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Coseismic Changes of Water Level Caused by
the Mianxian— Zhangxian Ms 6. 6 Earthquake

ZHOU Zhi-hua, HUANG Fu-qiong, MA Yu-chuan

(China Earthquake Networks Center , Beijing 100045, China)

Abstract; On the basis of research reported during the past few decades and data from the national
underground fluid precursory network, this study examines the coseismic changes of water level
caused by the Minxian — Zhangxian Ms6. 6 earthquake. Coseismic change was observed in only
one water well level in the static strain field with an epicentral distance of <C 1.5 the fault rupture
length, and its amplitude was only 1. 5 cm. Such static strain is not likely to trigger further
earthquake activity. The total water level changes in observation wells indicated that the distance
between the water level changes to the epicenter was distributed from 230 km to 1470 km. In the
far field, in which the epicentral distance was larger than 1 000 km, coseismic changes were ob-
served in two observation well, both of which showed abrupt water level changes. The mecha-
nism and characteristics of this result could indicate the dominant factor between the elastic-plas-
tic spread and shutting of the rock fracture shown by the influence of quaking around the wells.
When the elastic-plastic spread was less than the shutting, the decreased rock porosity resulted in
a jump in observation well water level. Moreover, eight observation wells showed coseismic
changes of water level in the entire Chinese mainland, which is less than the number of the earth-

quake coseismic changes. The distribution of the coseismic changes of water level in the wells was
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large and irregular with geologic structure. From the perspective of all the coseismic changes in
observation wells, six observation wells showed abrupt changes in water level. Such increases
were the main type of change and were attributed to 75% of the total coseismic changes in water
level. Regional tectonic stress should have been released by the Minxian — Zhangxian Ms6. 6
earthquake. In addition, the structure and hydrogeological conditions of the observation wells
were key to the coseismic changes in the water level, and the lithology effect of the observation
wells on the coseismic changes was far less than the distance effect.

Key words: Mg6. 6 Minxian— Zhangxian earthquake; water level; coseismic changes
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Fig.1 Distribution of water level variations showing the coseismic effects of the Ms6. 6 Minxian— Zhangxian earthquake
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Fig. 2 Water level variations caused by the Ms6. 6 Minxian— Zhangxian earthquake based on the national

underground fluid precursory network database.



532

2013
(2) ; L
(106. 40°E, 35. 33°N), 260 km, N ) 0.24 em(C 2(h)),
. ( ) 382.1 km,
. 1 356.9 m, 301 m, 150 6 , 7500,
m, (K1s) ) ) o
. 500 km 1
, 7.5 em(C  2(b)), ~1.5 cm ; 1 000 km
(3 0.3 cm . 6
(103. 33°E,37. 30°N) , 320 km, o s
- . 2418m, 193 1
m, , ), 7.5 cm, 260 km,
’ T2
1.4 em(C  2(c)),
(€] ’
(108. 10°E, 34. 15°N), 382.1 km, ° ’
o [1210
o ’ [1:0
s 2 340~2 658 m, N N )
’ [10] ’ .
) +£2 em(C 2 )
(). B
(5 ( ) )
(109. 07°E, 34. 15°N) , 448.5 km, ,
, i S Zhang Yan
Huang " s 1.5
, 1.2 em(C 2 1 000 km
(e)), o
(6) ,
(106. 60°E, 29. 96°N) , 554 km, o
. @Y o
, 0.9 emC 2(D), 6.6 VI 161 km, 1.5
D)
(115. 94°E,40. 47°N), 1 230 km, ,
s 1.5 cm, o
) . (2) 6.6
) 0.3 ecm(  2(g@). o
€)) ( ) C D,
(110. 06°E, 23. 39°N)'™, 1470 , 382.1 km, .
km, 186.97 m, . o ’



35 3 : 6.6 033

. 1 000 km IR A E R E B I K A KRB RH,

, 0 ) (References)
, [1] . . y . 7.6
L. .2000. 20( ):119-125.
HUANG Fu-qiong, CHI Gong-cai, XU Gui-ming, et al. Re-

’ ’ search on the Response Anomalies of Subsurface Fluid in Ma-
e ° inland Monitoring Network to the Nantou Earthquake with
’ Ms7.6[]]. Earthquake, 2000, 20(Supp): 119-125. (in Chi-
[18] . nese)
1 6.6 [2] Huang F Q, Jian C L., Tang Y, et al. Reaponse Changes of

Aome Wells in the Mainland Subsurface Fluid Monitoring Net-
work of China, Due to the September 21, 1999, Ms7. 6 Chi—
Chi Earthquake [J]. Tectonophysics,2004, 390; 217-234.

Table 1 Types of water level changes caused by the Ms6. 6

Minxian— Zhangxian earthquake

[3] , . 5

_ (1. .2009.25(3) :325-332.

Z YAN Rui, HUANG Fu-qgiong. Preliminary Study on Coseis-
P 3821 mic Response of Huanghua Well Water Level to 5 Times of Su-
2 448. 5 matra Earthquakes[]J]. Earthquake Research in China, 2009.
0.9 554 25(3):325-332. (in Chinese)

0.3 1230 [4] s s s

0.24 1470 Ms8. 0 [l , 2008, 30

(4):895-905.
(3) ’ YANGg Zhu-zhuan, DENG Zhi-hui, LIU Chun-guo, et al.
Coseismic Changes of Water Level and Water Temperature
s Caused by Ms8. 0 Wenchuan Earthquake[ J]. Seismology and
. > > = Geology, 2008, 30(4): 895-905. (in Chinese)
r2] [5] Matsumoto N, Roeloffs E A. Hydrological Response to Earth-
’ quakes in the Haibara Well, Central Japan; I, Possible
Mechanism Inferred from Time-varying Hydraulic Properties
’ [J]. Geophysical Journal International, 2003, 155 (3), 899-
o o 913.
[6] . . .o — 6.1
0. ,2001,
D 6.6 i 23(1) :66-68.
161 km 1.5 ) ZHANG Zhao-dong, LIU Qing-guo, LIU Tao, et al. Dynamic
Evolution of Stress Field Inverted by Using Data of Well Water
Level before and after the Datong — Yanggao Ms6. 1 Earth-
’ ° quake[ J]. Northwestern Seismological Journal, 2001, 23(1):
(2 66-68. (in Chinese)
s 6.6 [7] Kitagawa Y, Koizumi N, Takahashi M, et al. Changes in
Groundwater Levels or Pressures Associated with the 2004
Earthquake off the West Coast of Northern Sumatra(M9. 0)
[J]. Earth Planets Space, 2006,58:173-179.
° [8] , ) ..
(3) 6.6 — [yl .
2013,35(1):196-202.
GUO An-ning, GUO Zheng-jian, ZHANG Jin, et al. Reae-
arth on the Effect of Seismogenic Structure with Complex Spa-
D tial Relationship on Earthquake Mechanism with the Wen-
° chuan Earthquake as An Example[ J]. China Earthquake Engi-
FAH R HE R RIS T, B E R AR DR neering Journal, 2013,35(1); 196-202. (in Chinese)



534

2013

9]

[10]

[11]

[12]

[13]

’ ’ il

. ,2012,33(3/4) :67-71.
WANG Hua, WANG Wei, ZHANG Jun, et al. The Water
Level Coseismal Effect Characteristics and Its Significance in
Earthquake Prediction of mid-south Segment and Its Adjacent
Area of Tanlu Fault Belt[J]. Seismological and Geomagnetic
Observation and Research, 2012, 33(3/4): 67-71. (in Chi-
nese)

ZHANG Yan, HUANG Fu-qiong. Mechanism of Different

Coseismic Water-level Changes in Wells with Similar Epicen-

tral Distances of Intermediate Field[J]. Bulletin of the Seis-
mological Society of America, 2011,101(4):1531-1541.
B , PR N 8.0 9.0
[yl .
2011,31¢ ) : 2-5.
LUO Jun-qiu, SUN Ling-li, LI Ming, et al. Analysis of Co-
seismic Changes of Water Level and Water Temperature in
Observation Wells Responding of Hubei to Wenchuan Ms8. 0
Earthquake and Hapan Ms9. 0 Earthquake[J]. Journal of Ge-
odesy and Geodynamics, 2011, 31(Supp): 2-5. (in Chinese)
L. ,2009,11(1) :20-27.
ZHANG Shi-min, FANG Wei, SHU Youliang, et al. Study
on the Anomaly Characteristics of Observation Data in
Zhouzhi Deep Borehole before Wenchuan Earthquake[ J]. J.
of Institute of Disaster-Prevention Science and Technology,
2009, 11(1): 20-27. (in Chinese)
, . [Jl.
,2008,28(4) :104-112.
LI Liu-ying, SHI Shui-ping. Comparison and Analysis for
Digital and Analogue Observations of Groundwater Levels in
Guangxi[ J ]. South China journal of seismology. 2008, 28
(4):104-112. (in Chinese)

[14]

[16]

[17]

[18]

’

[il. ,2002,2(4) ; 55-66.
FU Hong, LIU Li-fang, WANG Shi-qin, et al. Research on
Coseismic and Post seismic Effect of Ground Water for the
Local and Near Earthquake[ J]. Earthquake, 2002 2(4): 55-
66. (in Chinese)
L. .2012,32¢(
) :22-24.

WU Xiao-dong, WANG Zhi-hui, WANG Chun-yuan, et al.
Coseismic Response Analysis of Water level and Temperature
at Wuliying Well for Wenchuan and Japan Earthquankes[ ] ].
Journal of Geodesy and Geodynamics, 2012, 32 Supplement:

22-24. (in Chinese)

[Jl ,2012,11,42-47.
YANG Zhu-zhuan. Water Level and Temperature Coseismic
Response Caused by Earthquake Wave and Its Mechanism
[J]. Recent Developments in World Seismology. 2012, 11;
42-47. (in Chinese)
[Jl 22012,34(3) ;:274-276.
GAO Ling, LIN Yuan-wu. YANG Ming-bo. Geochemistry
Characteristics of the Minor Gases in Wuliying Well at Yan-
qing County, Beijing[J]. Northwestern Seismological Jour-
nal, 2012, 34(3): 274-276. (in Chinese)

AR ,2009,31(2) :186-190.
ZHAO Ling-yun, ZHANG Hui, LIU Xiafeng. Study on
Seismicity Characteristics and Mechanism in Pingliang Area,
Gansu Province [ ] ]. Northwestern Seismological Journal,

2009, 3(2): 186-190. (in Chinese)



