I 1] 5 X6 17 152 A 580 3 =2 TR G PR AR K

(4) WFFE DX N R RE TG 2l 5 oA o 4 07 i) o i b 7%
Z [0) A5 1 B — — A X R . 2008 4F LUK 5T X
KA &AM 13 R 5 LA Eh s 8 W
AT AL T 2 UL LR R Bl .

(5) BF5E XN ) o 7% 2 A 2 A nr JR R
U-K 5 U-p 4430 A 0 8 4 46 36 1E B A9 1R K00 AH
X F AL AR . AR B TS X ORI 53 B B
{14 Jeg B S AR AR A B30t A X S 52 3 L A 3 i IR
T A ) 1) R T e S M 7R Y & A L A BT B RS K L
VG B DX A 56 35k R O S BRAR L 5 R 45 A LA 7R T 5
P ORI 5 1k AT o MO

B B AT ER MR B M) P A R SUAR AR A
R,
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