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Formation Mechanism of Brines from the Water-dissolved
Gas Fields in Japan (Preliminary Study)
— Diagenetic Evolution of Pore Water—

Yoichi MuramaTsu”*

Abstract

The chemical and oxygen isotopic (80) compositional data reported previously for the
brines and chloride hot spring waters from the Southern Kanto, Oshamambe, Kisakata,
Niigata, Nichinan/Miyazaki, Sadowara, Okinawa and Miyakojima water-dissolved gas fields,
were analyzed to clarify the diagenetic evolutions of pore water in the marine muddy
sediments. The waters have mostly lower concentrations of Ca*, Mg* and SO, and
originate through mixing of sea water and Na-HCO; water occurred by reaction of volcanic
material to form Na-smectite in local meteoric water origin. The 80 value and Cl~
concentration in the waters have two kinds of positive and negative relations. These
chemical and oxygen isotopic compositions can be reasonably explained by the following
diagenetic processes ; Sulphate reduction process, calcite precipitation, reaction of volcanic
material to form smectite, ion exchange of smectite, and smectite-illite transition. The
positive relation between 8®0 value and Cl~ concentration reflects pervasive reaction of
volcanic material to form smectite in the waters from the Southern Kanto, Oshamambe,
Kisakata, Niigata, Sadowara (Shallow reservoir) and Miyakojima (Shallow reservoir) fields.
Meanwhile, the negative and positive relations result from smectite-illite transition in the
waters from the Nichinan/Miyazaki, Sadowara (Deep reservoir), Okinawa and Miyakojima
(Deep reservoir) fields. For the most part, it is possible to apply the diagenetic evolution
reported previously for the chloride hot spring waters from the Kanto Plain to the brines
from the water-dissolved gas fields in Japan.

Key words : water-dissolved gas fields, brine, chloride hot spring water, pore water, diagenetic
evolution, smectite, illite

66

VOB K S L e R T278-8510 TR EF T 1L 2641, VDepartment of Liberal Arts,
Faculty of Science and Technology, Tokyo University of Science, 2641 Yamazaki, Noda, Chiba 278-8510,
Japan. *Corresponding author : E-mail muramatu@rs.noda.tus.ac.jp, TEL & FAX : 047-347-0621.



5 68 & (2018) HARDKEMERR T 2515 % 2 ARDKETEIRERE (T4

= 5
FEEE, B LB, e, O - ey, LR, bR sl EAKEME T AEICET B 0
ATK, RO ERS B & OTRFHLE R AR D 7 — & % SCBRIUE L, KE TR & W
HL72 FolzE A LIE Ca”, Mg, SOZ IZZ L WS, HiE T AHO» AKIE Ca¥ & Mg* 12
RRFOMMERL, INSEDLS LA OREZ 2T 5O BBEAKIEEKE Na—
HCO, BIEAEFEAIRE L72DDTH DL, NAK, WEAKDSOMEE Cl BEOMHBZRE D
&, Heg-eW, IR GRS, M, Bl R GREIEE) FAHIZIES X O,
MEEH, RO, S8, BE, R GRS, BWE GRS ) A IEHE
ZENFIURL, WIHZBGMHEN A, BHEIMEW T X204, Tho 0, RoEER
EHERY O TR A LB FE CTHEAT 3 2 BB RIS X A HIBK O MBI & > THEMICHF T
&, WIS AT 4. MTIRE LB KINEWE D Na—A A7 % 4 MbEZ
U CAERR L 72 Na—HCO; BIFAGEIFKIZ X 0 k20 4 ORFEICHIR SN, HHEW %2 &L
SRR Likd SNz, 0k, BB R oM % E R TRl c s, F
R A, KIPEW - D Mg—A X2 5 4 ML, Na—A A7 Z 4 b Mg—A A7 ¥4 ML B
BHAHZREL), Ca—AAZ ¥ AL bONa—ARAZ ¥4 Mb By AH) 2L %
Wi ic e s &, HEE - =y, ELE GEIESRE), M, =hE (EIEEE) FAH
DOMBRAKIZARAZ ¥4 bDA TG4 MEEREBRLZ. MEORKELS, EROBBCEY, AR
W, B 2 oS R I 2 KT RO KB A O AK, R
KIZOWTHMRE LT LI ENHLNE RS T2

F—U— FOKEEAAH, SAK, K, HBUK, BOREE, AXZ 5L, 4 T4 b

1. U &I

B HCFEF O T IR IA < 0403 5 H1 48 SR DA O HERG I IRAT 3 2 FE K INPEX ALY i O KB 1
TSI HERE ) O HIBUK A E ZRE TR SN2 b D TH V), Z OB AP, B
EE, SRAUNER RS, IR B W TH R T4 2 e ME S TwE (Wi
5, 2016a, b, c; ML, 2017). Z@9H 5, BARCEE, AAKMA, HEFE R &R IS
i BIEALY SR BET B KB RAFT ZZZ AV F—GHE LTHH S TS (RKRF AL
£, 2017b). T OKEMERR Y A BIIRT T 2 5 AKO KA AR O I IZ R - KR AR
FERIMI BT E B CATB E O (EZE, 2007) WCET 5 & &b, EREHERY OB
TERNC & % R E L 2 B LS A BfF 5 2 L CHETH .

HOYREOKEET A EAAFFE, B, 2&, WM, WE, mEEE, s, HeE - =5 -k
TR, M, EEHBARSICAMLTEY, 209 LR A D FIEEEREOK 75% % 50,
WNTHE ST AMAR 12%, Hrg - B0 - AR LT AW &7 ARAER 4% DIHE 72> T b
(HEGRAS T A ONEE, 1975 0 RAA AL, 2017a). THOOTEEN AMICET L0 AK, iR
KB L OMHBEH A DAL - BREFNAARIHLES H F TS EEBS 1, (b3S X ORERICE S
HHFZE R HE SN TWwWb (Maekawa et al, 2006 : W5, 1974 : B4, 1957, 1958, 1959 ; fi&
H, 1979 : &F 5, 2006 : fE S, 2012, 2016b 7 &). B2 X, HEF - =W - 4L LE A 2 HOH
AJK, TIRIRB X OB A 2§ 2 MER LB ZE 8 1R S (2010), IES  (2011) 12k -
TITbN TS, KRS (2010) (& FIIRBIFR A RAE 3 2 K & AR A A ofbE: - L2 FAL
KA & MG L, RAGRBEBTK, HERDEED S OF#EK, A X7 54 FORERD SOk
0% 5 R ERTAOFAEZMEE L, FMES (2011) (ZEH - BEHERHE CRET 2 A K
EAFBEA A DALY - RRFMAARGH 2 FEREL, T oL REEZHEELTVwE. 20k
2, HEE - m - LR AHO M AK, HRAKB X ONEES A O IERALZEARFSE L FENIC I X
NTW2BH, HERKIEEHERC ] LA 5 N7z HIBUK OB K2 IS X 2 Lo B TORETE
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A, AR O 95% % 150 H MBI, B, HE - B - e h)E, MR 2 BIZERTTER,
G, BB AMEZMAT, hAK, WK, HT KD ES B X OMRFZEF AL D58 7 —
& % SCHRIDUE L, SERBERE RIS £ 5 FIBRDEALOBET, RIXA A ZEAET B AK, RIK,
o TR DOKEIE A 2 FHERNIHET L7, T o, BEo BHCEE, ARERbET, B P,
S0 1 B RE ARG FR, T S SRR I D S AL R A2 38§ 2 A BRI % 2 L & ORI A
HIZBWTH AT 2 2 BRI R o 2D THET 5.
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Meazfds s (Fig D).

FIBHOKETE T A I TR 2l & LR — (REE, RE, M, 5e it i,
W, M, T3E, CEEE, MG &) 120 L (Fig. la), 0T B SRRt~ 30tk o _Fifg e
(Wa L 0nRE) \CEFO TRBHEFIAEEGICE LS. »AKS XN 23 ERRERED
REZRIAICLTBY, MBICX VST EEIRES (RIS, 1986 : AL
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location numbers are the same as in Appendix 1.

1 Well location of the brines, hot spring and ground waters from the water-dissolved gas
fields. (a) Southern Kanto field, (b) Oshamambe field, (¢) Kisakata field, (d) Niigata field, (e)
Nichinan/Miyazaki and Sadowara fields, (f) Okinawa field, (g8) Miyakojima field. The well

hot spring and ground waters, respectively.
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1997). WRHA AHORIKA AR I3 6610 15 m® LB S h s GWEFAT AR 1975).

EITHEKEE A A L ER O RITHMITIC 54 L (Fig. 1b), i FHUE I A e~ i it o AR
J& (v ME, W) (CEERiE~Er ik oWiE (1, 8BS PAEAICELRD (ARS, 1983
M, 1985), HAKB L OS2 ZBEBRAE THROBEICEGRETOWE TEEFRAICL
TWw2 (fEH, 1985). EH#HA AHORKRA AMEEIZH 37 Hm’ L RE SN2 GWERETA
AR, 1975).

SR AENE A A HE B IS 23T 04l - G854 L (Fig. 1c), HFHE X Hrt o
kg (BRe), Tk L0 LR R (Ra L WaoER), it~ itomikE (i
DV, BHHOWHENS Y, HRBIEEERET AR LREFICIZIZNEESNS. A
K EAFRA 2 NZHER G & L5 - TR 2 TR AL TS (KB, 1967 ; fEIH, 1985).
S A AHORKN Z M EIIR 16 8 m* L RE SN s GEHFAT AR 1975).

PHEAEMER A NG HE FEOFEHRL & 2ot icafm L, BT mEidhEiiltotssE
(RFE), kg (BE), ol WaLRE0HR), MLE (B, HHitokNg (k-
HORUBRERE L MR, Bt (B, B REOHR) 257455 (UMMES, 1986 fllAE -
&1, 2003). ARWFZETH LI L2 FE i N oM FERICIRAE T 2 20 A K E A 23 MIE e,
JRINE, THILE E3oms, BaE2ERE L Tws (Fig 1d: il - &7, 2003). 2055,
TV & VG LR bR i it~ PR Y, SUBRERE LR B X O LRI Y T 2 ek
R, e - R D R L e AT S BB ICAML L T CBRETHER L2 L RS hTwd (A
AIE - AR, 1958 ; /MES, 1986). HiE A A MO RS A=W 1,067 m* LA S5 (M
BRARTAmER, 1975).

EIEEIZIIE S HiE, B, fE BRSNS AH D04 L (Fig. le), #TF#E P AL
WHEEEEEEAOHEERE (BaHEOHE) 2HEEE L, S =ahdito s @i s
ERARESICE RS (FHE, 1965). HIFEHEOSHIIHBICE Y KEC R, HEFAHEE
A OBUGARE, R—bRE, M2kE, i mMNE, S8R, JE75 A= (HERE, %8,
BEA B RE, AHE) hoENENRY, PAKEMNEEST A 3R MO AR & HEFRE (s, BE)
FEEEREICLTYS (HE - Bk 1992). —J5, EHEFT AHOEGEBEIZERIS 2D,
TR DR (a5, ER GRE), KR, NAENE, g khEE @aeikR
FOIRE), e (RE R ISHisshs GE - 85K, 1986). fLHAEIEAIXR, & AKIL,
MAIRDOKENIC L IUE, D AKREFFA 2 G EICERERE LHokLEE () 7205 7% 5%kl
WM (BEER 300~650m ; SG6a, 7, 7a 7 EORKEE) LHANELIROKE (BE) #5425
TR (BRIERY 650m LAEE 5 SG3, 5, 6a, 7, 7Ta 7% L OFRAKE) IR L, 13 & A L&
MAECHDLHEINTVE (KBS, 1984 kS, 2011). HEE - =0, k- LET AHOKR
AR 349 8 m® LR SN D GETAIAMEE, 1975).

WA A A A B AR B 11 LATE O DA B RS oA L (Fig. 1), # FHUVEIXTE e H A 0
DUJ5 A HE A L I S D AR HERE M 2 © 7 B IEHT I O SIS M T 5 L e S R lEE
(BUE RS & WACAE O BRG) (it o BIUERE & e (Bh, Ba, WS 2R EEGICER
% (WL, 2007 : NEE S, 2016b). A AKEAFREA 23S RE (Wa sdE, JERaisiE)
LA RIFRAICLTBY (S, 2016b), WA AHOKIKA A EIZHR 347 m® &k
Haha EHRATAMEE 1975).

B EAREYE S AR E S BB L (Fig 1g), #TFHEEhHtto ARINERE (ak
REOHRE) \EEFi~EHit o Bt (B, BE) PABRGICELRL LHEEIND (S,
2016a). #AEI YGL O AKENBA Z X BFRERE T E NEILEROM AR, F 728125
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iy it (YHL 2) 3EAEHZ W ZIERGICLTwas EEZH6N5 (ES, 2016a).
A AHORRT A REIEA 68 m® LRI NS (EFRATT AWM, 1975).

3. MRF&E

ARIFZETIL, MR, FEKEETAHO»AK, EHE, %8, HE - 85, ELE =5ihE
HRBEPEAT A D2 AIK, TRAK (—EIEA AFBE), KA A O D AK, K, #TFK OF
ZfFBE) ZXRICLTBY, EWSB X OCBRELEFMMARLOGH 77— & O WL & GiFEAE %
Appendix 1 & Fig. L IZZNEFIURT. B, HEERTSFZAHIZBT 2 MNEIIAKGLTRIN
TWARWOT, £HAHMBX %R L7 (Fig. la). STNLHONAK, K, HTK BLUOELS
DB Z RS T 5 L CTHEEEL 4 2 m/MEO REEKEER (45T 235812, AFHLB X R

A O AT U2l o0 il, BRRZERMARL, W TFEEEY T — 7 2t Lz, AKX
O—FFRPITFHEN TV DD, T TERAKRLTOX % EEE L7z, MR A R HOKGHT
T — & ORFHTEAH (2001), Maekawa ef al. (2006), 441G 5 (1996), #I55 (1963), KEJTH
A AHNIMEH (1985), BKH S (1955), 49 (1995), MEERS (1978), ZE T AMIIRE (1967),
g (2014), FrE A AHEARA (1957, 1958, 1959), fEH (1979), It (1974), HE - =k
HAMEEE (1979), K¥E 5 (1984), KRS (2010), WEES (2011), &4 (2011), fELJEY
A MM E (1979), fRi - &kl (1982), KRS (2010), IwE S (2011), = - Ak (1986),
AREF S (1984), B4x (2011), WhHEZ AHIEAS - 58 (1974), fH (1979), dhHE (2014),
IEES (2016b), = EA AMIIIMNES (2016a) 2 ZNENHW:. B, AK, K, H
TAROGHEENT ¥ 28U LT DT — 5 2 L7

4. PAK, BRK, HTFKOKERFMH

MW, KO, RiE, FE, O - =k, ALE, W, EEREAZAHONAK, ERK,
TAROMIV V=T 54X T T L% Fig. 218, H@ 7 AHONG23H, HE - BERA7 AHO
MGS8, MHI2 JF, I X O A o OH7 4% Na—HCO; BT % O = EriF 1X Na—Cl IR L,
Ca™, Mg”, SO IZZ L WS, FHEAAHDDPAKTIE Ca™ & Mg” ICRRE LMD LN L.
ZEAEDOHPAK, BRK, HTFRO Na/Cl FBUEAMN E 2w LER K D Evds, #HE 7 AH
DIPAKETIERRMILL, F72507 EHE - =W, F1Es X Om#y Ao —E (MH8a, 12,
SH3a, OH1, OW6) ZITIXIZE ALV LA HFENk v (Fig 3).

5. MRREEICK HEEKDEL

5.1 #KE Na—HCO, BIfEKEEKDESICK 3B EREHEYHOBIEKDIK

H RIS A A O GS B THEHIFCEI S Wz EREFOBRIKERE I 7 I2& T 5 K
IROAEGHTARERC L UE, Bl L DK CUEE (610~11550mg/L) AESh<Twb (i
M5, 1976). Bk, BEHEAAMO HG2 HI2B 1 2 BRHNEOPREICH 2922~4905mg/L (B
S, 1955), HE A AMTIHERN QMM S LH# 9km OFEE R-1 BT 2 iR EHORS
125 4,000~10960mg/L CHFIH - A, 1958), it AH (EBEF¥e) @ SGLIHIZBIT 5
IR L EEOREICDH 16200mg/L ORIANZNZRELNTVD (RE - kH, 1973).
COEHTCl BEDPHEKE VKL 25 —HELT, AXAZ ¥4 b—A T4 FEHRIZX BEBRAK
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(a) (b)
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+ Sea water
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O Oshamambe FW,HW
A Kisakata FW,HW
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Fig. 2 Trilinear diagrams for the brines, hot spring and ground waters from the water-dissolved gas
fields. FW, brine ; HW, hot spring water ; GW, ground water. The well location numbers are the
same as in Appendix 1. The ML1 and ML2 show the fossil sea waters 1, 2 (FSW1, 2) —Na-
HCO:s type water (M ; Large open circle) mixing lines, respectively.

15000 3000
X Southern Kanto FW X Southern Kanto FW b
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A Kisakata FW,HW > 2500 A Kisakata FW,HW
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MHS8a
<
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Fig. 3 (@) Na*—ClI (b) SO —CI~ diagrams for the brines, hot spring and ground waters from
the water-dissolved gas fields. The well location numbers are the same as in Appendix 1.
The FW, HW and GW are the same as in Fig. 2. The SMML shows the sea water-meteoric
water mixing line.

DOREAKIE (Ddhlmann and Lange, 2003) 25H 175N 5205, oD A AHTEARSIZTHNI
Twaw (i), L7e2->T, TRHOF AT, MAGREKIC X )2 ORI KD HR
XN TR TR E R ICH LA S 2tk  ORMBRKA WG 2/ L TR 2 c i E)
L7zEieggsh, ZoMlo 7 AHTH FEEETH 5 WIS,

NI GS 8Ll H O FARTEREA 5 U & NGB RA 125 T N5 BBKOKEGH#ERICE N
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X, BORZEE OB E 2T A O MEAKEK & Na—HCO, WA KDBEE S %5 2 LT
I TS W, 2017). P IVZTFAXT I 0bhb X )\, HET AHD NG23 #,
HE - B0 A 2 Ho MG, MHI2 JE, B X O A A H o OH7 J1id Na—HCO, BITH b, HEHE
B, %8, ShEBTAHO Na—ClHIZE T 200 AK - iRk - B FARO—F (CG4, HG6,
KG2a, 8a, YHI) X HCO:; 12 E L (Fig. 2). X512, RWIE TG & LzRmBEROT— 5%
O Th s, MBEE, BRI, RB, HE - B, i, B RS A IO AKIRLA K
(FSW1) & Na—HCO; BEKENRAK (M) OREGT 4 » MLL &, FETAHOPAKDE
AR (FSW2) & Na—HCO; BIFEAEEFE K (M) ORAET A » ML2 IR T ey b &
NBZEDRDhPD. INLEDOI LS, AWFENRO T AMIZHB T b EIE B HER I i
SN G DB 2T B HT O MBRAKIZIEK & Na—HCO, BHEAGEF KRG L2b D L%
Zbha (Fig 2).

5.2 AREHEICKBERKDE

AR, K, T RICE TNBLFARG ORBEZRETT 512572 o TE, KD LFES
X9 % ME - RIERZRDDLEDPH L. WO Cl ZBKREETHL EEZLNLDT, KA X
DB OBE - KRIET D M BT OREZ RN L7

A[M] = [M] - [M/Cl].. x [Cl] (1)

22T, AM] B oBE - RIET A MEGE, [M] REo MRS o, [M/Cll. : #k
D Cl k35 MG OuwE, [Cl : # ko Cl e

PN, MBI A BIERIC X 2 BBKOEILOBIRT, MR, B, 98, #8, HE-
g, EEE, WA, R AHOPAK, WK HTFKE D25 LRI EHER Y (BR
B B BBUKOKETE AR & MG 5. IR B OB AN X 2 A LB I,
WA OWEE), AW O, WKECEEEE, R oz, MBKOBEIAE S Ebo T
w5,
5.2.1 BMEETRESLCHEALER

W O DB AR CTH B % & Gl ISR B HERE W (2B LA S 7z BIBRUKI IR & T I 12 &
BEERTCHS 2 BB 5 (CF, 2004 K25, 2010). Cl —SO& MM S b5 & 912,
SFIERTRIC L2 H ZAHODAK, HRK HTKRIZSOZ 2RV IEL &Y, Bk
TG DHETHREE NS (Fig. 3b).

2CH.0 + SO/ — .S+ 2HCO;" (2)

C O RIS IS, (2) N CTAR L72MBRAKF O HCOs d Ca® &t UGB L Tary s —v g
OB E R HMADOERICHEREShD L HE 2 5hb (F, 2004 : #RIG, 2015).

Ca* +2HCO;” —CaCO;+ CO.+ H.0 (3)

SO AN S N TIRIREITTH OWEEN 5D, BUEWREIE A & Y ERIC A% & BRI X 5 >~
AR ANEFE LB B0 s, RIS T2 AW S S ITMoMAEMIZ L v i@ s h
TOMALRFEAKRFEZML, XY VHERREPINS 2o TRAEDERX ¥ 2 E8T 5 CF,
2004).

CO.+4H,— CH, + 2H.0O (4)
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ALK B & O FL RN A AU, MBI, i 7 A HOAFRE 7 2 3 AR 2 7~
AN AR U 72 A ke iR (R &, 2016 5 AR &, 2011), 488, ETEAAH, B X OE
B A HOBEE 1,550 m KO BRSO 7 2 EHIFR S O A 213 EITHMAEWIRETH S &
EhENEE SN TS (ERGH - F, 1988 ; IS, 2011, 2016a).
5.2.2 KIUMEHED Mg—RA X7 24 ME

TERCRRHER I 12 P Uik & 7z BBK IR B L S B OB % 20T 5. ) TilEO K H
SRR 400m MBI % 3 7 BB D Mg 3B IZ RIS T3 % —7, Ca® I3 hnfH
MZRLTEY, WKREHERY PO KIEWEO Mg—A X 7 7 4 MEA—HIZHIF5h T2
(Lawrence et al., 1975 ; Scholz et al., 2013).

[(K, Na)O, MgO, CaO, AlOs, SiO.] + 7H,SiO, + Mg* +nH0
—2 (K, Na) 05 (Mg, Al) Si1010(OH)2 ° (Il + 12) H.O + Caz* (5)

flgE G ROE B & OH A AR HOMRE Ca* % OCa® (PCa* =ACa®> —ASOS ) &BL &, &H A
Hoa»AK, HRK, #HTKRD OCa™ & AMg™ iR ARQSAHBI 25D b TB ) (Fig. 4a), #
J e I Z 3 R R M AR M o o0 B BRUK AR R 5 T PO & AT ARSI 2. C, RILEE B o Mg—
ARX7Z A MEERERL- LHBFE N5,

EHAMICBT B HAK, WREKDSOME ClUREOMRE, MEIAAHOMIIK (KM ;
Nakai et al., 1974 ; Mackawa et al., 2006), H® - =k, fELEA ZAHOMIZK (MM, SM; KRS,
2010 ; NEES, 2011), AT AHOEK, HTFAK (OM: S, 2011 WES, 2012), =HB
HAHDOH T K (YW ; Agata et al,, 2011) 57 —% & & 112 Fig. 51", HiEAKIZEW Cl R
(18500~20,100mg/L) % d2omBEAH, #iE, FELEFAHOuWES S, SS N HA KD 80 fiilx
ENZFN-20~-07%, —21~—=10%, —25~—-19%%/RT. ") THOHIED 5HEE 400m K
B2 a7 K Hid) O %0 HIZEE T 3% MERT LTSI L2 BT L, Zhb
DI AW TR EER 2B UAo & L -MBRK QK) (ZE D oM 2R 2 %3 %
KILEWED "O I8 Mg—A A7 ¥ 4 MLog#e bz LR S5 (Hoefs, 1973). Figure
526brd kI, MRS AN, KEFAH (KG13), =iiE (REBirES) 7 AH (YHL 2) ©
MAIK, TR AT S & ks KM %% SEHE KML AR, #if 7 Al & RHEA AH (HH2)

0 0
20 %f AA x Southern Kanto FW x Southern Kanto FW
CINV SN (a ) W Oshamambe FW,HW ( b ) W Oshamambe FW,HW
X0 A Kisakata FW,HW SEVON - A Kisakata FWHW
Pt a A Niigata FW A Niigata FW
A&d‘ © Nichinan/Miyazaki FW,HW ° < Nichinan/Miyazaki FW,HW
x SH1 # Sadowara FW HW % SH1 ® Sadowara FW,HW
3 50 g o * O Okinawa FW,HW,GW 3 50 F N O Okinawa FW,HW,GW
S ‘i @ Miyakojima FW, HW ) AN . X @ Miyakojima FW, HW
‘.‘ Q XX S %
B B X x
Ao} ’ ¢
& & X U
N o .>< < ® U o X X
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90 X,
& &,
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N X
%@ \4/1{
x .
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Fig. 4 (a) dCa*— AMg* (b) (dCa*+dNa")— AMg?** diagrams for the brines, hot spring and
ground waters from the water-dissolved gas fields. The well location number is the same as
in Appendix 1. The FW, HW and GW are the same as in Fig. 2.
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Fig. 5 6'"0—CI" diagrams for the brines, hot spring and ground waters from the water-dissolved
gas fields. The well location numbers are the same as in Appendix 1. The FW, HW and GW are
the same as in Fig. 2. SW, spring water ; RW, River water. The S, MS and SS show the fossil sea
waters equilibrated with smectite in the Southern Kanto and Niigata, Nichinan/Miyazaki, and
Sadowara gas fields, respectively. The OM, KM, NM, MM and SM show the meteoric waters from
the Okinawa, Southern Kanto, Niigata, Nichinan/Miyazaki and Sadowara gas fields, respectively.
The OSI, Ml and SSI show the fossil sea waters equilibrated with illite predominant interstratified
illite/smectite minerals in the Okinawa, Nichinan/Miyazaki and Sadowara gas fields, respectively.
The KML, NML and SML show the mixing lines of the meteoric water and the fossil sea water
equilibrated with smectite in the Southern Kanto, Kisakata and Miyakojima, Niigata and
Oshamambe, and Sadowara gas fields, respectively. The OML1, MML1 and SML1 show the
mixing lines of the meteoric water and the fossil sea water equilibrated with illite predominant
interstratified illite/smectite minerals in the Okinawa, Nichinan/Miyazaki and Sadowara gas
fields. The SITL (ODP), OSITL, MSITL and SSITL show the transitional trends of smectite to
illite in the ODP project, Okinawa, Nichinan/Miyazaki and Sadowara gs fields, respectively.

D AK, IREKIZIE S S LS NM &8 S8 NML 4458, £+ A 2 H (SG4a, 12~14)
D ARG SS LS SM & A SEM SML fHEicZhZh7ay FEhb, Ihbnl
&5, Na—HCO; BIFEAGRIEAK (s KM, NM, SMAZHIY) 12 & #EK2HE 2 OFEEE IS A
ENBEBRAGKINEDE D Mg—A A7 % 4 MbEZIFCTHEILL - LRI,

BB, HTE A H OB A TR e e iR E (el &, 2016 0 RAARH S, 2011), 448,
s (RBEFRE) AARGECHEEDRIE (FRAE - FI, 1988 ; IS, 2016a) TH5H &
WESNTVWEIL2WETLE, "OfEL Cl REDHRIKTHMAEY F A 2 BT 50 AK, R
WAKE D726 L MBRAZER KML, NMLAHEIC7ay h3hb 2 edbh b (Figb). F7-,
P HJE A A HOABE A A X TN E B O S THER S MEYREE Ongg s, 2011) TH5H
g ENTHBY, "OMEE ClEEATEM SML AL 78 v b S5 2 A K E A H 21L&

FRE (FIERERE LR E o) IfELTWwbDTHASH (Fig 5b).

BB % B UoAD 7S R RIS & EN DB A X 7 & 4 M 58~142C TA 54 MIEWT 5
(Freed and Peacor, 1989). £ 54 FOAEKIZIZ K OMAEEN IR L GEA, 2001), ZEHAsHEAT
T5E AK & ClIREMICEMBEBERP RO ONE L)% D (RS, 2016a). AK™ & Cl™ i
OMBREADL E, BEE, BRI LE HETVAHOPAK, EREKIZERLO (HX0) #
CEIHIIHTBELTEY, IhoHx b0 LK ERERY T OBBRKIIAXZ 54 b4 T4 b
xR L TV RnZ Lasbrsd (Fig 6a). FIFMIC, =& EHREYEE) FAH (YHL 2)
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Fig. 6 AK"—CI™ diagrams for the brines, hot spring and ground waters from the water-dissolved
gas fields. The well location numbers are the same as in Appendix 1. The FW, HW and GW
are the same as in Fig. 2. The LO and L1 see in text.

DRI HEAHEZRLTBY, ZOHMIIWHSIA TRV, HHETFAHTAAZ YL DA T4

MEDSHEAT L TV WS SIZHTE-—SEW O L BN TH S, Thabb, KEHIRTHrAKE
WA LT T D FREHEORERICARAZ ¥4 MEIPREETNDIHNA T4 NI T MRICHET,
BB RO ERERETLFRETH S (B 2001 A5, 2016a). 2O X )12, MR
A5 VHERINCEE R T EMEA X2 74 FTHY, £ T4 MBIZETTL Thiwn,

5.2.3 A F>THWRIL

R ITTWIC L AR IO Z R L TWAET AHDO N AK, WRK, HTKD OCa* &
AMg™ PEFE N IIHE A B 23580 7248, 13 & A EAEM ©Ca* = — AMg™ 2 540, #riE s
AHDOHAKERE TR (REBERE) A AHOWRAK (SHD) ZBRFIE, E#H oCa™ = —AMg™ &
D OCa* 12K 5 (Fig. 4a). Bk L72X 912, X AHDO»AK, BEK HTFAKEDLZ5L
7B HERE W T O B BRK 12 1E Na—HCO; B AGEIF AR 25 5- L T 5. Na—HCO; B FEKE
KNS BRI 50 A 3 2 8L R ORI G- L, B s Hhisihs & # T IS 28 S 7z Bk ASK L
WYE D Na—A X7 ¥4 MLE % L)‘“Ciﬁk‘éﬂf:g_ EDHAE S (2016a, b) 12X o> THEBE ST
BY, RERROKEET AMOPAK, HEAK BTKRKICBWTHAMTHAS. 22T, K
WP E D Na—A A 27 & 4 MUK O#E Na' & (ONa' =ANa'—AHCO; ) #KH2 L4375
Al b e, (OCa¥ +ONa’) & AMg* OBk E A 5 LiEf (dCa* + DPNa’) = — AMg* it
27ay FENb (Fig 4b). RiLSICR3 2 EE L2 A 4 > OWE IO KX i Ca¥ >Mg >
Na ThbHI Lz FEzE (HK, 1983), e T Na—HCO; BIREAGRIFAKIC X ) ffi 4 Of%

VHEARAAR S TR TR HERE W L2 B U aA ) & 72 RIBR K V400 0058 B 30 L2 s i o B & 5 1
EE&,Amﬁ%E@Mg—xxayfmeMZT KRB ICEEND Na—A X7 ¥
A NOBGA F RO L D Mg—A X7 ¥ 4 MEEREBRL-EHELE IS,

—77, AT AHODAKEF IR GREEE ) P AHOMRAK (SHI) 1$E#E 0Ca”™ = — AMg”
X0 OCHICHEBEITHY, TNHOCa" ICELHAKETEKD ONa' 1Z~ 1 F A %ZRT (Fig.
4a). 22T, (@Ca” +®Na') & AMg” OMR%E A5 L, HiEFT AHDH AKDMIH L T (5
%?””)ﬁxm®mﬁmﬁmn HEH (0Ca™ +ONa') = —AMg” iz 7 v ~ &h, KB
AKETRKIZBIT A Ca” DML Ca—ARXAZ 4 bOFA F Y REISIZE B Na—A AT ¥
A MEICERET 2 Z L2 5 (Fig 4b). Kk L MY - A OME/EHICET 2 EERIC L
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WRANZAT B X9 7 Cl iREAHIINT 2BEETIE, WEEO Ca ICEL A F Bk & ik DR
A F VAGEPOGIC & - T Ca” 1B AL TR E Na iICE T A 4 &Mk s s G,
1985). Z OFEERFEFIZ XU, FE A AN TR B T Na—HCO; B BFAGRFAKIZ X Y % o
FREE IR 25 AR S AU C AR R e O ISR B HERR I (2P U aAsd & 7= B BRK A A 70 SIS & 5 il
AR, KIWEWE D Mg—A A2 5 4 Mba iR L7, SRR Y ICBE L T Ca—
ARX7ZAL PO Na—RARAZ Z 4 MbEZIF-EHEEINS.

5.2.4 AXU%4 MDA F4 MELER

BRI 22 ), HLPEREAEIN U CHIRAY 70T < W27 % E MM OFEENI B 2 12384 L
KRR T O A BYIZASRICE s THANVKF ULV EEBRET IS E 2T L5124 h,
i CH:COOH DA IIXRD BB T A & VAR Ens (CF, 2004).

CH:;COOH + H.O — CH. + H.CO; (6)

HmE - B0, s A, BXOEHEN AMOREE 1,600m LLEO BHLEH & AE LR S 2
2 GBI 6 OB A NGB RIRIR A 7 VAR A U8 E BT g s hTw
% (KIR, 2010 ; g, 2011 ; &1 5, 2006 ; S, 2012, 2016a, b).

(1) HE-EBHXH

ARAZH A MEE8~142CTA T4 V/ARXZ ¥4+ (I/S) REBHEWZHETA T4 MIEHT
5. Figure 5b 225b2 5 X512, HE - HIFHF ZAHO»AK, EEA (MHS, 11, MG10) @ §°0
fli & Cl R IR MSITL 3012, gk (MHL 4, 12 S MI) 13 Z 04GR Eiczh2h
Tay bEND KRS (2010) 2 XAuE, dREAK (MO 12) EBLmAKICH L TR0 ICE A Cl
BEICZLWZ L TR SN 200, BFERMAKIIZAAZ F 4 b—4 T4 PEHIIHED X 2
754 MEMDPSOBARKTH S EHEESNTWS, 72, EH MSITL O X 5 %30k B BRI
BE - FAHONAK, MEKTHRDLNTEY, TALOE, WLsEm oK X %A
MLtk oTh 2o 3N ERREINTVS (INEE - BE5, 1986 ; fHES, 2004). HHbd
OV THHI P S N7z 3 7ICEH T N5 HBKOEREICHED §%0 e Cl D ZALITIE%
B (Fig.5® SITL (ODP)) 2585, FIZAAZ 4 b—A T4 MEBIZHES B RIAKDBK
FOBZENT 2 Z EPHE 2N Tw5b (Dihlmann and Lange, 2003). H® - &= 4 A H OB AR
MSITL X SITL (ODP) iIZ7-H& % b5, HBHE»AK, TRKE S 726 L7z BBRAKITARBUKK
I0ERRERL CWh EHEREND.

MAK, BEAKZE L0 LIZHBAEARAZ 74 DA 54 MEZREERL 2201213 850 i &
ClriBEEOMERIIIMZ T, AK" L Cl IBEOMBREFANL ZLICL>TI/UAF 2y 7 TEDL. R
A7 54 MDA T A MEBIGHIRA A, FEHEE, FREORFIRE L & DI K o E A
BRI 5 (A, 2001).

AAX7H AL P+K+AP =4 4 b +ifkilefn + A%+ H (7)

A4 M LATA MIHBT 2 USIREEEEW D 0T 5 R E 2 5K L T3 E
BB OEALYRICB TS AK" & Cl BRI S #HD 5N (WS, 2016a, b A
2017). B EHoOMERRE, FAE A ERIERE L T AEAW R T, CoMMHEBIZER L (5
& -00147) 2T EMEINTB Y (W, 2017), HE-HRGETAHODAK, HRAK (MOS8,
8a, 11,12, MG1, 6,10) ® AK" & Cl ESHEM LI 7y b3z (Fig 6b).
VEOKErS, SNOOHE - BT AHO»AK, RKE D725 LZHBKOELIZRD
Iz oons. WEREHEAEY (ZWRRBHEHERE, AR 1SR LA MBK GEK)
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TR BEFETRINEWE O Mg—A X7 ¥ 4 MbEZF, ARX2 54 AL H 5 I 5r
MS 2L L7z (Fig. 5b). 0%, BBKIZEEICHE) il LA ISERT 222254 b—1 5
A N DOLEBIHE D IR DB BOG % #2520 T, /S IRATEIY &AL P12 H 5 2 AK
WK (MHIL, MG10, MHS) % & 7:56 L7z[BKZRET, mHEMIIA T4 MDD TES /SR
BRGEM RN LA T4 b EALEPIC D 2 3R MI O BIBRK-~NE# MSITL 12iy > THEAL L 721,
JERIC L ) ISR S BE) - IFR SN HE - Bl A 2 HOARE# 213 312 Bt IR
THY, ARERE»SHK L CHEREHCARLZEHEESN w2 WETsE, HEE
BCTHER LA LA L TERBHEOBARTOLAKIHEITAAZOTHAH (BT H
1961 ; JniE, 2011).

i - =I5 A AHD»AK, K (MG2a, 3,9, 11, MH2, 3, 5~7, 9, 10) @ §%0 fli& Cl™ iR 1E
Uit 4 MI & Na—HCO, B KR I K O3 %5 MM % & SEM MMLL AT, Fa»AK, i
K (MGlla, MH5~7,9,10) @ AK™ & ClTEEEIGEM L 1FhEicEhEh7ay b ¥h b (Figs
5b, 6b). TN HDZ LD, fHEAkE Na—HCO, 8 R KFHAK OB A TR A5 I E R B U
A SENFBIKINEWE D Mg—A A 27 % 4 MbE 2 CTlEM SML fEicAR7ay b &
FIRKD §50 & Cl i, M OMATICHN S il R A SRR L 72K EHERY oA X 7 &
A bDA T4 MEISPE BIKIEZ 2T, SHOSDHDAK, HRAKDFMEIZT 7 b Lz LS
N5 (Fig. 5b).

(2) #&£xJF CREBETEE), W8, =45 (FEirEs) 7 XH

Figure 5b 2*5b %5 X )12, ELEATAHDOH»AK, HRAK (SG8~11, SH4 ; Hks SS), 7
AJK (SG15), iRk (SHI ; ¥Gpi4 SSI) (XiE#R SITL (ODP) 7= & % & D E M SSITL £
W ULAMER L2 7oy b3k, fRAK (SG1~7, SHIL, 4) @ AK' & Cl i IREM L1 AT
7y hEN5 (Fig 6b). LIS O AREIZHEDTIE, PR &b SG2, 3,5, 6, 15, SHI Hixik
EFRRED S AK, HRAKZHRINLTWAZ EZ2MET S L, htE GREEEE) 7 AHICE
WCARATZ I A MDA T4 MEDPHEIT Lz LIRS 5. —J5, DA (SGla, 6a, 7a) @ §°0 fi
& Cl Xl SSITL & SML ORIc7 oy b 8NDB 2 Ehs, R E & e sk
TLDAKROMGFHENS (Fig.5b). D9 5, SG7a HIITEEE 369~549m (GRHEFEE) &
R 648~1,188m (REFIFEA) WCILHEZIHALTWL I E0S (KIS, 1984), WMir#H s (=
WSREREDRS 2 AT 2 A A KAV BRI AL PSR ARG L2 b O LR T X, SGla, 6a H-d
FHTH 5.

IR E BB A X7 7 4 v DA T4 MEiE, SGL T O %A 849, 1200m DE I 7121/
SIRAESEMALBIT 2 @ERE 849m DI 2 775 Cl #EEE 13100 mg/L D BKAHE S5 hT
WBZERPSLHFHFEIND (RE - &I, 1973). 73, SG1 HOEEE 849, 1,200m, SG2 Ho 1,060,
L340m OPRE I T ICIEHKRO DV VS IRAREEW E HEFELTBY, 22254 b4 54 MEIHES
THIBRKFICHE S /e Mg 3Rk AOAR (1)RX) WWiHEIh7-eEZ2oN5b (KRS - KH,
1973 #HAF, 2001). AT A AHO 5 AKIATBES % A AL E IR @ RE O Fe R AR THR S 7z
RAEE DB RIREADRE TN EHE IR TWBEZ LS (IS, 2011), EHER AT
BOMRRIHE A 7 Y AERIIC AR 7 54 bDA 54 MEDBSEIT L2 EAREBENS.

WIS, M, B E (REIERE) FAHERE L LS. T Ao AK, RRAK (0G4, 5,
OH3, 5, 6 ; %tk OSI) &AAK (OG6, 6a), Hiik (RIS FAHO»AK (YGl) %3
VE3 A A OSITL O % id SITL (ODP) TH Y, Zhs (K REXAHO OH6 % k<)
FabhARERREAK (0G2a, 2~6, 62, OH3, 5, YG1) @ AK' & Cl i I3EA L1 AL 7 a v
F &M% (Figs. 5a, 6a). MMAAHONAK, REK (0G4, 5 0H3, 4,6) \[AFHES % 7 R 13 #%
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2R (€75, 2006 : DNEE S, 2012, 2016b), Hiik (REIEHE) TAHO»AKIHEET
B ANIBGRIRRIEA TR TH S NES, 2016a) EHEZINTHY, WA ZAHIZBWTD S
FRAERIR A & VI A X 7 5 4 YDA T4 MUAHEIT L7722 EAVRIE SN D, WPHEA A TIE A
A4 DAL 54 MEBHTEEED OG5 E DBEGNTH L. Thbb, USIRAEHEDH
OG2 # (FLESHENE 978 m) DIFENE 620m 35 £ UF820m D B LB R & Bk @ oiela 2 7 2R S h
THYH (KB-kH, 1973), ZoJeli% 1.2km @ OH3 H# (I7 800m) D pEHEHETH 5 By (B
750m PAE) ICH BT A ETFEINSE (NES, 2012). %8, OG2 HOBEHE 620, 820m @RI
JE B RS O 3 TR A A USIRG TS L AL CTB Y, LR GREIFSES) 7AH
EFBRIZA X7 54 bDA T4 MUIZ K o THBAKIZHE S Mg 3R AOAEBISHEE S h
7DOTHAHH (RE -k, 1973).

BT A MO A 2 GBS RRESMERE L TB Y, BT AMOREFITIEZEEN - 3
HAH B EZWELT, BIRTERLIZBFT A EHBE L CTEZHEENEZ SR
TWwWa (AR - )1, 1988). Figure 6a 2»5Hb 05 L 512, KT AHD»AK (KG2a, 8a) P
AK* & ClT B IRIERM L 1T 7y PERBIERS, BEDAKE S5 L2FBKIZE
WOWKPREMEY T CTARX 7 54 DA T4 MeaRERL 728, FHOIRAECBE Lz bk
WEZLND.

DLEo#ERED S, T (REERE), W, Bl E GRBERE) 7 AHICBT 5 HBKO
HEALZHE - HIGT A EFAETH D, Thbh, WEKREMERDICH Ui SN zRBRK (HEK)
FKRINEWE D Mg—A A7 7 4 MbEZIT THiRA SS, SICEE L7k, AAXAZ 74 v—4T4
b DOZEHIAE S BEASOG & fEBERYIC 20 T /S IRA LW &AL 12 H % 2 ATk (SG15, OGS,
6a, YG1) #d 725 L7-HIBRAKICHEIL L7z (Fig.5). 3512, AR (REEESE), MY 2T
34 94 MCED USIRAEED b5 icdh s AK, fRK (SHL 0G4, 5 OH3,5.6) %3
725 L7z BBk (S SSI OSI) IZH#Efb L7z, %3, Hikis SSI & OSI @ 80 il 1 9 1% 4 MI
IAEL, fELE GRS S), MR AHICBISAXZ 54 bDA 54 MUIZHE - &%
HAHLDEITL TRV EHIESNS (Fig.5). Z0O%, MBKIERIC X ) B L CelyEi
o \ELROWE, BhUEE S e ~is, BRER T e AEILEFICEhZEE S h
g Ens.

fEAJEZ AHOFREAK (SH2, 3) @ §%0 fli& Cl #EEIF SRS SSI & SM % % S #E SML1 A3
(2, MRS AHOMS K (OH4) 135 OSI & OM ##% Sl OMLL Wiz FhEh7a v b
EN5 (Fig. 5). YR AD AK™ & Cl I EIZEM L1M7y b3hb 22 MET 5 L,
O fili& Cl IBEDMHULH R - B2 A HORM MMLL 02 A K, EKEFHETH 5
(Figs. 5, 6).

BRI, HEESTREHEARY O AL AR CHEAT 3 2 BRI A BIC X A MUK oML o T, 4
KB AHDDAK, WRK, WTFKROKEEEEMELZ L OB L, Table lOEB) TH5.
GEHAMDMAK, WK, WTFRE D725 L7z BERAE OB % 88 U721k, 2 I0k %I
WCHE - e, TR GRBEE ), WA, EE (R E) T AHOBBKIEA X2 5 A
P4 F4 MEDBRERL 72,

6. ¥ & &

MR, R, S8, e, B - El, B, bR Bl RKETET AH O AK, iR
K, WFAKRZNRIZ, FHGB L MR LEFRNARL DA 7 — & 2 SCRIEE L, ke R
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Table 1 Summary for the diagenetic evolution of pore water trapped in the marine muddy sediments
of the the water-dissolved gas fields.

Water-dissolved gas fields
i i Southern _—
Diagenetic Diagenetic process Compositional change of pore water Nichinan/
ta Kanto - ) . Sadowara,
stage i Niigata Miyazaki, . .
Oshamambe, Okinawa Miyakojima
Kisakata
*Sulphate reduction “Decrease of SO, concentration [0} ) 0] O
« Calcite precipitation -Decreases of Ca** and HCO, concentrations (0] o) O (0]
. . . |*Decrease of Mg*" concentration
+Reaction of volcanic material 2 .
to form Mg-smectite +Increase of Ca™" concentration ¢} 0 0 0
Early stage - Negative shift of §'°0 value
+Ion exchange of Na-smectite *Increase of Na” concentration o < o) O (Except for
fo Mg amectite *Decrease of Mg** concentration well SH1)
-Ton exchange of Ca-smectite |*Increase of Ca®* concentration « 0 « x (Except for
to Na-smectite -Decrease of Na' concentration well SHI)
R . *Decreases of K and C concentrations x (SR)
Late stage |-Smectite-illite transition X X 6}
+Positive shift of §'30 value O (DR)

SR, Shallow reservoir ; DR, Deep reservoir.

DPEAAEFECHEAT 3 2 HLBEH A BB R B 1) 2 AR I O I UK O AL O M3 - TRETE
WA M L7z, 2R, BHCEE, AT, HriBcEEr, SRR AR, i
FERHIR OB L R TS N KRB NS O F AHO P AK, K, HTFARTS R
AT BT ENHOENE o7z, BONTERIIDTOLEE) THS.

(1) KRBT ZAHO»AK, K HBTARDOIEFE AL Ca”, Mg”, SOL IZZ L WA, #
B AHDODAKIZ Ca™ & Mg" IZRRELHMEZRLTEY, ThHEdhan LiEERDOR
B2\ 5 OBBRAKIZHEAK L Na—HCO; MBEARFE ARG L72bDTH 5D, AK, HERK
DO fEE ClEDOMBREAL L, Hm - =k, FELE GREERE), W, =hE Rk
W) PAHIZIES SO Z, AR, B, &8, ik, EHE GREERS), wihE Gk
R ) M AHIZIEME 2 TN EIURL, BIE ISR A, BEIBEW T A2 .

(2) ZOX) HERSB L0 MEOFIL KR EHER Y O oA LR T AT 2 M SRR
BRI X B HBKOEIC L > CTEHEMICHITE, WTHEREYDEBANTHL. Thbb, H
TIRE L 72BERDSKILEW R O Na—A A 7 5 4 Mba 2 TARK L 72 Na—HCO; BIREAGE K I
X D KA A OFEICHMEIN, AP % SR REHEEDICH LA SNz T0k, R
AR o ] 0 SR WA TR R TT BUS, R A AR, KILEWE O Mg—A X 7 % 4 M,
Na—AAXZ7 54 bDMg—ARX7 ¥4 Mt (BT AHZERL), Ca—ARXAZ7 ¥4 b®D Na—R R
754 Mt (BT AH) 2RERL7.. BRI R2 L, HE - 5, 5 GRS,
A, Bl R (RIS E) TAHOMBKIZAAZ 74 v 54 MbakkBrL 7.

XD 2/ OEGH B THRTHRME2HES I L2, SR L TRECEHVALET.

5| 3k
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Appendix 1 1 Well location and data source of the brines, hot spring and ground waters from the
water-dissolved gas fields.
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Well No. Name/Locality Depth(m)™* Type References Well No. Name/Locality Depth(m)™* Type References
[¢65) Kanto issolved gas field NG33 Teiseki-34 (582-625) Na-Cl 26)
Otaki-Mobara areas NG34 Teiseki-36 (741-777) Na-Cl 26)
CG1~19 MK-M1~18 Na-Cl [¢5) NG35 Teiseki-35 (733-771) Na-Cl (26)
cG23 No.4 (852-1302) Na-Cl1 @ NG36 Teiseki-33 (679-7040) Na-Cl (26)
caze~27 Mobara 1,2 Na-Cl1 @ NG37 Hokuriku-3 (165-195) Na-Cl 26)
caGzs NTG NR1 1511 Na-Cl “@ NG38 Hokuriku-7 177-214) Na-Cl (26)
casl Godo 615 1365 Na-Cl1 @ NG39 Hokuriku-6 (636-666) Na-Cl 26
casz Godo 617 1536 Na-Cl @ NG40 Hokuriku-18 (183-220) Na-Cl 26
cGa3~35 Otakil~3 Na-Cl1 @ NG41 Hokuriku-16 (660-697) Na-Cl (26)
Yokoshiba area NG42 Hokuriku-26 (644-682) Na-Cl (26)
CG86~40 MK-Y1~5 Na-Cl (M) NG43 Hokuriku-25 (726-774) Na-Cl (2e6)
ca41 Y-13 1224 Na-Cl @ NG44 Ishivama-1.2 (688-745) Na-Cl1 26
Togane/Kujukuri areas NG45 Ishiyama-1.1 (1079-11383) Na-Cl [&155]
CGa2~44 MK-K1,MK-T1,2 Na-Cl (M) NG46~73 ®
cGa5 Togane R2 1050 Na-Cl1 @ (5) Nichi i ki gas fields

Asahi area Nichinan area

CcG46,47 Asahi 1,2 Na-Cl1 @ MG1 Nichinan-1 unknown Na-Cl [&]
Narutoh area MG2,2a Kitago-R1 810 Na-Cl (10
CG48~52 Na-Cl1 [¢5) MH1 Nichinan-12 800 Na-Cl a2
cG53 ca (1351-1947) Na-Cl1 @ MH2 Nichinan-13 1200 Na-Cl az
cGE5 W3as (1284-1791) Na-Cl @ MH3 Nichinan-14 1000 Na-Cl asz
cG56 Z41 (1427-1800) Na-Cl @ MH4 Nichinan-15 1300 Na-Cl a2
[elel-14 BB43 (1450-1800) Na-Cl @ Miyazaki area

cG58 BD47 (1492-1492) Na-Cl1 @ MG3 Sumiseki-R2 851(714-829) Na-Cl Qo)
Narita area MG4 Miyazaki-HS unknown Na-Cl ®
CGB59~64 Nos.37~42 Na-Cl [¢5) MG5 Junwakai 1084(1009-1081) Na-Cl1 av
caes Narita-2 815 Na-Cl “@ MG6 Miyachi-R1 402(288-402) Na-Cl1 an
Chiba/Narashino/Funabashi areas MG7 Akae-R3 802 Na-Cl1 an
CG6E6~69  MK-H1,MK-C1,2,3 Na-Cl @ MG8 Yunotani o Na-HCO, an
ca7o Kenei 9200 Na-Cl1 @ MG Sumiseki-R4 1054 Na-Cl aoy
ca71 FR2 1711 Na-Cl1 @ MG10 Ohyodo 1301 Na-Cl aoas)
car2 K6 1993 Na-Cl1 @ MG11,11a Kyukamura 750 Na-Cl aoan
CcGT3~78 Narashino 1~6 Na-Cl1 MH5 Miyazaki-4 480 Na-Cl a2
cG79 FR10 1305 Na-Cl @ MH6 Miyazaki-5 1000 Na-Cl1 a2
CcG8so FR11 970 Na-Cl @ MH7 Miyazaki-6 800 Na-Cl1 az)
(2) Oshamambe water-dissolved gas field MHS Miyazaki-7 1300 Na-Cl1 az
HG1 Ohama R-1 718 Na-Cl1 (22 MHS8a Gokurakuyu 1000 Na-Cl aoas)
HG2 OR-1 613 Na-Cl1 23) MH9 Miyazaki-8 750 Na-Cl a2
HGS OR-6 893 Na-Cl (22) MH10 Miyazaki-9 1300 Na-Cl a2
HG4 OR-10 754 Na-Cl1 [EZY] MH11 Miyazaki-10 800 Na-Cl a2
HG5 GR-2 936 Na-Cl1 [EZY] MH12 Miyazaki-16 1500 Na-HCOj3 a2
HG6 GR-4 985 Na-C1 [EZY] (6) Sadowara water-dissolved gas field

HH1 OOR-2 621 Na-Cl an SG1 SR1 1260(565-1251) Na-Cl ©
HH2 Oshamambe unknown Na-Cl1 (25) SGl1a Ooida 1447 Na-Cl ao
(3) Kisakata water-dissolved gas field saz SR2 1344(874-1301) Na-Cl (&)
KG1 Konoura-14 360 Na-Cl ae) sas SR3 1343(699-1300) Na-Cl (&)
KG2,2a Konoura-10 1000 Na-Cl1 ana9) sG4 SR4 1352(299-1154) Na-Cl ©
KG3 Konoura-29 320 Na-Cl1 a9 SG4a SR4b 1200 Na-Cl ao
KG4 Konoura-23 1000 Na-Cl1 a9 sG5 SR5 1367(913-1359) Na-Cl (]
KG5 Konoura-31 500 Na-Cl1 a9 sGe Myojin-122 1331 Na-Cl an
KGe Kisakata-18 313 Na-Cl1 a9 SGeéa Myojin 1400 Na-Cl aoy
KG7 Kisakata-9 351 Na-Cl1 a9 sG7 H.Shimoyama-126  1170(430-1106) Na-Cl an
KG8,8a Kisakata-RA 303 Na-Cl 1eX(20) SG7a H.Shimoyama-123 122:?16158‘;9’ Na-Cl ao
KG9,9a Kisakata-RB 366 Na-Cl1 19)(20) sas ST1 1361 Na-Cl ao
KG10 Kanmanji-18 603 Na-Cl1 a9 Eled] sT2 1502 Na-Cl aoy
KG11 Kanmanji-2 300 Na-Cl a9 sG1o ST5 1807 Na-Cl aoy
KG12 Kisakata 637 Na-Cl1 a9 sG11 sTe 9260 Na-Cl oy
KG13 Konoura 1000 Na-Cl (20) sG12 Tenjin-Q2 1170 Na-Cl aoy
KH1 Konoura unknown Na-Cl an s8G13 HE 1275 Na-Cl ao
KH2 Konoura unknown Na-Cl an SG14 Futatsudate 1872 Na-Cl ao
(4) Niigata water-dissolved gas field sG15 Shioji-Y3 830 Na-Cl ao
NG1 Shinko-7 440 Na-Cl (6 SH1 Shintomi-1 1700 Na-Cl a2
NG2 Teiseki/Sekiya-20 656 Na-Cl ) SH2 Shintomi-2 1200 Na-Cl a2
NGa3 Teiseki/Sekiya-16 778 Na-Cl ®) SHS3,3a Saito-3 30 Na-Cl a2as)
NG4 Teiseki-39 (505-519) Na-Cl © SH4 Miyazaki-17 1200 Na-Cl a2
NG5 Teiseki-33 (511-524) Na-Cl1 (G SHS5 Miyazaki unknown Na-Cl as)
NGe Kyoei-1 (542-572) Na-Cl (&) (7) Okinawa water-dissolved gas field

NG7 Hokuetsu-12 (531-532) Na-Cl1 (&) oG1 Ryusei-1 (405-435) Na-Cl [&]
NGs Teiseki-24 540-(563) Na-Cl1 (&) oGz Ryusei-2 (336-340) Na-Cl [&]
NG9 Teiseki-87 (547-565) Na-Cl ®) OG2a Ryusei-2 (312-364) Na-Cl »)
NG10 Teiseki-41 (548-574) Na-Cl1 ®) OG2b Ryusei-2 (832-936) Na-Cl (&)
NG11,11a Kotsu-15 (615-654) Na-Cl1 [G1¢)) oG3 Gushikami-R1 1241 Na-Cl )
NG12,12a Hokuriku-6 (637-666) Na-Cl1 [G1¢)) 0G4 Naha-R1 1243 Na-Cl Qa4
NG13 Kotsu-12 (341-360) Na-Cl1 (&) OGB,ba Ohzato-R1 1800 Na-Cl [¢P))
NG14 Kotsu-3 (360-433) Na-Cl (<)) 0G6,6a Nanjo-R1 2119 Na-Cl1 as)
NG15 Teiseki-116 (486-465) Na-Cl o OWwW1 Naha-1 568 Na-Cl aey
NG16 Kotsu-18 (511-553) Na-Cl (&) owz Haebaru-7 244 Na-Cl ae)
NG17 Teiseki-114 (493-512) Na-Cl o OwWs3 Nishihara-9 288 Na-Cl ae)
NG18 Kyoei-5 (545-575) Na-Cl (€] Oow4 Yonabaru-14 128 Na-Cl ae)
NG19 Hokuriku-1 (554-599) Na-Cl1 [¢o) OW5 Yonabaru-15 317 Na-Cl ae)
NG20 Kotsu-16 (598-634) Na-Cl [¢o) owe Yonashiro-22 291 Na-Cl ae)
NG21 Watanabe-K2 151 Na-Cl 2e) OH1 Naha unknown Na-Cl1 asan
NG22 Imaizumi-K5 152 Na-Cl 26 OH2 Nanjo-R1 2119 Na-Cl an
NG23 Nissaku-12 (229-261) Na-HCOs (26 OH3 Naha 800 Na-Cl asan
NG24 Nissaku-11 (354-379) Na-Cl1 (26) OH4 Ginowan 1300 Na-Cl asan
NG25 Nissaku-10 (456-489) Na-Cl (26) OHB5 Tomishiro 1000 Na-Cl a an
NG26 Nissaku-9 (562-606) Na-Cl1 (26) OH6 Urasoe 1560 Na-Cl asan
NG27 Kotsu-20 (254-298) Na-Cl1 (26) OH7,7a Chatan 1400 Na-HCO4 asan
NG28 Keikin-17.4 (210-239) Na-Cl (26) (8) Miyakojima water-dissolved gas field

NG29 Keikin-17.2 (611-651) Na-Cl 26 YG1 Miyako R-1 2437 Na-Cl [e3H)
NG30 Keikin-17.1 (722-778) Na-Cl 26 YH1 Shigira 1250 Na-Cl [e3H)
NG31 Teiseki-38 (263-301) Na-Cl1 26 YH2 Miyakojima 1500 Na-Cl [e3H)
NG32 Toisoki-37 (587-655) Na-Cl1 26
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