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Tab. 1  Precursory item of I and II class observation data

No T3 Gy o el 151 VA S o T T S 7 No bR BRI AR SRR £
1 A KR 2003 SRR I 24 &) CO, 2007 CF I
2 FRINKA, 1998 HEF- 1 25 KKK A 2005 JE AR R I
3 AN €O, 2006 K-Lia I 26 Rk pH {H 2008 JE bR B I
4 =1, %< 1996 CF 1 27 KK CO, 2008 CF I
5 B KR 1999 DU B e I 28 B RIKA 2004 JEL4R Bk I
6 I AR KR 2005 SR BERE I 29 R CO, 2007 JEOF I
7 W38+ AT KR 2010 SR BERE I 30 FiNE v &) 2005 JE s BERL I
8 5K A, 1990 SRR TR I 31 Ehi Co, 2008 S - I
9 I5%¢ HCO; 1995 SRR TR II 32 BF KA 2003 CF I
10 T F- 1992 JE I B I 33 G K T 2002 IR I
11 5% Ca* 1995 4P I 34 o I SR KR 2003 CF I
12 IG5 Mg?* 1995 A I 35 WA CO, 2002 4 I
13 558 CO, 2008 HEF I 36 AHiKIR 2002 JEF I
14 EHEMEF- 1998 SRR I 37 At CO, 2003 5 I
15 EHEM Ca* 2003 CF I 38 27k CO, 2002 5 I
16 EH Mgt 2003 CF I 39 SRETHKIR 2005 G R I
17 BHEM HCOS 2003 CF I 40 SIRIEE CO, 2003 - I
18 IKFEIKA 1995 I e e I 41 LARMYE CO, 2008 - I
19 4 KA, 2005 SRR II 42 TFg CO, 2005 FEF- I
20 45 HCO; 2005 S I 43 THEAN CO, 2005 R I
21 o fe] F - 2005 CF | 44 TR CO, 2006 LA I
22 ) pH H 2005 J I B I 45 THIHIA I CO, 2006 HEF- I
23 LR 2005 JRAR TR I
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Fig. 2 The time course curve of underground fluid precursory anomaly by a variety of analytical methods

(a) CF daily values of CO, recorded by Daguan Station;
mean value of HCO; in five days recorded by Ludian Station;
by Puge Station;

mean value of CO, in five days recorded by Dongchuan;

(b) daily water temperature value recorded by Zhaotong Station;

(e) departure mean value of CO, in ten days recorded by SongPing Station,

(¢) departure

(d) departure mean value of water temperature in five days recorded

Huidong; (f) K- L fitting

(g) mean value of HCO; in ten days recorded by Dalongtan

spring in Qiaojian; (h) CF day value of water radon recorded by Daping spring in Ludian
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2 2003 ~2012 FFEFRILMER M =5 ESEH
Tab.2 Parameters of M =5 earthquakes in Northeast Yunnan from 2003 to 2012

KRR/ (4F - A - H) e L/ () SR/ (°) RIS
2003 - 11 -15/2003 - 11 -26 5.1/5.0 27.2/21.3 103.6/103.6 )/ 5 fa)
2004 - 08 - 10 5.6 27.17 103. 6 £t
2005 - 08 - 05 5.3 26.55 103. 15 S
2006 - 07 -22/2006 - 08 -25 5.1/5.1 28.02/28.07 104. 13/104. 08 i/ h
2012 -09 -07/2012 -09 - 07 5.7/5.6 27.5/27.55 103. 98/104. 05 R/ SR
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BHEAT 13 A5 20 AP, A 10 S A5 15
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HiEdr 4t s, ZrP i 100 km Y5 3G 6 4N 4
13 O, o 6 AN 12 A4S0 35 4 B0 IR S
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FER T 150 km J AT 3 N0 6 3 J0iost, Horr
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R, KR R A AE Y [ NV 25 AR )
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BT 21 AN 5 33 AN, R 13 005 16
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Fig. 3 Monthly frequency statistic of the underground

fluid precursory anomalies
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Fig. 4 Temporal and spatial evolution process of

A 4

precursory anomalies before several groups of
M >5.0 earthquakes in Northeast Yunnan
(a) Ludian M5.1, M5.3 earthquakes in 2003; (b) Ludian
M5. 6 earthquakes in 2004; (c¢) Huize M5. 3 earthquake in
2005; (d) Yanjin M5.1 double earthquakes in 2006
(e) Yiliang M5.7, M5. 6 earthquakes in 2012.
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Tab. 3 Parameters statistic of precursory anomaly characteristics of Ludian M6. 5 earthquake

No — ik SR ~ SR %&Hjl‘aﬂ %’—ﬁ?ﬂ-tﬁ; j‘%ﬁe?ésﬁx‘i I
/- -H N R/ KR R/ R /km
1 TR IK A HH¥E 2014 =01 -01 ~07 - 10 190 208 28 114
2 KX pH E HA{E 2014 —07 -22 1 11 11 94
3 F ¥ CO, A1t 2014 - 07 -24 1 9 9 94
4 RFIKA HHBHE 2014 —04 -20 ~07 -25 95 103 8 94
5 IG5 Mg?* SRR (E 2014 - 03 =20 ~05 -30 70 133 63 73
6 T55 Ca®* H (& 2014 - 07 - 16 ~07 -21 5 17 12 73
7 IG5 i S % H & 2014 -07 =16 ~07 -21 5 17 12 73
8 R €O, T HAE 2013 - 12 =10 ~07 -30 230 235 3 73
9 e Co, T HHME 2014 —05 - 05 ~08 —03 88 28 0 143
10 #JI CO, HHHE 2014 -07 =10 ~08 - 03 23 23 0 112
11 RN T HE 2014 04 —15 ~08 - 03 108 78 0 112
12 fy F- RS 2014 -02 —11 ~08 —03 172 172 0 27
13 & pH {E L H A 2014 =01 =20 ~07 - 10 170 193 13 27
14 2 IRAE H A 2014 -07 -21 ~08 - 03 12 12 0 74
15 TR H{E 2014 -07 =29 ~08 - 03 4 4 0 132
16 e K T H 75 R 2014 -07 =29 ~08 - 03 4 4 0 82
17 £ €O, H & 2014 - 06 —07 ~08 —03 56 56 0 89
18 AR 8 7K A7 HA{& 2014 —07 =03 ~08 - 03 30 30 0 49
19 TH# M CO, H & 2014 -07 =21 ~08 - 03 12 12 0 54
20 TR CO, H {4 2014 -06 —22 ~08 - 03 41 41 0 54
21 SR CO, HAE 2014 —06 —04 ~08 —03 59 59 0 89
22 THZ AN CO, HAE 2014 -06 - 13 ~08 - 03 50 50 0 54
23 R CO, H {4 2014 -06 - 18 ~08 - 03 45 45 0 95
24 EHbR Cal* F 25 3 % [ 2014 -07 =08 ~07 - 16 8 25 17 73
25 EH#Hk HCO; HiE 2014 -07 -01 ~08 - 03 32 32 0 73
26 B KA H 1 2014 -07 =05 ~08 - 03 28 28 0 126
27 SRR FHME 2010 -05-15~2014 -08 -03  34E2 A 34E2 H 0 170
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Fig. 5 The typical precursory anomalies and characteristics of anomaly evolution

(a) mean value of water radon in five day at Yongshan Station; (b) daily value of fluorine at Ludian Station; (c¢) evolution

relationship of monthly freguency of precursory anomaly varied with time; (d) spatial temporal evolution process

of precursory anomaly; (d) the space-time evolution process of precursory anomalies
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Characteristics of Underground Fluid Anomalies before M =5. 0
Earthquakes in Northeast of Yunnan and Yunnan
Ludian M 6. 5 earthquake in 2014

LI Qiong', FU Hong', ZHU Rong-huan®, HE De-giong’
(1. Earthquake Administration of Yunnan Province, Kunming 650224, Yunnan, China)
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Abstract

Based on a comprehensive evaluation about the underground fluid observation data in Northeast Yunnan are-
a, we selected the observation data whose evaluation achieved class I and II, and reviewed and summarized five
groups of My =5 earthquakes from 2003 to 2012 to conclude the temporal spatial evolution characteristics of pre-
cursory anomalies of underground fluid in the study area by using the method of the daily value, the mean value
of five days, the mean value of ten days, correlation departure, K — L fitting analysis, CF analysis. The results
show that the quantity of precursory anomaly varied with stages in time. The abnormal items began to increase in
the six months and reached a maximum value in the three months before the earthquake, however, some abnor-
mal items turned over and the abnormal quantity decreased in the one month before the earthquake. The spatial
evoluation characteristic of precursory anomaly was concentrating from outside to the epicenter in the three
months before earthquake. The 80% earthquake cases show that the proportion of precursory anomaly of obser-
vation points within 100 km from the epicenter is far higher than that outside 100 km from the epicenter. The re-
sult was used for Yunnan Ludian M6. 5 earthquake on Aug. 3, 2014, we found that they have good consisten-
cy, which indicated that abnormal characteristics of the underground fluid before M =5. 0 earthquakes in the
Northeast Yunnan could be applied widely

Key words: northeast of Yunnan Province; underground fluid; precursory anomaly; Yunnan Ludian
M6.5 earthquake





