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STERSND. RFFETIE, £ 9300 HOEBH KT —% D55, FEKILUHIKOT — & OftE X OHEIZ L 503
FHIBUER S AT L (GIS) ETITW, 5200 ST —F % 4>DX A TOME (MRS, a7 ry 7 &,k
IEHE, TR E) 2 3R L%, BHVEICR T DB H T KD /KR, pH, 21 4 (Na, K, Mg, Ca, Cl, SO, HCOs)
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FEaA A4 0% Cl, HCOs, SO, 3ENTh, A, (a7 Ly 7 A, KIEETOMTRICKLEL EENT
BY, KEIHTIMEORBOENEWRT DI ENTEL., KT UNELETIHTRONHEND, KILZEET
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Geochemical characteristics in groundwater such as groundwater chemistry and physicochemical parameters are affected by their
source and the interaction with rocks and minerals. We observed the relationships between groundwater chemistry of the
deep-groundwater and the geology in non-volcanic areas in Japan using about 9300 of deep-groundwater data. A Geographical
Information System (GIS) was used to extract data in non-volcanic areas and numbers of water data are about 5200. The data were
further classified into four types of geology (sedimentary rock, accretionary complex, volcanic rock and plutonic rock). The pH,
temperature and major ion concentrations among deep-groundwaters in each geology have been statistically analysed. Result shows
that the total cation concentration of deep-groundwaters are significantly different between geology, and the average values are
decreased in the order of the sedimentary rock (66.7 meq I™), volcanic rock (43.0 meq I'%), accretionary complex (24.6 meq 1), and
plutonic rock (11.0 meq I™). The average pH does not show the major difference between geology whereas the highest average
temperature is found in volcanic rock. In addition, the all four major cations (Na, K, Mg, and Ca) show the highest average
concentrations in sedimentary rock, within the highest average concentrations of major anions for Cl, SO,4, and HCO; are found in
sedimentary rock, volcanic rock and accretionary complex, respectively, indicating the difference of the influence on the anions
varied with geology. The distribution of deep-groundwater that are dominated by each major anions implied that SO,-type
groundwater in volcanic rocks are formed by the influence of Neogene volcanic rock (Green tuff). In addition, HCOs-type
groundwater in accretionary complex found from Kinki to Shikoku regions are formed by the addition of CO, gases supplying not
only from surface soil and carbonate minerals but from deep underground.

Keywords: deep groundwater, geographical information system (GIS), water quality, geology,
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WeZBT D0 Th 5. Fi-, HBAS TIE, FEES &
2 DIFEIT XV EEEE 300 m LRI BLES R E S b .
D7, VEEE 300 m LLEDOH TF KD - PEIR - A -
EIRFECET DRI, MBIy D Ny 7 75T RE
DHERALZAEHR E LCEETHY, FHATARY THO
EHI BSOSV ERZRE O RREE, fREH - A A ~DOWE
ZH Vo T BATRIE Z W 2 L CTHEBEREERFThH
5 [1].
HTFRKDOKER pH, BER EOMILTF T A —H2 T,
K ORI L OELOHE & O BAEFIC L - TERK
ENDZENMLNTEY[2], ZhE THE K ~FNURK
DUERSE UKD D VIIEE Lk z i & 3 5 H
RBEIE LTV 5 61[3-6]%°, FEX L TH 5k 7Y
— X T HUIE T SO B A TS T AR SMEET B B[7, 8]72 &
Bex BN S TW5D. 20X ) R i Ao
R 72 K E D3 E O BB A DBRBEITIRTE L TW D D,
HDHVTEAROBREE T2 2 — R FHITH D DD,
LW TR AAT 5 2 L%, A ERHIO®EE 7 1 2T
BT, REREREREZ b Ok oM FKkDOMIR - FR72
EDDH OREHE, Bl X ITHIEL Sy DI E L CREY) & HEE X
N5 HE DAL, M T AR DYWL 0 B 22 S PE 7
Ehipatd 2 L CTHERRERE RIS 2 EBbhb.
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DT, AR CIHBEFEH FAKT — 2 _X—2 % v,
ARBEIC DT BN SZREOT — 4 & BRI MET
52 L2k, HITFAKROKEEDYIHIF /ST A—5 & Hi
B & OBRIC DWW THRFHNZR BT 21TV, 2 DR A % iR
Bri7e. MEFTICBR LT, g v it & klHig )
RSN D Z ERBEL, IEKILHIBOM TRT —& & %f
Gl L.

2 MTKOKEMBE

HITFAROMR - 4R01F, FOHTF RO & BN O g
BT (Mg - A RSCHE S &) ITRkE URTFET D2,
BERICTFET 2 T KD % Bk (RAK) IEEE R
S, WrIELHEERC IR o THU TS 57 LT B8k
o 7K, HE IR UiAD 5= ioiEk (b
B, A DB & o THERR S =7k (BERkTTHE)
72 R DI A R OKBRE LIZHE T KRBFET 5 2 &
NHTGILTWA[3-6,9, 10]. LA T CI, MBS RS ZTF/E
T H T AKROIAR 2R 2 BIRT D720, BokE R
T2 FARDOKERGBER 2008 L < A CHH[11-14].

DREARLE 22 EOREKIL, EICKKAHFD CO, DIAEfRIC L
DEFVERME AR L, =7 a Y Lo 2 SR A
AL D BIEME L TN D

QMEAKRDIFE AL, EBEFHICHESCICEEL, T
KREWET HWEEREIEKT 5. LHEA~DRER B
Al L TR S B5KIE, Al oL <AL
U7z CO, HAZWIN L, TEEHOFM &R - TEfiE L
72735 HCO; #1H% L, Na, K, Ca, Mg 72 & DAk
ENSE5. HEPO COo, W ANFICHBEND
e, THESREHERY D CII8L O VER DRI
WITT 5. F7o, HEPTERS IR LY L OB
A ARSI LY, KR OB L REOFE R
BT E SN D.

)LV FREIZIEE L- BEKIE, HTKECREEESE
LWARERREDOH IR EIRA L, fie b E&TBOH Tk (&
JEHITAK) 2T 5. Zokoic LTk ENT-E
JE T K%, Ca-HCO; %7213 Na -+ Ca-HCO; MY & 72
5.

HEFEHTABE HICH TR IZEL T, Bficbk
> THEA— KRR 5 &, WY & O -
BRI, AA T XA Nia ORI & DA
A A HASOG (HEF K O Ca DI & Na OB 7
EDREATT D, 29 LIRS RERE#Z 00T TH#AT
HE, WT/AKHED Ca Mg, K72 EDILFREIZIZFE AL
WAL, HEMTAKLD S Na & HCO; IZEATL
Na-HCO; DK ENFERR 4D, ZD K9 Ik T
KEY G RIS D H KT — ISR E T
KEFETNS.

Tz, HTEAKRDOMRR  FREVIBLEBIE, HITFAKD
KRBT RGRTRIZIE-D < BB H T K LB HL KD X5 H3
g B, HTEARAE VI BENDITRER 2K
IHPFIET D TR EZFIAT 5 72 DIl S 2 71,
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TREE 30 m ZBE & L CHHIT LIRS TR,
COWREE 30 m ABE L U CHEEHUTOK & B KIS X Sy
THZENDD., BHFFIEEL LTEEMDDVITHER &
LTHOWBNDDIZR L, BHFEEE LTHRAL S VI
TEMAELTHYLND EW) ABROEBIFET S, Lo
L, ¥EEE 30 m &\ o KA EMRIE, HIFHRA 4010583
LTWARWEROXSTH Y, B TIIE TR Xy &
T R&ThAH. FEEE, BRHOEE - 2o L5
IR N R FZET D -k T, EE 30 m LUET LS
KUEDRE <, BIBRFLS i3 2 Mtk 232 < fF7E L, TRFE 30
m LA O T K & FARL L 72 O H R K ASEREE 30 m LAY
BT 5 2 ENEW. FT-, REOHECRLE
<, REBHFREWNARRELHIETIE, WE 30 m BHETH
FARMEPMELS, HEROERP OFIIE I K 225G 5k

L, A —KBIGIZ £ 0 REOH T AR L LR - KB
BRENTWHZERH 5.

AWFZETIE, KETERGBEOBE S S B T K &HE
SNDHTARERNZHITK, TROLEEHTAKEIY &
TR VRERCAFAE T B HARICTIL Na-HCO; B oK E & 47>
HTFARSS, HITFHESENS EF LT 2Bk~ 7 =K, Hi
JEHIZEIIER LAk (EREK), Ba oKX
JSC X o TARE TR (BRiER) el a2 ifgicbos
FPRL T IRBHL T K LS LT 5.

3 HIRAE

TR LT2 L D1, HUELS OBLR Tl IS ETE
TAEMTAROHIRNEETH S Z LD, AR TIITEE
MTAKOT —F E AT ORG LT 5. HARIZBIT 5%
TAROMERZR E DT — 4 % REBIZIE LIZE B LT,
HEFAEFTFATO TAARER - SR —B) 1518 H 5. 2
DHTITHREL 2273 DIRIE - FLROLFR - ALE - IRE - B
- RYE-pH-HWEAEEDLNTWDS. Z0O#%, ITHFE
DIRIR T — 2T L > THASH TIRREOBFIBSIER L- 2
ELHV, EREHTKT —ZOWEEITHEML TN L
[16-19]. EHEFITESNTZ THARDEUKRT b F A [20]T
I%, 7203 EORRCFHATET — % & 3066 HDOHUHHIIR
T—EBIERSNTEY, SHEE & LTEEA A4 (Na,
K, Ca, Mg, Cl, SO,, HCO3), SiO,, Hufb iR %4 4% - T
W5, BUE, EEHEMRAEIITCIE EREOBFT — 2~
— ATINZ, T A 4> (Li, NH,, COs, F, NO3 %)
REALAFAL (0D, 60, §C, *He, *He, *H, § s,
$CICI %) Z4yHTEE & LT 7-#%k 17583 A O 7EE Hh
TARDF—=ZZNELTEBY, TO—EN [EE#TAT
—HN—2 ] L LTARAESNTWA21]. AMFETIE, Z
O TEEHMTAKRT —2~—2] #F|HL, #HTKkOHE
R T A — K EHVE & ORRIZOWTIT 21T o 7.

FP, EEHI T AT — % N— 2 TR EN TV LT — X
Do, pH-KiRI L OFEEA A (Na, K, Mg, Ca, Cl, SO,
HCOy) IRE DT XTI A 5D 9278 DT — X ZHH L,
HER g > 27 2 (Geographical Information System: GIS)
WA LTz, GIS®Y 7 =7 & LT ESRI 48 ArcGIS
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Desktop 9.3 & v 7-.

WIT, 9278 MOT — X Wb IEKILUHIR DT — Z Z i3
L7120, HAROEMNLKLT —4 _X—2[22]8 L NHAD
FEWUAL KL A7 2 1 27 [23) O EE R A ¥ & B 2 DA Ak L
% GIS ITAJI LTz, /3 Em i fitémi[24] i, &
DUAT K LD T A B a5 15 km B PN % et PR BE S g AL
SYOBEEREHICE DN E L TNDZ NG, GIS ET
FRLEEPHIC S EN BT KT — 2 2B R\, 2o
TEEEIZ L > T L= — 2 303 5338 s & 7o 7=, IR B
TKT =& LA I ORI (FFE 15 km) D43 Af
X% Fig. 1 127”9

612, FEKILHIROBERE T KT — % ZHEIZL - T
DT D=0, 20 43D 13— L AMUE R EARR[25] 0
R MNNT =& GISIZANI LIz, ZORT MLTF—H2 i
A RO I & T 200 B OME I Ky ST
WADR, ZHEIREHE O HRE EIER STV 720,
ARFZE TITIE ST X A HE DOENZHOWTIEEE L T
W2 EEERELTEL. T—Z AN, X7 hLT—XIC
I Va2 — FEMERO B ZRS Labd
HZEITEY, K200 FEONRY LT —F & 5 ODOME
X4y (MERSESE, fHnas 7Ly 7 R, KIIESE, EkE
¥, ERCEE) ICKBIL (Tablel). #fkic, SHUE XY
ORI E ENDEBH KT — X OH 21TV, HERDE
¥H 0 3706 s (70%), fHin=as 7L w7 A : 436 45 (8%),
KA : 697 JR(13%), TRACEIE : 400 i (7%), ZEpes
$H 099 4% (2%) (ZHYFE L7-. HEE - WE/K[16]1% 14541 D
EBEBIONEBOM T KT =228 LKL, &
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Distribution of deep-groundwater (N=5410) and the
extent of the impact of Quaternary volcanoes. The
groundwater data were obtained from a database

of deep-groundwater chemistry [21].

H ARSI O FE K LHIRIZ 31T 2 TRFE U T KK & U & OBIMRIZ DWW T

BARAL D OERLS &, HERAET O T KB 2EOK
70%% Sz EHELTRY, EKLMBOT—% Dk %
FAWTEARBIRICB W T RROR R AR Lz, 72k, £k
EEPOT—HIZONTE, thoMEhoT —x L L
T, DITOMT ST Uiz, ZBRaE s b
< 4 >OMEFOREEH T KT —ZIZOWT, pH - K -
FEGA A (Na, K, Ca, Mg) ¥ X OEZEEA 42 (Cl, SO,
HCO,;) DRIz D\ TN & 1T - 77,

4 WREBEE

41 REBRAFTVEE

=9, A, e ey s R, KIEE, FL
TIRBCEHET O T RICE ENDIEFA A IR ISE VD
bDE, WA A IREDO S 2 FRIZFHE L. A HUE
FOWBHITAK (LLTF, HTKER) OREA A RED
BRESE S & Fig. 2 (TRT. BBA A L 5 0 431 e )
IEHUE IS K-> TR Y, #1213 10.0 meq It LA L H Rk %
EOEISITHERDS SR & KILETERK 60% TH D DI L,
a7 vy 7 ZTHT 0%, TRRCEEITHI 200% & D72,
BEOVEEEE T 5 &, HRUEHET O T KA 66.7
meq It L bE <, ROTAILEIE (43.0meql™), fHin=
YTy A (246 meq ) LAcV, TRECEEET O K

Table 1 Classification of geologies based on the legend of the
seamless digital geological map of Japan 1: 200,000
[25].

Rock type
Sedimentary rock
Accretionary complex
Volcanic rock
Plutonic rock
Metamorphic rock

ID in legend of the geological map
1-29, 162, 163, 170-173, 182.

30-77, 168, 183, 184.

78-121, 164-167, 175-179, 181, 185-189.
122-149, 169, 174, 191-193.

150-161.

Frequency (%)
=

10" 1 o 10° 10* 10
Total cation (meq/1)

Fig.2 The cumulative frequency distribution of total
cation concentrations in groundwater in four types
rock, AC:

accretionary complex, VR, volcanic rock, and PR:

of geologies (SR: sedimentary

plutonic rock), respectively.
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N 11.0meq It L F BV, TS DOEEICHEERENRD
2 E I E t BoE (WAD &2 HW TR L72/ER, 3

TOME DG DHEIZIBNT, fERE 5% FTHEER
ENBHDLHZ MR L. ko T, HIFKFTOEGEA A

DOWEL, WEIZX > TEVWERFSEE 2D,
—Ji, TRTCOMEFOMTAKICHE@BRMERNE LT, B
BB A BRI ASKD 4.0 meq Ik CIEAEE AN ELRRAV IS B I3
DIZH L, 4.0meq It LLEIC7 5 EHIMNTRECITR S,
4.0 meq I PLEE ZNARMOH TR E ZNEI A =4
AY 7T L bicTFay b LTREE, 4.0 meq I A o0 1 T 7k

Fig.3 The piper trilinear diagrams of deep-groundwater
in four types of geologies (sedimentary rock,
accretionary complex, volcanic rock, and plutonic
rock). (a) Total cation < 4 meq I (N=1604), and (b)
total cation > 4 meq I'' (N=3635).
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Fig. 4 Histograms of deep-groundwater in four types of
geologies (SR: sedimentary rock, AC: accretionary
complex, VR: volcanic rock, and PR: plutonic rock),

respectively. (a) pH, and (b) temperature.
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ORPITHMBEI 72 @ T kO ¥ A4 7 Th D Ca-HCO; B
il LTb\t DIZRF L, 4.0 meq I BLEOH FKIZK K E
LR & DR H FKICRFE S D Na-HCO, TS0, IR /K
2% < A bhd NaCl B, Ca-Cl Bl7e iz < oA LT
7= (Fig.3). ZDFEMND, 4.0 meq IR OH FAKIZEE
HTARIZE DAMOLELZR Z T MITAKRTH D &I
L, LUF®pH -« KR « FEEA A2 &2 HO T CIERBs
A F B OREA A PRER 4 meq I RO T — & 2k
SRLTHT D 2 LI L. SRS fTIC i 9~ 2 7 — 21
WEREEHE - 2743 L, a7 Ly o R 248 5, kI
$H . 506 5, RECER 138 AL ol

4.2 pH, XKiE
PH B L OVKIEDE X F 7T A% Fig. 4 (579, pH O
FHIZ 2.8 25 108 THDH DS, FDOKYT pH 5.0~10.0 DfH
WA LCERY, 2RIZED 2 pH 5.0 Kk L 0V10.0 2L E
DHTAROEGEIZTEL S HK 02% (N=7) L4720 (Fig.
4(a)). HEARIED[26]ICL D pH B A 7T A TiE, pH15~
35 DOMIT/NS =7 BRLITWED,  pH 4.8 Rim D
TR ODAIRA EITH ALK DOFN E—F LTV Z &
MNo, v 7 HEERYE ORI L L L TV D ATRE
PEZFERI LT 5. ARl kLot Fk z2ErE L
TWAT2, ORI LY IR pH O FKROEIG
BOLIZEEZLND. —J7, pH OTFHEIIHERSE |
778, (= F Ly s 20782, KIESE : 7.88, EE
FH :7.66 L5577V UHEAHEOETH O KEFR L0
B, t RETIIABERENTHDLZ EER L. OMfiDF
MLHEIC L > TRAR->TRY, HRBEHEN 7.5~8.012,
HWZV7V97XﬁBW%5’%ﬂ%hﬁ~7ﬁﬁ%h
Wxt L, KIS EEBCEEIZIZ 2 2o v—7 (£h
%%LGDNBB,75~8Djbi(%65~70,80~85)ﬁﬂkf
LTW5.
KIEOFHMEL pH L0 bEEREOBALN, KA
AR 409°C b <, HERTESH : 36.6 °C, TRAUETH 1 36.1
°C, iz 7Ly 7 A 31.7°C DIEICIE T 5. IR 60
°C LLEOHTAROEEG S - ANIEEI KD Z VA
(14.3%), 90 °C L EDOFIGIZ/ 2 LRBCEHEDB R b Z W
(3.8%) (Fig. 4(b)). 3 A DKL, KILZEFHAS 40~50 °C
WZE— 7 BHDHDITK L, HEFREESEIT 10~50 °C D TK
7~%%k FEWEIZHAE LTS, Mmar 7Ly 72
RIS ﬁim~%°€ﬁ€—7ﬁ%@,ﬁ§&iﬂ&&
ﬁ@@mg
*%%K,ﬂT@ﬁEuﬂ@KiDﬁﬁiEﬁEﬁ%<
72572, HFKOKE G ERBUREICHEZ 2T 5. BRI
RE (52D WVITBHIRE) BSEBEMDOT — & Z V74 g
DT AKDOKIE & EE & DOBMEE Fig. 51RY. F—4#
BOIHEREASE - 1546 &, = 7Ly 7 2 0111 K,k
HEAHE @ 199 05, HWEREE - 798 Th Y, SEITHW T —
2 DKIA0~5T%IAHY T 5. a7 Ly 7 2 L RECE
FH O TKIE, BEICHES KIED EF GRESED) A3H
BRIZROND. —F, HEEHE L KIEFHOH T RDKIE
ITEAS AL TR, REARSTHETH L. DR
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We LT, 1) FEEHFRPIBHEREDOLTHY, HEOR
BIEEE (R U = RED D VIIHKEIRE) BRI
Hnnz L, (2) BARFISTIE, kilizar hEEERE
U 7= YA & A5 OMA CRME G S B 5%, R LR & o
BAMRICIT RIS E DN B B = £ [27], BN EZ LD, T2 T
ITAHEIZ BT D — A R B A R < DI D 5.

4.3 FEBFBAA> (Na, K Mg, Ca)

KHE RO T AROEERA 4 (Na, K, Ca, Mg) B
O3 BB A % Fig. 6 (257 Na I EE 0 /3 A0 O 1%
100 mg I L F oM FkZ ELEIGA EOREIZB W T
10%R1#% & FFLE TH 5 DIckt L, 1000 mg I 2L EO# T
KEGDEGIIRE B, HREEHN /%N L kb £ <,
RECEEED 1% b7 (Fig. 6(a) . HEREE S EiE
EOH FAREGZLHENR R B ZVVEANIZIK BI O Mg 125
WTH R BNSA, 100 mg I LI EOHFAKIZISIT % #UE [
DEIEDOENT K BLO Mg TZENRZH 10%38 L 5% &
alZ~T/h&Vy (Figs. 6(b) and 6(c)). —J7, Ca Dy
NI A A & 13E2 0, 100 mg I 2L Lo F k%
GBI 52% & F b %\ 7%, K500 mg I?
VL ECIIHERE O 3B G % < 72 % (Fig. 6(d)) .

SR OMEENT B A A TR > TV H 0D,

SEHE 2 A H T 5 & 4 FREE T ST B W CHERD S
O TARM bR, KWTKILEE, (Hmarr vy
7 A, Wﬁmﬁ@ﬁlﬁTLTw<@ﬁ%?b,%%4ﬁ
VOREIZHT DB O BOENIHE CE enols
ZDRRD— O&LT,ﬂA X TEREZ HG. Hh
TARFOA A HROEAL, AaFOHYEHTARED
A A HSOGER KOG OVERE < LIRSS B ST
% [11-14]. #1z1E, Ca-HCO;M 72> Na-HCO; i~k
B, AAZZA DEDOAF IS LD Ca 2
FEOKT - NaJRED EHL, HINL7- Ca ks & HCO;z ik
& OB X 5 Jfia OB S Ca IE DK FICE
W4 5. F£72, KE[281IZF UKAILZEET S Riks — ik
fl&T A A b=kl & TIHBUKRIGER R0, fig T
% Ca 2SEINL, BETIIWICHAT S Z &R 2
NITZRE LB LTT A A FH O Ca0 FEMNIERIC
BNZ EICBRT 5. 2T A VA =K RIET A
A RO KO0 FEICEY KRBERFELIEMT L &%
LTS, o T, WHEIZK DM FKRDBA F 2 ~D
FHEOFENT, MR ESELHER 2 WS 2 &
TRV 22N TEDLEZLND.

4.4 XZpqA4> (Cl, SO,
4.41 BESHORHY
KW R O I AKOEEREA A2 (Cl, SOy HCO3) PR
O BRE ST % Fig. 7 \ORT. TEBA A4 4T
1%, Ca % B & HEREAJEHH O MU T /K 23R EE DA T3t~ 2 4
OB R b S hot=Dioxt L, EHEA 42 Tk Cl
TEWTHREEEN, SO, ICHBWTKILEEN, LT
Hak’%wfﬁmﬂ/7V/7X#ﬁ%§<,%@4%
NExET D B OB OEWAPIRRIC A LD,

HCO,)

T DR T ARKE & HUE & OBMRIZ DN T

KBz A A2 OLAEFmOFER & LTI, ClLIEESY 100 mg
LT O T RZELEEIIAMa T Ly 7 23 40% L
b <, KILEHE & RACEIENHI30% S IFIERETH D,
HER A R bV 720 (20%). —75, 1000 mg 1™ LL o
TAREELEAITHRBEE RS (40%), BEORK
fif13% 55900 mg It & 37K (£9 19000 mg I') DK 3 {5 ik
FE oM FARKMNTFAET 5. FHMEITHER A h O M T /K A3 e
HEm< (2833 mg ™), wWTAILEESE (1694 mg 1), £
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Fig.5 Relationship between water temperature and

sampling depth of groundwater in four types of
geologies. (a) sedimentary rock, (b) accretionary

complex, (c) volcanic rock, and (d) plutonic rock.
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Fig. 6 Inverse cumulative frequency distributions of major
cation concentrations in groundwater in four types
of geologies, respectively. (a) Na, (b) K, (¢c) Mg, and
(d) Ca.
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Fig. 7 Inverse cumulative frequency distributions of major anion concentrations in groundwater in four types of geologies,
respectively. (a) Cl, (b) SOy, and (¢) HCO;.
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Fig. 8 Triangle diagrams showing major anion distributions in groundwater in four types of geologies, respectively. The total
cation concentrations of the groundwater are more than 4 meq . (a) sedimentary rock, (b) accretionary complex, (c)

volcanic rock, and (d) plutonic rock. (e) The basis for the classification of water types used in this study (see Table 1).

Table 2 Water types of major anions (Cl, SO4 and HCOQ3) in groundwater in four types of geologies obtained from the results of

Fig. 8.

Sedimentary rock Accretionary complex Volcanic rock Plutonic rock

Water type
N % N % N % N %
Cl 1215 443 42 16.9 194 38.3 42 30.4
HCO, 285 104 79 31.9 27 5.3 19 13.8
SO, 82 3.0 0 0.0 93 18.4 9 6.5
CI-HCO, 449 16.4 43 17.3 46 9.1 31 22.5
HCO,-Cl 260 95 65 26.2 25 4.9 14 10.1
CI-SO, 171 6.2 0 0.0 26 5.1 6 4.3
SO,-Cl 161 5.9 7 2.8 51 10.1 6 43
HCO;-SO, 30 11 5 2.0 10 2.0 1 0.7
SO,-HCO; 23 0.8 2 0.8 6 1.2 0 0.0
others 67 2.4 5 2.0 28 55 10 7.2
total 2743 100 248 100 506 100 138 100
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A ARSI DK ILHURIZ 361 2 TRIEH T AOKE & HUE & DBIRIZ DN T

FEEHE (30%), HRACEIE (21%), KILEHE (15%) OJE
&7 %, 10~100 mg I DREE DEIG i b S\ O
HTHY (42%), KILZEHEN 15% E e b7y, Fiz kil
P O T KD SO, L DR 60%I% 100~1000 mg I @
FEATHY, ZIUIMOHE ORI TKOK) 1.6~4.0 fFIZHH

130°E 135°F 140° E 145°E WF AMFEEI T 5. 1000 mg I PL o Rk DEIE T
R e . 5 TRTOMTARICENTI0% T TH Y, Rk IIHERS
‘ o} EFEFRORT KD 6970 mg I T 5. JEEOFHMEIT KL
, ! Y o PN EEPOM AR BB (382 mg 1), KU CHRUEE
F G\ (221 mg 1Y), PERCESE (143mglh) &0, fHmas
. Ly 7 28 76mg It L bRV, S D OFED AT
ot AR 2 HEMASRLAL (P<005).
L : 3 HCOs B D43 A & LC, 100 mg It LU F o Hs Fk %
gt 4 4 GUEADRR LSS ORKIEETH Y (50%), (0
i &N AL Ty I ALY (10%). £z, Mnar T L
;4’," P > 7 A% 100~1000 mg I DMK & ETeEI A4S 70% & 5
o | e R BB <, KILEE A0% L b AR WD TR A
‘”Z'fo,i..* g Moy 7Ly 2o FAREbE< (744 mg 1), HE
b gL w.kg; & Gl A (496 mg ™), JLZE¥E (341 mg 1Y), HRpceE (313
ST SN mg I") DIEZHED L, Cl, SO, & FERICH B /2t % Rt
o« Ty 7% 72. HCOz & SO, & TlHfIN= 7Ly 7 A L K laat
L " ® Cl-type groundwater DHIT K & THRHBHERFHER R b 5.
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Fig. 9 Distribution maps of Cl-type groundwater in SIZEY, SHET O TKICHE ST D FERA A &R
sedimentary rock. fliL7= (Table 2). Cl %1 7O TFAIL, HEFREEIHE, kil
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Fig. 10 Distribution maps of SOstype groundwater in Fig. 11 Distribution maps of HCO;-type groundwater in

volcanic rock.
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HHE, EEEEICBW TR ZWEIG THIEL, FHCHERE
AREICEL TIERERO 43% LK EnE b 5. —F, £
Mma vy 7 2AHOHTKIL Cl 24 705D 5EIEH
M DOHE & e TAH < (16.9%), HCO; # 4 7D 5o %
BENRBZ (31.9%). Tz, KILEEHFOH T KM
OH'E LV b HCO; ¥ A TR bbb om, vz SO,
ZATOMTKDENEGERLZVREAFEHITHDS. 2Dk
2, HEREE, Mo s Ly s X, F LTSRS O
HIFKIE, £ CLHCO;, % LT S0, %A 7 DOHIT K
RS 5D LW FER L 2o,

HEREEFETICHT D Cl & A T ORI K, KILZEHHTICE
F% SO, %A 7OHITK, ZLTHINar7 vy s 2z
BT D HCO; # A 7O KD 5345 & VB 5347 & 22
ZIUFig. 9, Fig. 10, Fig. 11 (2R, Cl ¥ A 7 OHTFKIZ
HWREEOIZIZT 2RI/ LT B izt L (Fig. 9), SO,
2 A7, HCO; %A 7 OH T /KIFHIKAI MY 0855 L 9
WCRZ 5. Blz1E, SO, Z A 7O T /KIZINILHEETEER
D35 AR IEIC T CAARFIBOFIVNCIE 9 L THRY
(Fig. 10), HCOz % A 7O FAKIZPER B ASMZEF LT
W5 (Fig. 11).

FEX IR 331 5 51 SO, IR EEDHE T AKIZ DWW T, 27
V—r 27 (FEEEKA) MIRIZIA 0T 5 2 N5
NTWB[7,8]. 7'V — & 713H58 = h#EriteHl (2,400
TR P OIAE o TR KIS OB S, FRC
A A OB K ENZAFFET 5. Ohwada et al. [8]idk

June 2011

fep 7 ) —r 2 7MiM FAKEFHEL, HTAKFD SO,
TREDFBNEEMT D A D= A NE, TV —2Z T7HD
£ (CaSO,) LK (MTAK) EOKRIZED Ca &
SO, DEEHF LT Ca LIRIRAK (HETFAK) 125 FA D HCO;
EDRIGIZ L% CaCO; DILBIZ K-> TR TE S & %
ALTz. 65T, RUKIZEETOMTARTS, 77U —r
7k LIS — o Tk L TIEKAKE X A T OENE
NERDAREMENRSH D, 2T, 20 55D 1 —AL L A
BIRBEARR D FLI % FAZ K ISR A 3R 7 a A X Sy (e
THERSY) - Z LIS KILEFR) , 36 K OV HER ) LLAh
DKIEFEIZOWTIZE HITFDOHEEN GBI - 55
A (Y —rF ) B SRR S HFEL,
B EARDIZEENDIHTRKOKEX A T E LI LT
(Table 3) . K ILZEFHD S FEFEAEIZ OV T Table 4 1277
TORER, BKEXA TOMTKEGELEAITEG RS
HEEMRICE > TRR-TEY, SO, ¥4 TOM k&S
DEIGIX T Y — 2 F TITH Y T D K HEARE Y DL O FT 5
“HDOKUEEHEIZB W T 24.0% & bmVMEE R Lz, £
7o, ZTNHOHT KD pH OEZFH~T-FER, 7.0~9.0 &
HWNET NI VEOHPHATH -T2 Z &b, SO, A 7D
HNIKRDI KT Z 1D HpS R0 SO, DA 52T TN D &I
EZIZ W, ZTNODORERDD, SOy # A FOHIF KD K
AR ICHIRC 2V ok, Eilko 7 — o 2 7 sz
B DM TKOESHZKIL TWH-dEEXLND.

a7 vy 7 29281525 HCO3 X A 7O KD

Table 3 Comparison between water types of groundwater in volcanic rocks in different rock types and geological ages. The

groundwater data were obtained from Fig. 8(c).

Volcanic rock

Pyroclastic-flow

Water type Quaternary Neogene (green tuff) Before Neogene deposit

N % N % N % N %
cl 2 25.0 110 31.8 17 35.3 64 63.4
HCOs3 1 125 15 43 5 9.8 6 5.9
SO4 0 0.0 83 24.0 9 17.6 1 1.0
Cl-HCO3 4 50.0 20 5.8 8 15.7 14 139
HCO3-Cl 0 0.0 12 35 4 7.8 9 8.9
ClI-SO4 0 0.0 25 7.2 1 2.0 0 0.0
S0s-Cl 1 125 44 12.7 2 39 4 4.0
HCO3-SO4 0 0.0 7 20 3 5.9 0 0.0
SO4-HCO3 0 0.0 5 14 0 0.0 1 1.0
others 0 0.0 25 7.2 0 20 2 20
total 8 100 346 100 51 100 101 100

* Except for the pyroclastic-flow deposit.

Table 4 Classification of volcanic rocks according to the basic version of seamless digital geological map of Japan 1: 200,000

[25].
Rock type Age ID in legend of the geological map
Volcanic rock” Quaternary 83-85, 99-101, 115-117, 164, 166, 167, 181, 186-189.

Neogene (green tuff)
Before Neogene

Pyroclastic-flow deposit

79, 86-88, 102-104, 111-113, 118-120, 175, 180.
80-82, 89-94, 105-110, 114, 121, 175-178.

78, 95-98, 165, 179, 185, 196.

* Except for the pyroclastic-flow deposit.
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TR 1T 184~4432 mg I OHFATH Y, FHIEIL 799 mg I
EIEFITEVMEEZ R, M AKF O HCO, i 2 &
LERERE LT, HEPOMEY OGS S REERIC
9 CO, DAHMSRe, REEEHM & & eV & ORI e
A—IKBIGHRZET b d. —F, W4 A 7O T KOHK 70%
DA LT DT~ N [E RS TlE, ~ > hVEJRO A A
2 S LTV D ATHEMED R &40 TH Y [29-31], Morikawa et
al.[32]i T et T I B W THERBUKOIIZE EN TV D
CO, HANHTIRER TR A L, EEOHMTKIZMHMEN
TWDEHRELTND. - T, ITE~NEHGOAIMN=
VL 7 A HCO3 & A O F KA L RN DR
KNZ2WTIE, R TR REBESI & ORUSTZT T,
HWTFHEE D EH L TL 5 CO, M ADBHEOATRENE S & X
LD,

b FE®H

AW TIE, REH T AT -4 _X—2&1EH L, Bkl
Mg O GRE L N AKKE ISR B HERESE - (=
YUy 7 A KA - RECETR) DB OV TTRET
7o, FJFOLIICHRIZOWTELFICEET.

D) AR DHT KD pH ITIERE RETR S
Moy, KIBOVEHEIL pH L0 bAEREVA L
LI, KIWEFENRL&ELS, = 7vy 7 23k
HIRWFER L 7o 7.

2) EEEM A 4> (Na, K, Ca, Mg) 12563 2% HUE o 522883,
WREMEE SRV TORR R 2/ E R LI b O
O, VHEELET D & ATEOA AL DT RTICE
WTHER S FHOHL TR e b i <, RO TAILESESE,
fPm=r 7 vy 7 2, ERECEFOIRCKT LT < fiH
mzR Lo, KO F ARROZE X, HAF
D L HTKE DA F IS KRB END Z &
DHBNTNAZEMNS, MEIZLHHTKROBA A
UADEBOENT, SEMMRE B LT B X A
AWDZ LTI VFEMICHTTT A N TE D EE X
LN5.

3) EH&A A4 (Cl, SO, HCOZ) 1T 2 HUE o> B8R
FERGA A L3 e 0 AR/ E A R L, HEREESE,
=7 vy &, & L TRILEET OTKIL,
FIZEICILHCOs, & LTSO, %A 7OH TF/AKIZET
EVIORERERLE. 0L, KILEHET O SO,
A TOHTKRIZONWTIE, FEXIICT Y —o & 7
BWIZZ /MM LTz, —F, fnarrvy 7 A
D HCO3 & A 7 DK D53 A7 1338~ DU [E # J5 (2 4
LTV, R ClE~y MARIEO T 208 EH L
TWHAMEEERZ RSN TWDH Z &2vn, HCOs
Z A T DM TKRBLNERHRIZOWTIE, FEHHERR
ERYESEY) & OROGTZT T, HFEE s EF LT
B COHAMER SN TWDHREELEZ DD,

LSHOBEE LT, RERNLREZ V7o L F K OER
BT DT 21T 5 MR T 5D, FRCRFEDLENR
PRI BEERIR O CO, & bk L T EFEIHO COo;,
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BEVMEZRT Z EBHMBINTND729D[33], ZhEFIA
THZELIZRY CO,DEPEMAA SN/ D Z L3 IFE S
5.

HtEE

KL AT BICHT 0, BAHOEGRE 240 HEE
RIBRZEWE, RLUTHEEZRLET. AFEO—H
VR T 2e 4 - R£ele TSERE 20 485 58 HE AL 53 (A% 5 HUET 1
W7 — & OB I L O TR 21 BB I3 1248 2 U
THWT — 2 Dl & LTHEMLE.
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