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Tab. 1 Results from particle size analysis of rock samples
(Ffi: pm)
FESRAFR d(0.1) d(0.2) d(0.5) d(0.8) d(0.9) D(3,2) D(4,3)
GZK -1 147.72 260.15 524.34 1032.79 1318.85 71.32 638.30
GZK -2 14.60 59.71 136.02 225.24 279.55 21.40 145.61
GZK -3 3.65 10.31 40.82 82.37 106.80 8.79 48.78
DZC -1 26.65 223.91 386.49 597.25 739.34 26.33 410.68
DzZC-2 3.71 10.20 76.96 184.27 245.64 8.05 101.76
DzZC-3 2.25 5.52 17.51 40.97 57.19 5.26 24.50
DMPI19 -1 229.68 273.27 390.50 565.37 683.88 295.92 429.03
DMP19 -2 78.04 103.02 162.88 246.04 296.76 78.12 174.92

DMP19 -3 9.68

21.39 51.76  90.99 115.13 12.75 58.10
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Fig. 3 Experimental devices of autoclave
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Fig. 4 Variations of ion concentrations in the experimental solutions of limestone with reaction time
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Fig. 5 Variations of ion concentrations in the experimental solutions of peridotite with reaction time
40
(a) 100°C, <80H & 100 F (b 100C, >1208 ¥ &
T 30 80
o0
E g
= 60
: £ w0
& 10 ®
20
0 ! It ® 0 o o = I
0 24 48 72 96 120 144 168 192 0 24 48 72 96 120 144 168 192
SR B )/ B i/
50
(¢) 200C, <80H ¥ fh 120 | (d) 200°C, >120H £
~ 40 o
> L 100 P
. o0 +
£ 30 E 80 =—Na
~ ~ = M 2+
= 2 60 ¢
M “I:_E 40 —a— K"
& 10 20 Ca®
2
0 T SN 0 s = s | |7®=SO,
0 24 48 72 96 120 144 168 192 0 24 48 72 96 120 144 168 192
BRI )/ S I [)/h
Bo HHETETRESA A% LAR

Fig

.6 Variations of ion concentrations in the experimental solutions of granite with reaction time



2 W HRRAREF . 7K — A RN A B8 g v AR A RRAE SE BRI R X AR 5 i B B A 7 193
50 60
(a) 10(:(3;’&@@&&%-\_. (b) 100°C, & Bi168hEE &

~ 40L P
H e
&0 o 40]
£ 30} £
= B 30t
¥ 20} ¥
Mo M 20F
& e

10 b

3 — —0 |
0 0
<80 80~120 >120 <80 80~120 >120
R/ H R/ H
80 120
(c) 200°C, Jx Ni24hff dh (d) 200°C, X 168h#¥ fh

70
- __ 100}
O 60 | i [l 51
250t 2 801 —=—Na’
\: - \\/ i 7FMUZ+
B 40 B 60 z_>
® 30} = 20 =—Cl
M b i = K*
m® 20 b ;- K 24

10 20} —m— Ca’

0 - - - 0 = — —=—50,

<80 80~120 >120 <80 80~120 >120
R/ H hofE/ A

A7

KEPHTREBEEXZR

Fig. 7 Variation of ion concentrations in the experimental solutions of limestone with grain size
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Fig. 8 Variation of ion concentrations in the experimental solutions of limestone with grain size
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Tab. 2 Particle radius and total surface area
C=aX, +bX, + X, (5)

corresponding to sample size

FE i 24 75 WE/H  PURRER/pm BRI em?
GZK -1 <80 638.3 2 660. 3
GZK -2 80 ~ 120 145.6 11 661. 4
GZK -3 >120 48.7 34 805.9
DZC - 1 <80 410.6 3592.6
DZC -2 80 ~ 120 101.7 14 497.6
DZC -3 >120 24.5 60 201. 1

DMP19 — 1 <80 429.0 3616.8

DMP19 -2 80 ~ 120 174.9 8 870.7

DMPI19 -3 >120 58. 1 26 706. 8
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Mg * VB 5% ) PR R AN B T3 B . b IE) . R B,
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Experimental Study of the Characteristics of Ion Concentration Changes
during Water —rock Reaction and Its Implication
to the Formation of Seismic Anomalies

SHAO Junjie, LI Ying, SUN Fengxia, CHEN Zhi, LIU Lei, XU Chaowen,
HU Le, LU Chang, LIU Zhaofei, ZHAO Yuanxin
(Institute of Earthquake Forecasting, China Earthquake Administration, Beijing 100036, China)

Abstract

Water — rock reaction experiment, which can simulate the subsurface temperature and pressure environment,
is an effective way to study the formation mechanism of hydro-chemical anomalies related with the earthquake. This
paper, focusing on the issues such as the formation mechanisms and the cause of the abnormal changes in ion con-
centrations before and after the earthquake, taking the water-rock reactions of different rocks (limestone, perido-
tite, and granite) under different conditions (temperature, particle size, and time) as the study object, studies
the changes of Na*, K*, Cl™, SO; ", Ca’*, and Mg’" in the solutions after the reactions using the controlled
variables and the partial least squares. Compared with the hydro-chemical data from seismic stations, the results
show that Na*, K", and SO; respectively increase to 363% , 188% , and 147% of the initial solution with in-
creasing temperature. The particle size affects dramatically the ion concentration of the solution; as the particle size
decreases, the contact area between the rock and the water increases, and the ion concentrations of Na®, K*
Cl~, and SO; all increase significantly. An increasing trend of Na®, K*, Cl~, and SO; ion concentrations is
also observed as the reaction time increases. The results indicate that the contact area of the water-rock reaction is
the main factor affecting the ion concentrations. Therefore, the rupture of water-bearing rock formation under the
action of tectonic stress, resulting in the change of water-rock reaction contact area, may be one of the important
formation mechanisms for the short and impending hydro-chemical anomaly before and after the earthquake.

Keywords: high temperature and high pressure; water-rock reaction; hydro-chemical anomaly



