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Fluid Formation Mechanism of Deep Chloride Hot Spring
Waters from the Central Kanto Plain, Central Japan
— Diagenetic Evolution of Pore Water Trapped
in the Kazusa and Annaka-Awa Groups—
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Yoichi MuramaTsu”*, Muga Yacucur® and Takeshi Opa?

Abstract

Chemical and stable isotopic (6**0, 8D) compositions of the ten non-volcanic chloride hot
spring waters in the Central Kanto Plain, Central Japan, were analyzed to clarify the
diagenetic evolutions of pore water in the Kazusa and Annaka-Awa Groups. The chloride
spring waters originate through mixing of fossil sea waters with local meteoric water. The
fossil sea waters with lower contents of Mg and SO.* and higher contents of Ca® and Na'
than those of the present sea water, have two kinds of different 8O value. B and K'
contents in the water from the Annaka-Awa Groups are higher and lower than those of the
Kazusa Group, respectively.

These chemical and 80 compositions can be reasonably explained by the following
diagenetic processes ; Sulphate reduction process, calcite cementation, reaction of volcanic
material to form smectite, ion exchange of smectite, and smectite-illite transformation. The
oxygen isotope negative shift of the fossil sea water reserved in the Kazusa Group reflects
pervasive reaction of volcanic material to form smectite. Meanwhile, the oxygen isotope has
positive shift of the fossil sea water reserved in the Annaka and Awa Groups, resulting from
smectite-illite transformation.

Key words : Central Kanto Plain, chloride hot spring water, pore water, diagenetic evolution,
Kazusa Group, Annaka and Awa Groups
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BT R Ui oo _ERSRE RN 2 g & Zerp - R B 2 8 & IR BEA I3 A IR Db F K
e (8%0) - kFE (D) WEFMARLLZ 504 L, MEBRZE I X 5 iAo [ K
DAL DI > THALW R O ARG TR % RS L7z, ARHUIS oL R I3 LA K &
Na—HCO, B BEARFKDBEIZE > THEEINLDDTH Y, (b5 % A5 & BliEKIZ
LT Mg & SO2 122 L Ca¥ & Na' I28F AR g b Kk 12 i@ § 5 A%, e -
P EEA MG O LA O Bt e <, KisERmey. —7, KERMVELEZ» 5 L
B BEAH Y 8 D LA HEAK O §B0 I BLHEK & DR VAS, % - EBEAMEIIE Y. 2o
X9 AL B X OB RNAR L QR BE, T I B iR & 7=k S et 2 % 52
T, ROEHHALT B LI L > TEHWICHPI SN L. Y % &t e B HERE W 12
B U iR &N 72 KA TMEEE TSRS 2 5200 72, X512, BT TIZEE I Nk
IRHEEIR 2 MG BT 2 @R T KIUMEY E ORALIEH % 20 TEE L 72 BAGEBKIZ X - T
e ORI EINSL & EDIC, HAL AL ML, wEREEDHOXKILEDE DB X O Na
—ARAZZ 4 bDMg—ARAZ7 %4 MbEZITT, BifkE ) Mg & SO 12ZL< Car b
Na' ICELHBUKICHEIL L. 20, ERBEANE X ) IFEREEESH VR - ZEER
MEBTIIARAZ 74 bDA 54 MEAIHEITL, HIBRAKD BEED LR E K REOK T A5
ATZ FREREA Y E 2 IR PR T AEATEKISB T 2 BRI L2 8%0 o~ 1+ A
V7 MIKIEWED A A 7 5 4 ME, B - RERBHHLEO TS A7 MIAAZ Z 4 b
DA T4 MEIZENFNRINT 5.

F—7— F : BBOPEP I UeEr, SAEPR, RIBRK, BN, ERBEAME, 2 - REE

TEAH Y

1. U &I

BIHOEEF R el (RRUHR, SR, T35 O TEIRICIZKBEERR T 2B L OHR G &
BT 5. HalBRE» SEREBICAT THL MO RRT ABROMEE HE L2S B
AL ANHE S, KR H A B X OB DAL R WENG T, At K o I 3 B Rk 7z
EOMREDNLBATbNTE 72 G, 1961 ; I, 1980 fRH S, 1988 &1 5, 2010 & &). F 72
MR BZE 2 B L L 7RI OB & A T b, BEERIRIR K O R 2B 3 2 WFFE R R AT
SRS SN TE 2 (FHS, 1988 : BI5, 2001, 2004 : RIS, 2003 % &), TN S5DOMEIZL -
TKEREE DR DS TR > TEDS, MBS IR o TRIRAT A B A KR GRS
KD 22 KEE I 2 e L 25 I Z AR SR Tuwiy (BIFS, 1963). 2D X9
BURICHEAT, A5 (2008) (XBIHCFEFHguiBIC A 3 B it 2 W42, PR BEE N 850
FEVE & M T RECE ) & AEIR S A & L IS, MBS ARSI L B BRI O TR B G- L 7R
TARDKETBMERE 2 Wi LT b, Z OREIEBBHEOMINIE TG & & ITHEHE - KKEZE
BRI D 7 — 5 b KE e\ as, AR 28R IR IS v odrBlikTh ) (B
5, 2001), FEWMES X OLEFMARL 2 BENICHIIT & 2 KERBERHEOMINZ THh T
W72y,

IREVERIR AT AR % & BRI IR AR L R OREM TH ), KEIILATEAKIZK
ELHRENTV D, O A KL BB 2 1 o #E S HERT I P Uik & gk (RIBRAK)
DR BB CHEIL L 72 D TH Y, BIPEEF i 550 46 3 % SEAL St 0 7K BT B ASAR 05e
VEHINC & 2 BBK DAL DI 72 o TR T B Z E WA RTH D, SO XD RBE»S, A
2T BUPE BRI A T A SRR 2 MRS, KEDB L OME - KERERMARL 3 % i
THEEHIT, MRG0T TICETNEBBKOEGHGHE (85K S, 1983 &K - BiG
1985 ; #iK, 1996) Z A, MIFBIKZEIC & 2 KO HEK O EAL O SIS - THALY
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DRETEEHRE A L7z, b, ARTRIBETRNS W72 K& iR K (Spring water) &
WPFR L, MR IZIRAF§ 2 AIRI 2 iR K T A IRE A (Deep fluid) &XHIF 5. 72, ik
DAHFIIFTAEH TET .

2. WEHE

FASCTEP iR 0 WU I B4R (2006, 2008), #K5 (2004, 2006, 2008), A (2002) 7 &2k -
THEINTEY, BiF (20060 BLOKS (2004) 12X %X B L OHUEIIEIX %2 Fig. 1 (2R
T RIS OMEIIT T RERAYRE & FAREREA G E (BRI~ ) 2L, Thb
DA O A Y R & 2 RN (hFrt) 2RELCwa tfEEIhTn b,
09 b, HEBEEMYREIEERYEE OB MBER DAL < B3 2 piilinaEmcd by, L
B T~ T B A R HEAR AR 0 & 2 2 SRS BT 5 (5, 2008). Zerf M
R R E R & RIS E 2 B R O MUK B W A 5 7 A INNHER IR CH ), BIR
SPEFIZIA K 534G %25, T3 AL AER 2 & IRORIR S0 LR 320 20 T OB I A L T e
(PR S, 2004). ZHEREIEAYE & 2 A Y E OB RIISFE SN TV R VWO T, K TIERd -
LERBHA YR LR 5 (K5, 2008). & - 25 ALY I T B =R EREHED 5 Wi
PR R A M 2 AN A ICEH > T 5.

AR AR Z IS VAR Z W aERHA R L, BREFHLE ISR v
M ETENREME S ND (RS, 2006, 2008). 2o - %05 R Y 8 13 B 2 #h 50 A% H
VOWELREDERE» S %Y, FREEMYEICERANES (W 15Ma) THEHAL. LREHAM
VI s LIRE TR E N, B - RERBIHLE &R REAREG TR S I Lo THRLTE
D, FEICEREIIAMAE TR 2000m bR, BEHOETD 1,500m Pl e, dLicimig <
WEEIZEL 25 (Fig. 1a).

3. HAMERNELUTE

G - R E 2 I B2 LT B 10 3 o0 kiR T 2015 4 4~6 HIZERK L7z (Fig.
. BMTAKiL pHZAAY=— ACT pH *—% (ELRIEFE D-24) THEL 2k, 24TH
ELTH500mL DAY ZF L K2 ARICIRAKT S L EDIZ, Fe, Al E LT100mL KY =5
L1 ARIZERAK L CIERIREEIC X D LB A E L v X 912, #R 2 ICERE ImL 2 Nz T
pH % 1 FEICHREE L7, INH oK 2 ERBICHBIED, SHEFLERS 25 L7z R
RIOBHIEREI KPR Y 7S X 2885 CTH o 72, FRARIGILOFHED 5355V 7 % v 728K
FTAr) SE 2B E L722s, V79 5 a3 GO TSl cE_ L 72, &b,
B CIIRRITAEE L D HEEL X OILHEOMEICHT 2B 2B %2/ L 72, R AK
DOHMTER & HiEZROEY ThAH. HCO; EIImEEE ¢ (HACH # AL-DT) 12X % pH4.8
TN E SR L7z, Na', K, Ca™, Mg”, Fe, AI", B, Si {3##t 6 7 L — & B WGk
(Analytik Jena # ContrAA 700) T4##T L, Na’, K', Fe 121& C:Hy-air 7 L — & %, Ca*, Mg*,
A", B, Sii2lZ CGH-N,O 7V —2a &2 ENEFNMHL7-. F, Cl°, SO 34+ ru~x 7o 7k
(Dionex # ICS900) THWMT L7z, BRFEZEMMARIL (8¥0) &ARFELEFRMMALL (8D) iZF ¥ €7 4
V) » 7 ootk (PICARRO # 1-21204) 2 A L, BHEWE D O OT- 55 {m 2 (%) TELZ.

8(%0) = [Rx/Rs—1] % 1000 (1)
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Fig. 1 Geological map of the Kanto central area (after Takahashi, 2006 ; Hayashi
et al., 2004 ; Suzuki, 1996 ; Suzuki and Takahashi, 1985 ; Suzuki et al., 1983 ;
Takahashi et al., 1983 ; Tsuruta, 1994). Counters in meter indicate the depth
distribution of basal boundary of the Kazusa Group from sea level (after
Suzuki, 2002). TTL, Tonegawa Tectonic Line ; KSF, Karasuyama-Sugao
Marsh Fault. YK, Yuki observation well ; IW, Iwatsuki observation well ; NR,
Noda observation well ; NP, Nagareyama observation well ; SU, Shimousa
observation well ; SR, Soka observation well ; ER, Edogawa observation well ;
KT, Koto observation well ; FR, Funabashi observation well ; HW, Ohmori
observation well ; FT, Fuchu observation well.

22T, ReBIUR IFREB X OBEWHOLERM AL Z ZhEnky. *0/°0 e D/H I
DEEHEYEIZ1Z Vienna FEHEFIHEK (V-SMOW) & H\v, 8°0 & 8D HOMENE X Z 2 +0.05
& +012%FEETH 5.
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EHIT, FEES (2008) (XBIHCEEF UL A B IR O KB 2 S LT 525, EEE -
RFEREFAMARLITHE L TR T, LEBHMALEZEEEEICL TS 4 o &k
EMRICEZSOMEETIHERFERML CEX2HETUMELZ. T4bE, K% 02um o7 1
VE—TUBL, TCESNETC X VERIIFT T AEREFCT—BILREIC, KFEZ7 B AHTK
RicEneEng L%k, BE9ME (GV Instruments # Iso Prime-EA) THlE L7z (R 5,
2013). 8"Ofit, SD MHOMEREEIZZFNZN £02%, +20%FEETH 5.

AWFFETIE, BAHCEE P eI 04§ IR ORE B & OB - KRFRLE FMARRICH T 5%
CORFGmL (5, 2001, 2004 ; AH#2 5, 2008, 2013 : &EHiS, 2003 7% &), BXUAFTTE
TR M 8 % N 2 C A & MR L 72 90 M & 3 SIS 2 FEHi L7z (Appendix 1). E 512, ¥
H (NR), @il (NP), %l (SR), #f& (FR), L)l (ER), K#&% (HW) D& RKK» ABLEIH:
WZRET AAFREK (IS, 1963 ; fEH &, 1988), B X Wi (FT), L (KT), F# (SU) o
B HGBR B OJEHIRE SIS N2 3 TICE TN BBUKO F RS0 GRS, 1983 &K -
G, 1985 K, 1996) D ARFHICINZ 7.

4. BRBEIVEE

4.1 BEMROER

4.1.1 BREKOERSDH L CEGEHERK

TR K DILEGHTAER AL S (2008) OZHHil & B2 T Table 112, AFTE MR AB LT
WIBAAK D5l (Appendix 1) 272 b)) =7 ¥4 X2 F L% Fig. 2 I2ZNZFIUuRd. i
D7 IR EE A 2000m 1ET A DL H DA, 1500m BiE2 d o & %<, HEE 800~
1,000m F CEAESTHASNTVD Z Lh s, RARSNIZEPTMAKIE I NDIROZ T - 255 i
L8 & FARTE A 2 g o R IRAY Cerdl B A I 12 LT S HIlr S 1 (Fig 1 AR S,
2008), HEFEHEAN YR TIZASKEEA D BEA 127 5 T B TR 5% (Nos. 13, 58, 65, 66, 76 %
). AWFZE TR R OKETEAEE IR & CBIb % R (Na—HCO: M) M oxt4
WmzZ<TBY (Fig.2), 2O 4 7IIHEEILIMB L TZORBIZEIIHA LTS (Fig. 1). i
KEBKRDBEEW S 7 B HALW R OL 3 AKABERE ) Na' I#BFETH Y (Fig 3a), HifLh
WO SOF BEIZKL, Ko b oK% L5 (Fig 3b). B/Cl BVIIFEFAREICE -
THRRY, & - RN EZ AT 2 ERER L D RE W2 R L Tw
% (Fig. 3¢).

4.1.2 HHROEE

(1) R -REBHHEUYEZITERAICTELEDHR

T - BN E 2 IR AT 28R Nos. 1~10) ®%7T, ClRESEWEE
5 (Nos. 6~8) @ Mg*/Cl” 4=t (0.044~0.068), SO /Cl- &L (0.000), K'/Cl™ L& (0.005
~0007) 1ZHHEAK (Mg*/Cl- 4 0205 SO /Clm 4 0101, K/Cl7 M4 0018) X b &
W75, Ca®/Cl" 4k (0066~0.078) 1&HiEA ([ 0.037) &)=<, Na/Cl 4E (0831
~0911) HHHEA (I 0859) LHMRER WV LR, BRI O L) ZARENEEZ D - 72
ZREK (bAiEK) ERRPRELZDOTHS.

ko 880, 8D fili, Cl M OBZREZES (2001) OF—% &P T Fig 41259, BHIN
WO EB X ORP - ZEBEAHYE % IR A 123 5 Na—HCO: 5 (Nos. 25, 26, 36, 38 5 B
5, 2001) 13 KA# BD=8 §“0+15) FHElIc 7Ty X, BRILMZ X O SEsETHEIN
ToBEk ZRFIZ L TwD (Fig 4a). Nos. 1~10 #1512 Na—HCO; & % I 2 72 MBI AR GRA
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100% M Na-Cl type spring water in AGR
[INa-Cl type spring water in KGR
ONa—HCOatype spring water

@ Na-Cl type pore water in AGR
<{Na-Cl type pore water in KGR

Sea water

N 0%
100%

—
100% 0%

Fig. 2 Trilinear diagram for the spring waters. The sample numbers are the
same as in Fig. 1. AGR, Reservoir rock in the Annaka and Awa Groups ;
KGR, Reservoir rock in the Kazusa Group.

ML1) (ZIZIEMB2SH20 S, Cl L BHmAK (19800mg/L) 1255 Lw &l L bk (b
FHEK 1 EWERR) @ 8%0, 8D I F N2 +190 (Fig. 4b), +54% (XIx#%) & B&ED s,
HALY S O VEEBFARZ 850 MBI L ) 75 AL 7 b L7AbAEAK 1 & Na—HCO, B &K 5
KOBEIZL > TRIE SN LHEESNS.

(2) LEHEHHENEZFERACTIELEHR

FRRBEMYE 2R E ST 2R (Nos. 11~14) O 75T, Cl #EEEAE ik R
(Nos. 12, 13) @ Mg*/Cl- 4 (0.018~0.019), SO /Cl” Y&t (0.002~0.007) dH K L Y 5
D ARV—J, Ca*/Cl” % (0053~0067) & Na*/Cl M4 (0897~0.905) 3HLiEAK X Y %
R L, AR VISP 5 A % b - 72 bR RS LTw 25, K/C Bk (0022
~0.033) I FHHEAK L Y RRE. PO L D HOMBRN (Fig 4a) A5 L, LREEH YE%
WP REENC 9 B Na—HCO; 5t (Nos. 73, 75, 78 5 15, 2001) (KA (3D =8 80+ 15) iz 7
Ty hEN, BEILIMZA E 0SS THE S NROKZREICLTWS, FREEEH Y E % i
FEAICT % 4 i (Nos. 11~14 ; Fig. 1) (CBRILI# 0 JEMA 35 X OF FAR R BEAR Y R % IR R 1
¥ % Na—HCO: 4 (Nos. 25, 26, 73, 75, 78) Z M A 7-AHBIEA (GRAM ML2) (Zi35m v IEAH A
FoOHN, RAWMLL & BICXHTE 2 (Figs. 4a, b). ERBEHYE 2 B BT 5100
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Fig. 3 Na™—ClI™ (@), SO —CI~ (b) and B—CI~ (c) diagrams for the spring waters.
The SMML shows the sea water-meteoric water mixing line. The sample numbers

are the same as in Fig. 1.
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20

()
0 s
~ 20
§
a
@ 40 f
-60 5 65 7 MNa-Cl (Annaka and A)wa Groups )
! ONa-Cl (Kazusa Grouj
: 3 ONa-HCO, b
+ Sea water
.80 1 L 1 1 1 1
-12 -10 -8 -6 -4 -2 0 2 4
8180 (%o)
%
w
- 12 L L 1 1
0 5000 10000 15000 20000 25000
Cl (mg/L)

Fig. 4 6"0—06D (a) and 6 "*0—Cl™ (b) diagrams for the spring waters.
The sample numbers are the same as in Fig. 1. The FSW1 and FSW?2
show the fossil sea waters 1 and 2, respectively. The ML1 and ML2
show the mixing lines of FSW1, 2 and meteoric water, respectively.

ok (bfifEKk 2 LIPFR) 225 7% % Nos. 12, 13, 13a #1500 §°0, 8D fliZ 22 — 240~ —2.92%
(Fig. 4b), —29~—-86% %/~ L, WHEBIHMAIZ 3“0 A BUK I D~ A F+ 27 b L7AbaiEK 2
& Na—HCO, BIF/GEIFKDREGIZ L o TR SN L L SN S,

4.2 BILYROKEFBERE

TRIEEEHER D B Lk S 7zigKk (FBK) O#ELOBIIT. - T, Rz b7z6 L7
TRERI AR DR BT A 2 £ 59 5. SR OIS L 22 RBUK AR TH 2125 Bb
59, MFH, I, TREIEO LB YRS X g - BRI CiAo 5Nz
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Bk Cl BB K & DRV RS HE SN TB Y (Fig. 3a: #K 5, 1983 A - HfE,
1985 ¢ §iR, 1996), MIBR/KIZIEBE @A T RAGEIFAKIZ X 0 A4 OFEEEICAIR & 72K 25 HERG
CHULRAD LN DTHS (I, 1980). D &I ZifEA Lk DIk Cl L b - 220 &M
BN 5 7 OMEEHER 2 ST 28 HAKR ETRBEINTE Y, k& BERBROBEKOEAC
X5 EMREN TS (Tsunogai et al., 1996).

ALY 53t O ARG T A L3 BRI TH 2 RIS R (Na—HCO; H) oI B 2R
7322 &hn, DUMICIZRERER O KRBT RBERE 2 B _7 1412, 3RALW R OB % 5 52
T5. B, WRKICEINFGTORBEL BT 5I12H72- TE, HBKOLFEET TS
R - RIBRZRD ZLER D L. BB Cl 5T RCTHARETH 2 EMRE LT, ®’X & bRk
OWFE - KRBT H MBS OMREZHB L7

AM] = [M] - [M/Cl..x [Cl] (2)

Z 2T, AM] B OB - KA A M, (M) E O MG ORE, [M/Cll., © K
D ClAZx$ 5 Mo, [Cl] : #F o Cl R
4.2.1 REIEROKEREEE

WG (Na—HCO; Bl) @ ANa™ & AHCO,™ ##JEIXE#M ANa"=AHCO, ffiEic7my b Eh
(Fig. 5a), Na' & HCOs; #REEKINMEWE (HRAMK) O Na—2*x27 ¥ 4 MLl shs.

2.33NaAlSi;0s + 2CO; + 2H,0 — NagyAl3SizeOi0 (OH) » + 2Na* + 2HCO;™ + 3.32Si0; (3)

K—EEW) AR 71 75 4 [SOLVEQ] (Reed, 1982) % \WC, EEEMADO Na—A X7 & 4
M 2 BRI R R B L 22k 3, RN ORI Na—A X 7 & 4 MIEHBANREICD
% (Fig. 6a). ZN5DOREFIRERFER KA D=8 §°0+15) it TIFIFHA LT B4
BaEWET 5L (Fig. 4a), BHRILIMZ & OBSEEE TR TERE L, ks, LRk
MR, i - R MR 2 WL 2 KL E O )BTRS & o TR IR ORISR AL
WEN LW ENS.
4.2.2 E{tHROKER KR

(1) HHEYOIE

MRS (2010) IEBHR LI O N ALE § 2 BB IR b - B R8I 046 3 % PR o 2 -
WA IR ST 2 AL R A SO 2w L e & R RN EHIA T 2 H BT
WA 2 e L, BT HE I B SRR R T 1 X AR CRUB I X > TIRF LAz 2 &
WS L7, CI—SO& MBI (Fig. 3b) 75 bH» 5 & )i, MFEEHhREO LEE
R & 2o - R Y E 2 IR E ST AR 0% b SO 2w LAl &HET
FErp - B TR R & MRS, SRR CHEECHERE Y P UaAs & 7z IBR K V400 e e 0 VS AR
BICL AHBETIDZ R L TWE EEZDLDONRYTH 5.

2CH.0 + 80427 — H,S+2HCO;~ (4)

5% BT SO 2B SN THREBRICH OIGEIAWDb S &, A& VAR ANGTE % Bibi
CHBAKIZEDINS. A7 v ORFLERMAKRILLE X7 V/(nF v+ 708 y) WoBER»S, -
RIS & R ST AR ICHET 2 A ¥ 0% XAEwRETH Y, HEEPTO CO,
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Fig. 6 Relationships between water temperature and saturation index for Na-smectite (a),
Mg-smectite (b) and lllite (¢c). The sample numbers are the same as in Fig. 1.

WITKIBTHER LZEEZONTWD (715, 2002, 2010). A Tid, ClI#E (13,000~
17,820 mg/L) %% < T SO& & & & 7 WAMGILR K (No. 56 ; H#&SE, 2010) <, KF%, MG, L
FOI, Fm, i, B HEN 0 KK T AN KR & TA 5 ¥ T ADERIHEENTWS (Fig. 3b:
KIS, 1963 : fHH 5, 1988).

(2) RIUMHEDO Mg—RA X724 MME

T - R RS & I BRI A BHR (Nos. 6~8) 8 X O L@ iHEAH 24 kg % I8 1A 1S
T2 (Nos. 12, 13) o Mg iEEEIZBUmAK £ 0 KW—T5, Ca™ IR I W 2SR S v/,
71 7 T OV RIS 2 S E 400m B CHRIES N2 3 7ICE& T 2 MBUKO §%0 fiiik
— 3% MR 2 ) M@ IBIED WM T 5 —F, Ca” RIS A2 WMABD SN THY, HEHE
FWHh o RIUEWE A Mg—ARA 7 Z A4 MIER LR —HIZh>TWwEEEZEZHNTWVS
(Lawrence et al., 1975). 4, Mg*, Ca* iEE I [RIERO M AR 31 s Ie i b AR 1, 2 T,
E 512 80 I BB ALK 2 TENZNMER SN TS, ARBFZETIZERE IR o
EULEARIEATFCTE R 7205 TR, 2, HEBIIH o FEEEAYRE & 2T - 25 R
LRIIEKINEIEREEFNLITICARA T 4 FDPFEREINTWELT ENS AL, 1983 5
5, 1983 85K, 1996), Wikg % M8 REA ST 4 mlliR O IR KILEWE O Mg—A 2 7
74 MbZEZT RS L, ALAHEK 2 OHEKIZH L2 0O A F AL 7 M OEY
CEoThbdnieEZON5.

(8) AF xRIL, HFEREX > MEER

i 1 35 0 TR T B IS (4)2 0 SIS C AR RE L 22 BIBROK R 0 HCOs™ 1k Ca” UG L, a2 ¥ 7Y =33
YO B TTRA (CaCOs) AVERT A EEZ5N5 (CF, 2004).

Ca* + 2HCO;™ — CaCO; + CO,+ H.O (5)

T 72, WKDHERS Y L% E AL TRE &4 D FEFE IS Na—HCO, BIFEAGE IR K I & o THR S 7z R
KITKINEIE D Na—A X7 5 4 MEaREBRLTWwWD, 22T, &S L O a4
Ho#MFE Ca” it (dCa” =ACa™ —ASOS) & KILHEWE O BALIER % O#% Na" & (ONa” = ANa’
—AHCO; ) OFl (@Ca* +®Na") & AMg* B OMBIBf%R% Fig. 5b ISR T. Mo bh b L H1g, &%
W EREAR Y & FARE R Y g A W B ST B AL S AR ©Ca” + DNa” = — AMg™ 1
FEIZ7ay FEN, BEHESEO oS (FiFEOMBIEMIE MLL T R*=0825, #%%# X ML2
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TR*=0815). L7=4%> T, Na—HCO; BIFEARIFAKDEE G L7z KILEWED Na—A A 27 5 4 b
(LIS 2T, IR R TS, Hida 1 A~ M, KILEWE DO Mg—A X 7 ¥ 4 ML, IS
REMBMICEETNL Na—A X7 ¥4 FOBA F YRS E D Mg—A A7 % 4 ML Bk
L7zeHEg s s, I OfKIER OMITIZ ERREEANYE = I BEE 123 2 L 52 Mg—
ARXTZ A MTHBMTHLZ LD DBE éf%é(ﬁg%)

Figure 5b 25 bH 5 X912, HMEICIZ LRI YE 2 IFE A9 2R TIRER
MﬁwwwpsﬂMflb(MEWQM)K??kﬁTé@W%ﬁLTwé.X&VE&%T
1, RIS S T A ERWIIMAE I X 2o Ccii SN B Lk R L REL S, 25 VEK
BIZRDORINZ L o TAZ V2T 5 L LB, B 0 LR ZF XK O HCO,™ 2 Hhn &
®2 (CF, 2004).

CO.+4H; — CH,+2H:0 (6)
CO,+H,O0 — H + HCO;~ (7)

Ay v aRAT 5 FARERA MR OBBKICEE NS Ca” 17N THEK L7 HCO, LIS LTH
HHOY A Y MuIZHE S, (@Ca” +dNa") KIEFIE IO Ca” BICHYUT L EZHND.
6 (2008) 12 &4uE, No. 11 CREFREEMNLOMS, Wa/a I armERsnc
By, Ao xX Y MELERETS5—HITHS ).

(4) ZXT534 b D174 MEER

G - RERBREAHYE 2 B RA 12 2R ORI S: L 724tk 1 o 80 i3 3L
KEDTITALT MELTWABZ EPHS L % o7 (Fig 4b). BRI oL & 5 BEE
VLR R Mg s & ORI & 0 RN B3 i A0l 9 2 AR i A ©, B B RE & L g it & iy
BT BB R ORI RIS L 72 b Ak o 850 il (+6.92%) (dBiKE ) El, FITA
A7 74 DAT4 MUICE - Th b3 Nt EZLNTVWES (WS, 2013). BYHEFE g
BRI B SR OEFAAROREMEIZIZA X7 Z 4 PHPERE BB ZRZLTWE I ER
5, ZOFMESVEHAARMILTLEITL22ME L X ).

Toki et al. (2014) 1XFEE b T 7 OULA ARG OUFIEHEREW & T 15 BBRAKD BIgEIEL &
LLlHIIEL A ERL, ZOBOFEHIRAR (50~60C/km) %L C, RHBAKH
DBIREDOHEIMIARAZ 4 b—4 T4 POHEBERICERTSLLEEZ TS, BIZAXZ Y4 b
ORMIZBOH):; & LTHAELTED, 474 MHIERT 2EEICEHAKE LIRS s L%
oD (KIS, 2010). il L7z&H12, ZH - BEEHEEYEZFREEICT 2 8ERD B/
Cl ENIE ERERAH Y % Br A P I3 52 SR ISR TEWHEIECH ) (Fig. 3c), ®iflE+
5 7 Dk AAKR L HBRORIRSTEETH S, 1 54 MEICIEZ K OMGEIMEBRT L L0 5,
Bt o AK™ & CI” DA % Fig. 5¢ 127§ . LAY E & ir 8 REE 123 2 L5 i
SRS AT LT, ZH - R RN M & B B S8 B HA L SR o T R A0 B R LA R
AHES (FHBIEHL L s R°=0.843) A% o, i, (LI, MRRHGEBINHC BT 2% - ZEReh
HMBIZH UA® ShzMBEK (FT1, KT8, 9, SU2, 3) THRKTHAH. LidoT, AAZ ¥
4 DA 54 MUE ERBRAYE I Uik SNZBBKTIZEATY RS, W - RERBHR
AHURETIIATDN TV RBEDE <, YRESEEWRIEA 74 MR THZ 2 L b 2 O
YER D HEAT %2 3 H59 % (Fig. 6¢).

WIZ, BIRCPE RO R A TH 2 RF - ZERBHAHYEIARX 7 ¥4 b—4 74 Oz
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Table 2 Formation temperature obtained by temperature logging data of three wells after
completion of drilling, and estimated by Horner plot.

Basal boundary of th
Fstimated recovery Basal boundary of asatbounary oHhe

Well Depth Standing time temperature (C) the Kazusa Group Amnaka and Ava References
Groups
(m) 500m 1000m  1500m Depth(m) RT(C) Depth(m) RT(C)
Reservoir in the Annaka and Awa Groups
Fuchu (FT) 2783 6months 27 40 55 1650 58 2022 66 Suzuki et al.(1981)
Reservoir in the Kazusa Group
Koto (KT) 3030 22days 31 41 53 1677 56 2579 72 Suzuki (1996)
Shimousa (SU) 2330 5months 25 37 50 1240 44 1514 50 Suzuki et al. (1981)
Inzai (No.11) 1500 78hws24Ths - (37 48 (12000 @) - - Muamatsuet al(2008)
Ttabashi (No.14) 1500  205hrs213hrs - - - (1366) (42) - - Muramatsu et al.(2008)

RT, Estimated recovery temperature. Parenthesis in the estimated recovery temperature shows RT at the
feed point, and parentheses in depth and RT of the basal boundary of the Kazusa Group show the feed
point and its recovery temperature, respectively.

B (58~142T ; Freed and Peacor, 1989) 1EL CTW A 2T L & 9. MBI bB L iR
%#@mﬁ@%fv%hkﬁﬁﬁ&%%@@@ﬁ%%%klU*—%—&K;éﬁi@@ﬁ@%
Table 2 127”5, W, 3ARDHRBINH OB REITIHI 24T LTH» 5 22 H~6 » HIMKE L
RIGINEINZDDOTHY, I ZITHREEEZ ML TS, T2, SR ONREBRE it S
72EN74 (No. 11) & 4iE (No. 14) R HT B 5 LRI M 8 O 5t AREEIZ BT 5 MR & A —

—ERETHELLEDDOTHE (RIS, 2008). £ADbHD LI, FREHAHYEOHE
BEAIRICH HVLH, THREIEE B (No. 11), #ifE (No. 14) RSB 2 LREHEA Y e
DILEFEEB X O AREOHERERE (37~56C) dAA7 %4 b—4 54 s OMERBIRED
TRRIGEL T, MFHEREEY 2 ATH, HIFEERS (No. 11) OAGREMITE L O THRE
WHOMRE S TH 5 LB Y OLEIREMITIZA X 7 4 MIFHET 254 74 MIHER
SNTwaRw (F5, 2008 ; Ak S, 1983). —J7, HFHBIMNIICIBIT 2 %W - L5 T 2 kg
OHEEREIREE (58~66T) EAAZ Z A4 b—A4 T4 bOMIEBO TFTRIEEIGELTEBY, KEIC
34 74 PR IN TS G5 - Bl 1985). 2 - L R HEA Y R 2 351 2 HE o AR
TEHIIFHBII O AR TH 525, ZH - REIBHA M8 QI E FHE I & % b iR (No. 34)
DRIMIESTCHRRL, WEIBHMARREEIZILAN AREN > THCREGH S THRIGEL T
A (RS, 2008) ZE%2EETHE, HEBREOTRMZ LR LH>Twb EFHINS. DL
FoZ ens, BRTHRERTIEIEE LTEY - REEHAMEOEIRGIZHEENLKILAT T A
WHBDHEE ZITITARXAZ ¥4 b—4 54 s OMER TREEZ 22 LR 2 RERE T ICE N
TR, AX2 54 0L T4 MUCE o TLABK L D 0OEDOTI AT 7 basblzb &
LHEEEES N D, Figure 4b 5% 5 X912, Nos. 9, 10, 53 HiH D %0 fEIZEEGH ML X h K&
KTFAYTILTEY, Zh - ZEBHHLBORBIEIBICBIT2A X754 o454 ML
OHEATEEIHTNC L 5> THAR YV EL > TWDTHA ).

RBICAHTHONHMRE T L5 L, HAWRORIZESG LR RADOKEIZ, RO &
I BB OMELIC L > TR SN LB SRS, AWz &HipEREMEYICH U AD SR
7oL, HEZMAR ORISR CRID & 2 72, S50, LM 2 & O R Tl AR Sz Bk

mﬁ%%ﬁm%?éﬁﬁfkmﬁwgwﬂﬂﬁm%xTfﬁ L 72 BeAGRIE RIS & 0 Bl 2 o F R

MM BE LT, Hgfat 2y Mb, RIVEWED Mg—A 227 % 4 Mk, Na—RA X7 ¥
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A4 bPOBEA F RIS L D Mg—A X7 7 4 MUIZK o TEE L72KE, SO & Mg JEEDs
WAL Ca* & Nat JEEEASI L 72 P BRKATEA: U7z, DA Eofe e e h - 2058 i 24 ) &
FARREREA Y O MR REA IS UaAw Sz MBI IEE L, KILEWE O Mg—A X7 ¥ 4 ML
FHHEERICH L7280 O~ A F A7 bedbzb Lz, 0%k, EREHMYNE X IR ER
JEAES WL - RERBHMUE TIEAAZ 74 bOA T4 MEDSSHEITL, BIBKD K REOKT
EBRED LADHED & & HIZSOHIZBIBKL Y S TTI A7 MELZ.

5. £ & &

BHCPEF YL C ARTEIEAH Y & erp - R R A U R & IR BRI 3 2 MR 2 R R b
ok L O - RBEREMAARIL N 2 FEMET 5 & & BT, AFTEZMRRAKE BBAKDSHHE
ZMAT, BRI R BT 5 AR IR O BB K O AL ORI - THALD S O K E T K
B Z MG L, DT ORI Sz,

(1) AHIROWEALW R IIALA K EBEAKDORGICL > TR SN 2095, {bAHEKD Mg*
& SO AR L D Z L Ca¥ & Na ICE &, B - RERBEMYEOLaiEK T <
K i 1A, ALk o §50 IR BEEIC X o TR Y, LR Y E T3 RICT L
TIAF AT 7 b, B - BEBHMHYETIEITIAY 7 P LTWA.

(2) =%, BEAKIZERILMZ EOBERBCHEE L%, WREE2 W7 ms) ¥ % @i oy,
ARG A Y RE, Kb - ZH R YR 2 RS B KR E o BALIE & #4T S & T Na—
HCO; BB IRAKIZ AL L 72,

(3) AbAARDILEN B L OTRE - REREFMVARLOFEIE, T X)) iR H o
BIBK DI 2 BB & > THHMICHITE, P A oM MEIRE B X O FREK 8L
MEBENTHD. YT & TIRTRREHERY P UiAd & N 72K I 3 s R Rl i oo bOo
7z, 512, Na—HCO: BIREARIEAKIC K W2 OFEICARE NS L L HIZ, Hffat
AV ME, KILEWE D Mg—A A2 5 4 Mb, Na—A X2 ¥4 bOBGA + VSIS X 5 Mg
— A X7 Z A4 MEEZIFT, SOL & Mg» iBEDA & Ca* & Na' iR Z & & 7 - 72k
KIHEAL L7z, 2Dk, FREREAYRE XD FEBEENS VRS - ZERBHHYETIEARX 7 ¥
4 bDA T4 MEDPHET L CTHBKD BIBEDO LA & KIBEOKTAERAN. INOOHEREE
(2 & o THEAL L 72 BB K 2SI 3 O RS AR ORIRIZ 22 > TV 5.

(4)  FRIBHEAHYRE & B REA 10T 2 (WA K THEE Sz PO o HEKIZHI L= A4 F A
7 MEIKIWMEWED A X 7 5 4 M, L - REEHHMEO T I AL T MIAXAZ 54 FoA
4 MEIZENZIVERT 5.

B
AiTEZ BT H12H72, MRS EMITELKORINEEZ MOz 72, 240%
PAIIBRE) TR TR TH 2. D EOT AR 2HELZET 5.

5| F 3k

BHIFHE, AE#HY, allE— FRE & LEEY (2003) @ BECFE oA & RE D
BB Ly 74 ¥ 7 2AOMBEFIBGET (PH). BHRHERE RS-0, 22, 21-29.

Freed, R.L. and Peacor, D.R. (1989) : Variablility in temperature of the smectite/illite reaction in
Gulf Coast sediments. Caly Minerals, 24, 171-180.
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Appendix 1 Location and data source of the spring waters.

No. Locality Depth(m) Type References No. Locality Depth(m) Type References
(1) Sping water from the spring wells 58  Katsushika 1720 Na-Cl )

1 Bando 1500 Na-Cl ()] 59 Adachi 1265 Na-Cl @@
2 Sakai 1454 Na-Cl ()] 60  Adachi 1500 Na-Cl (4)
3 Satte 1500 Na-Cl ()] 61  Sumida 650 Na-Cl 3)
4 Sugito 1500 Na-Cl 1 62 Tokorozawa 1700 Na-Cl @
5  Kasukabe 1500 Na-Cl (6] 63  Tokorozawa 1100 Na-HCO, 2)(5)
6 Noda 1243 Na-Cl (6} 64  Niiza 1300 Na-CLNa-HCO, 3)6)
7 Misato 1300 Na-Cl (&) 65  Niiza 1500 Na-Cl (6)]
8  Misato 1500 Na-Cl (6}] 66  Warabi 1200 Na-HCO, @
9 Kashiwa 1800 Na-Cl 1) 67  Toda 1500 Na-Cl 2
10 Hachioji 1500 Na-Cl (1@ 68  Wako 1000 Na-Cl (4)
11 Inzai 1500 Na-Cl @ 69  Itabashi 1500 Na-Cl )
12 Funabashi 1500 Na-Cl @) 70 Sugamo 1800 Na-Cl @
13 Adachi 1300 Na-Cl (D@)3) 71 Nerima 1445 Na-Cl (4)
14 Ttabashi 1500 Na-Cl (D@)3) 72 Nerima 1500 Na-Cl (4)
15 Kumagaya 1385 Na-HCOj (@)(4) 73 Shinjuku 1000 Na-HCOy 3)
16 Gyoda 1500 Na-HCOy @ 74  Bunkyo 1700 Na-Cl (5)
17 Hanyu 1600 Na-Cl (4) 75  Shinagawa 600 Na-HCO, ®)
18  Konan 1250 Na-Cl 3 76 Meguro 1500 Na-Cl 3@
19  Namekawa 1700 Na-HCOy (4) 77 Ohta 2000 Na-Cl @)(3)(@)
20 Hiki ? Na-HCOy (4) 78  Ohta 300 Na-HCOy 3)
21 Hiki 1700 Na-HCO, 2 79  Ohta 60 Na-Cl 3)
22 Sakado 1500 Na-Cl @ 80  Setagaya 1700 Na-Cl 3@
23  Hidaka 2000 Na-Cl @ 81  Suginami 1500 Na-Cl @)
24 Hanno 1500 Na-HCOy (4) 82 Chofu 1500 Na-Cl 4
25 Naguri 83 Na-HCOy (2)(4) 83  Musashino 1500 Na-Cl (4)
26  Okutama 600 Na-HCO; (2)(4) 84  Kodaira 1500 Na-Cl 1)
27 Ohme 1450 Na-HCOy (2)(@) 85 Kodaira 1600 Na-Cl )
28  Akishima 1800 Na-HCO, @) 86  Kunitachi 1800 Na-Cl 4)
29 Musashimurayama 1500 Na-HCOy 2 87 Hino 1605 Na-Cl 2)@)
30 Sayama 1300 Na-Cl @) 88  Hachioji 1350 Na-Cl @)@
31 Iruma 1330 Na-HCOy @ 89  Machida 1381 Na-Cl @)
32  Koga 1307 Na-Cl 3 90 Funabashi 1500 Na-Cl 4
33 Kitasaitama 1300 Na-Cl 2 (2) Spring water from the observation wells
34  Kitakatsushika 1500 Na-Cl (2)(3)(4) NR  NodaR1 1130 Na-Cl ©®)(7)
35  Kuki 1500 Na-Cl &) NP  Nagareyama NP1 1525 Na-Cl ®)
36  Kitamoto 1200  Na-HCOyNa-Cl (3)6) SR Soka SR1 1800 Na-Cl ®)
37 Kitamoto 1000 Na-Cl (3] FR  Funabashi FR10 1305 Na-Cl (V]
38  Shiraoka 1200 Na-HCOy 3 ER1  Edogawa ER10A 632 Na-Cl M
39 Hasuda 1500 Na-Cl (4) ER2  Edogawa ER10B 1150 Na-Cl ()]
40 Ageo 1500 Na-Cl (4 ER3  Edogawa ER10C 2051 Na-Cl ()]
41 Ageo 1700 Na-Cl @ HW  Ohmori 966 Na-Cl (1)
42  Kawagoe 1700 Na-Cl (4) (3) Pore water from the observation wells
43 Ohmiya 1500 Na-Cl (@) FT1  Fuchu 1508 Na-Cl (10)
44  Ohmiya 1500 Na-Cl (3)4) FT2  Fuchu 2020 Na-Cl (10)
45  Ohmiya 1500 Na-Cl (3)(4) KT1  Koto 429 Na-Cl (11)
46  Ohmiya 1530 Na-Cl (4) KT2  Koto 600 Na-Cl (11)
47  koshigaya 1200 Na-Cl @ KT3  Koto 800 Na-Cl (11)
48 Moriya ? Na-Cl 4 KT4 Koto 1000 Na-Cl (11)
49 Noda 1140,1300 Na-Cl @3 KT5  Koto 1215 Na-Cl (11)
50 Nagareyama 1300 Na-Cl (@] KT6  Koto 1401 Na-Cl (11)
51  Yoshikawa 1500 Na-Cl @3 KT7  Koto 1600 Na-Cl (11
52 Kashiwa 21000 Na-Cl (4) KT8 Koto 1820 Na-Cl 11)
53 Kashiwa 1200 Na-Cl 230 KT9  Koto 2200 Na-Cl (11)
54 Kashiwa 1500 Na-Cl (4) KT10 Koto 2400 Na-Cl (11)
55  Funabashi 1500 Na-Cl (4) SU1  Shimousa 1106 Na-Cl (€)]
56  Funabashi 2000 Na-Cl ()] SU2  Shimousa 1403 Na-Cl (€]
57 Urayasu 1400 Na-Cl (4) SU3  Shimousa 1486 Na-Cl (8)

References : (1) This study, (2) Muramatsu et al. (2008), (3) Seki et al. (2001), (4) Unpublished data, (5)
Dozen et al. (2003), (6) Fukuda et al. (1988), (7) Sugisaki et al. (1963), (8) Suzuki et al. (1983), (9) Kanroji
(2010), (10) Suzuki and Takahashi (1985), (11) Suzuki (1996).
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