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Formation Mechanism of Brines from
the Oil and Gas Fields in Japan

— Diagenetic Evolution of Pore Water—
Yoichi MuramaTsu”*

Abstract

The chemical and stable isotopic compositions reported previously for brines from the
oil and gas fields in the Niigata, Nagaoka, Sarukawa, Yabase, Yurihara, Amarume, Barato,
Atsuma and Tenpoku areas, were analyzed to clarify the diagenetic evolution of pore water
in the marine muddy sediments. The pore water originates through mixing of Na-HCO; type
in local meteoric water origin and sea water. The brines have generally low concentrations
of Ca™, Mg* and SO, and higher concentration of Na* than those of the present sea water,
and also positive and negative relations between 6*0 value and Cl~ concentration. The
chemical 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 80O
value and Cl™ concentration reflects pervasive reaction of volcanic material to form smectite
in the brines from the Niigata, Sarukawa and Yabase areas. Meanwhile, the negative rela-
tion results from smectite-illite transition in the brines from the Niigata, Nagaoka, Sarukawa,
Yabase, Yurihara, Barato, Atsuma and Tenpoku areas. It is possible to apply the diagenetic
evolution reported previously for the chloride hot spring waters from the Kanto Plain and
the brines from the water-dissolved gas fields in Japan, to the oil and gas fields in Japan.
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g, B, BN UE, RAE, &H, XA, BEE, KILHIRoREEEmT ACET 5
MAKERGIC, TG EBERMARLOANFTRT — 7 2 COKERRER 2R L. A
AKiEEAK E Na—HCO; M EAGRIFEAARA L72d DT, # LT Ca¥, Mg”, SO 12Z L < Na
RREL. il BE, ORI, R, HAEIBOBGR T 2 EED % L DD AKD 0
fif & Cl BEEE I 2 iR 2 7R3 — 0, #niB, B, JUGHIS O — S OMEY 7 A %
AKIIZIEHBAZRD S, BLHE KM ED ClBEIZBIT 5 BP0 HIZR R~ A FATH 5.
Z NS DRI TR HER Y O VR A LB AR THEAT T A MR A I X B BB oHEAL IS
XoTRD X HICHIMICHI S, M EEEY BG4, BTFICRE L ZZBKIKILHE
WE D Na—A A7 % A4 MEEZTHAR L 72 Na—HCO; B BEAGRIF K IZ X 0 EK A FE %2 D
MEICHR SN, HBRYZ2ECIHRBERERBY ICH LA 5Nz, 2ok, BEKIGmEEDRE
PR T VA T CICRBEET OGS, A, Ko Mg—A A 27 % 4 Mb, 1%
VRIS DB R T 7. BRI A ¥ VRN 5 &, HE, B (S - L),
B (—&B), /A& (i), mAUE (&I - THERE), XE (BoiRkiE), EE, Kb
DOREIBRKIZAAZ 74 bDA T4 MEDFEBEZT/2. 20X ) Gy 2 H»AKDK
B RERS (X BB, AT, R TER, SR —ER RS AR BB, Ui R s o
HALW IR B X OKEMED AP AKICEGE L, FHW % &R EHER W IS Uid sz
RIREK 252§ B B LR, w7 AP AKIZIE S EHTEETH 5.
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1. LU &I

TN D FZ W A HEHE - MR 04 LTHB Y, AKREMET 23 MRS, B
AR ZENZENIREET 5 Ok, 2014). BISCFER, A AHEHAT, HridFEF, Sk — bk
TGRS, R RIS A5 § B TR R ER ALY S O K SR 2 & Gl e BHER O [
BUK DB ZEH OHELBEIE TR I NI2D D TH Y, T ORETE BB ARG A 2 AJKIZ D
BHTELZEDBWLNIZENT WD (FR S, 2016a, b, ¢ : A1, 2017, 2018). —75, A&
AAMDAROKE - FLARRES & ORBIZE L Ti3Z < offgedd Otk - Belit, 1986 ; ik
5, 2000 niE, 1986, 2014 %) 2 TN TV 225, KEEEBEO TS L EHIZIZE > T,
PPl al - KX Z ORI DR IBOBNMNI R E 2 EH 2 R72LTE& . ThHooniv
F—GROMMRE B E L2 & o TIRINS N7 IR O 0 IIERR T AL, $72
AR 52 2 &6, HALWROKEEBER S - RIRAT X ORI & ff& THRE 2 B2ZD°
»Ho (i 1973).

AWFFETIE, MO - RIXAT A2 A L T 2RIk oHE, R, fRHEOH,
S, BRI, RO BB, B X ORE - HENC X o Tl AR ST 5 6
BOKRF, B, KIACHIBOMT A M 2RI, 2AKRO TR & ZEFMAFRLIET 5 8% —
Z % SCHVINE U, ISR HERE Y O RN A B X B IBROBLDOE T, PAKE DS LR
TE BT 5 HBEUKO KB RER 2 BET L7z, 2o/, LRI R S L OKEET AH
AR IS B KRB AR DS S LS DA AP AKIZBWTH VT HZ WAL % 5
ZOTHES S, b, AwTlE, HBROE - M - HOEMT AW, FARH - HEN -
RESFH AW 5 7 B Wl e Frig ik, SHhE, B - P HT AR, HHMT A 5 %
% il & R B I, RKEHIR O BN - AR - AR - TERE - I - foRIQIH, KRBT AHD» 5% 5
Mgz B s, B - SR 2> S 20 5 38 % S I, @51 - R R T R H A S 72 B Hid
ARSI, WBR O H - Wi, SaH A A > 5 7% 5 % S H R, g0 RKE - &
H - AR 2 5 70 5 U 2 KA, %% - B (Feile &) Ml 5 7% 5 Ml 2 JE I,
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A B - B - HAWIME, SRS AH (LB - fik - BEEH, SESAH) 257554
Wi RILHIR E TN TR 5.

2. WEBIUHEBEHE

o, KM, WL & BAE, &H, KA, ERE, KIGRoOREEN T A HOME B X O
a2 Bk§ 5 (Fig. 1.

Bk, R (Fig. 1la) O FWEEPHito-tE (Ba), SwinkE, fakE (altaiE),
it o ILiE (s, ), SRR NG W, Jea) 2520, #BIEEIKEE T L
5 Uhk - KEF, 1988). 209 b, M MEEICIRIES 2 BB AEE T 2 X AGHERE, KTVUE,
Il (e, #a) ¢ EREFREICT 57, T ROMEMEMm T 2 3SHnE~taE (Ba)
T EEBRE, WLE, MERE, AR (Wa, k) 2EERAEICLTYS (S, 1984
AN, 1988 ¢ ARG - 4, 2003 0 WLARH S, 2011). e AEvh, HOHTE, T A H o B Il
LR ARIZENZNA 536 /7 kl &4 388 m’, #9355 5 kl & #9998 m®, #9227 75 kl & #Y
120 18 m®, F 72 ARl o0 SRR il 139 183 77 kI, v W A H 0 R E A7 A #1349 94 6 m® &3k
Hans (REATAHHES, 2017).

B, O, AR (Fig. 1b) 3AKH B VIER] 2 S AR TN AE L, T g T
M oHF OV ERIE, &G, i~ St oA, SEH i~ T it o RAESERE, it o
FER R OMUZHERTS 2 (e, 2014). 209 5, HIMBIE T RAMSERE, #E, &Ik (HI,
1989), HHAEISI ARG i T8, LIRE Ll EEMRBEAIZL T d (RAEH - HI, 1990).
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Fig. 1 Location of the oil and gas fields. (a) Niigata and Nagaoka areas, (b) Sarukawa, Yabase,
Yurihara and Amarume areas, (¢) Barato and Atsuma areas, (d) Tenpoku area. KG, Kambara
GS-1 observation well ; YD, MITI Yoshida exploratory well ; NH, Nikaho exploratory well ; KM,
MITI Karumai exploratory well ; TP, MITI Tenpoku exploratory well.
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SEHRO BN MK Bk 2 FEIFREICLTw s ik, 2014 AR, 1955). —77,
SUEIHNE MRS () CMIE (Bkos) 2kiirds, wIE Gos) 23k
HEL, TNHOERE XD RIBICH 2B DOEAZZLINE, HERRNEOJRE G2 REEICLTw
% CPIES, 1990). HIIRME o A M 134 254 75 kI, HANEMENZH 169 75 kI, BRI 35
12275 kI, JEMHIEA 572 75 k1 (HA—) R I N D ORIRF R854, 2017 5 41, 2009).

AHME (Fig. 1b) (ZHIBRENFEICAE L, BB L2 S5m0 FRE (FHHRR
JERASRE - W), WA (RINEALRE - Jes), Pt~ odetg G824 @ e
), SR~ ST oM LE (PR EARYRE @ Jes), SEitoulvg (EERESFEHY
J& 5 es) PEAGTEZY, SOHIMoBIEFRE ERBHLE 5 2ARAICE) (k
WD, 1989 ¢ FEH - IR, 1992 : MEE S, 2013). 4% H R A HISALBE, Al 2 2y
ezl CRIR, 1964 ; Ik &, 2000), SBR{EEMNEIH 71 05 kI, SRREA A 8134 3 m® £
HWans (RIKFAGES, 2012).

K (Fig. 1o) (3AuiE A A b (A2 E L, T ) it o2 H kg (RIKEEkE & &,
Weazhtits), BOWE (WazkGies), kB RKaRZEGRE A5, 2005),
o MBI E RaEbaniE), ®IE a Ba) (SEWRED . RAMEIZERE R -
i (GRIZA00m BOJRIKE & &5t Y v M - BEHH A2 RGBS, A% - JEHME IO TUE i
EE (REZ L180Om O E) #ThThEEIFHAEICLTHY, °CllLsruy = » LD
I ZAUE, Sk, BOIUE, EHEORBTOREEPKFMHOMRE S &2, A%, JEH
WMHEbFEETH 2 (ES, 1990). KEMHEORBEMNRERIZH8S Tkl LA ShD (BE
1966 : ®J)I1 5, 1990).

JEE I (Fig. 1) (3AL#E B FEFICH D, BT ZAHOESH 20km (ZMES 5. BT
B % O A SR L 72 LR [ ] (Fig. 1c @ KM) TA b &, wiritoiEe (s, o
HiRRELHE) PP HRZI0m £ T, IRERE (mEE  aiaifE) 2RE 1L769m T
#e (S, 2007). #REMEIZH 70~600 m, EEFEMAIZREE 350~750m OB X OHRE
g (W) Z FEFRAICLTBY, I - BEMEORBENREIZZ NN 5975 kI, #1657
kl LRESIND (R - A, 1960).

RAcHid (Fig. 1d) (3BT AE S 2. T RNt oW (el a®amE),
MeRg CRUATEE ), R 5720, AIlAEAHE] U 72 35685080 [ KL ] (FLEEZRE 5050 m
Fig. 1d @ TP) TIZFEME ML S 248 m £ T, HENEAREE 1271m £ T, HPBEEAEEE
2247m TR CRH - /MEkE, 1997). HEN - AR - B0 - HAL - 5300 - B0l oA R BE
WA 16 4 kl, BETAHORMET A mEH2MEm’ LHAE SN, WM (s s %
TR, WERE (e, Bkn) 2 EEEFRAICLTYS 0L, 19620 &2, 1969).

Dk, STl a0 REL BES 256 1 mAE I (10 - ERRE), SHEuh 7 2
(P - HeSRE) o<, #lgids X 0T AHORICHEIMS & THREELZRLRT 5.

3. Wt R® &

B, &b, L UE BRI, RH, KE, EE, KIEHSOM A A HIZES 5 5 AKD TR
5B X OB FENARILL D547 — % Ol & iy A O E % Appendix 1 & Fig. 1 IZZFNZF IR
IO, RIS O SRS - FEE (1986), NES (2014), N (2018), FHJI ML
JRE S (2000), W (2014), SAEHLIRIZARE S (1960), h#E (2014), Shigeno and Abe (1982),
FHAE 380 g & (2000), TgE (2014), 4% H M S (2000), K7 HgiZE3E (1966),
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K% - ZH (1960), —RIHE (1974), JEREHISIZARZE - AFZH (1960), —RIHE (1974), Kbz
KZE - W8 (1960), Wi (1974), #¥% (1993), #MIEARS (1978) 2 ZnZEhH Wiz, »A
KO FERSHATEITER NG v A 8U LT OF— % 2l L7-.

4. DAKDKEFRH

o, ER, B, OUE BAE, &£H, XA, BE, KIEHBSOWMT AHIZET 2 0AKD b
VI)=T AT 7T 0% Fig. 212, SO & CIMBEEB LU Na™ & Cl iBEOM{R% Fig. 31277
INBDRAK ng2+ k SO 2 LK, £IES08 #&F 9, F/oRM - AR Z B
13X Ca 122 LWEHIIS FEAEDHIPAKDN/Cl BEIIBUEREZLZNR LD E.

5. MRRZEEICK HEEKDELR

5.1 BEEEHEYICH T 3RKRKDOAE

FE R VEH T L 725 GS1 I (Fig. 1la @ KG 5 FLEKEREE 3701 m) D#EEE 1,029~3,701 m
(e, Midks, ONE, THIlE, M) ole#s a7 55 Cl iR 3390~13430mg/L
OHBARPHELN TS (AHMHS, 1964). 2O X5 i KIREER I LA & 7z BIBRK
O ClREEABUEAK L DR 2 A ENE LT, BARBEKIZEAZHRN, AX7 5L b—A T4 ME

<& Niigata area (Ny)

# Niigata area (Sy,Nt) 100%
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* Barato area
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— Sea water

0% 0%

100% 100%

Fig. 2 Trilinear diagram for the brines from the oil and gas fields. The ML shows
the fossil sea water (FSW)—Na-HCOs type water (MW) mixing line. The well
location numbers and Ny, Sy, Nt, Lt, On and Nk are the same as in Appendix 1.
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Fig. 3 (a) SO/ —CI” (b) Na*—CI~ diagrams for the brines from the oil and gas fields. The well
location numbers and Ny, Sy, Nt, Lt, On and Nk are the same as in Appendix 1. The SMML
shows the sea water-meteoric water mixing line.

W2 X B EEKOB KIS (Dihlmann and Lange, 2003) 23 FoNnsb. 2095, HriEiiEso
FepEskgE (W] (W YD I/ 5006m) TldzE2 SHEE4000m FTARAZ ¥4 A5 ALTH
D (xRS, 1982), Z0iI < O#IE GS1 T a7 BIBKATRIN S N7z ERPAICH 2 227 5 4
MOV T B EPREN, BEIZERICR S 2w, RS, UGS BB O R144 53 (3L
JEZEER 450m) THEEE350m (ZIE) OHEEEI 755 Cl ik 9180 mg/L O MK
LNTVBEH (KB, 1955), Kri3HTAAZ 54 bDA4 54 MUIZETLTwawy (5.2.23H).
D EofER, BIOIhsoHEKL ) ClBEE O BBRAKDE Uik 5 Twv b gk i3
El, W, /G BEAEHIBORIFEEICR > TWwWA I e D, FRKRIFKRIZ L 4 ORI
RASFR S N7z BB K 25 3% i AR TR IR BUHERT IS B Uaked S ek, WiBE %4 L THrf el
B - RSN LR EINS.

WIZ, TOBKEFEKRKOKEEZRTS. NIV TFAT 7T HEINE, EPAKDLENIT
R HCO, \CE &efiE (Hes - L), W, JUE, WA (L1 - lERE), %A, JEH,
KAeH I D —ERD A A (Hk2, Srl4, Yab, Yr2, Brl9, Am7, Tp5 %) (3fbfaiEAk (FSW) & Na—
HCO, BIREAGRIEAK (MW 5 KFHA) ORE&S A~ (ML) i 7aey b &h (Fig 2), #Kkz
R L 72 BEAGREFKIE Na—HCO: M TH B Z &b b, 2D LX) &dAKND Na—HCO; HlfE
ARBFAKOEGIHE, R, W, BAE, SEMcHRESNTBY O - 5, 1986 ;
5, 2000), Na—HCO, & B Kk I K 3 545 w5 ol s & Mo T I i 38 S 2z Bk A K IltE g o
Na—A X7 # A4 MbESZITTER L EHELE SRS B S, 2016a, b).

DUMICiE, BRSO Z BN X 2 MUK DOEL OB T, EiRohAKkE b 726 L7zIK)R
BHEREY (BUESE) (2B LA S N7z IBR O K E T BERE 2 et 5.

5.2 HERAZEEICK SEFEKDEL
D AKIZE N DAL ORI E AT 212H 7o T, KO UZR TR 2 8% - KIH
BERDLLEDNH L. O ClD REKRETH L2 Eh5, kALY HEOBEE - KIBT 5 M
S DIRBEZ S L7z,
A[M] = [M] - [M/Cl]...x [Cl] (1)
22T, AMMI - B OBE - KRIET S MR, (M) B MBS ORE, [M/Cll. © #K
D CUISH§ 2 Mo, [Cl ko Cl .

25



MR — WRIRFEE
TEECRE R DM A ENC & BRI, MBRKOBEIOIZA, BAEWOTGE), HHEW DS
i, mEEACZEER, WS OEEINEL Ebo T,
5.2.1 MEETRES LCHBEEER
MAKRDE LT SOL #EF RV &M, HBGHE Tl BRI R LA
AR I L B TC I 1S & B R TC UGS X o T SO& ANHE & L Thnfi i
CCHz 7z a5,
2CH.0 + SO/ —H,S +2HCO;~ (2)
C OWEER TG W IEEIING, 2N CTAR L7-HBAKO HCO, ik Ca” & n LTI vy 27— a ryd
BRI 2 A OEBIHE S NS (B, 2004 5 A5, 2005).
Ca* +2HCO; — CaCO; + CO.+ H.0 (3)
BHITHIBEDHEATRA Y VAR EMNER REREICR 5 &, HWRWIZHER > T 2 HHWI oA
WCE DR ENTIBALRFZEKREZEEZML, A7 VAERKICE > THEDLDIWTAWIEIR X & 234
B35 CF, 2004).
CO;+4H,— CH, + 2H.0 (4)
BALKFE D & CRFLEFMARMI X, BB oF N7 AH-, FHREWm7 AH-H (Wil -
MESRE), SRESFF AW (UL - LER), B RN - VEAE - fkiRHE, B2 ZAH, A
IO S FEMH O X & 3 HEYRIR & B ERORE, B LU ER»S 2D, #riki
IR ER T EE Y EIE OB A 25E W (Igari and Sakata, 1988 ; FRiH - #JII, 1988, 1990 ; H
FRH - =8, 2007 ; HARH S, 2011).
5.2.2 KIUMHED Mg—IX X7 %4 ME
TERCIR R HERE Y (2P U A & 7z BB KIS B LS B R 08 % 20 ) 5. iR o Ut B &
O HRA RO Ca* FI &% dCa* (PCa® =ACa* —ASO ) LB &, MDY AKD OCa*
& AMg” REERIC AR AFRD b (Fig. 4a), KILEWE O Mg—A X7 % 4 MLogEs 2z
722 R E NS (Lawrence et al., 1975 ; Scholz et al., 2013).
[(K, Na)O, MgO, Ca0, ALO;, SiO.] + 7H,SiO; + Mg* + nH.O
—2(K, Na)o;(Mg, Al)Si,0,(OH): + (n+12)H,0+ Ca*™ (5)
Wi, RIS (ZWm, WK - I, E5IE - R oWmA A-E2AKIZET S §%0, 8D fl, Cl i
BEOMRZ, FrBREED ZH2rAK (FH:5, 1974) & P4 T Figs. 5a, 6a (2R3, BiEARM I

ENCF AAL il Vi
TCH OB % 4
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> o ) Yo2a A Yurihara area = Yrd 5
(5] (Lt, On, Nk) Q @
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N %&
R
-200 L M N -200
0 50 100 150 200 50 100 150 200
2+
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Fig. 4 (a) ®Ca* —AMg* (b) (®Ca* +dNa*) — AMg* diagrams for the brines from the oil and gas
fields. The well location numbers and Sy, Ny, Nt, Lt, On and Nk are the same as in Appendix 1.
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Fig. 5 6'0—Cl diagrams for the brines from the oil and gas fields. (a) Niigata and Nagaoka

areas, (b) Sarukawa, Yabase, Yurihara, Amarume and Tenpoku areas. The well location
numbers and Ny, Sy, Nt, Lt, Fu, On and Nk are the same as in Appendix 1.
The NM and AM show the meteoric waters from the Niigata, and saruka and Yabase areas,
respectively. The NS and AS show the fossil sea water equilibrated with smectite in the Niigata,
and Sarukawa and Yabase areas, respectively. WGF, water-dissolved gas field. The NI and Al
show the fossil sea water equilibrated with illite predominant interstratified illite/smectite
minerals or illite in the Niigata and Nagaoka areas, and Sarukawa, Yabase and Yurihara areas,
respectively. The NML and AML show the mixing lines of the meteoric water and the fossil sea
waters equilibrated with smectite in the Niigata area, and Sarukawa and Yabase areas,
respectively. The TML shows the mixing line of the meteoric water and the fossil sea water
equilibrated with illite predominant interstratified illite/smectite minerals or illite in the Tenpoku
area. The SITL (ODP), NSITL, ASITL and YSITL show the transitional trends of smectite to illite
in the ODP project (Dahlmann and Lange, 2003), Niigata and Nagaoka areas, Sarukawa,
Yabase and Yurihara areas, and Amarume area, respectively.
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Fig.6 §'"0— 6D diagrams for the brines from the oil and gas fields. (a) Niigata and Nagaoka
areas, (b) Sarukawa, Yabase, Yurihara, Amarume and Tenpoku areas. WGF is the same as in
Fig. 5. The well location numbers and Ny, Sy, Nt, Lt, Fu, On and Nk are the same as in
Appendix 1. The NM, AM, NS, AS, NI, Al, NML, AML, TML, NSITL and ASITL show the same as
in Fig. 5.
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D Cl 2% S OFERBET AHOPAKICEDONLE LR~V A FAD 0 (—29~—-0.7%)
&, TR MR P CiA Sz IR (k) 2L O HER Y & RIS B KILE E @ PO
WWEE Mg—A X7 ¥4 MLOEEEZF7-2 LISRNT 2 2 EHEshTwb (Fig 5a; F18,
2018). Figure ba 225 b7 % £ 912, BlEKMED Cl iBEL2 HOREFAAM (FILE), FHE
WA AW (W), ZHATAH (WILE) oAk (Sula, 3, 3a, Hn2, Km ; %5 NS) @ §*0 fi
LR A FARRLTEBY, FEEOMBRAE Y LD, %0 -SD HOBIRTA L L, TNSOMAY
A2 AKIEFEAREEA AH E & BITRAHE BD=85"0+15) ffic7a vy b &3N3 (Fig. 6a).

FIBRAK % B CiAD 72 KRR E ENAARX T 7 4 ME58~142CTA I 14 MIEHT 5
(Freed and Peacor, 1989). HAKEZ D725 L7zMBRAKBAXZ 54 DA T4 MLOgEEL 2T
T2 BENE 0 MHE ClUIBEB L AK & Cl BEOMKREFRLZLIZE T/ UAF v 7
TE&2 (FRS, 2016a, b M, 2017). AEMF A BT 2 HEKEET A2 AK, B
CRBEM A AW (FEILE) 2 AK (Hn2a) o 850 & Cl BB LD Cl k% o
Ui 53 NS & Na—HCO; B B AKGR JFK O ¥ B 73 NM % ff S M NML fFE12, 72 6%0 & 8D i
X OEMEF URAR GD=85"0+15) fHEiczhzh 7oy bEh, FBRKIG 5K 25R
HL72bDTHS (Figs. ba, 6a; FAL, 2018). D95 HLOWMS NS IZH LA AHPAKE D
725 L7 RBK I i IR B HERE D (2B Uk e S 7z RS KINE L O Mg—A X 7 % 4 MELDE
BEZUICTEELZDDOTHY, AK BEICHED SN 5HEIMEBBRSARAZ 54 v 4 54
MLOEEZ ZIF T w2 L ZRIEBT 5 (Figs. ba, 6a, 7a). SREFH2H (WL - ELAE), W
P Al (W - HERE) O X 5 Al & B REIEORE» S5 %0, RAIEIZEH
EWRBOEENEL 50T (RMHS, 2011), PHILEO D AKIEIIED T 2 E T %
LEZOND., INHOTEND, WAEWT AR BEET 2P EMI (FHILRE) oMz AH»AKE
Db L7z, ARXZZ A b EALETE 2 BBUKASIERE NML O%iis NS fHhEic7e y b 3hb 2
Lhbh % (Figs. ba, 6a).

Figures 5b, 6b (&I, /U, HFAIE, & H, KibHisios Ak (Shigeno and Abe, 1982 : T
5, 2000 ; BNE, 2014 ; #EELS, 1978) @ §°0, D, Cl iEOMRZ, SEKEtEs 2 M (hn
B, 2014), HFAK (FREH - dHE, 1983) L L DITRLAZDDTH L. W, SEHISO—EHD )

20 20
< Niigata area (Ny) (b) x Sarukawa area
16 (a) # Niigata area (Sy,Nt) 16 } o A Yabase area (Lt,Fu)
O Kumoide (Ny) A Yabase area(On)
W Mitsuke/Fujikawa (Sy,Nt) O Yurihara area(Lt)
12 A Yoshii/Katakai (N0 12 20 W Yurihara area (On,Nk)
+ _Sea water A X O Amarume area
8 Sul 3 8 A AR # Barato area(Bs)
—~ Sula s, A L No < Barato area(Mr)
2 Yoshii(Yol, Su3a o A O | % Atsuma area
s 4 Suzg 22aYal2)  Sud 5 4 A @ Tenpoku area
é 0 L0(0) :2 0 Yr2  Yr4 [05) A + Sea water
i < ) Lo(0)
-4 -4 Si8,12 FS‘
-8 -8 L
I(5
(0, 0147
-12 4 = 1 -12 1 L N
0 200 400 600 800 1000 0 200 400 600 800 1000
CI (meq/L) Cl' (meq/L)

Fig. 7 AK*—CIl~ diagrams for the brines from the oil and gas fields. (a) Niigata and Nagaoka
areas, (b) Sarukawa, Yabase, Yurihara, Amarume, Barato, Atsuma and Tenpoku areas. The
well location numbers and Ny, Sy, Nt, Lt, Fu, On, Nk, Bs and Mr are the same as in Appendix 1.
The LO (0) and L1 (-0.0147) see in text.
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AJK (Sr5, Ya27, Kr3) & Fig. 5b THHEKMNIL O Cl ik % b D AS (ifH) & Na—HCO;
RIREAGRRFK ORI 5 AM (IRA) % 4% ST AML fFE2, 725 AK (S5, Kr3) 13 Fig. 6b
TZOBEMMEFR URAM (GD=8550+15) MWLz, REAKEMT AM»AK (Ks) & &HITEN
Fh7ay FEN, BBRKEWESEESRE LSO TH D, mis AS RE) 2H 5P A H
MAKE D725 L7 HBUKOMRIISK S NS L [AEETH D, Wk ASIZ A A2 & 4 b &b
WRREBICH 5. P, SUEIR CFERAESE - AR)IE), K7 (BkRE) #iso% { orAKic
BIFAHAK & ClBEOMBIIEMLL (HE -00147) 250N TEMHLO (H0) 2L L)
SELTHBY (Fig. 7b), THHONAKE 725 LBBRAIZSREKRBEES AW (W, 2018)
EFBEIC, ZXA2Z %4 DA 54 MEDERE ZITF TR,

JUAGMH () O 25 3G EIR EARTHRAEDERZE»ICEAL TS Z 2D
(Igari and Sakata, 1988), Figs. 5b, 6b TEM AML A3 712 v b 8N L EEBOSMEIMHE (FEp
RAEF - IR PAKITFICHMEY N A ZMEL T2 LEX LN, Dol enrs, Hi
NML, AML g7 ey b 3258, KHHISEOMAT A -2 AKE S 725 LA X &
CERBAT ARIBKIEIARAZ Z AL VDA T4 MEDEEEZZITTniw
5.2.83 1 7FTHBRIE

R ICIE B & O FIRAER OB E Z1F Tw b S o0 AKD OCa* & AMg* M
A ASED b, DAKE D725 LAMBAKIZKIUEWE D Mg—A X 7 % 4 MLoEEEZ
F7-Z EAURBENTZDS, 3L ALDORAKITEM OCa™ = —AMg” L D) 0Ca” IZKH#HT 2 (Fig.
4a). RHBRL7zX 912, IR EHER Y o RIBRZKIE Na—HCO; BIRE KRR & kA RE L7z b
DOTHY, EHIBOIZLALEDONAKD Na'/Cl BERITEHEAK L Y Ev (ANa >0 ; Fig. 3b).
ZIT, OCa" WKW E D Na—A A7 % 4 MEHED Na' & (ONa'=ANa'—AHCO; ) %A
7z (0@Ca* +®Na") & AMg” ORfR%E A % &, EH (dCa* +ONa') = —AMg* fHric 7o v b &
N2 (Fig.4b). L7723 - T, B AKE b 725 LBBAKIZ Na—HCO; 2 Bk J5 K A5 R 5-
L7z KILEWE O Na—A X 27 7 4 Mb, @II% R B0 2 il c kOn & A zEn, Kl
WHDOMg—ARX T ¥4 MUIZIMA T, WBERRBEHEEDICZEINE Na—A A7 ¥4 FOBA 4+~
LW X B Mg—A A2 ¥ 4 MLOEEZZITTWD

—%, B, mAE, KEso—ior Ak (Mtl, Yo2a, Ya, Yrd &) & ©Ca* & AMg* [
OB THEM 0Ca” = —AMg™ £ ) 0Ca” IZR R B TH 5 (Fig. 4a). UM AKD ONa' 1<
4 FA%RL, (@Ca”+®Na’) & AMg” OHRE AL L EHM (PCa™+dNa’) = —AMg* i 7
Oy F&N5 (Fig. 4b). 2D EH 5, BBEKIEZ Na—HCO, B REAGE KA S L 72 KL
B Na—A X7 5 A M, GREE&EICHIL & FRAaAER, KINEWE D Mg—A X7 % 4 M
2T, AT UIRIBIZED Ca—A X7 74 FDNa—A A7 ¥4 MUOEELZZITTn5.
5.2.4 AX734 MDA T14 MEER

TR EEASHIIN L T HuIRAS 70°C < DB IR 20 2 L MUEM OTGENIBR 24 KT L, K
TREMERY O AR A NVRF D NVIEZRET 25N 25 L9124 Y, FEE CH:COOH
OHEIE AT U PEREND (F, 2004).

CH:COOH + H,0 — CH, + H,COs (6)
R GBI, =, HIE, RK), SHME GrH, WKl O X 5 3SR, #rik ik (i
BEP, S (B - HEZE), %= (AL - B8] 3R AL L TRk
BoOEED . F 72, HAEHIE (I - PHRIUE) & FICEG IR, s (R, 758
R & UGHE US) (ZBGIRIE, B X ORGSR E MAEWRBEORE» S %22 (Igari
and Sakata, 1988 ; FAfH - I, 1988, 1990 ; AR S, 2011). MERES S HIHT L, A%
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WNEER I L CEIMC 2 2 (CF, 2004).
1) 8, KRt

s, B GLK - B, EH3E - B H) 8B A2 0ohAKD B0 & CL L EE L3 K
4r NS & NI (Stl, Ka2, 2a 1Y) Z &S EM NSITL i 7ay b3hs (Fig.5a). 20X
7o W R B B AR NE - BRI (1986), MEE (2018) ISk o> T s NTH Y, M (1996) 134+
S DI ICHE S 72K X A FRNTHI LTV 5. B Ao T K LTSI RIS A7z iR
O 41.80m o a 7 RIKO Cl- R & 80 fERIIZIZTE SITL (ODP) Of[nsitd S
FIZAAT I A b—A T4 WIS BEAKOBKSICER S % (Dihlmann and Lange,
2003). EHENSITL OARIZZENICENT &0 5, BFEPAKE 726 LZFRBK (LK) &
COBKKIE OB EZ T Tw5 (Fig.5a). Thbb, MRS RO LA M T, #KRE
HERE (BLE D) RO RIBRKIE A X 7 & 4 ML P 2o s NS O BIBRK (bfigK) % 18R
EL, 494 N AX2 54 1/S) RATBIINALE PG 2 K GEHA A MO Yol, 2, 2a,
Yal, 255) 2#8ETid A 74 MIHBE L7 USIREBED VLA T4 ML 25 NI
DOBEBRAKICHEIL L 72, %0 L SDHOBZRTA L E, AAZ 74 bD4 54 MEHEFTT 51205
TRIBRAKIZ, SEes NS A5 NI 2 Tt NSITL (2 - T 880 [z 84, SD izl 25
HINZHEAL L7z (Fig. 6a 5 Mk - 25, 1986 ; MIEE, 2018).

EmM#o Km (WIE), Fjil (MEAE), M2 (ERE) ohAKD 0 MHE Cl EEOBR
wAhDHE, TOMEICSOHORME ClEORAHEIN LD S (Fig. 5a), MBI R -5
WRNLZARXZZ 4 bDA4 T4 MEDORELY TAEEIZE B2 Twh, B oHiEN,
BT A (MR RE), REFI AW (EARE), BLORRMIROEGIHMAT AH-, BT AH,
REMH O X 7 3B RREE £ 2 5 Twd (FARH - I, 1988 FARIT S, 2011). L7zd%5
T, EHNSITLfHEIC 77y b8 NE0AKE D725 LB BGRRIEA & >R 2
A7 54 vDA T4 MUDOEEEZZITF /-2 EARBREING.

AAZFA4 DA T A NEBIIZ AR, SEEEE, ORISR & & I K ot
wmAMBRT S (FA, 2001).

AAIZA P+K+AF—> 4 74 b +fkiBA+AE+T (7)

MAKE D2 LIZHBRANRARXZ 4 FDA T4 MEDEEZZIT5 L, AKD AKT & Cl i
FERNCIEMAHBEDS B b d (WS, 2016a, b i A48, 2017). Figure 7a 2»5bH 5 L 912, #
EH (HER - AR E —HMombIE) LR GLEE - #I72H) orAK (Su2 %Kk
() ®AK" & Cl BEEICIFIERE L1 ISE WSRO S, BBKSA A2 54 bD 454 M
DEEEZITTWBEI L ZHET A, B4 e LT, ERMIBOEHMAT ZAHTAK & ClEED
WAHBE SRRSO SN WEHNE, LB TN oS HEKGE (S CEEhsH ) EBa OkER)
DVEIRIZ & 2 BIBRAKAND K NI Thhz7zoTh A9 O - fidE, 2014).

Prig, RMHIBROBBAKICBIEZARAZ 54 D454 MEDEBRZIAAZ L, 4154 1+D
WFAfMEEST L. Thbh, FEME (WL - HERRE) ([CET 2285 EED X & 2 I13FiAkE
Ti~twE () THERLZ%G, LABHLTCE-EEZ N TS (B - EI, 1988).
BOHE A A H O NS-13 5O PEIFFICBIN S 722 7 O XA L L, EY R 258w
WE 2900 m MR (BUKks, WaE) 3494 M2FEELAAZ Z 4 MIEMTHELWS
Es, S HITIREBOBGIFEN A & HAF L2 HBKE 726 LIRS ISIEA 94 56T 5 &
FHEENSE (fREE, 1968). F72, HHMF AHD Yo2 Hiz-EAIE (EIE 2483~2590m) % HiHhit:
FUFXENCLTEBY O - #J5, 1986), EEoYiI (SK-9D) oL (RER 2,370~2462m)
24 94 P B USEABEDSHR SN TYD U - fiZE, 2014).
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2) HJIl, g, @BFE, £HEibE

I, A, WA o 2 AKIZBIT 5 880, 8D fl, Cl™ i o B4R % Figs. 5b, 6b I2/R7.
INEDOMAKDNGES I SITL (ODP) 2724 R % b D ASITL (284 b A /K o T i
WA ThHBARAZ Z A MALEFHE R AS (A) Lidb A 74 MIEB L7z S RE Y 2w

LA T4 ML 7 AT (Yad2, 43, 45, Yr2 254H24), B £ U° Na—HCO, # Bk Ik o 3 5k
5 AM (IRAE) 55 7% % (Fig. 5b). HFIEHIE (] - FERRE), B LWL, UG (&
MNig) O»AKDE L (Yrd, Sr8, 12, 134) o §%0 fli & Cl™ iEE 3l ASITL 43512 (Fig. 5b ;
TIEE S, 2000 : uEE, 2014), F7- AK' & ClREEIGHEMLL o 7oy FEhsd (Fig 7b). L
2o T, TNHEDODNAKELZLLHBRKIEAAZ 74 bDAL T4 MEOEEEZITTWD &
FWE s, EAEI - AW OALER 15 km (08 3 2 L8R [{B R~ (Fig 1b ® NH) o%
JIE (REE 2700 m BARR) \C /S IREBHM 54§52 L LBET S (FA, 2004). #lstE LT,
A (1 - WHERPUE) @ Yr2 @ AK B ufhaicd %5 (Fig. 7b). SO E LT,
Yr2 O FEHRICHA T ARG (HARZRE) SR ZNYOBKEER CTH LA ) KA
DRI VICHET B 205 UUES, 2016), 22AKZE B 725 L MBKAEE 5B E)
L7, HYEAOBEMICE o TK ML TRMAZZ5NE. &b, RHMIBODAKIE
AL SITL (ODP) 224 % b OEM YSITL W L ZDMEEAMSTIZ 7 a Y b 8B A5, AK'
& Cl I AN BB AR IZ 3RO ST, BIBKDR A X2 74 hDA 54 MEDEEEZIT TV
MEDEH S T (Figs. 5b, 7b : MIEE S, 2000 ; Wi, 2014).

SAGHIE (NIRE) & A (] - PHRIRE) OB A GRERTH L L s h
TH Y (Igari and Sakata, 1988 ; AR - EJII, 1990), TS DOHINTH B MREIF A & > Bk
WICAAZ 54 bDA T4 MEDBHEITL TV,

3) ®F, BE, Xitihisg
KA (BoORRE), EE, KBo»AKD AKT & ClEEFEHLLMAEICTay b &h,

Table 1 Summary for the diagenetic evolution of pore water trapped in the marine muddy sediments of
the oil and gas fields. The Ny, Sy, Nt, Lt, Fu, On, Nk, Bs and Mr are the same as in Appendix 1.
Kr, Kurokawa oil field. Triangular, partly.

) Oil and gas areas
Dia- Compositional change
genetic| Diagenetic process Amarume,
stage of pore water Niigata | Nagaoka |Sarukawa| Yabase | Yurihara | Atsuma, Barato
Tenpoku
-Sulphate reduction |- Decrease of SO, concentration O (0] O
- Calcite “Decreases of Ca®* and HCO, o o 0
precipitation concentrations
“Reaction of *Decrease of Mg2+ concentration
volcanic material to |- Increase of Ca®* concentration o} e} o} e} (e} e} (¢}
Early |form Mg-smectite "
stage *Negative shift of 5 °O value
+Ton exchange of + .
I f N
Na-smectite to Mg- ncrease o a2+concentratn?n o o o 0 0 0 o
smectite *Decrease of Mg~ concentration
*lon exchange of | .1pcrease of Ca* concentration x (Ny) x (Lt)
Ca-smectite to Na- X X X X A
smectite +Decrease of Na* concentration A (Sy,Nt) A (On,Nk)
'Decreaseg of K cand Cl x (Ny) x (Lt,Fu) | x(@Lt) |?(Amarume)| x (Mr)
Late |-Smectite-illite concentrations o A
stage |transition O (On) O (At
+Positive shift of §'°0 value O (Sy,Nt) M (K;l) O (On,Nk) Tenps;kls;iy O (Bs)
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MBAKIZAXZ 74 vDA4 T4 MEDREE2ZITTnWDE Z R Es (Fig 7b). Figures 5b,
6b 5 bH D L HIC, Rt BEERICBIT S §%0, 5D i, CI7 i (RIELSS, 1978) 3k
LA 4 MIHBLZ VSEAREW VLA T4 ML 2 baik (BRLTwawy) &
Na-HCO; BIEAGEEAR () 28 REH TML i 7ay &, TOMRIERDOE ) TH 5.
K & Na—HCO; B R IR O G i AR 25 BRI P LA S e 14, BIBARIE KW
HWE D Mg—A X2 54 MbE 272, ZORE, Na—HCO; BREAGRJEK (F) & A X7 54

AL PG A ek () 2 %5 SEA (A AMLACERD) fEic7e y b S22k o §°0,
3D, Cl #eEEDS, PEDMEATICAE D ik b AR L s R E R o2 A7 7 4 L4
T A4 MUIZHED BAKBIS 2 20 C, EMAR TML TS 7 b Lz, EEMCE, SR [
OMENLEEH 1700m TTEIAAZ Z 4+, THUETR USEERBED» AL TBY, &
- BN O AKE & 725 L7z BBUKIZEREER 1,700 m LLEOIRETE O IR MR (B
H) CHUAD S BBR s EERE - RERDE (RE) ~EHBE LI -oTHSLH (irek
5, 1982).

R\, WEEEIEEHERE Y O IR E LB AR CHEAT 3 A BEEEFURZ IS & B MUK DML o T, B
2 RHIB DD AKDKERIEEEE T LB L, TablelOE BN THE. SHBOIAKE D
725 L= BIBRAKIZ OB B O 58 % 2\ T 7= t%, BIReRilicin®, KW (MR - t5R),
N (—E6), SME k), BHAE (I - ERRE), X7 (BoRRE), B, Kikhbiko B
KIEARAZ 54 YDA T4 MEOFEEZEZIT 72,

6. £ & &

|, B, B, GE, mAE, &H, XK, EE, RGOS A F2 A K E TS
2, FHAB L ORE MRS T — & % ST L, M52 BB AR IS B0 2 BIBK (i
K) DHRALOBLTNIN. 5T, DAKE S 25 LHEREMRAY IR 128002 MBRKOKE
TR 2 et L, LT R E S sz,
(1) IhHorAKIEHEAKE Na—HCO; BIEAGEFKREAE L3O THY, LT Ca”, Mg™,
SOL IZZ LKL Na” IZRRE AR D LN L. FiE, B, B, /UG HAR, 4&HMBET
BORT A %D % L OB AKD §0 L Cl EERICHBE 2 BHERBO SN b —T, HiE,
HII, SIS CTHMA T A 2D —HOPAKD B0 HE Cl BERIIZIEMBEFED S,
BUHEARFHE D Cl #REEZE D0 AKD 850 iz~ 1 F A& RT.
(2) DAKOERSGB X OZE MR ORI IR R 2R O R B LA CTHEAT 3 2 Mk ki
ZHEIZ X BHIBKOMELIC L > TEHEWICHH I NS, Thbb, HTIEE L BRI
B Na—RA A2 74 Mba 2 TAR L7z Na—HCO, BUBEAGEIFKIC & 0 k2 4~ ORI
FREN, HEY % EHERBEHERYICH LA Shi. 2o, BBRISMEDREA ¥ v 4
WA TICRERT IS, HIRAAK, KIMEWE D Mg—A X7 % 4 Mb, A4 F »Zfis (EF
IZNa—AAZ ¥4 DO Mg—AX7 %4 ML) OBz zF, OISR & > ARSI
g, B HES - L), B (), G (), mAE (- WERRE), k5 (&
ORE), HE, RILMIBOMBKIEZARXZ ¥4 hoA 54 MLOEEEEZIT7-.
(3) BIHCEE, AAMKHAT, FrRFE, SRR SRR, PO RIS A S A IR
ISR AL R B X 0K A A H A A K O KB T ISASHE A il 7 A 2 AZKICIEE L THB D,
AN % B Tl IR BRI B U@ 5 7= BIBRK &2 IS 2 35 bR B X O A H A Ak
WIESEHATE 5.
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Appendix 1 Well location and data source of the brines from the oil and gas fields in the Niigata,
Akita, Yamagata and Hokkaido. *1 Parenthesis shows strainer zone or feed point.
Abbreviations : OF, oil field ; GF, gas field ; OGF, oil and gas fields ; Ny, Nishiyama F. ; Sy, Shiiya
F. . Nt, Nanatani F. ; Fu, Funagawa F. ; Lt, Lower-Tentokuji F. ; On, Onnagawa F. ; Nk, Nishi-
Kurosawa F. ; Yt, Yabase tuff ; Kt, Kitamata F. ; Ma, Maruyama F. ; Mr, Morai F. ; Bs, Bannosawa
F. . Km, Karumai F. ; Wn, Wakkanai F. ; Mh, Masuhoro F. ; Kt, Koetoi F.. References : (1) Kato
(2018), (2) Kato and Kajiwara (1986), (3) Kato (2014), (4) Kato et al. (2000), (5) Motojima et
al. (1960), (6) Shigeno and Abe (1982), (7) Futamase (1974), (8) Azuma (1966), (9) Uzumasa
and Nasu (1960), (10) Matsunami (1993), (11) Matsubaya et al.(1978), (12) Unbublished
data, (13) Kato et al. (2014).
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Field Well No. Well name Reservoir Depth(m) ! References Field Well No. Well name Reservoir Depth(m) References
(1) Niigata area Yal9 YC77 Fu (537) (5)
I ki OGF If1 SIM-B5 Ny (1600) &) Ya20 YR17 Fu (848) (5)
If2 SIM-B7 Ny (1900) D) Ya21 YR24 Fu (894) (5)
1f3 SIM-B6 Ny (2000) &) Ya22 YR42 On (1062) (5)
If4 SIM-B1 Ny (2050.2481-2534) &) Ya23 KRI11 On (1100) [6)
If5 SIM-BS Ny (2100) &) Ya24~46 [@)
Hirakida GF Hk1 SK-11D Ny (536-542,680) ) (5) Yurihara area
Hk2 SK-7 Sy (750) &) Ywihara OGF Yrl SK-6D Lt - [0)
ShinTainai GF St1 NS-3D Sy - @ Yi2 SK-14D On - [0)
St2 NS-5D Sy - @ i3 - On - ()
St3 NS-9 Sy (SD (1) Yrd SK-9D Nk — (4)
Shiwnji GF Sul,la SK'1 Ny (600.628-633) W@ _||Ayukawa OGF Ayl Al On - &)
Su2 SK-23 Nt (2914) @ Ay2 - On - [6)
Su33a SK-25 Ny (519) 0@ ||(6) Amarume area
Agaoki OGF Aol SFA12 Ny (ND &) Fukura OF Ful,la SK'1 Kt 1300(874-897) [0)
Ao2 SFAG Sy ) &) Amarume OF Arl SK-8D Kt 886(853-856) [0
Higashi-Niigata OGF | Hnl NS-2D Ny (1450) ) Ar2 SK-20D Kt 1091(939-943) @
Hn2 NS-4 Ny (2340) 1) Ar3 SK-27D Kt 915(821-840) )
Hn2a NS-4D Ny (2640) @ Ard SK-53D Kt SK-53 [0)
Hn3 NS-9D Sy (2900B) [2) Ar5 SK-71aD Kt - [0
Hnd NS-37 Sy (29004) &) Higashi-Amarume GF_|  Ha SK'5 Ma - [0
Hnj NS-33 Sy (2900B:3522-3548) &) (7) Barato area
Hn6 NS-13 Sy (2900D) 1) Barato OF Brl SK-2.1 Mr 524 (7)
Hn6a NS-13DL Sy - © Br2 SK-22 Mr 466 ]
Hn? NS-10 Sy (3100) [0) Br3 SK-3:3a Mr 395(348-395) @)
(2) Nagaoka area Br4 SK-7 Mr 552(520-552) ]
Mitsuke OF M1 SK-12D Nt - [2) Brb.5a SK-8.8a Mr 405(371-405) [}
Mt2,2a SK-40 Nt (D 0E Br6 6a SK9,9a Mr 382(358-382) M®
Mt3 SK-38 Nt (m) () Br7 SK-10 Mr [©]
Mtd SK-7aGR Nt 1772 [B) Br§ SK-11,11a Mr 388(370-388) [0
Mts SK-11D Nt 1762 @ Br99a | SK1212a Mr 379(355-379) [}
Mt6 SK-14 Nt = [B) Brl0 SK-13 Mr 388(363-388) (1)
Mt7 SK-16D Nt = %] Bril SK-14,14a Mr 284(281-284) )
Mt8 SK-19 Nt — @) Bri212a| SK-1515a Mr 398(368-398) ()]
Fujikawa GF Fj1 SK-2D Sy - @ Bri313a| SK17.17a Mr 384(354-384) DE)
Fj2.2a SK-7D Sy 1 [F) Bri4 SK-21.1 Mr 404(384-404) @
Fj3 SK11D Sy - @ Brl5 SK21.2 Mr 365(285-295,320365) (1)
Kumoide GF K SK'5 Ny - @ Brl616a | SK2222a Mr 365(345-365) @)
Yoshii OGF Yol SK-1D Nt 2952(2739~2824) &) Brl717a | SK2323a Mr 433(415-433) [0
Yo2 SK7D Nt 2598(2483~2590) B) Brigi8a | SK2424a Mr 388(369-388) [G0)
Yo2a SK-7aD Nt G1) D) Br1919a [ SK-25.25a Mr 397(377-397) @®)
Ya Yasuda(SK-3D) Nt GI) 1) Br20 SK-26 Mr 383(370-383) @
Katakai GF Kal SK'1 Nt (1137-1167) (13) Br212la | SK272Ta Mr 402(382-402) @)(®)
Ka2,2a_|Sak hiSK-1D)| Nt - [2) Br22.22a | SK:2828a Mr 472(433-472) )(®)
(3) Sarukawa area Br23 SK-29.20a Mr 398(389-398) [@)
Hachimori OF Hel 2 - Fu - [B) Ishikari OF Is1 C47 Bs (1180) ©
Sarukawa OF Sri~3 B Fu = ® 12 R69 Bs (1180) ©
Srd SK-59D Fu - [0) Is3 R84 Bs (1180) 9
Sr5 SK-26aD Fu = [0) Atsuta OF Atl C2 Bs (1180) 9
Sr6 SK-16D Fu - @ At2 R3 Bs (1180) 9
Si7 SK-74D Fu (990-1037) [0) At3 R4 Bs (1180) )
S8 SK-76D Fu = @ (8) Atsuma area
Sr9 SK-11D Fu B [0) Karumai OF Am1 R13 Km = ©
Sr10 SK-10D Fu - @ Am2 R20 Km - ©
Sr11 SK-68D Fu - [0) Am3 R30 Km - ©
Sr12 SK-12aD Fu - [0 Am4 R77 Km - ©
Sr13 SK-79D Fu - ) Am5 - Km - Q)
Sr14 SK-65D Fu - ) Am6 | Noyasube OF Km - )
Hashimoto OF Hml SK-10D Fu - [0 Fureoi OF Am7 K7 Km - ©
Hm2 SK-9D Fu - (4) Am8 C4 Km - ©)
Yoshino GF Ys SK-4D Fu - 1) Am9 R9 Km - 9)
Fukumezawa OF Fm1 SK-17D On - ()] (9) Tenpoku area
Nishi-Oogata OF No SK-6D Fu - ) Koetoi OF Tplla R2.2a WnMh - [G)
Fukukawa OF Fkila SK-7D Lt (718-726) (3)4) Tp2 R5 WnMh - @)
(4) Yabase area Tp33a R8.8a WnMh - L)
Kurokawa OF Kil~3 - On - 3) Tpdda R1l1la WnMh - (1)9)
Yabase OF Yal.2 - Lt - 3) Yuchi OF Tps R13 Kt, Wn - ©9)
Ya3 - Fu - 3) Masuhoro OF Tp6 c17 Mh - )
Yad~7 - On - [6)] Menashi OF Tp7 R6 Mh - ©)
Ya$ 0C25 Lt (226) (5) Tps.8a R12,12a Mh - (7)(9)
Ya9 YR18 Lt (266) ®) Toyotomi OGF Tp9 |Kitatoyotomi-R2 Mh 1507 (@]
Yal0 KC2 Lt (263) (5) Tpl0 |Kitatoyotomi-R3 Mh 1149 (7)(10)
Yall 0C36 Yt (302) (5) Tpll | FukunagaR2 Mh 864 [
Yal2 YC50 Lt Yt (307) ®) Tp12 Toyotomi-R1 Mh 961 @)
Yal3 KR20 Yt (405) (5) Tpl3 | Toyotomi-R2 Mh 864(765-852) [
Yal4 OR30 Yt (380) (5) Tpld | Toyotomi-RS Mh 908(696-908) (10)
Yal5 OR7 Lt (220) (5) Tpl5 | Toyotomi-R4 Mh 958(720938) (10)
Yal6 AR9 Yt,Fu (470) 5) Tp16,16a | Toyotomi-R1a Mh 966(674:966) (10(12)
Yal7 AC3 Fu (693) (5) Tp1718 |  Toyotomi Mh - 5
Ya18 YC94 Fu (410) (5)
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