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Abstract: Six major earthquakes have occurred in the Tibetan Plateau during the past few decades:
the 1997 Mani earthquake of magnitude 7.5 in Tibet, the 2001 Kunlun Mountain Pass earthquake of
magnitude 8.1 in Qinghai, the 2008 Yutian earthquake of magnitude 7.3 in Xinjiang, the 2008 Wen-
chuan earthquake of magnitude 8.0 in Sichuan, the 2010 Yushu earthquake of magnitude 7.1 in Qin-
ghai, and the 2013 Lushan earthquake of magnitude 7.0 in Sichuan. All of these occurred around the
boundaries of the Bayan Har block of the Tibetan block. A series of strong earthquakes have oc-
curred al the southwestern, northwestern, western, eastern, and southeastern boundaries of the Bayan
Har block, which have attracted a great deal of attention from geologists. Some research has indicat-
ed that the adjacent zone and the boundary of the Bayan Har block are earthquake- prone areas,

where strong earthquakes might occur in future. Earthquakes frequently occur in the north-south seis-
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mic belt, which has also been the focus of research in recent years. The southeastern area of Gansu is
located in the northern section of the north-south seismic belt, and adjacent to the northeastern
boundary of the Bayan Har block. We therefore believe that the southeastern part of Gansu Province
is an area at risk of disastrous earthquakes in future. The Minxian earthquake of magnitude Ms 6.6
occurred on July 22, 2013 in this area. In this study, we discussed the effect of strong earthquakes on
the seismic situation and studied data on underground fluids in southeast Gansu Province. From anal-
ysis of underground fluid data from the southeastern part of Gansu Province, we concluded that un-
derground fluid data from 300 km from the epicenter showed obvious mid-term anomalies, short-
term anomalies, impending earthquake anomalies, and co-seismic response. We analyzed and dis-
cussed data on the water radon level, water temperature, water level, and outflow data to elucidate
the medium-term anomalies, short-term anomalies, impending earthquake anomalies, and co-seismic
responses. The medium-term anomalies before the Minxian earthquake were extracted by combining
qualitative and quantitative methods. The data on water radon and water level changes in the south-
east of Gansu provinces were analyzed according to the idea of “identity” and the method of subordi-
nate function method. The preliminary conclusion is that it is obvious that the anomaly trend in the
underground fluid appeared before the Minxian earthquake, and the subordinate function method can
be successfully used to extract the medium-term anomaly of water radon. Based on the data for water
radon (from Fujianchang spring, No. 1 spring, and No. 2 spring at Pingliang station, Huaniu spring at
Tianshui station, No. 1 spring at Wushan station, Diangou spring at Longnan station), water level
(from Wenquan Well at Qingshui station), water temperature (from Wenquan Well and Ligou Well at
Qingshui station), flow data (from Ligou Well at Qingshui station) for the Minxian earthquake, there
were marked short-term precursor anomalies in southeastern Gansu. From one record of water radon,
four records of water temperature (Liuhu Well at Pingliang station, Liangshui Well at Longnan sta-
tion, No.1 spring at Wushan station, and Diangou Well and Chengxian Well at Longnan station), and
two records of water levels (Huating Well and Liuhu Well at Pingliang station), we detected obvious
coseismic effects caused by the earthquake. From the statistical analysis, water temperature and wa-
ter level data sampled at a high rate showed more coseismic response, and flow data and water radon
data sampled at a low rate did not show coseismic response.

Key words: Minxian M:6.6 earthquake; underground fluid; precursory anomaly; mid-term anomalies;

short-term anomaly; co-seismic response
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Fig.1 Curves of month—-mean values of underground fluid before the
Ms6.6 Minxian earthquake
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Fig.2 Change Curves of mid—term anomalies of the subordinate function of radon and water level before the Ms6.6 Minxian earthquake
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Table 2 Feature of the mid-term anomalies of underground fluid before the M:6.6 Minxian earthquake

ETEST R ERRT

ﬁﬁl;f sesvignrm AL ﬁﬁﬁfwm sspiger PRI SRS i 'Mﬁggﬁﬁ
ST KA 2010-03 40 >40 2010-12 31 13 260 0.07
R RAE 2010-10 33 >33 2010-12 31 21 115 0.2
Rill 1 B HKE 2012-03 16 >16 2012-09 10 >11 80 1.0
R 225 HKE 2012-04 15 >15 2012-08 11 >12 79 0.5
[igiyastp v 2011-04 27 21 2011-11 20 9 100 0.11

B 05 F7K AL 2010-07 36 25 2010-11 32 12 227 0.05

B 06 HoK iz 2012-06 13 13 2012-03 16 1 149 0.004

B 18 H k{2 2012-05 14 >14 2012-12 7 >8 231 0.04

Bk R AT EE B H IFIRATE 5 AR AR Z A A 22 KT R R 5 H B0k B SCIR[14].

2 WTREERRE

2.1 K&

XH AR X 10 UK A FRH AR E AR S5 BN E
BriftAT TRIE, RIS BT AT AR BT 6 A
BHENERE KPR KR PRI 15 R K
AORRINL 2 5 RAKE KRS SRR B T H AR
B EFRE (B 3(a)~(d)). XJLIFEIE M 2013
4E3 A FFis E A B AR R AR, 6 B R 7 A wIIi{EEA
BEmE, HWES S TR ERIME.

IRE AR AT I L 1 B R B e By K B T 8
Jo B B A SR ING S8 (B 3 (e) ~ (), X 1 R B P EE 4351
4780 km #1140 km, B 1li 1 5 R/KEMEM 6 H FRIFF 1R
e LA EEFSBRPREIREME, BBk
HEEWMHA TRAWEBHERRE 6 A T aERE L
I+, 7 A A IME R B B S B R T B, 6 T R i
KEHE,

UK B M:6.6

38 - Ba/L (&)

3B 2
34

32

30 L s ) ) L
12 ~8aq/l () l
10

8

6 L ) L '

22 ~8qg/1 &) 4
20

18

16

14 ' L : L L

60 ~Ba/L (€

50
40

FREFR  TElleER FRLLBRE YRR

30 1 1 It L L
201101 201107 201201 201207 201301 201307

520 — Ba/L (e [
%
o 480
= 440
i
) t . L

400

1200 Bqg/L

lt*1 100

wooo WWM
800

L L 1
201301 201302 201303 201304 201305 201306 201307

B3 HAHKABAHRL

Fig.3 Daily value curves of radon in southeast area of Gansu province
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Fig.4 Daily value curve of water temperature in Wenquan well and

Ligou Well at Qingshui station
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