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In order to investigate the chemical variations before and after the 1995 Kobe earthquake,
59 water samples from three commercial and one domestic wells in Kobe City were analyzed for
'Sr/*Sr isotopic ratio and concentrations of lithophile elements (Mg, Ca, Sr, Ba and U).

First, we examined the influences of collection and treatment processes on chemical compo-
sitions of commercial water. We assumed that original changes of chemical features were pre-
served for the water samples from two of the four wells studied.

Concentrations of dissolved ions in water from a well (M) appeared monotonously decreas-
ing for15 months before and after the Kobe earthquake. During this period, the "Sr/*Sr isotopic
ratio and concentration ratios of lithophile elements were kept substantially constant. Then
anomalies of chemical and isotopic compositions occurred after 9 months of the earthquake. An-
other well (S) shows the marked anomaly of ¥Sr/**Sr isotopic ratio along with the change of
chemical compositions just 3 days before the Kobe earthquake.

Geochemical changes of dissolved metallic species, particularly Sr isotopes in groundwater
may provide significant informations to understand the local changes of hydrological circum-
stances associated with the Kobe earthquake.

Key words: the 1995 Kobe earthquake, groundwater, Sr isotopes, lithophile elements, two—
components mixing
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Tablel Groundwater samples obtained from four wells in Kobe City.
O-series K-series M-series S-series
type pore water crack water crack water crack water
site Nada-ku, Kobe Chuo-ku, Kobe Chuo-ku, Kobe Chuo-ku, Kobe
100m deep well ~ Shin-Kobe tunnel ~ <20m deep well 80m deep well
pH 74 73 7.9 72
treatment filtration heating heating untreated
0.2 um 90-93 °C, 3 min. 95°C,2min.  not for commercial
year number of samples analyzed
91 1 0 0 0
‘92 0 0 1 0
'93 0 0 0 0
94 5 1 6 1
'95 8 4 (+1%) 6 (+1%) 4
"96 12 2 2 0
'97 2 1 1 0
Total 28 8 (+1) 16 (+1) 5

*Sample without any treatment for drinking
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Fig. 1
Kobe City, Hyogo Prefecture.
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Table 2 Isotopic and chemical compositions of O-, K-, M- and S-series groundwater
from the Rokko area, Kobe City.
date ¥Sr/*Sr Mg Ca Sr Ba U
y.m.d atom. ratio 20,  &¥Sr (%o)* (mg/l) (mg/l) (mg/l) (ng/l) (ug/l)

0-1 91.7.17 0.708301 0.000014  -1.27 512 252 0.130 9.55 0.321
0-2-2 94.11.16 0.708293 0.000014 -1.28 5.18 258 0.132 8.48 0.0216
0-3 94.11.21 0.708312 0.000009 -1.25 515 25.8 0.131 843 0.0214
0-4-1 94.12.2 0.708294 0.000015 -1.28 517 26.2 0.135 9.15 0.0169
0-4-2 94.12. 9 n. d. 519 263 n. d. n d. 0.0160
0-5 94.12.23 0.708314 0.000012 -1.25 5.11 26.1 0.134 871 0.0183
0-6 95.1.11 0.708296 0.000014  -1.27 525 263 0.134 8.59 0.0189
0-7 95.5.11 0.708311 0.000013 -1.25 526 267 0.135 878 0.00496
0-8 95.8.4 0.708329 0.000013  -1.23 530 259 0.128 8.00 0.0393
0-10-1 95.825 0.708296 0.000017  -1.27 522 26.5 0.132 855 0.0376
0-10-2 95.9.7 0.708323 0.000013  -1.24 517 25.8 0.129 825 0.0297
0-9 95.9.20 0.708324 0.000014 -1.24 5.27 26.0 0.129 8.14 0.0335
0-11-1 95.10.5 n d 5.27 26.2 0.136 834 0.0296
0-11-2 9510.6 0.708342 0.000017 -1.21 526 26.2 0.134 831 0.0285
0-12 96.2.17 0.708298 0.000011  -1.27 530 277 0.140 897 0.00274
0-13 9.3.5 n. d. 5.25 27.2 0.139 8.83 0.00672
O-14 96.4.2 0.70831 0.000011 -1.25 5.19 26.6 0.134 834 0.00610
0-15 96. 4.26 n. d. 522 26.7 0.135 8.17 0.00888
0-16 96. 5.24 0.708306 0.000012 -1.26 513 26.5 0.135 8.40 0.00882
0-17 96. 6.18 n. d 5.08 26.0 0.135 820 0.0111
0-18 96. 7.30 0.708314 0.000010 -1.25 5.26 26.8 0.137 8.49 0.0166
0-19 96. 8.29 n. d. 531 27.4 0.139 871 0.0142
0-20 96.9.18 n. d. 548 27.6 0.140 8.63 0.0201
0-21 96. 9.26 0.708302 0.000016 -1.27 5.50 28.2 0.143 897 0.0204
0-22 96.10.31 n. d. 5.57 283 0.144 8.62 0.0174
0-23 96.12.19 0.708305 0.000009 -1.26 546 283 0.143 9.36 0.0157
0-24 97.1.23 n. d. 5.56 282 0.143 8.78 0.0145
0-25 97.3.26 0.708315 0.000011 -1.25 525 26.8 0.137 8.56 0.00300
K-2 94.9.9 0.708250 0.000012 -1.34 8.95 382 0.297 19.1 8.04
K-3-1 95.5.11 0.708290 0.000009 -1.28 8.94 394 0.296 15.1 9.40
K-3-2 95.5.16 n. d. 8.71 37.9 0.283 14.5 8.84
K-3-3 95.5.26 0.708301 0.000012  -1.27 854 37.1 0.276 14.2 8.57
K-4-1 95.9.28 0.708276 0.000008 -1.30 8.51 369 0.277 15.2 7.69
K-4-2 ** 9510.26 0.708332 0.000013  -1.22 13.5 66.5 0.465 19.7 17.3
K-5 96.8.9 0.708278 0.000008 -1.30 8.58 37.8 0.277 16.0 7.66
K-6 96.11.26 0.708293 0.000009 -1.28 7.33 289 0.227 13.6 522
K-7 97.2.5 0.708277 0.000009 -1.30 843 36.6 0.268 16.4 7.43

BELEESL 2D, hBEREMTRKOMBETH 2
BeAkdbm oz e ryFo s igE 0.02~1.3ugl;
Yamasaki et al., 1994) &, #TF7K (0.1~0.3 mg/l)
WCHAREFELIBWZ L2, ZORMALIIHT 74
IHROGY DR T 5 & Al LTz,

0O, K-, M-BXU'S- ) —X? Sr [kt (¥
1) — X OYSr/Sr b o ¥l 13 % o # h0. 70831,

0.70829, 0.70831, 0.70818) i%, [F—Huisi THRIL &
NI EDDHYRERENALON L o7, LPLAE
BMTHERT HM-V ) — X ("Sr/*Sr=0.708247~
0.708359) & S-v U — X (0.708108~0.708230) O

IR BIRE IS X B S, % DRERFAE) & SREUH A

MEOHERL.
—HHRIE DT ROBREEIICHLTE, EX
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Table 2 (Continued).

M-3 92. 6.16 0.708314 0.000012  -1.25 522 26.6 0.201 11.0 14.1
M-4 94.2.15 0.708319 0.000013 -1.24 592 30.2 0.239 13.1 187
M-5 94.3.16 0.708311 0.000013  -1.25 6.02 29.0 0.214 10.5 16.5
M-6 94.11. 2 0.708318 0.000011 -1.24 525 274 0.206 10.5 16.1
M-8 94.11.27 0.708320 0.000012 -1.24 4.97 26.4 0.194 10.6 145
M-7 94.11.28 0.708303 0.000015 -1.26 5.07 264 0.204 10.9 14.7
M-9 94.12.29 0.708316 0.000011 -1.25 5.09 252 0.190 12.3 14.2
M-10 95.2.24 0.708306 0.000012 -1.26 4.88 253 0.195 10.2 154
M-11 95.2.27 0.708335 0.000015 -1.22 4.89 24.6 0.190 11.3 154
M-12 95.4.21 0.708303 0.000013  -1.26 4.66 24.1 0.194 9.81 15.1
M-13 95.4.28 0.708318 0.000012 -1.24 4.50 24.6 0.185 11.7 13.5
M-14 95.10.12 0.708255 0.000012  -1.33 6.37 24.8 0.213 9.41 7.25
M-1** 951030 0.708247 0.000012 -1.34 6.42 320 0.264 11.3 10.2
M-2 95.10.30 0.708247 0.000014 -1.34 6.48 256 0.223 9.88 7.52
M-15 ¥*¥¥96.1.9 0.708288 0.000008  -1.29 n.d n.d n. d. nd. n. d.
M-17 *¥**¥ 96, 1.30 0.708359 0.000008 -1.19 nd n. d. n.d. nd. n. d.
M-new  97.10.7 0.708280 0.000008  -1.30 n. d. n. d. 0.237 11.9 n. d.
S-5 94.11. 7 0.708230 0.000011  -1.37 9.06 322 0.191 27.4 0.641
S-1 95. 1.14 0.708108 0.000012 -1.54 10.8 321 0.248 27.8 0.597
§-2 95.2.20 0.708208 0.000011  -1.40 9.08 31.5 0.193 272 0.657
S-3 95.2.25 0.708213 0.000013  -1.39 8.78 30.8 0.186 26.6 0.555
S-4 95.10.31 0.708163 0.000013  -1.46 9.19 30.9 0.197 26.3 0.664

*8¥Sr value was obtained from the following equation,
7St = [("ST**SD)yamed "SS5 - 11 X 1000 (%0), and ("Sr/*Sr)sp, value is 0.70920.

**K-4-2 and M-1 samples were preserved without any treatment for drinking.
***Deposits were seen in the glass bottom.

"n. d." denotes "not determined".

BIEAA Y TELOMRVFEZEIATE DT L

12— : , . — (e.g., Rojstaczer et al., 1995), 7 I Y2V TDI#H
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EB 0F o ] Y- ADWTRICBISBTZ 274 (5.3, 9.4
35 5 ] mgl), V> Ah (26, 32mg/), AT rFTAh
§§095 o * E 0.21, 0.20mg/M), 78U 7 & (11, 27ugh) BI T
§§ 08 £ * L1 vIvieE 4 062 FhERY)-XTH
§807F 1 ) i, MY ) —XOomMBREOREEERLT
S o6 E I b, WEAARTENALN, IIUIHETE OIS
= 0.5E . L . L L DEFPKEVEENE YT VIEE (0.0004~ 8 ugl;

Mg Ca Sr Ba U INEE, 1R, 1999) THFIZHEETH o720 7T VITEE
Fig. 2 Effect of treatments for drinking. Concen- L ICIREE, pH b & OH FRMAIC & ) FFAEIRAE
tration ratio of M—2 (treated) and M -1 (b#FE), T bbH TRICNTHBHBENEL S

(untreated). Z & %5 (Langmuir, 1978;Kanai, 1988), Z @i
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Db, LLASrRMALEDBEZRL 72, #1TF K
DALFHBE I DWW T OEE, FFICEAOMEAT
KEREELZRIITELEESNTBY (EFEH, 1988),
THhEHEE OBRICHERD S 72 b, LTSRS
DREARERDS, WTROBEELITH L ED X9 2l
HEDLLLTONE, R EHNERT 5.

3.2.1 O-2VU—X ik L7-& 5 1fbElR R
52200 FKOBEALICHEIN RS, 22Tk 2
el (A, B#R) OMTAKIZENCTHEULZEERL
BLURBRBESH*/RLS/Calt (951 25 4
Bl s -8B 15ty FEFNFhoOBEERICE
T A BH A M S, (Sr/Ca)s/(Sr/Ca)s=0.96~
1.00; Tsunogai and Wakita, 1996) #»%, {E&LLEA
DEBERDZITICL VWEE LT,

O~ ) = ZWTAKIZBIF % Sr/Ca B % Sr AL
R (6¥Sr; 2 MR I BT 2 EHOBEPHOMRIT L
ENTwiw) eI Fig 3R Lz, 5HEDS
M 7219944E11H 2 519974 3 A\ 72 % Sr/Ca k. B
X O Sr EfLRIIE, M-, S-3 ) — XA IR
BHNEELTWDSA (Sr/Ca=4.9~5.2X107% §¥Sr=
=1.28~—1.21%), e/ rg & DI o -4 1
BWTIE, Sr/Ca lkaie/h s fliZR LA (Zhiz
& Sr AR DEE D> TVWD EIIIAZ D),
L2 LRSS SIRIGAROBBEICINZ, Kiksoik
B mER4PAUBEODOTHAZ EDSY, Th
HOZEE)E HEE OBRIZHEL 2 TIEZ V.

3.2.2 K-2U—X 19944 9 A5 519974 2 H i
Dl B K- — X# T KD Sr MR 0% 8 %
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