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Abstract

Volcanoes generally have a large water storage capacity and hold many springs,
so the groundwater flow system in volcanic areas plays an important role in hydrology.
In order to investigate the hydrological circumstances of volcanic water, we collected
groundwater flowed out at ~1200 m above sea level at Daisen Volcano, Tottori, Japan
from Apr. 2000 to Jan. 2002 and measured *Sr/*Sr ratio and concentrations of dissolved
ions (Na*, K*, Mg*t, Ca®™, S, ClI, NOy and SO) in the samples together with
analyses of its reservoir rock and precipitation.

Concentrations of cations (particularly alkaline earth metals) in Daisen groundwater
samples are systematically higher compared to those of precipitation of Yonago City
(adjacent location) though anion concentrations substantially remain unchanged. The
results also indicate relatively constant ¥Sr/*Sr ratios, ranging from 0.70519 to 0.70525,
which are similar 1o those of the reservoir rock (dacite; 0.70512, 0.70516). On the
other hand, precipitation sampled in the same seasons at Tottori City shows “Sr/%Sr
ratios (0.70886 ~ 0.71044) much higher than those of Daisen groundwater. From these
results, we suggest that the dissolved metal species and Sr isotopes in Daisen
groundwater were not originated from precipitation but produced basically by water/
bedrock interaction during the migration of water.

In addition, the preliminary approach of low background y -ray spectrometry was
also carried out for Daisen groundwater. It was found that the activity of *Na (1,,.=2.6
y) was below the detection limit of our measurement (<~3 X 10~ dpm//) suggesting
that the residence time of the ground water is >10 years.

Key words : groundwater flow system, Daisen volcano, ®Sr/®Sr ratio, y-ray
spectrometry, residence time
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Eh, ke L& RIZE 205 Sh s i
WM, YU Y 422 (BNaite=26y) A, 10
27 - L TOERTRORR L —-H—-L LT
A &h22H % (Ohtsuka et al,, 2002), LA L
EHS, WK, WAL EIZHBL, 20OROE
BIRFIN A S, 2Na BN F LMW TH A 51T
A, Wikshano LBz a&hT
(RRV/IRN

AL TE, S - Rk, B
1200 m s &, RS & OF WM AR L
TR 3 FARERRE LT, TORET
& BERA, oL EREBERAR (741
#4 MEET) L O TSe/%Sr ok & UL AR
e o, M FAROWIE, HEEDORID, SR
MW SR EN A ML -, FhiZmA,
OGO S, IR
MlE & R High R p RA £ h 5 Alpb e T
Kz, By oI v F y BELEOER
EiRAT.

AT, ThoiEk{bemdn), Fma s
DRE LUBOTED L URIRAONE» 5, X
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2.1.1 Xdexl
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Fig. 1 Location of Daisen volcano and the sampling site of precipitation (upper), and
the sampling sites of groundwater and volcanic rocks in Daisen area, Tottori

Prefecture (lower-right).
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AR I B A Sr DT T v 0%, <~5
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v 2 L L Nakamura et al., 1989) , Z fu48 #Sr /%Sy
HOMERHRICY X 288, ANEORE,
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Table 1. *Sr/%Sr ratic and chemical compositions of groundwater, precipitation and reservoir rock from
Daisen area, Totlori Prefecture.
Sampling date Na* Mg2*  Ca? Sr2t+ Cr NQOs SO 875 /865y
g/ (mg/D (mg/D  og/d g/ g/d  (ng/D) atom. ratio (2om)} 3951 (%o)*

Daisen groundwater
D-17 2000. 4.10 3.72 1.34 231 0.020 454 n. d. 2.59 0.705192 £ 0.000011 ~5.65

D-1 2000. 6. 2 3.7 1.36 2.39 0023 4139 204 2.55 nd
D-2 2000. 7.19 3.69 1.39 237 0019 4060 213 271 n. d.
D3 2000. 8. 9 374 1.41 2.38 0019 439 201 2.57 nd.
D4 2000. 8.20 373 1.34 240 0019 435 200 253 n.d.
Ds 2000. 8.23 3.69 1.35 2.40 0.023 437 1.88 2.53 n.d.
D-6 2000. 8.29 3.72 1.42 240 0019 139 200 2.35 nd
D7 2000. 8.31 3.70 142 239 0019 438 201 2.57 n.d.
D8 2000. 9.19 3.71 1.38 242 0019 437 1.98 259 nd
D-9 2000. 10. 6 3.75 1.37 240 0.019 435 191 2.54 n.d.
D-10 2000. 10. 9 3.70 141 239 0.023 432 1.90 2.52 n. d.
D-11 2000. 10. 11 3.70 1.35 2.38 0019 435 197 2.51 n d.
D-12 2000. 10. 21 37 1.42 240 0.019 444 1.96 2.57 nd
D13 2000. 10. 27 3.67 1.40 240 0.019 437 1.96 2.53 n. d.
D-14 2000. 11, 16 3.70 132 2.37 0018 4.3 199 247 nd.
D-15 2000.12. 5 3.68 1.42 2.42 0019 435 201 2.50 nd
D-16 2000.12. 6 3.69 1.34 2.38 0.018 435 1.95 2.48 n.d.

D-18 2001. 5.30 386 1.35 235 0017 438 n.d. 256  0.705230 =% 0.000015 -5.60
D-19 2001. 7.21 3.65 n.d. 237 nd 433 nd 254 0.705185 & 0.000015 -5.66
D-20 2001. 7.23 173 1.40 2.35 0020 435 nd 2.56  0.705214 == 0.000011 -5.62

D21 2001, 7.30 3.76 n.d. 236 nd. 433 nd 257  0.705211 % 0.000013 -5.62
D22 2001. 8. 2 3.79 n.d. 2.40 nd 430 od 257  0.705222 & 0.000015 -5.61
D-23 2001. 8.13 373 1.40 237 0018 432 nd 2,61 0.705240 = 0.000013 -5.58
D24 2001 9. 1 3.72 n.d 237 nd 429 nod 250 0.7052)3 £ 0.000013 -5.62

D-25 2001, 9. 14 3.52 1.26 219 0018 418 nd 233 0.705241 % 0.000014 -5.58
D-26 2001. 9. 18 3.57 n. d. 232 nd 415 od 236 0.705251 & 0.000015 -6.57
D27 2001.11. 7 3.69 142 235 0019 415 nd 254 0.705202 £ 0.000014 -5.61
D-28 2001. 12,18 3.73 1.46 2.39 0021 421 n.d 258  0.705194 = 0.000014 -5.65
D-29 2002. 1.18 3.82 1.44 240 0020 495 n.d 266  0.705252 % 0.000012 ~-5.57

D-NT**  2000.11. 15 3.69 132 2.37 0.01% 433 1.63 245 nd
precipitation (Tottori Clty)***
Pl 2000, 4. 3.07 0.45 162 00071 532 279 404 0.708857 X 0.000016 -0.48
P2 2000. 5. 045 0.16 1.75 0.0049 0.82 2.85 415 0.710439 = 0.000016 1.75
P-3 2000. 6. 0.20 0.04 021 <0.0005 037 1.51 1.32 nd
P4 2000. 7. 0.26 0.06 0.18 <0.0005 034 0.85 1.02 nd
Ps5 2000. 8. 20 0.28 0.63 00038 121 3.28 3.63 0.708860 == 0.000016 =048
P6 2000, 9. 1.27 0.17 0.14 <0.0005 227 099 2.16 nd
P-7 2000. 10. 1.56 0.20 021 <0.0005 269 1.08 255 nd
PS8 2000. 11. 333 0.41 0.27 0.0030 5.69 107 2.52 0.709363 £ 0.000014 0.23
P9 2000, 12, 719 0.93 0.60 0.0080 1321 1.88 502 0.709322 % 0.000015 0.17
P10 2001. 10, nd. nd nd. 0.0018 .. nd. n.d. 0.709051 % 0.000017 -0.21
reservoir rock? §i0: AROz Ca0 NaxO Fex0s  MpO K0 81Gr /863
W% W% (W% W% W% W% W% atom. rativ (2om) a88r (%)
W. R 1** 2002.10. 6493 1743 4.73 448 4,07 1.83 1.72 0.705163 £ 0.000015 =5.69
W. R 2% 2002. 10. 0.705120 % 0.000016 -h.7%
fa Al 2002. 10. 0.705123 & 0.000013 =-5.75

“n. d.” denotes “not determined”.
* 587Sr value (%) was obtained from the following equation,
8575 (%) = [ (57Sr/%Sr) sampte/ B Sr/4Sr)sTD - 1] X 1000, and (7Sr/¥%Sr) st value is 0.70920 (seawater).
** sample without treatment for drinking.
*++ Concentrations of Na*, Mg2*, Ca?*, CI, NOs and SO+ are from the Annual report of Tottori Pref. Inst. Pub. Health Sci. (2001).
* Chemical composition was obtained by X-ray Fluorescence Spectrometer.
# dacite whole rock from Daisen.
"2 plagioclase phenocryst separated from the Daisen dacite.
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2000 EDOKUINWBIE F RO ELFFL A 13
JEDEVEER &, BHUR - RTFHiOBRAHIR L &
12, Fig. 2UR L A, Bk (RTEHERL)) HUK
LT, ROEEEOBHEMIS K E LF kM
AohRWIEns, 199744 HA 5 2000 3
AO3FEMIZH38H 0Tl (A4E
A, 1998, 1999, 2000) #{HRIL 7z, ANz H
NE AR HRMIR O K & A BHEIIZ ML, Kl
Rl FRORTE A A VB, FREsEEoR
EhAWERLEZEDTH 1, & 5122000
1213, MUFREREUEAT & O PY A0~ 20 km i
AEE LT 5 BHULN A (2000410 A6 [

Concentration (mg/{)

Concentration (mg//)

2000 2001

Fig. 2 Temporal variations of a) Na*, Mg®*, Ca**
and b) CI, NOs, SO concentrations in
Daisen groundwater (solid symbols) and
precipitation {open symbols) during the
period from Apr. 2000 to Mar. 2001.

The arrow indicates the date of the 2000
Tottori-ken Seibu earthquake (2000. 10. 6).
Precipitation data are the weighted mean values
from Apr. 1997 to Mar. 2000 in Yonago City,
Tottori Pref.
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0, i FAROCFEIR A ET T ERE GG S h T
133 A (Tsunogai and Wakita, 1995 ; 3 Lig 4,
2000) . Kl FATIE 2 D & 5 LldifNE A
Hhicy,

T RO & MBI WA LR O
FEAMRD 8, KINBBHE T ALK CHOR
KOWAEAF 2 EE%, Fig 3tcH#gLA, 22
THUFAMUBIZI LTt 9iiahli < 2000 4E 11
J1 15 B (K #E Z 2001 £ 7 A 25 H ;0.61 ppm)
IZHLBERHT L 22 B | B IZ-DW TR 1997
=3 Hb & 3EMIZ 75 ARIEAK RO T4
2AEMTEHDE (SrfgiclgL Tz, ICP-MSIC
4% 2000 4 ~ 12 HiH O MR » 5O RH
£ 0) ML, CF NOr B LSO L1y
LBEA A VIZBEOTIR, FOMT K/ BKROEBRE
It (R) (0.8 ~12) 6, TFAKEADENT
BRI SEVTH B2 A2 5, —H, B4
Fv, W7 AH ) RHERRERCE, KEhl
EBA6hBZL,E (Na*t, 1.2:K*, 25;
Mg?*, 3.5:Ca*, 3.9:Sr2, ~10), MEDEL
2o DRIRMLFMAHER E N5,

—
=]
T
[ ]
1

concentration ratio
)

-—
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L ]
[ ]

Daisen groundwater/precipitation

1 ] i 1 1 1 I 1

Na* K* Mg™Ca®™ 8¢ CI' NO,;SO}?

Fig.3 Concentration ratios between Daisen
groundwater and precipitation.
Data of groundwater were represented by
those for untreated water sample (2000. 11.
15) and data of precipitation are the weighted
mean values from Apr. 1997 to Mar. 2000 in
Yonago City (Kimura et al., 1998, 1999, 2000).
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Fig. 4 Comparison of ¥Sr/*Sr ratio between Daisen
groundwater and the precipitation of Tottori
City. W. R. and PL are the ¥Sr/%Sr values of
dacite whole rock (0.70516, 0.70512) and
plagioclase phenocryst from dacite (0.70512),
respectively.
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Fig. 5 Low background -ray spectra of a) 1260

~ 1290 keV and b) 645 ~ 675 keV regions
in water samples. The arrows indicate the
energy of ®Na (1274 keV) and ¥Cs (662
keV}, respectively.
D-I and K-I show groundwater from Daisen and
Koubo, respectively (0.5 keV/ch of gain). D-if
shows the treated sample obtained after
removal of ¥K (together with ¥Cs) from D-f
by chemical separation (0.4 keV/ch). B. K.
represents the background level.
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