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Abstract

Water quality in the eastern Kanto region, discharging from 65 deeper wells ranging
from 700 to 2,000 m deep, was analyzed to examine relation to surrounding geology. The
results can be summarized as follows.

(1) About a half of the analyzed waters shows alkaline (pH >8.5) and no acidic water
is found. Total dissolved ion shows a large variety of >10°range. For most waters, Na*
is predominant cation, while no ubiquitous predominant anion is recognized.

(2) The following relation to the surrounding geology are recognized on the analyzed
waters : a) neutral Na-Cl type in the Kanto plains, which consists of fossil sea water, b)
alkaline low concentration Na-HCO; type in the marginal mountainous area, which may
consist of meteoric waters reacted with silisic igneous rocks, c¢) alkaline moderate
concentration Na/Ca-SO, type mainly in the Kinugawa graben, which may consist
mainly of meteoric waters reacted with pre-Tertiary sedimentary rocks and/or Tertiary
volcanoclastic rocks.

(3) As long as limited to the waters with near-zero oxygen (<0.02mg/l), very low
redox potentials (Eh around —200mV) are observed, which can be explained by Ssua-Ho
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BEERHIG T3, fER& © RERF 2 BREE HAO & L CHLEZERE 1,000 m DL KZEEE O FLH- 25 H
STt (A - @, 1973 ; fEH - 134, 1986). £ 5ITHA T, 1980 FEALIAE I3IE RKDER
A H &9 2 KEEAHBEE CIRElE N 5 & 5128 - 72 (B, 1997 ; #%H, 2000). Th oo
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Thb. 2L ofHTE, FUELS 30070 L 500m OOy — ¥ v 722 ) » ML &1,
BRKFEORAXME 12> TV 5. HEHRIIE, SEAWS 6 &, AWM CEIGEE T
26001, EoideBKDE Y FERRAR) 7 N (RAA REEM k2885 TH
5. iR aTrEICEIE S B R, 3 ab BIREITE TRFO S5 EREE RIS RN EGSE
13, 501/5yKiifiHs 6 T, 50~991/45375 8 &k, 100 75 1991/43%5 15 &, 200 5 3991/437H5 18
&, 400/ P EN 13 TH 5. 7 — v v 73, 6 EhstE ke = — Vg%, 59 s JIS T
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Fig. 1 Map showing localities of 65 deeper wells. Abbreviations with closed circles are the same as
in table 1 and 2. Q : Quaternary, Tn : Neogene, Tp : Paleogene, K : Cretaceous, J : Jurrasic, TR :
Triassic, and CP : Carbo-Permian.
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ALt kT, 7 v —{RRET 30~60 S fElEellE LIS RMEDZEE R > TAIEM E Lic, 7z, #E
IB U CRBIRERIC L 28k 1 & v (& Fe, Fe*'), &EioA A VA 4 v OYEREIT- 7. K&
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K9220YL %455 L 7o &5 5 (B 8 PH-82 I K O JIIE L 7.



Fig. 2 Structure of a typical deeper well. P:

discharging pump, SWL : static water level,
DWL : dynamic water level while discharg-
ing, thick solid lines : blind casings, thick
broken lines : screan casings, and dotted
area : cement-packed zone.
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AR W &, 2) KEETH 208 AN, HENDIEVIRR TRAHNDO FFICERHZE S
B OERORRHBTAIISNS T &, HEnEZION5.
(2) pH

HIES N7z pH F 7.2~10.2 THIE~7 v A4 VIEo#EEICH 5 (X 3(2). MiRIIEETHD,
pH 75V EDEET VA ) ~T A ) PR RDH 85% %, pH 85 LI ED 7 v ) HEAHI 50%
Zhv 5, ENORR TG pH 10 28X 287 VA U IR CHlE, 1970) 733 ffrd 5. EHND
EIRAEIRD pH 73 CEIR, 1970) &, pH 7T~8 K& B E—7 %2 62135 pH 2~3 1 & KR
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pH ZHIFRAG T & BAROSE Sh, RIS/ GEILHI7S & o i iz 7 v h ) BA3% 0okt
L, ‘P cidhR s s5ld 2 (K 4(1).
(3) ERUEE

K O ERE IR & s W IFHES % & S ESURERE (EC) OMPEE I, 0.2~55mS/cm DHiPHIC H
% (X 3(3). KOBLKULEE ZEE LRI X 0IEML, < OEEFREIE 0.020~0.025 & ShTWb
CER, 1975). RFEEIRRKOKE GHEH O Eci s 5700, 1)1k b IkiE 25°C oREEICHiE
L7cERUEEE (ECyp) AR 1.

EC25=ECx(1+0. 022x(25—Tw)) (1)

DB CHEDETEEE S 02~50mS/cm OLEWEPHICH D, KNEEERKOAGA 4 13
BRIBLEVEHZ &2 2 & (G5 EXEL TV A, KIEERR/KOBLIRERE FHIFRY /70 S B8
BB S, BRI/ L & ol T RESUEEE SRV & O elid 3 Dkt L, P
FHTIEEVSONEBT 2 (X4(2).
(4) BEERRRRE

KEBHZEDOBAEENDF = v 7 OIcDITHIE L IAEREIEZ E, 0.01mg/l LITH» 5 1IEK
SEMAFEICHY 4 % 7.28mg/l OFiicd 5 (X 314). 2FHEHOK 80% I RKKELFIERE D
1/10 Th % 0.7mg/l LI'F, $60% 13 1/100 TH % 007 mg/l LR TH O, HOIAFHRAEE
X =4 —DAIERARTH 3 001 mg/I LLTFD S DAKI35% % 5 5. IKFHEZIEE 0.1 mg/l LI
DHIEMMNE SN, KKIBADEESR /NSO EHWENZHES 1 bDIEEAER, FLOT
B BN E FO NV T I, RRA ZEFEHO A 2K YL — 5 — T 2 I0bithh 53k &
BALIZGDTH B,
(5) BR{L:ZE CEENRL

e Eim & L CHUBRLEREM 2 H W TS S N llEE (ORP) A fRHE/KETEM 2 HIE & 3 21
FRICEAICHE L (Eh) &, —232~+391mV 0#ifHicd 2 (K3(5). £HAEHDH 85% T
0mV LIT ORLEITEMMHIE S N, 2FAEH DI 40% % 5 5 —100mV LI OB LEICE
fLlE, =N 50 pHEPHN T~10 TH BT L bbb T, R LER & n7EE ] (Garrels and
Christ, 1965) OB LREICEMICHY T 5.
6) A A VHAE

ERINIRGEA A v OLBEEEH L, 4~1,176me/l @ 10*1TH 12 BIEFPIC KR, BXSEE D
AEFRER LT 5. BEA A ViREIIHIPER 0 S BARAEED o h, BRI/ \#L7s & o
LU T IAFA 4 VIREDEW b OO0 sl 208, SEHHTRE W OMET 3 (X 4(3).
(1) A& AR

A 4 V3RO T Na Digilkd 3. ¥ — 45172754 LTI, BiA 4 vFd Na+K 45
s 75% LI FOFLHEDS, LHEHO 95% % L2 (X 5). H DA 4 >3 Ca Aieisid 2 FLH
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Table 1 Locality, depth and underground geology of the deeper wells discharging hot spring

x 1 BAEFH#ET
. ) Depth|Temp Discharge Geology for screen zone
ocality Name Abbr, m | () | d/m) iy -
ithology | Formation/Group Age

Minowa Asahi-mura B Ikoi-no-numa Hinuma #2 ASA 1300 | 34.7 | 20720 sst, slst, cgl. Taga G, Miocene
Yada Daigo-machi IB Gomenzawa 21 DIG | 780 |30.0 640 | tfe. sst. Kitataki F. Miocene
Hasekura Gozenyama-mura IB Shikisaikan GZY | 1500 |26.7 140 | sst, sh. Yamizo. G. Jura,
Toma Hokota-machi IB Hot Park Hokota #2 HKT |1250 |31.3 75| Gr. Ryoke Gr. Creta,
Mizuhara Itako-machi IB Kanpo Itako ITK |1300 | 23.6 260 | sst., mst. Taga G, Miocene
Ishi Juo-machi IB Kokuminsyukusya Unomisaki JUO [ 1300 | 46.0 | 400/400 | sst./Gr. Shiramizu G,/ Abukuma Gr. | Paleocene/Creta,
Nekago Kitaibaraki-shi IB Tohryanse KIR | 800 |35.0 60 | sst, mst./Gr. Shiramizu G./Abukuma Gr. | Paleocene-Creta,
Shinhisada Koga-shi IB Rojinfukushi Center KGA | 1300 |37.0 300 | sst, mst. Kadzusa G. Pleistocene
Hinosawa Miwa-mura IB Sasanoyu MIW | 701 |2.3 320 | sst, sh. Yamizo G. Jura,
Ohnaka Satomi-mura IB Nukumorinoyu STM {1500 | 34.0 75| Gd,, mica-schist | Abukuma Metamor. Jura,
Nagatsuka Shimotuma-shi 1B Biaspark Shiotsuma SMT | 1500 | 44.6 140 | Gr. Ryoke Gr. Creta,
Kamihataki Taiyo-mura IB Top Sante Taiyo TYO [1050 |21.4 63| Gr. Ryoke Gr. Creta,
Matsumoto Yachiyo-machi IB Kaiyukan Yachiyonoyu YCY | 1500 | 36.5 T8 | sst, mst. Kadzusa G. Pleistocene
Morosawa Yamagata-machi 1B Santanoyu YMG | 1500 [42.3 160 | . /sh. Kitataki F./ Yamizo G. Miocene/Jura.
Iriawano Awamo-machi TG MaeNikko Tsutsujinoyu AWM | 1500 34,0 2001Gd. Sohri Gr. Creta.
Koisago Bato-machi Tochigi Mitamanoyu BTO | 1200 [49.0 180 | sst,, sh./Gr. Yamizo G./Yamizo Gr. Jura,/Creta.
Fujiwara Fujiwara-machi TG Choel #2 FJW | 1405 36.5 | 40| And, Rhy. Shioya G. Miocene
Kaminobuo Haga-machi TG Romannoyu HGA | 1500 |40.0 110 | tf. Arakawa G. Miocene
Hanawa Ichikai-machi TG Kenkohoyo Center ICK {1500 |37.7 2001 tf. Arakawa G. Miocene
Mactitari Imaichi-shi TG Katakurinoyu IMC | 1400 |46.0 Ty | f. brec. Utsunomiya G. Miocene
Sakenoya Kanuma-shi TG Deainomori Fukushi Center KNM | 1500 | 34.0 40 | sst, sh. Yamizo G. Jura,
Horinouchi Kurohane-machi TG Gohonoyu KRH {1500 | 22.0 156 | sst,, sh./Gr. Yamizo G./Yamizo Gr. Jura,/Creta,
Yokomakura Karasuyama-machi TG Yamabikonoyu KRS | 1500 {21.5 190 | sst. Yamizo G. Jura,
Kawamata Kuriyama-mura TG Kuriyama son-ei KRYT | 1305 |51.0 46| no descrip.
Kurobe Kuriyama-mura Tochigi Shikinoyu KRY2 | 1000 [48.9 3401 Gr. Gr. Creta,
Kitsuregawa Kitsuregawa-machi TG Choei #1 KTGI | 1365 |54.0 320 | mst, sst, tf. Arakawa G. Miocene
Kitsuregawa Kitsuregawa-machi TG Choei #2 KTG2 | 1242 (48.0 300 | tfc. mst, tf, brec. | Arakawa G. Miocene
Iwako Minaminasu-machi TG Ohganeonsen Grand Hotel MNS | 1158 |63.0 200 sst, tf, tf. brec. | Nakagawa G. Miocene
Machida Motegi-machi TG Hotel Green Hill MTG | 1200 |27.8 2 | sh, Yamizo G. Jura,
Shimokagoya Moka-machi TG Moka-Igashira onsen MKA | 1535 | 56.6 414 | sst, mst, tf. Arakawa G. Miocene
(Oshima Nasu-machi TG Nasu Dobutsu Ohkoku NASI | 1300 |55.4 50 | mst, sst, tf. Shioya G. Miocene
Ashino Nasu-machi TG Green Wood Ashino NAS2 | 500 |46.0 26 | Gr. Yamizo Gr. Creta.
Yorii Nasu-machi TG Nasu Green Course NAS3 | 1500 | 25.0 25 |sst. Yamizo G. Jura.
Kiyotaki Nikko-shi TG Yashionoyu NIK | 1063 |39.0 580 | welded tf. [rohazaka Welded Tuff Creta,
(Ogawa Ogawa-machi TG Mahoroba Rotennoyu OGW | 1500 | 56.2 211 | sst, sh. Yamizo G. Jura,
Nakadawara Ohtawara-shi TG Ryujoen Taiyonoyu OTR | 1050 |50.9 27| tfe. sst. Arakawa G. Miocene
Tamanyu Shioya-machi TG Yamayurinoyu SOY | 1300 |54.0 210 | Rhy, tf, Shioya G. Miocene
Kamikashiwazaki Takanezawa-machi TG | Genki-up mura TKZ {1500 [70.2 | 200/400 | mst, tf. Arakawa G. Miocene
Matsushima Ujiie-machi TG Otomenoyu UJE (1500 |41.6 388 | mst. Arakawa G. Miocene
Niisatomachi Utsunomiya-shi TG Romantikku Onsenkan UMT |1220 [43.0 110 | And, tf. brec. | Utsunomiya G. Miocene
Kawasakisorimachi Yaita-shi TG Shironoyu £1 YITI | 1404 | 73.0 100 | tf, tfc, sst. Shioya G. Miocene
Kawasakisorimachi Yaita-shi TG Shironoyu £2 YIT2 |1500 | 78.0 190 | no descrip.
Yuzdukami Yuzdukami-mura TG Yasuraginoyu YTK | 1310 |55.0 110 |t /sst. Nakagawe G./Yamizo G. | Miocene/Jura.
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Kamako Higashi-mura FS Kitsuneuchionsen HGS | 972{35.0 512 | Metamor, Gr. | Abukuma Metamor. & Gr. | Creta.

Ebana Naganuma-machi FS Yamayuriso NGN {1200 [46.9 280 | tfc. cgl, welded tf. | Odagawa F. Miocene
Nameritsu Nakajima-mura FS Fureainosato NKJ | 800|38.1| 282|Gr. Abukuma Gr. Creta.
Chabatake Sukagawa-shi FS Sukagawa Shimin-onsen SKG | 801 {45.0 400 |sst./Gr. (Odagawa F./Abukuma Gr. | Miocene./Creta.
Hachimanmachi Yabuki-machi FS Yabukimachi Kenko Center YBK | 800 |52.7 500 | tf./Gr, (Odagawa F./Abukuma Gr. | Miocene/Creta.
Higashidate Yamatsuri-machi FS Yuparu Yamatsuri YMT | 1300 | 37.0 70| Gr, Db. Abukuma Gr. Creta.

Nitama Asahi-shi CB Kanpo Asahi ASH | 1500 |31.5 346 | sst, mst. Miura G. Miocene
Inubohsaki Choshi-shi CB Inubosaki Keisei Hotel CHS | 1300 {28.0 300 | sst, sh. Atagoyama G. Jura,

Futtsu Futtsu-shi CB Keikyu Futtsu Kanko Hotel FTS {1000 {25.0 129 | mst, Kadzusa G. Pleistocene
Tonodai Hasunuma-machi CB Kanto Tennen Gas Kathatsu« Y11 | HNM |1231 |26.1 sst, mst. Kadzusa G. Pleistocene
Kashiwa Kashiwa-shi CB Kashiwa Tennen Onsen KSW | 1200 | 42.0 700 | slst./Gr. Miura G./Ryoke Gr. Miocene/Creta,
Sumina Katsuura-shi CB Katsuura Hotel Mikadzuki KTRI {1000 | 25.1 10 sst, mst. Miura G. Miocene
Ubara Katsuura-shi CB Kanpo Katsuura KTR2 | 1400 | 25.6 186 | sst., mst. Miura G. Miocene
Toyota Kimitsu-shi CB Kameyama Onsen Hotel KMT | 2000 | 29.4 600 | sst, mst. Miura G. Miocene
Kitahamamachi Kisarazdu-shi CB Spa Mikadzuki Ryugujo KRZ | 800 |25.9 sst, mst. Kadzusa G. Pleistocene
Ohtake Narita-shi CB Yamatonoyu NRT {1000 |20.0 120 | sst., mst. Miura G. Miocene
Hanai Noda-shi CB Tobu Spa Resort NDA |1300 [46.0 500 | sst, mst. Miura G. Miocene
Hama Onjuku-machi CB Kuaraifu Onjuku 0JK | 800265 143 ]sst, mst. Kadzusa G. Pleistocene
Furudokoro Shirako-machi CB Ise Kagaku Kogyo - NR2 SRKI | 1304 {29.5 | 486 | sst, mst. Kadzusa G. Pleistocene
Koji Shirako-machi CB Kanto Tennen Gas Kaihatsu < HI06 | SRK2 | 1340 | 31.2 sst, mst. Kadzusa G. Pleistocene
Yakata Yokoshiba-machi CB Kanto Tennen Gas Kathatsu« Y22 | YKS2 | 1231 | 28.4 sst, mst. Kadzusa G. Pleistocene
Karasuhamishinden Yokoshiba-machi CB | Kanto Tennen Gas Kathatsu« Y75 | YKSI | 1421 | 24.7 sst, mst. Kadzusa G. Pleistocene

Data from individual institutions. Abbreviations are sst. : sandstone,slst. : siltstone, mst. : mudstone,
sh.shale, cgl: conglomarate, tf.: tuff, tf.br.: tuff breccia, wl.tf.: welded tuff,tfc.: tuffaceous, And.:
Andesite, Db.: Diabase, Gd.: Granodiorite, Gd.: Granite, Rhy : Rhyolite, G.: Group, F.: Formation.
IB : Ibaraki prefecture, TG : Tochigi prefecture, FS : Fukushima prefecture, CB : Chiba prefecture.
B85 (3B LISxbis,  /Ki & B R FERR T ICiiEs S h o fil, = ofid &S iisr o OfRtERic L 5.
HHEICRHED S 2 013, AMMEHER, GRIREHELZRT. BES5E, sst.: ia, slst.: Y b,
mst. : VB4, sh.: HiaE, cgl: BE, tf: BIKE, thbr.: BKAEYS, wltf. : iAfS RIS, tfc : BUKH,
And.: i, Db.: #EktE, Gd.: {EWPIRES, Gr.: {bkes, Rhy:ffcs, G.: @k, F.: 8, IB: &Ik
H, TG:#AKE, FS:EEE, CB: TiEL

DN,
2\,
fadt + VAR IZ AR RS, F— 54 727 54 ETRE, 2FEHD 3/4 53 SO,+Cl EE,
M HCO;+COs B TH 5 (X[ 5). EEEICIE Cl AHE-T 2 fLH»HZ V.

AP RIRA ZAEHICIRY, Ca LEEEE BTN EIC Mg hEaEhs b

1/4

=

5.1 $ER{LF/NS X —& —HEORBF

B CHIE S NIKE X5 A — & —ZFAICHNE &, 7ok ) PRI SRR P EE R A K
<, FCEBEEOREERRIEERICRONS, KOVISHFHRERE O3 fs s < BbEn
BAEY, FORGRMIED SN S, K, HEiE, pH, BEXULAEE, BHERERE, MB(LETE
MDD T A — & —[T, —EDHBENED SNictlisEbE AKX 6 I1T/RT.
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Table 2 Results of field measurement for well waters
® 2 HHMKFEAERER
Abbr. me?s?lt:e?nfent ’Io‘(‘:}v 1‘(? pH mg/ccm mESC/ZCBm ?HR-\}D rgl\l, nll)go/l Sampling position/condition
ASA 12000.2.24 [19.3] 2.9| 8.25| 4.87| 5.48| —210 0] 2.85 |artesian flow with air
DIG |2000.12.14 [29.7| 3.2| 8.41| 1.71| 1.53| —321| —119]| 0.09 |next to wellhead
GZY 2000.1.31 |26.7| 3.6| 8.00| 8.80| 8.47| —240| —36| 0.14 |wellhead valve
HKT |2000.2.24 [27.7| 8.4| 7.22{40.40|38.00 187| 391 | 7.28 |researve tank drain
ITK [2000.8.29 |22.2]32.2| 7.66|22.50(23.89| —295| —87| 0.00 |next to wellhead
JUO [2000.2.23 |[48.0| 7.0| 8.94| 4.95| 2.45| —321| —133| 0.03 |artesian flow wellhead
KIR 12000.2.23 [35.1| 5.5| 8.52| 3.80| 2.96| —123 751 3.70 |researve tank drain
KGA ]2000.10. 10 | 28.6 7.45112.42|11.44 125 328 | 3.80 |researve tank siphon
MIW |2000.6.13 |22.2]19.8| 8.44| 0.25| 0.27| —151 57| 2.58 |researve tank siphon
STM | 2000. 2. 1 32.8 .9110.24| 0.44| 0.36| —304| —104 | 1.65 |wellhead valve
SMT |{2000.2.22 [41.0 .0 8.40| 5.70| 3.69| —168 26| 1.07 |researve tank drain
TYO |2000.2.24 |23.5 .2 7.68]14.17|14.64| —253| —46| 0.00 |wellhead siphon
YCY |{2000.2.22 [21.9 4| 7.54) 2.49| 2.66| —130 78 researve tank drain
YMG |2000.6.13 [37.6[19.8| 8.41| 1.96| 1.41| —329| —133| 0.05 |wellhead siphon
AWN |2001.3.22 [35.2]11.0/10.19] 0.27| 0.21| —480| —232| 0.01 |wellhead valve
BTO | 2000. 2. 2 46.7| 5.8| 8.95| 0.87| 0.45 7 196 | 2.16 |bathtub faucet
FJW | 2000. 9. 1 35.6126.3| 9.43| 0.65| 0.49| —337| —139| 0.01 |wellhead valve
HGA |2000.2.23 [38.0| 5.5| 7.64| 5.98| 4.27| —247| —51| 0.04 |sand trap drain
ICK [2000.6.13 |36.2|21.0| 8.07| 2.21| 1.67| —303|—106| 0.02 {200 m downstream
IMC |2000.8.31 |45.8|26.6| 9.59| 0.57| 0.31| —391|—201| 0.00 |wellhead valve
KNM |2000.10.13 |31.4]17.0| 8.82| 3.70| 3.18| —340| —139| 0.00 |wellhead valve. scale-inhibiter
KRS | 2000. 2.3 26.6| 9.0 8.99| 0.52| 0.50| —311| —107| 0.07 |wellhead valve
KTGI | 2000. 2.3 52.1110.6| 7.82|21.87| 8.83| —380| —195| 0.04 |gas separater siphon
KTG2 | 2000. 2. 3 50.5|11.1| 7.85/26.90|11.81 | —308| —121| 0.10 |next to wellhead
KRY1 | 2000. 10. 12 | 51.1]16.0| 7.44| 4.48| 1.91| —308| —122| 0.00 {30 m downstream
KRY2 | 2000. 10. 12 [42.3]23.2| 9.78| 0.28 | 0.17| —414 | —221| 0.00 |30m downstream
KRH |2000. 2. 2 21.9| 7.5(10.12| 0.27| 0.29 —4| 204]| 2.83 |2600m downstream
MNS |2000.8.30 [63.4]30.0| 7.37|42.10| 6.53| —285| —108 wellhead valve
MTG |2000. 2.3 27.5 5| 8.26| 4.80| 4.54| —250| —46| 0.58 |researve tank drain
MKA | 2000.2.22 |39.9 4| 7.56131.40|21.11| —212| —18]| 0.32 |wellhead valve. scale-inhibiter
NASI | 2000. 10. 13 [56.3]10.9| 8.07| 1.61| 0.50| —330| —148 wellhead valve
NAS2 |2000. 10. 11 [25.5]21.2| 8.42] 0.69| 0.68| —296| —91| 0.09 |wellhead valve
NAS3 |2000. 10. 11 |28.5]24.5| 9.93] 0.34| 0.31| —289| —86| 0.09 |wellhead valve
NIK | 2000.9. 1 38.5127.4| 9.76| 0.44| 0.31| —388| —192| 0.00 |wellhead valve
OGW | 2000. 2. 3 58.1|11.2| 8.37| 6.60| 1.79|—321| —140 wellhead valve
OTR |2000.10.11 [48.8]25.0| 9.04| 3.63| 1.73| —356| —168| 0.0l |12m downstream
SOY |2001.3.23 |[51.4]17.0| 8.43| 5.14| 2.15| —326| —140| 0.02 |next to wellhead
TKZ 12000.8.30 |64.6]27.7| 7.75]23.10| 2.98| —309| —133| 0.06 |wellhead valve. scale-inhibiter
UJE |2001.1.26 [39.6| 3.7| 9.36| 0.54| 0.36| —417| —222| 0.00 |wellhead valve
UTM | 2000. 9. 1 43.7128.5| 9.27| 1.14| 0.67| —273| —81| 0.39 |wellhead valve
YIT1 |2000.8.30 [41.3]30.9| 7.45| 1.00| 0.64| —270| —77| 0.08 [100 m downstream
YIT2 |2000.8.30 |71.5]30.9| 7.99]10.22 —302 | —131 2500 m downstream
YTK | 2000. 2. 2 53.5| 7.7| 7.80| 0.88| 0.33|—192 —81 1.03 |next to wellhead
HGS |2000.6.14 [29.9[20.4| 9.21| 0.40| 0.36| —344| —142| 0.01 |150 m downstream, sand-trap drain
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NGN |2001.6.15 [43.7[25.0| 9.23| 1.25| 0.74| —329| —137| 0.21 |30 downstream

NKJ |2000.6.14 [38.4(21.0| 9.17| 0.48| 0.34| —352| —155| 0.04 |wellhead valve

SKG |2000.6.14 [38.8[21.8| 8.76| 0.81| 0.56| —287| —92| 0.23 |[30m downstream

YBK |2001.1.12 [47.4] 8.7| 8.74| 1.36] 0.69| —400| —211| 0.00 {500 m downstream

YMT |2000.6.14 [26.0[21.0] 9.35| 0.41| 0.40| —90 115| 0.16 |wellhead valve, scale-inhibiter
ASH [2000.11.7 |28.0]19.0| 7.57[44.30(41.38| —272| —69| 0.00 |wellhead valve, gas discharging
CHS [2001.2.6 22.2 .9 7.53133.40135.46| —278| —70| 0.00 |25m downstream, gas discharging
FTS [2000.12.12 |24.9 91 7.30129.10129.16| —292| —86| 0.00 |W/G separator siphon

HNM |2001.2.7 26.1 8| 7.35150.30149.08| —287| —82| 0.00 |W/G separator siphon

KSW |2000.10.10 | 40.823.5| 7.48(40.00{26.10| —281| —87| 0.00 |30m downstream. gas discharging
KTR1 [2000.11.9 |19.7|15.7| 8.33| 1.74| 1.94| —203 6| 0.24 |next to wellhead, gas discharging
KTR2 [ 2000.11.8 |20.4|15.6| 8.49| 7.49| 8.25| —300| —91| 0.00 |wellhead valve, gas discharging
KMT |2000. 11.10 {22.9]15.2| 8.72| 2.56| 2.68| —368| —156 | 0.00 |80 m downstream. bathtub forcet
KRZ |2001.2.9 25.9| 5.7| 8.10/33.00(32.35| —208 —3] 0.06 |researve tank siphon, gas discharging
NRT |2000.11.7 |19.3 7.61|11.37]12.80| —39 171| 0.26 |bathtub faucet

NDA |2000.10.10 |46.3]26.0| 7.17[53.50(28.43| —261| —71| 0.00 |next to wellhead, gas decharging
OJK |2000.11.8 [26.5[36.1| 8.53| 3.66| 3.54| —41 168 | 1.31 |researve tank drain

SRK1 [2000.11.8 |31.2]21.0| 7.52|54.50|47.07| —212| —11| 0.01 |W/G separator siphon

SRK2 [2000.11.8 |30.5]19.8| 7.61|54.50{47.91| —209 —8| 0.00 |W/G separater siphon

YKSI1 |2001. 2.7 28.4 6| 7.29153.30149.31| —289| —86| 0.00 |W/G separator siphon

YKS2 | 2001. 2.7 24.7 8| 7.35149.50149.83| —278| —72| 0.00 |W/G separator siphon

Tw: water temperature at flow-sell measurement, T,:air temperature at measurement, EC:
electrical conductivity, EC25=ECx(1+0.022x(25-Tw)),ORP : redox potential measured by Ag-AgCl
reference electrode, Eh=0RP+224-0.74xTw, DO : dissolved oxygen. The other abbreviations are the
same as in Fig. 1.

W53 1, KR (Tw) @7 v —w VRIEMER ClliEshicbDTh D, FRREXD bFHTK
TLTWBZENZW, EC2513, i :ECy=ECx (1+0.022x (25—Tw)) 1c& b, FHENIcERIZEE
(EC) #% 25°CIREBICHE L 72fE. Eh 3, i :Eh=ORP+224—0.74xTw IZ &k v, FLEEEM GRS MR
RV LE LB 4 — & — OHIEE (ORP) Z/KRIEREEBMELLE CHE L 728, DO I3iAFIRS%R

(1) 7kiE-pH

JFURIRRE & pH & OBIfR (K 6(1) 22 &, pH A 7~8 OHEAHIT DRRIKIE 20~80°C & =il
M OEEE TORWEPHOEE %2 65753, pH 8~10 TIE 20~60°C & it & H TR D 437
BHD FRRAS T A0, &SI pH 10 LLED 7 v U ROEEEF 40°C DI SAKRICR 54115, pH 7~8
TESRIRE D 60°C LI EOEiRR (MNS, TKZ, YITL, YIT2) 3 W31 & SR s (S8 - £,
1992) thic, %7z pH 10 DI EOEER (AWN, KRH, STM) EWh bibmaikrh2ighl s h-is
RTH 5.
(2) IKiE-ERIEERE

JURIRE L BRULEED 7 a v b (K6(2) FALHHT 508, EXUEEEORHICE WV DI
EEERNED LNV, THbb, ag"—{zgf‘*b! 30mS/cm A Z 5 SEEER (HKT2, ASH,
CHS, HNM, KRZ, SRK1, SRK2, YKS1, YKS2) &, WoN &JFRREERE 35 CLITORERTH D,
TR S O THEE O KN ERIC B 5. KASTZEEHRBETIO S v=FIcEGENn 5.
(3) pH-EBXU=EE

pH & BLIZERE & OBE (K 6(3) (3, pH A 7~95 OffiE, pH 95 VL E&E THAINEN 5. pH
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Table 3 Analytical results
® 3 KEIHER

abbr, | HCOs™ | COs™ | F Cl- Br~ | SO, | Na* K* | Ca** |[Mg""| t-Fe |Fe"" | HS™

mg/l | mg/l |mg/l| mg/l |mg/l| mg/l | mg/l | mg/l| mg/l | mg/l |mg/l|mg/l|mg/l
ASA 671.0 0.0 [0.0| 1430.0 238.0| 1130.0| 37.2| 15.2| 21.5| 0.8
DIG 38.4 3.6 |5.7 152.0 467.0 | 284.0| 0.8| 29.3| 0.5] 0.0 | 0.0
GZY 179.0 0.0 [ 0.4 354.0 4430.0 | 1740.0| 16.3| 351.0| 82.1| 1.7
HKT 23.8 0.0 | 0.0 | 15600.0 650.0 | 7510.0| 40.4|1330.0{328.0| 0.0
ITK | 1171.0 0.0 | 0.3 | 8271.0| 42.1| 26.6| 5900.0|156.0| 90.6|185.8| 3.1 | 0.3
JUO 6.7 | 10.2 | 7.0 114.0 1390.0 | 697.0| 7.3| 85.8| 0.6/ 0.0
KIR 29.9 1.2 | 7.2 132.0 1250.0 | 578.0| 10.1| 137.0| 1.5| 0.0
KGA 129.0 0.0 | 0.4 | 4210.0 73.7| 2200.0| 62.2| 489.0| 27.0| 0.0
MIW 159.0 .0 |o0.1 3.2 8.4 50.7| 1.5 8.3 4.0[ 0.1 ] 0.1
STM 0.0 | 51.6 | 8.9 25.8 5.7 71.1] 0.5 1.4 0.0] 0.1 0.1
SMT 34.8 .0 | 5.0 1290.0 73.7| 708.0| 6.6| 160.0| 0.6 0.5
TYO | 1280.0 .0 | 0.0 4350.0 400.0 | 3140.0| 64.6| 53.3]136.0 7.7
YCY 110.0 .0 ]0.3 802.0 0.1| 485.0| 15.9| 38.7| 4.2 3.3
YMG | 413.0 | 22.0 | 4.6 142.0 185.0 | 330.0| 5.0 6.5| 1.5 1.2
AWN 0.0 | 25.1 | 3.0 18.8| 0.0 9.4 46.5| 1.0 3.0/ 0.0] 0.1 4.0
BTO 84.8 | 30.0 | 1.7 14.0 126.0| 103.0| 1.5| 13.2| 0.7] 0.0
FJW 17.7 2.4 | 1.4 26.4 177.0 37.0| 1.3] 79.7| 0.2 0.2
HGA | 455.0 0.0 1380.0 9.9| 844.0| 10.8| 146.0| 0.6 0.0
ICK 475.0 0.0 [7.8 253.0 93.6| 387.0| 4.4| 10.3| 0.9 0.7 |0
IMC 23.2 | 13.2 | 5.7 67.8| 0.1] 21.6 74.8| 1.5 7.9/ 0.1 .2
KNM | 1072.0 0.0 |3.3 394.0 | 1.4/ 50.3| 883.0| 10.5 8.5| 3.1]0.0 .2
KRS 309.0 3.0 [ 0.4 2.1 7.3 111.0| 2.7 6.1/ 3.0]0.1
KTG1 | 270.0 0.0 4460.0 70.0 | 2900.0| 44.7| 137.0| 3.9| 0.1 2.5
KTG2 | 220.0 0.0 5880.0 129.0| 3740.0| 40.0| 296.0| 5.4| 0.1
KRY! | 376.0 0.0 446.0 | 2.2| 379.0| 614.0| 11.2| 53.3| 5.2| 1.2 0.8
KRY2 0.0 | 30.5 6.3 19.1 41.4| 0.5 2.4 0.0 0.7
KRH 72.0 | 40.8 1.6 8.2 60.3| 0.3 1.0/ 0.0 0.2 .1
MNS 31.7 0.0 8472.0 1056.0 | 3850.0| 29.4{3060.0| 11.7| 0.5 | 0.5 | <0.1
MTG | 339.0 0 1.8 337.0 1970.0 | 944.0| 14.0| 120.0| 19.7 6.1
MKA 18.0 .0 9660.0 0.0 | 3440.0| 29.1{2661.0| 7.8] 0.5 | 0.5 0.1
NAS1 | 512.0 0 | 1.7 9.1 44.5| 178.0| 3.2 2.70 0.4) 0.1 | 0.0 0.3
NAS2 | 388.2 | 10.4 | 3.6 2.3 6.8 168.0| 2.3 4.5 1.4 0.6 0.7
NAS3 62.7 | 50.9 | 0.5 3.7 8.1 73.5] 0.8 1.2] 0.0/ 0.1 | 0.1 0.1
NIK 50.3 | 19.2 |18.4 25.9 | 0.1| 11.8 81.5| 1.2 2.7 0.1 0.1 0.5
OGW 53.1 0.0 | 5.6 292.0 1340.0 | 754.0| 8.5| 83.8| 1.1| 0. 0.3 0.2
OTR 54.0 | 17.4 | 2.8| 668.0| 1.4| 70.7| 516.0| 3.6| 10.3| 0.0] 0.0 | 0.0 0.3
SOY 20.0 .0 | 4.6 308.0 1318.0 | 538.0| 7.8| 244.0| 3.3 3.8 0.0
TKZ 66.5 .0 | 5.5| 4090.0| 12.4| 11.4| 2870.0| 20.4| 206.0| 1.2 0.4 0.1
UJE 102.5 | 29.4 | 1.9 41.71 0. 1.1 93.9| 5.7 1.5] 0.0 0.1 |<0.1
UTM 14.6 6 | 8.4 59.0 342.0 | 177.0| 2.5| 40.0| 0.0| 0. 0.5 0.1
YIT1 106.0 .0 | 1.6] 146.0| 0.6] 64.6| 170.0| 3.1 8.5| 1.3 I. 1.2 0.0
YIT2 160.0 0 | 7.4 946.0| 4.2|{1177.0| 1110.0| 12.5| 30.3| 0.5/ 0.
YTK 145.0 0 | 4.1] 729.0 1660.0 | 1080.0| 18.6| 177.0| 12.4
HGS 155.0 | 37.8 | 2.2 12.6 0.2 91.1| 1.5 1.7 0.0 0.5 0.0
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NGN 23.4 | 26.0 | 7.4 46.0 232.0| 161.0] 1.6 9.3 0.0 0.2 0.8
NKJ 156.0 | 30.0 1.6 14.2 0.4 85.8| 1.0 1.3 0.0 0.3 ] 0.3

SKG 279.0 | 20.1 5.5 44.6 0.7 139.0] 1.3 1.6 0.1 0.1

YBK 409.0 | 24.0 | 6.5 76.0{ 0.3 0.0 198.0| 1.2 4.7 0.4] 1.2 | 1.2 0.0
YMT 89.8 | 25.0 | 8.5 22.9 20.7 90.7( 0.7 8.8/ 0.8 0.9

ASH 226.0 0.0 | 3.7|16510.0 | 66.2 2.4 9885.0|309.0| 500.0363.0 1.7

CHS 65.3 0.0 | 5.5|14750.0 | 44.3 4.5| 7770.0| 34.7|1271.0]125.0 .0 | 3.0

FTS 680.0 0.0 | 2.7|11360.0 | 53.9 1.8| 7100.0{237.0| 76.3|131.5| 0.1 <0.1
HNM | 1244.0 0.0 14800.0 |108.0 30.8 |12000.0|436.0 | 224.0|465.0| 1.4 <0.1
KSW 293.0 0.0 | 3.8|12300.0 | 33.6 0.6| 7600.0| 77.5| 385.0]172.0

KTR1 | 870.0 0.0 | 0.9 191.0 | 1.0] 37.3| 526.0| 18.4 4.3 4.2 3

KTR2 | 207.0 0.0 | 0.4 2601.0| 7.3 16.9| 1192.0| 17.4| 55.6| 5.8| 0.1

KMT 818.6 8.4 | 0.7 568.0 | 2.8 13.2| 691.0| 17.4 4.4 1.6

KRZ 976.0 0.0 9350.0 | 53.5 7700.0(272.0 | 142.0|163.0| 0.7 <0.1
NRT | 2350.0 0.0 3689.0 | 11.1 1.7| 3140.0|115.0 | 29.0| 87.5

NDA 170.0 0.0 | 5.1|15900.0 | 42.7 1.6 9120.0| 88.4| 636.0]220.0| 4.1

OJK | 2080.0 0.0 | 0.7 235.0| 0.6 0.2 915.0| 21.6 3.1 1.4 3.6

SRK1 | 817.0 0.0 | 3.7|19850.0 |131.5 4.7(12125.0| 416.0 | 336.7|356.0 | 0.3

SRK2 | 817.0 0.0 | 4.3)|20170.0 |135.7 2.2(12200.0| 410.0| 320.0|351.0| 0.2

YKSI | 1337.0 0.0 14900.0 [107.0 31.112000.0|419.0 | 232.0|467.0| 1.6 <0.1
YKS2 | 1109.0 0.0 14700.0 |107.0| 30.8 [12070.0| 445.0 | 230.0|483.0| 1.7

t.Fe, Fe™ " and HS were detemined by semi-quantitative analysis in the field.
tFe, Fe't, HS 3HHICH T 2RI IC & 2 FE M.

P 7~9.5 OMIFELEEE FILVEFHEZ & 0 5B 5 b, pH O ERICEOWERIZEE O & 0555
a5, pH 5395 LI EOEE (STM, AWN, IMC, KRY2, KRH, NAS3, NIK) OEX(E
FEEA2T05mS/cm INTH 0, FURREDRE E &b KR - (R RBED 7 v ) RE
2R LTWE., T0v 4 70K, RESN COMEED S & THRKEEESS & DK-EH
PO & 0 RS N5 &L Fbh BRGSO E pH SL5RK (—B - fth, 1982) &, & DA —E
5. 2FE L TRBIEATAERDESAKE K 7 s ) /s WERZSZED Sh, ENORE
REMIERD S AN CAlR, 1970) EFEMT 5.
(4) IR TR LR LB

ISR TR S s onEEn & OBk (K1 6(4) (3, TAFRRFAERL 0.1 mg/l i & BRI @) % 52
129 5. IAEBRIEE 0.1mg/l PILTl, BRLECEMIIERLIERSE D S ErhEE £ T OIR Wi
PRZE & D 18H 0 &, ERBRFEEOEMEVEBR(LETTEN D & D152 &EENEDT 5. HFR
FLEREAS 0.1 mg/l LIFDIRRIZ 40 FEphd b, 704 T THLEITER I 0~—200mV OEITHIFH
WaRT, IBHFBRREED 01mg/l I ETRIBAKRKIERZEDOZENERL, AKBETHTH -k
KRR OB LEITTEN D, e SRECELAicy 7 F LTV LEIRTE 5.
(5) pH-MRALEITEENL

ETOREEIZ>WTOpH-E(bEICEMN 7o v b (K6(5) 2H 5 &, pHT7~10, BlEcE
AL +400~—200mV OHFFHND ZITRIBICHFT 5. Lo LIAHFEREZREE 01mg/l LITICRS &,
7y bidpH 7 - BRLEICEM —50 mV & pH 10 - BLEICEERL —200 mV & 55 SSEHR DI 6
NG %, THbB, pH7H 5 10 OFHT pH @ _ERICPEOERLETEA A —50 mV H 5 — 200
mV £ T NI 2. IAERRIERE 0.02mg/l LN &, ToMmiz—BIHKTH 5. inEikRE
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Fig. 3 Histgrams for major chemical parameters. (1) Tw : water temperature, (2) pH, (3) EC:
electric conductivity, (4) DO : dissolved oxygen, (5) Eh : redox potential.

3 BMAIERSNICKENS A —5—05EESH. (D Tw: Kk, (2) pH, (3) EC:&ERIrE
B, (4 DO :@BHFHRFARE, (5) Eh: BRALETELL. Htlhid .

FE0.1mg/l FREEZBEIC, £ NLIT TRRBEERRKDPARE LT 2 BILETCE SV LIk D
0] KBS 5 —BEDRIEMEN G SN TV BT, IFRFRIRED 01mg/l LT s &, RAKRK
FRFRDOHEDOES VI REITIEINL, BILEITEA R 2 SREEICHRILANC &~ 7 b LT % AlRENE

HEo,

5.2 RESH MBS L DRR

W NIRED G, KBNS S KL 7 o v Mclae S EEEESED SN DD,
BRI IC B 1 2 SEROETICREE NS, MR HERSE & OBIREATR Hh TV 3.,
X 71z, BRitEED SRS i ALNEERE 7 — 7 icEk ST, BEEE 1,000m 181
5 EHNRAR 2R, R 1,000 m OHiEAS 50°C LI E ok,  JRIRIEE S 50°C 2 A B IRIE D5
& 3T T 5. HUEMGEICE, [RESREE T H 2 KD S NBERNC [ 5 B R
A, DI R4 s s frniZesd S s, BRI E L, BAEFED S PR R HRT,
]2 CERIRIT~ZE %, 1,000 m ZEHIE DS 60°C 22 2 Bl E 7S S iR a0 fEAE 7
WoNE, ORI, BE - EE (1992) kb [FRAYIHEEh o ERE ] &S
s o PIc 0L HIEERE BB T EBTE 3. £, WRIMFEGSIRBOR IR, KRR
Y 2 BHEREE ISR R SR ORR T 5 (SMT, YCY, NDA).  C OEiREO P I3 A2
s, AR SRS O SRR O eSS 5. EERERITO ™I b, FEEEEEY» S5/
HAANE D Mg T CEiBilniln 5N s, COEEmiBid, PIERELM & G Lt oK b
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Fig. 5 Tri-linear diagrams. Abbreviations are the same as in table 1 and 2.
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Fig. 6 Di-component daigrams showing particular tendencies.
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Fig. 8 Plots showing (1) relationships between key-daigram and electric conductivity, and (2)
key-diagram and pH. Positive relationship between high pH and Na+K/HCO; type, and high
electric conductivity and Na+K/SO,+Cl type are clearly recognized.
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Fig. 9 Diagram showing dominant anion type of each water on the two-dimensional space of pH
and total dissolved ion. Each dominant anion type is located in the particular area of the space.
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Fig. 10 Diagram showing topographical type of each well water on the two-dimensional space of
pH and total dissolved ion. Kgb : Kinugawa graben, Ymt : Yamizo mountain, Amt : Abukuma
mountain, Nmt : Nikko-Ashio mountain, Kpl : Kanto plain, Bhl : Boso highland. Well waters in
mountainous area are located in the area of high pH and low total dissolved ion, while those in
plain is located in the area of neutral pH. Well waters in the Kinugawa graben are scattered
between the above two areas.
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Fig. 11 Diagram showing screen zone geology of each well on the two-dimensional space of pH

and total dissolved ion. Quat.s. : Quaternary sedimentary rocks, Tert.s. : Tertiary sedimentary
rocks, Tert.v. : Tertiary volcanic rocks, Meso.s. : Pre-Tertiary sedimentary rocks, Meso.v. :
Pre-Tertiary volcanic rocks, Gr.+ : mainly granitic rocks with smaller amount of the other rock
types,Gr. : granitic rocks.
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1961, #&dh, 1981 75 &) AT L TV AERDTH A .
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Fig. 12 Measured and calculated redox potential for samples measured under almost zero oxgen
condition. Open circles and closed circles are calculated values for HS-SO,* pair and HS-S°
pair, respectively. Measured redox potentials generally agree with values calculated for the
HS-S? pair.
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Fig. 13 pH-Eh plots for samples measured under almost zero oxgen condition and equiliblium lines
for S°-H,S (aq) at different total sulfur. Most measured values are on the equiliblium lines.
Solid lines and broken lines are for 25°C and 50°C, respectively.
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