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Chemical compositions and sulfur isotopic ratios of sulfate of deep groundwater in Hako-
date Plane, Japan, were analyzed in order to characterize a deep groundwater system in this
area. Most samples are classified into two groups: non-carbonate alkali and carbonate alkali wa-
ters. Based on the principle components analysis, one of multivariate analysis, the groundwa-
ters in this study can be described by mixing with at least three end-member components of wa-
ters, i.e., seawater, deep groundwater containing volcanic material, and dilute shallow ground-
water. The seawater component contributed more than the other components.

Sulfur isotopic ratios (6**S) are in the range from +7.2 to +24.7%. The 6*S values higher
than that of seawater (+20.3%) would be attributed to the effect of bacterial sulfate reduction.
The 6*S values lower than that of seawater in two samples may result from the contribution of
sulfur derived from volcanic material. These sample locations aligned along the northwest-
southeast line in the Hakodate plane. Since the crater of Zenikamezawa, a submarine volcano
erupted about 33,000-45,000 years ago, is located on the extension of the line, the volcanic mate-
rial from this volcano may affect the deep groundwater chemistry and sulfur isotopic composi-
tion.

Key words: principal component analysis, groundwater, volcanic material, Hakodate Plane,
crater of Zenikamezawa
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Fig. 1 Locations of sampling sites in Hakodate
Plane, Hokkaido, Japan. The plane is com-
posed of the Quaternary formations.
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Table 1 Well depth and analytical data of water chemistry and sulfur isotope rario of
deep groundwater in the Hakodate Plane.
Sie Wel  Date  Temp. pH FEC _CI__SOF_ €O, HCOy COS Na' K Mg Ca_ 5°S
m T S/m mg/L

1 850 16 Nov. 2005 542 885 0.038 33 26 - 125 4 79 3 - 3 7.2
2 1361 16 Nov. 2005 79.0 642 1244 4044 819 310 566 - 2417 139 140 403 215
3 1300 16 Nov. 2005 339 790 0.073 25 201 3 153 1 114 17 8 28 202
4 800 16 Nov. 2005 651 633 0438 1059 752 198 294 - 551 36 53 423 188
5 356 16 Nov. 2005 44.6 836 0.076 17 2 3 429 5 160 13 2 3 -
6 1020 30 Aug. 2005 69.0 6.88 0.966 2381 704 133 700 1358 92 115 446 -
7 810 16 Nov. 2005 77.5 657 1300 4119 761 250 645 - 2351 143 158 473 216
8 878 30 Aug. 2005 714 636 1.066 2572 715 338 538 - 1409 92 118 458 -
9 600 30 Aug. 2005 293 950 0.001 4 74 - 253 39 164 0 - - -
10 400 17 Nov. 2005 345 816 0.109 44 - 6 644 5 255 14 3 3 -
11 1002 17 Nov. 2005 394 790 1.000 3394 - 14 766 3 2352 103 26 27 -
12 1000 17 Nov. 2005 66.0 634 1.503 4210 786 422 642 - 2417 149 175 448 221
13 1000 1Sep.2005 609 635 1.161 3753 681 423 658 - 2022 125 173 507 -
14 903 31 Aug. 2005 633 622 0.693 1764 574 379 437 - 1019 66 81 322 -
15 861 17 Nov. 2005 69.7 621 0.766 2063 639 374 421 - 1177 76 86 365 207
16 1200 17 Nov. 2005 37.7 629 3.840 15724 1924 225 304 - 8837 375 964 315 221
17 756 17 Nov. 2005 683 640 1369 4365 807 303 529 - 2503 153 167 443 -
18 766 30 Aug. 2005 69.5 637 1367 3728 808 364 592 - 2050 137 158 513 217
19 1500 17 Nov. 2005 445 812 0.226 93 3 16 1426 9 597 23 1 1 -
20 1200 31 Aug. 2005 643 678 4320 16122 1967 99 408 - 10130 379 399 386 -
21 1000 30 Aug. 2005 440 6.63 4240 17735 2405 84 248 - 9907 417 1186 298 -
22 1000 2 Sep. 2005 443 7.56 0.164 200 159 18 465 1 353 9 3 16 -
23 880 15Nov. 2005 265 992 0.033 9 57 - 78 32 87 1 - 1 202
24 800 15 Nov.2005 425 791 0369 700 271 15 834 3 880 7 7 6 247
25 200 1 Sep. 2005 - 6.30 1.161 3594 723 439 609 - 1946 120 159 511 -
26 750 31 Aug. 2005 595 7.17 1354 3723 828 92 949 1 2106 138 177 557 -
27 250 30 Aug. 2005 257 867 0.033 14 33 1 201 5 86 8 4 7 -
28 268 27 Sep. 2005 - - - 3790 749 186 775 - 2091 132 169 538 -
29 75 13 Jul. 2005 65.8  6.65 1.350 4191 830 244 757 - 2132 128 213 692 -
30 77 13 Jul. 2005 654 6.70 1.380 4131 775 216 753 - 2183 126 209 598 220
31 93 13 Jul. 2005 65.6  6.66 1.420 4103 786 236 749 - 2194 126 195 600 -
32 80 13 Jul. 2005 65.6  6.67 1.420 4078 778 219 713 - 2085 122 203 655 -
33 70 13 Jul. 2005 652  6.64 1.350 4096 772 242 735 - 2097 118 207 653 -
34 71 12 Jul. 2005 64.7 6.66 1.400 4187 778 246 782 - 2172 130 204 657 -
35 66 12 Jul. 2005 64.7 6.60 1.410 4128 766 257 712 - 2120 124 209 635 -
36 60 12 Jul. 2005 64.6  6.60 1.370 3979 755 306 848 - 2082 126 197 643 -
37 64 28 Jul. 2006 63.8 642 1381 3698 743 328 588 - 2052 132 164 460 -
38 82 12 Jul. 2005 64.9 647 1.380 4081 819 331 680 - 2170 125 196 595 220
39 82 12 Jul. 2005 65.0 6.66 1.400 3993 766 181 576 - 2075 119 195 579 -
40 61 28 Jul. 2006 592  6.77 1316 3847 750 152 624 - 2126 131 180 469 -
4] 80 12 Jul. 2005 65.0  6.65 1.360 4047 759 234 727 - 2124 122 195 614 -
42 80 12 Jul. 2005 65.0 6.66 1.400 4099 778 293 675 - 2105 122 203 636 -
43 59 12 Jul. 2005 64.7 6.59 1.390 4052 761 275 743 - 2130 118 191 624 -
44 54 12 Jul. 2004 56.1  6.67 1.180 3663 779 226 726 - 2087 125 164 489 -
45 54 13 Jul. 2005 594 6.58 1.180 3622 697 258 681 - 1910 120 173 555 -
46 86 13 Jul. 2005 614  6.54 1.320 3904 753 282 680 - 1980 121 190 647 -
47 45 13 Jul. 2005 613  6.68 1.310 3858 726 217 722 - 1995 121 187 616 214
48 - 30 Jul. 2006 30.1 795 0.036 17 43 3 161 - 29 3 12 34 -
49 269 30 Sep. 2003 652 647 2530 8550 982 321 632 - 4844 484 383 356 214
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Fig.3 Concentrations of (A) Ca’* and (B) Mg*"
plotted against those of sum of Na® and K"
and of (C) HCO;™ +COy*” and (D) SO/ plot-
ted against those of Cl1 . Most data are plot-
ted within the triangle, of which edges give
endmembers of the source water; i.e., seawa-

Fig.2 Tri-linear diagram of sample water chemis- . ;
trv. Th mole numbers are the same as ter (open triangle), samples 1 (dilute
y e sample nu
the site numbers in Table 1. groundwater) and 29 (Yunokawa Spa
groundwaters), respectively.
Table 2 Variance-covariance matrix (Cas) of nine chemical components in principal
component analysis.
Cr SO, CO, HCO5 COs> Na* K* Mg? Ca*
Cr 21.9132
SO~ 2.6073 0.3486
CO, 0.1679 0.0370 0.0248
HCOy -0.0858 -0.0096 0.0076 0.0771
COs> -0.0120 -0.0019 -0.0006 -0.0006 0.0001
Na* 12.4909 1.4635 0.0783 -0.0337 -0.0065 7.1746
K* 0.5526 0.0654 0.0072 0.0013 -0.0004 0.3124 0.0163
Mg* 1.1302 0.1383 0.0078 -0.0095 -0.0006 0.6281 0.0280 0.0684
Ca®* 0.4049 0.0774 0.0276 0.0168 -0.0009 0.2072 0.0132 0.0184 0.0481
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Table 3 Coefficients of the principal component (PC) transformation.

PCl PC2 NPCl NPC2 SW Mean NSW
Eigenvalue 30416 0.110
Ccr 0.863 0.144 0.557 0.060 19.00 3.61 0.550
SO* 0.102 0.507 0.066 0.211 2.65 0.62 0.073
CO;, 0.006 0.386 0.004 0.161 0 0.17 -0.006
HCO; -0.003 0272 0.002 0.113 0.14 0.52 -0.014
Cos™ 0.000 -0.011 0.000 0.005 0.018 0.03 0.001
Na® 0.493 -0.387 0318 0.161 10.50 2.14 0.304
K* 0.022 0.048 0.014 0.020 0.38 0.12 0.009
Mg* 0.044 0.060 0.029 0.025 1.30 0.16 0.040
Ca® 0.016 0.585 0.010 0.244 0.40 0.27 0.005
Contribution (%) 99.2 0.4
Cumulative Contrib. (%) 99.2 99.6

PC1 and PC2: Coefficients of the first and second principal components, NPC1 and NPC2:
Normalized coefficinets of PC1 and PC2, SW: Chemical composition (g/L) of seawater (Kitano,
1990), Mean: Average of sample (g/L), NSW: Normalized chemical composition of SW.

AR E V. EESREw I FHHE (Mean) % JFEpi &
L72EANY PV THHDT, HEOME EHEET
L5 LIFTERVY, BEOMEZFHHEIrSONRT b
WVICERT B E, EBNICHERT A LWL 2
%o €I T Table3IZi%, HBIERSIRE, H2EKS
BB DOHAM X2 )V (NPC1, NPC2), KM K
(SW) L ZDOFHHaIEHEICL 2 2 L TEBR LK
R MV (NSW) ZR L7z, ZOMEE, HE1ERS
BEDMHEARZ PV (NPC1) L PIgEZEIEHEIC L2
MAKHK O HALRZ bV (NSW) 2813135 LW ET
Hole TOTENDL, FIEWFIZHEAMKITD 5
LHEHITE %,

Fig. 4 AICE1EH S (PC1) A 27 & HE2E K5
Z2a7 (PC2) DOMHR%, Fig. 4BIZHEITHS A 2
7 & S0 /Cl OB E IR L7z FRAAITTIIE
AE O ER RIS T 2 REE (W) 2R"THO
T, TOMHIZERSREOEOMS MR EE N EE
BRLTWw3, $72, Fig. 4 A OJFEIILENT L 72BR 0 F
Yifli (Mean) Z/RLTWA7®, 72& 2 PC<ODOR
BCTHoTHZFDOERTDOEENLZVEIZF IR\,
HEIKRELCT, O, MO3Z V=TI b5,
TIEIFERGA I THMEO N —TL D HEL, +
IS A LT BB 5, dEE2F s A 2
THMD 7NV —T XD @ EEZ IR S, THEE
1, $2EMHS AT & DIl % R 3R A2 5 B
ENT WS, Fiak D X 9 12813540 13 7 KR K
(NSW) IZIZIZHE LW e, FIFERTRAITH
KEWTIHET 5 NI HEKDOFEI MO 7V — 7
DOFRFHCHAR TN L 2B LTV, 72, Fig.

=~ 1F T T T T Es
[ i
a© 1 29-47,28, A
S O _ 151813
£z AR S .
S8 gl...: ~tas ;o 0 . -l |
25 fé‘%y -< (@16 2P\
S E 3 N Vo2 !
g E 103594 _ _ @y NS
» 3 272348 [ -l 1 1 1 A
LI T T T T T
= 101 ° . ' B_|
g 82
4
5 4 0y
L ' i
% 1"22'4 129-47,28, ratio of seawater
g . 65 126,18,13
= o
o 0.1 il 2 = 16 20 o 21
=~ " I 7 L L
& 49
<
8 PR
0.01k i | ) . 4
-5 0 5 10 15 20

First principal component (PC1)

Fig.4 Relationships between first and second prin-
cipal components of chemical composition of
the groundwaters (A) and the first principal
component (FPC) and SO//Cl™ ratio (B).
The sample groundwaters can be divided
into three groups (I, II and III). The ground-
waters with a high contribution of FPC have
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numbers are same as those of site number in
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