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Statistical analysis of pre-seismic anomalous characteristics of
subsurface fluids in Yunnan region

Kong Qingmin Wang Guangcai®  Shi Zheming

(School of Water Resources and Environment, China University of Geosciences, Beijing 100083, China)

Abstract: Based on the information collected from the Earthquake Cases in China from 1966
to 2006, this paper carries out a statistical analysis of the subsurface fluids precursory anom-
alies of Mg=5. 0 earthquakes in Yunnan Province. The results showed that: () More than 70%
water level and water temperature anomalies were observed rising before the earthquakes, and
radon and water level anomalies appeared much earlier than temperature anomaly. @ The lar-
ger the earthquake magnitude, the larger the corresponding anomaly area of the fluid. (3) Most
pre-seismic fluids anomalies persist until the earthquake occurs, indicating that they were re-
lated to pre-earthquake crustal activity, and a set of empirical boundary equations were ob-
tained in an attempt to assist in the future earthquake prediction. Five types of groundwater an-
omaly were identified according to the summary of the abnormal morphology of groundwater,
including trend turning class, period class, mutation class, threshold class and synthesis class,
and typical cases, as well as possible reasons for each type were presented. The results of this
paper could be helpful for understanding the abnormal characteristics of fluid and improving the
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application of fluid anomaly in the Yunnan region.

Key words: Earthquake Cases in China; subsurface fluid precursors; multivariate statistical

analysis; boundary equations; anomaly types
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S 285 T A T I R R MR N A kA 2 — (M2 45, 1993), [ AN DB 5E N Bt
RIEZWIT R T SHUZERTIEAH I AFZE . H40. Hauksson (1981) W 4E T 4Bk 91 4~ 7 H 0 E
JEOHT T REG . R R EE AN S R IR A Y O AR, Ay KOS 8] b DA 119 S AT DL A ) i) A
LR, HEMSHEES M RMEN, X T Mg=6.0 7%, & 55 1Y B4 b 76 I B
/1 24 100—500 km 1) 7K -7 Bl 4 ; Hartmann F1 Levy (2005) b FH A F - B8 T ER . 29
PR AT JE I [R] RN RE 2L I ] 2 (] AR OGO &, I 4 T M AR 0 Y 30 7 B2 5 Cicerone 4§
(2009) Ge it 53 A1 7S CED) KL L KR A ETIE B[R] | 45 2L B B] . o8 i {8 55 A JR AR AE A L
FHROE AR, PR BOR, R e K 5 MR (A BOR, [R) I BE B b R e ok, S B I &2
HS 3 & A 0 Hb oS B2 7B s Woith (2015) 1 1Y b b 78 51 04 H 76 16 3l I ik & 19 & 5 o
AR 1Y, 5 M52 36 3 TC oG I AU R AR AE Y, 3R R FRATT A 2R A7 b 5 0 b 7R M
U AR S A BT B R A AR TR ) AR B MR TE S A R . FRE 1988 AR I IR #E 1T AR f
WgE, Jefa i T ChE RS ) 10 MoK 28055, 1988, 1990a, b, 1999, 2000; FhHEAHH %5,
2002a, b, 2003, 2008; ZERF5E, 2014), FF 1990 4F 4 X AT 9126 058, DRI 4s Rk
B, FRE KRR R T IR BA ZREE  ZR A M ek, Rrgat ) B K Ry Bt i
JEor AT LR A T2 5 AR S PSR AE IR BE5E, 1990a, b) 5 Z )5, FBIR P (2006) | ¥
T L 45 (2009) FI PN T 55 (2016) I 52 2% | T 728 FL kT S0 A4 117 K 45 D 10 % 3% ] R o b 7 4R A7
WEFE, A3 T SR IS R R | B WA SRR R . R S EYOME D
PR OC 28 DL RS s ) o A S8 A AE . DL B AT 88 DAFR B OB R i 58 % &, BIFE R Bl RUEE 48
TH43 BT A () b 72 7 7 AH S0 30 1Y) S w5 B 2 Ak S O BOG R L fl T IR R B b B A i L UK S
MRS B R A, R X S T B K SOl R S A AN AR TR, R O R X R
TN RUBE (9 752 Wb 3 AR S 8 RRAE A 9T, REBCRE S8 DX Sl T A B S R A A B AR R, X
PETH DX I AR S K B R

ARSCHT A E R ) o TR RS B, LD TR b R T B B R A R VR R A T
XFG, Geit 3 B T A S w0, [ B A3 2SR S O AR RRAE A Ml DX R R IR IR A
b P A 2 2 AR A

e b R ) B G I TR T 1966—2006 4F 25 B HbL X Mg=5. 0 52 §i 19 M A
S, A SR I R, R IR ET IR ) | RS N [A) R S R (RS, RO R R T R
Hh Y SR IE e RN A
1 RERERITESHR

Z 1 HL X 1966—2006 4F T i 55 1Y Mg=5.0 M B3t 55 WK 44 A6, Horp Mg=7.0 #uiE
TIRO6ANER; 6.0SMg=<6.9 Mm% 11K 9 PEM; 5.0SMg=<5.9 % 37 K 29 1= HI (& 1) .
73 b DX HE T A AOUL I 5 R 22 I IR KRR AL, 43 i 35 BRI 34 B LR KIR
KL 2 b F 1987 4R GRR UL 45, 2000) . Sa T H DLIK A KA 3, HREKIE, SGit
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Fig. 1 Spatial distribution of Mg=5. 0 earthquakes from 1966 to 2006 in Yunnan region
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Table 1 The statistics of subsurface fluids precursory anomalies of Mg=5.0 earthquakes
from 1966 to 2006 in Yunnan region

B
Mg .
KA KA IR 7 KR SR it
5.0—5.9 74 25 24 18 16 7 3
6.0—6.9 40 39 17 13 14 8 1
7.0—7.9 33 29 14 15 8 5 2
B 147 93 55 46 38 20 6

1.1 RE&EREHESRIT

il 3 gt (b AR ) R ] 5 B R MR R, Mg=5.0 R, BR 5B
SRS MY 5, KA ARARL KGR S5 53000 R 135 4>, 84 /N1 55 AL K S S i (B 353 U7 vk
h S AL 25 A S FRBR LT SR (B, LA 20 PSR S MR A, T A AR K Gl S 002 L
e S (ELDRR 25 95 AR i IR N 8] 435 752 7 S O U 35 KRR O N [ 5 FRp 2 I (8] 415 7 5 Rk
F14 B 1]

R S B IC RS SR (K 2, 3) BoR K& S0 R H 4 T AE 0—50%, fx KTk
300%, fEREHT 50 KN 5 H B B B0 2, RO SR, AR ) 3 24 Th 7R T 200 K
LA 5 KA S8 7 T, 73% BOOK AR R R R BN BT, RS W THIE A 2.3 m, (HALA DECR
RS, RS W IR N —2. 7 m, AEARIR B X TR SR, 20 71% RN EJH. KAL. K
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Fig. 2 Statistics of anomaly amplitudes of water radon, water level and water temperature
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Fig. 3 Statistics of duration and precursory time of water radon, water level and water temperature
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B A R) B B2 Hh B ) A S 45 6L, 3 U O U1 5 R Of R Y i R I I R M A R R T AR
(Huang et al, 2017) .
1.2 RERENSTHRITSN

2 JLGE T3 Bt RE W% X K i R B d b B 68 B9 R R EAT SR, O BB A S8t 4 O 2
FAE DL B RO A AE W I FE A (S AR 55 45, 2011) . BRI AR 19 W 2 0 e T4 7 I 40 3t
TR S B B AT 0T
1.2.1 #HXSH

FH IS I X A e L AR BT B BEAT 0 A, DA 8 AR BT AR (] A O R DI L A
KRB r R AL R ICR Z ) WA OCRE L, LU 19 O =X 1 i 4 38 728 ] 110 2 R A O A2
FE . MR BT — @R I IELMERSCSE R, W o<r<1; WRMWADZREAE—ERIE
TR MERR COC R, M -1<r<<O (F¥ 4K, 2008) . — i, ANSR|A>0.8, MNP 4~78 Bt 2 1) 5
BERH s W2 0. 5<<[r(<<0. 8, JUTA S A A2 a5 2 ] BE A OG5 2R 0.3<<|7<<0. 5, DI A
AR Z IR EE A5G 5 AR 2R (<03, DLW P2 i 2 e A OC A BE AR 55, A FE A AN AH 5 (A,
2007; FhiEL, 2007) . A SCHEE TR G BERE, X 2w XK S KA K IR S I X B 3 7R
R R P DL R S H R SN R] | A IR AR S R R AE AT A OG0, e BT R T 2.

KA, KA R R S T XS I B 5 9 R v A A5G AR K23 5 0,659, 0.484 FiT 0. 587
(F2), TR AR B Y S Y0 BRI 5 45 2 1) 5 37 I P ] A8 A G R A R T 0.9 (3 2),
VLW R Z OB A S 0 S F 2 B MR A AR TS W R SRR 2 RR VR | R I [ A1 AT IR N ]
AR G R B4 T 0, BEBIR IR R Z . 2 rh i | Rp S i [a) AT IR IR 1] 55 X6 1 9 S5 o i (A
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Table 2 The correlation between earthquake magnitude, epicentral distance,
duration, precursory time and the anomaly amplitude
KA IRAL Kk
Mg A ty I a Mg A ty [ a Mg A ty ty a
Mg 1 0.6597 0.327" 0.333" —0.138 1 0.484" 0.052 0.085  0.033 1 0.587" 0.007 0.033  0.144
4 1 0.306" 0.315" —0.007 1 0.121 0.116 0.037 1 —0.006 0.032 —0.042
ty 1 0.938" -0.070 1 0.940"  0.275 1 0.927" —0.194
t 1 —-0.064 1 0.289" 1 -0.140

a 1 1 1
e #FRIRAE 0.01 ACF GO 1 BEHSE; *FRARAE 0.05 KT GO 1 3.

A, S8 R (E T REAR A T REAR /IS, DAL 0 W 00 S ST Ak e 57 5 ) il J5 0 K SC Ml B 2% R 7T R
R SR R R F R BN, NEAS A, BT 5 T S e 2R 0 I R B
A, BB R COy YR AR B 5 5 {8 5 5 (CXRE G 45, 2015) 5 B3 1T B BH — rp 1 R 7K A
JFLBR . MBI, K AR RN Z R oK T3, & MR mr i T XA i 06 s,
IKAE T BSR4, 2015) 5 1 e 3k LU B U0 S 7 T B0 /K V8 Dl 5 B0 52 46 R R G 45
2015) . Ak T W7 24 sl W 244 22 I A 4 W I 3 AT BE X b 722 A e 0 B R 8 (King et al, 2006) ,
Yan 45 (2016) 4 45 &5 I W7 287 K 5 B 30 DX 38k 198 300 00 S 1) 25040 A5 1 BT 28470 1 949 SHE K A7 g 7 B S
B L IR R

1.2.2 EFHH

PR 43 BTS2 A 58 AT D e/ B A 8 25 2R, B AR 22 IR IR A8 i vk 4 D B LA AR 6, DU
T fuf feff PR AR e B RS R 0 AT R REME Y — R Z s G M R (BT, 20035 R,
2007), REFIH A BOLA AL F LB 2 A28 iR £ 7R 2 42 X & (137, 2003) . Hartmann
i Levy (2005) ¥ FH B F 20 Mrak 50T T8 9 . R B L min IR sk ) R R £ i () 22 [) A A 26 6 R
AT S — P 7 R AR R R P A A, A DR IR T R S ]

I AH SC A A5 0 S IR S R g . R BE L R I 1] R K S R) 22 8] G S A AR DG
WA RS . B | RRZEt ) ARy K i AR B o b . N 3 ET LA, R B A SRR
T 5 AR R 2 (A R DGR B R, BN SR B AR . R AT LUE 1, K& KA A
KB B AN SR T 7 25 BTk RO 85% LA b, B A SR T e A e TR IR AR R B A
B, 2007) . B TRETEW MK R F 5 AR CRZH AR, —BRHEFIEE N
B, Ul 25 e IR B DR T B e 1 0 AN L BIAR R (E5F, 2003) , A SO O 22 i K OE
TR ik, WTFarai R TRS. A LiRa RIrLS &£ 3, 4, s, K& KA FIK
T3 AN I Y 2 — T Fy (el K e Te) 0 R SR B TR ) 19 T 22 5 R R4 Bk 48. 1%, 47.6%
H148.2%, BT ATIK AT ] 5 R 5] R

SRR KPS DR (/B o= QN A DR &

%¢ (Hartmann, Levy, 2005); 8 [N T F,

( FH 7% R0 52 HR A 80 19 75 22 BTk R 0 1)

# 3 ArurdkE R
Table 3 Communalities
KA IKAE K
EubG] PRI EubG] E7divg EIbG Erdivg
Mg 1.0 0.823 1.0 0.770 1.0 0.795
A 1.0 0.832 1.0 0.756 1.0 0.795
ty 1.0 0.965 1.0 0.952 1.0 0.964
t 1.0 0.965 1.0 0.951 1.0 0.964

K 41.5%, 38.1% H139.8%, BT ZIEK
RS AR BRAYSE R B R, EIRA
R 30 R kK
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Table 4 Total variance explained
FRICEIT FIZRA TSI FIZRA
AR %5y
Gt JTENE T ZRAsn it JIEME T ZRAn
TKA F 2.408 60.209% 60.209% 1.924 48.102% 48.102%
F, 1.177 29.420% 89.629% 1.661 41.527% 89.629%
KA F 2.085 52.121% 52.121% 1.904 47.604% 47.604%
F, 1.345 33.616% 85.737% 1.525 38.133% 85.737%
K F, 1.939 48.477% 48.477% 1.927 48.184% 48.184%
F, 1.579 39.480% 87.957% 1.591 39.773% 87.957%
#®5OWEERINI
Table 5 Rotated component matrix
KA P A K
Fy F, Fy F, Fy F,
Mg 0.182 0. 889 0.032 0.877 0.015 0.891
4 0.129 0.903 0.132 0.859 0.018 0.892
ty 0.970 0.159 0.973 0.066 0.982 —0.002
t 0.967 0.175 0.969 0.115 0.981 0.038

1.3 EXXBEXRBAFTENHE

BT EREVR, ERIATIRER SR

R IR I 8] 55 45 2 I (] 2 (6] 195G &, JFAR I S

L 40 BB DR AL 5 v P R0 T I P ] A5 S AR E A 320 5 7 7

1.3.1 BER-BEHE-RERENXR

AR OCR (& 4) R, BEE RS, &P o I W AWy oK,

52 MRS R A S B AR, ARG AL KR S T X L Y R R R AT AR — S AR DG R

F, HBH RS ARGk
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K, 4B, MAREN.
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Fig. 4 The relationship between earthquake magnitude

and epicentral distance
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5] (Huang er al, 2017) , 7 A 2 — A HE L J 060 T 24015 5% 45 W (202 1 56 25 A 40 7
1.3.2 Bk B B4 S B (B -5 IR B 2 B MO 2 R

AT IR ] 5 5 2 LA B MG, A6 R OR T 0.9, LA
RHTE R, KR TR RN IR S — T B MR A R AR
TR, BRI e — B ], WIRTI S 5 A 51 5 B . AR [
5 4] 5 4 (141 6)

1t,=0.841,—11.50, 5)

st ¢, MR, o MRTIRREGE

MR JE I 6] 5 5 9 08 19 6 R PR P S0 S, 7K SRR B30 5 4 W 000 J5 K BBt Jk ot
BB K T RE R, o TR B AR, X — RSO AT Y Mg=5.0 1, L4
KR A 30 7R,

y=—0.40t,+316.98, (6)
y=—0.0027t;+3.22, (7)
Aorby O SR IRAE . K YE SR IR AR, A5 B A LAY B K ET IR B IR] S SR R B AR B4 10 48 £ B[R]

INE ==
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M3 8/, X 5 R 2 058 A Bt 19 45 S — 3 (Toutain, Baubron, 1999), 54 (i JK it ] # 4s
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