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Abstract: Alteration mineralogy and whole rock geochemistry of the Miocene Takizawagawa Formation
distributed around the Okuaizu geothermal system were studied using bulk XRD techniques, bulk chemi-
cal analysis using XRF, NAA and ICP, and thin sections observation. This study aims to reveal the
hydrothermal alteration zoning and to estimate gains and losses of major and minor elements in bedrocks
around the reservoir depth of the Okuaizu geothermal system during the modern geothermal activity.

The Takizawagawa Formation, which is composed of Miocene rhyolitic to dacitic lavas and pyroclastic
sediments, generally has undergone regional diagenetic alteration and overprinting local hydrothermal
alteration both formed in Tertiary. In the Okuaizu geothermal system, the modern hydrothermal altera-
tion overprints the Tertiary diagenetic and hydrothermal alteration.

Regional diagenetic and overprinting local hydrothermal alteration is mostly characterized by illite and
chlorite (illite-chlorite (IC) zone).

In the reservoir depth of the modern geothermal system, following four alteration zones are recognized
based on the distribution of clays, carbonates and sulfates.

1) Ilite-chlorite+ (IC+) zone

2) Illite (I) zone

3) Kaolinite (K) zone

4) Mixed-layered clay mineral (ML) zone

1) Ilite-chlorite+ (IC+) zone is widely distributed in the deeper zone (1000 - 2000 m depth) with high
temperature (200-350°C), and is characterized by illite, chlorite, carbonate minerals (mostly dolomite
and siderite with lesser amount of magnesite and rhodochrosite) and anhydrite.

2) Illite (I) zone is sporadically distributed around upper portion (300 - 1000 m depth) of reservoir
fracture, and is characterized by illite, carbonate minerals (dolomite and siderite with sporadic
rhodochrosite).

3) Kaolinite (K) zone is distributed around shallower extension (shallower than 1000 m) of the reser-
voir fracture. It forms irregular shape, and is characterized by kaolinite and abundant carbonate minerals
(mainly dolomite and siderite).

4) Mixed-layered clay mineral (ML) zone is limitedly distributed adjacent to the kaolinite zone, and is
characterized by illite- smectite mixed layered mineral.

On the assumption that Al;O5 is immobile during the modern geothermal activity, average bedrock
chemistry of the Takizawagawa Formation outside and inside the geothermal system were compared.
Gains and losses of chemical components in each alteration zone were calculated, with the result that
gains of Ca, S, As, Cu and loss of Cs for the all alteration zones inside the system, in addition to gains
of Mn, Au, Ag and loss of Na for the illite zone were recognized.

Judging from the result obtained in this study on hydrothermal alteration, combined with the published
geological, hydrological and geochemical data, the following genetical model is proposed for each altera-
tion zone in the modern geothermal system.

1) Illite-chlorite+ (IC+) zone is formed during large-scale infiltration of the deeper high temperature
geothermal fluid with higer CO, content.

2) lllite (I) zone is formed by local infiltration of relatively shallower geothermal fluid with boiling.

3) Kaolinite (K) zone is formed by relatively low pH shallower underground water genereted by CO,
injection, which is brought by boiling of the deeper geothermal reservoir.

4) Mixed-layered clay mineral (ML) zone is formed as a peripheral phase of the Kaolinite zone.

| B S IR ISR EE & v v — (Research Center for Deep Geo- Key words: Okuaizu geothermal system, Takizawagawa For-
logical Environments, GSJ) mation, Hydrothermal alteration, Geochemistry
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FRN R ARSI 356, HIKACESRILE M-
THA N F A P EHEL TRRMICORT 5 2 &M%
WO AE, 1t OFEE 1000-1500m, 18t O FEE
900-1100m 74 &), HEMEREE, @E T, FK~HIKE
ETH

4) 454 b <L 0 w1454 r ERIER
RO on, 4%k BELEMES. HEO, F
KF, B )EA, EEfE> C&bh s, HEORNY,
KL, HRRAML, ESS B EcE o b, A
IR o@Y:, HEEAOEIRIIE D K S BRI E
T2, BE, BET, FK~RREKEEEd 5 GEL12KD.
BRI B 1T B ARar 0 —Ei, RFTHNIC B rsE W A
74 Mb, ESIbAESZIT TS,

5) 434 b < fRlRfA+ (IC+H) B 4354+, &FikE
AEEABICE VBSOS SN, A& BEL, EEK
EES, hVEREES LGB B, HIBEREA 300°C
P bomBfclEnicLBOREAEED T E08h 5,
HiBAN O R BIRE & 0 HEAT (FE 300-1000m) Tid
LIF L3 ZEOEIKA, E8RILE, —HT< 7291 b,
Ewvn b, PSR AEMES . RE G Iy, 68
LB, RERIL, mEkIbsh, REARO—ETS
WL ETHRE IR BRI Ic L O & h B,
BAN O MG R R 150°CLL Eo s Ic 24 2 B ERE
LIREF O, B L CERIIE & KIERED K508
Aol d 4. B, ®ET, ERK~KRAOBEXET 5
(12D

6) 1540 (D B 1454 MckOEFEHoOT SN,
A, Wk 4G, BEERILEMNES. A 542X 754 ¢

BEBYIY), G A A2 94 NEEBIY, HYEA
AANFA N, EevA U BEHEL, FEAEMESC
L s, BREBIUOREAOM LTI, KEEILY
{EhsitEA TV 3. HIBRNOHIBEER 150CLL LD
B TEEAE LMD, HBARAOERIEIC b =ik
(75 SRR T 2 & 0ib 5. HBRNTIE,
i 5 ol EERM LR of I FaTrIc L,
FiHEE I o KRSEKXR & —Fd 2 2 LAz (Bl
OA4 D% 300-700m). BRHE, @<, KA~HE%
295 FE12KD.

) AxUFA b (K) #0400+ 1, ZHKiL
WIKAC L0 EBMoT oh, A% BEAOEZMES. 15
A b e 24754 NEABIEY), WOE, HEkIENS
ZEMBWL, £34 L, HVER, RAZ A4 FEES
TEbH B BREBIUORELQORK IS, RERE
YL HEA TV 5, HIBRNOIFAMEERE L 0 &ir (F
£ 1000m LIER) omERIINECKEFEO—&65 &, K
I T AR O AR A UIICKEA RN b
L ARABEETHET 5. KFEHRIAN O it
B S00m TR b L V. Fo—EI3MFICEL,
& L CEREEN ICRRICEEHT 5. HROARFHTE,
IREEHSE 213 & A SR SN, HIEOAE Y
TEKENEL, KEAREET S, T T3 HHERIEREE,
wECTIKHLERET S (B 12KD.

8) BHIFAHE (A) & ZEOHIFARICK YD
Foh, GE, ZURMSIALN, BEAEMES. 2
754 NEPES T EDH B, HEGR EIMEROBERG
VORFEESIC EHAICOm T 5. SRk T3
AEshTuikwy, EEOETEMSEL, Mgy, HL x>
THE% 2T 5.

4.3 {LEHHHEROBE

T AAT - TRt 0 % < BlBCE W L 74
H+4 FNEOES, KB EEFhETABETHO,
LRI Z O X O HEH LOBMERKMR LTV 3
HiER o P LM E A 2 &, ERIIE, KT8 &
%, AMURBOWENG, HEE~F 131 MY
4 5 FROHR A /RS, HIERIO REE o a v F
54 MERIBIL Yy — vicid, BRI T OIRBESEV 3R
H oI,

2O ER B L OB O s R & ERERNC,
FREBRERYOHMETORESHEE 1TRIC, E
BEBEREEOHE TCONAEE 18Kic, HiHickd
ZUEBENTAS 19N, Yifftick ) s EREHE
EE OS2 20 Kic, HIBRIO Xy DY, FEE
REZOHKERLZE 2RI, HER O REE OFi9{H
DAV R4 MERL Yy — v EEARICENENRT.

Bt O &I O R A A 5 &, HIBGRORLD S
PO T NGT-OAL & N5T-OA2 TIIHIBHEA & 38
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R BB - hFFRERIBicA o n K8 B

L7, HIBVRO DT I & § 5 N57T-OA4,
84-2t, 84-4r, 87-18t TRHIBREHEHM ST 2 SR
RSN, LRI, SiHTEIE, OfERoMELS R
~NB,

(1) N57-OAl

AYH &/ AKROILS, B 320miMishiky, EEH
IZRE 1005m £ THEHla N, HORBFERA VTS
OILHACAIE S 2. iy SHTURICED» WV, KEE,
=RREGHE mRNEEEC (B8 - 2%, 1997). Hi
RO J L0 S 3km kil - TE Y, HETES
NIBREIIH135°CTH % (NEDO, 1985). @EiR/IIE
DEGH IHEARACLES AONE1 54 b -REAH
T, R TImHEIRd 5. BEALOEET
ZLOMAPHBENALEHEOBELART M, EE
400m & 590m Tl Ba 43, #E 502m T Ag, Cu, Pb,
As WEIARICSBE A /RS, HEGZORLD S OB
RO HIKIRISE ED SEZ B & BIEOMBGRIALRE
LT REV DT, CoEEBEHOSEERE
WILE SO LERIC B T B alHErEASE L.

(2) N57-OA2

ARYUH NI ORES 475m Higs & v, FEICEE
1004.5m F CHEHIE N/, BIOBW PR V7S HOMA
&E, NEINGEETBEE ICAE T 5. I SHURICA
o, WFRE, KEE =TkREmE mRIBEEE
< (B - &z, 1997). B GZEodul 559 3km PaiLrR
R - TE Yy, BUETHEShARSEE I 103CT
» 2 (NEDO, 1985). EiRIBOEE R IHBRN &
BILASA b FRAETHS. BEALOEET, &
{ DS DB & R O BE R4 45, FEE 618m
TiIBa#’, FE918m TiE Fe, S, Cu, Ag, AsHHl
AR RBEE RS,

(3) N57-0A4

AU ERONE, E530mHtiE Lo, EEICEE
1305.3m & CTHEHlE /2, VIOBBTE » VF5H, [
DOihiRWE L BRI O RS EmICfriE T 5. HiE
ORI EA W, WFEE, & MNeaiE, @EmRIE
B (B - %E, 1997). #hBRo U HTicfiE L,
RE 1282m TE SN o EiRE 13 266°CTH 5 (NEDO,
1985). FHY T, Fe, Mn, Ca, Mg, S75 EDREE
15858 - GRALSEY) - BREEIESI % WAk 3 5 oCHR D HEIP,
HMELDA 54 MMEIC L D BEIT 2 Na OIS E0FR
Honb, MES T, Sr, Rb s EBOKEE I L
BEILCT VLI EOHERE, Au, Asfi EOEAUKM TR
Pb, In R EDELBLEOEMRI ENED SN L. E
FE 300-650m DRI D Na,O BE <0.1% O fEifis, 154
PEDOSAEEEIZE T 5, £/, HE550-650m
DOfEl® Au, As, Pb, Zn OEiEEREE L, HTHIEH
FrD Ktk X & 2 id—8T 5.

(4) 84N-2t

AYHIIBROE, EEH422m Sl D, TEICER
1305.3m £ CHRHIS . SO TFERALVFSA, M
DOhiRWE L RAERMEORMICAIE T 5. HiFEH, SHIE
cE»Y, BTERE, ERIEEEL (B« %% 1997).
iR O ICALE L, WETE S N &R R
3IICTH % (B - fth, 1995). FES> T3, Fe, Mn,
Ca, Mg 75 & DREIGHY) « TRALILY) - BREEIESLY) % #8
Kd B EOEMPL, FHEAEDOA 54 Mtk v BEd
LZNaOEDLREENED SN S, HERKS TR, Sr,
Rb 5 LEUKEEICHVEH L LT LWInE o, Pb,
In 1 EOELBITEOEMAED SN B,

(5) 84N-4r

AYHIEEROE, EE422m gLy, @ERHED I
X OEET12.2m £ TEHlE /. HIOETTRER
WIEAHE T AR 214° 18 T0° Rl 4 5. O3B T
AT SN, MOMIREE &S IEERETEORICIET 5.
HiEH» SHURICE»Y, BFEE, ERIIBEE< (3.
2, 1997). HIBGROhLHRICMEL, WETES
NERSEEIZ165CTH 5 GFrH - i, 1995). Fe,
Ca, Mg, S5 & DRMBIEHY) « HRALSLYD - BRERIESLY)
T A uR oY, READA 54 MLtk
B9 5 NaDREDREEBEDONS.

(6) 87N-18t

AP BEFEES, B 4183m itk b, EHEHE
DSk D EE 1654 9m £ THEEIE L. HIOE TR
FEHE, FUEMETRAL 22008 70°813 5. O
WFEA VTSN, EBREEOILAICAIET 5. #HEH»
SHECEA» VL, BFEE = MNEaiE, ERIE%x
B< (B %%, 1997). MR otulh 58 lkm dLE
hRic- Tk, RETHONLRSEEIRK2TCT
5 B - fth, 1995). Fe, Ca, Mg 7% & KRGS -
i LSRR - WRERIESLY) = WRk T A on kDM, FHERAD
154 Mbick v BEd 5 NaDE/DPPb, Zni&D
HBEBETROEMLE EBED LN S,

4.4 HWERRIAOERIIE
HIZEAOEIRIIE I, B fLoBEXESOEE
TCIEBHREEE %0 5 & &bz, HIBEROBAY
20km DR « KIEILE R S icRE S 1 3 B IER
B L 2 BUKEEAEE L TZIF A5 &iIcky, —if
TIRHEAL, REEEL, Ak S OBUKEENSERL T
W3, HIBRAOHEZICEHT ZERIIBOEEE LD
54 54 b« RIBGH SLBHREED A %21 1285
EEFEYS L, ZRLs E—MTRAMICED Sh b4
74 bR YR R A E I BUKEH
DEELILESEELIONS.

Na,O & K,O o &5H & Si0, & OBf%R%7/~9 TAS 74
775 & (LeBas et al,1986) ETi3, HBRADER
JIIE D 80% LA L2 iACE DRIk, B 74 %4 b
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DOfERIc ey band (B2K). —H, bIEED
BAKEEOREAZITOWTHEEOELEAIERT S
Ean 3 TiOy/Zr b (#1213 Finlow-Bates and
Stumpfl, 1981; Petersen, 198375 &) %A % &, Hi#Ek
FAGEHI DO KE T FTECATE VLT A A S DIEERT S,
RS ~FTREDEERT b0 bH L FE 2B XD,

TR Y =&Y H A bMeEE] (: S.1.= K,0/(NayO+
K,0) #4775 (Hughes, 1972) LT, His%
ADRERNBORTIE “ igneous " IZ7 oy bEN3 b
DIKI1/3THY, EDIE “hydrothermal ” OfEIEKIC
7oy b&N3 (E24K). “ hydrothermal ” fEigIC
Tay bINEb0D55, FHT [+ Y 44 +{bigkl
DEVEEHE, TEEREE ICBOKEESER Lt &E
ZonARETH BN, LERKEEDAEZIT TV
EEZOoNZHEBDOEZ b, “ hydrothermal ” DfEIE
ic7m oy hEh B,

HIEAEA OHIRFBTED SR L fo@EiR) B0 25 bF
SEROERGRYE BERE/FH) 2R5 &,
Si0y, Al,O3230.2 LU & /N E <, MnO, CaO,
S, Sb, Cu, Pb, Zn &M 1L E&EHEHREW (E
3R, ARFHEVARELHRDIVTHOEKEEPLERE
9.5 A 7 DI ERICHE - THBIT 210 TH 5. TN,
HEZAOERNBO—E TR, EEL LS E b
> TV G HR A BREICBKEE 2RI 5 2 Ltk
DALEH S SREIL Lo S & A2RET 5. %7, Pb®
7Zn OB 500ppm L IZET B85, T OO
HBELSBIAVEREZ T RO KEBME, T A
MEFEE] oW ER & BT 5.

ERIE R, BRoEHBROoNAERRE L TaEllo
BEBECOTVP T 2—OHIETH S, KL, &
RN (IR B E % 5210 % LIRS =42 O 1L FTK
EBEEZV, &S BHIIERICBEE L - BUKEH &
FHELTZU TV B0, T O R/ LEHRIC &
ZIEEOEREEND B L TFEINE, Lich-T, HiZ
FORNATOLERS OB 2 EET 254513, Hittht
BEE 52 2 LRI O EIRINE Ok 0 RSB M
SLTRHAT IHLENDH S,

HBEADERNBIC>WT, EEPLEHOEVICHE
SWTC, BKAEOEROFE, BIUEE»KILEE
EPOEMIC L BXAETL, ThZhoFHEEE RN
SEROFEEEHE L2 GB2K). Z0fER, AlO;
Fey0s, TiOy 12 ERIR OB IC2 WV TIE, SHPEHE
54 TDENI DD ST EOEEEIR, RALKDT
EED +/-50%LINT—8 L 2. Kxhic, Zv—7/T
DEVHRKEIVAESE LTR, BKEHOEETLE L
72356, Na)O, S, Sr, Pb 4 +/-50 ~ 120% D &ipH T,
SHETHE L 254, As, Sb, Pb, Zn i +/-50 ~ 80
WOEPHT, ThZTNFNEOFEE, SR 2R T
Pl D O IR X 10BR 0 2 RT T S DS,

SRR OBE b EY, BUkEHEPLELBILIEMIC
- THEIT 2 RBETHY, HBRAOERIIED—
OISR EE 12 I TR BKEB b Z I T0WE T &
AR, %R BLERSOINK O RRED BRIy, <
T Tk HIBGR A D IR 8 O £ b o i k22 R
A EE LT

4.5 HMBRANCEITIZEEOLFHEMDOLE

MBEEA T 175k, RFHNT 76k D& 935D
FERINBOEBESIKLOWT, 25tEair £ L 7.
HIEEA DK I L THIRBIEL v, FRORB 2T
Pi & b IREE fLfe. HIBCRNRER T D &5 D,
EEAESAE 4RI, HIBSRANOERS, MERS,
REE O EO A5 26 Kic T hFhoRnd. HIER
OHNATOERINEBOLEMK AL ~<S L, MnO,
Ca0, S, Au, As, Cus FOMEZERNICB T 2EEFEL
BEEIMcREZEINS, £ ORSOREENNED S
na.

BRI ENFROFEEHE SIO RV S D NE <,
TAS 514 7275 69 TiOy/Zr 54 7 75 & L Tid%E
Ew L ZREEL S ol £ ks (5 22,
23D, SiO, BEWHIBREAGE O E e, ~—
H=5A7756 Eck{HNE. SO, DETIZFE-
THEINY 3 @R %A b ok, AlOs, FeyOs MgO,
LOI#ETH YD, HTHLOI & SIO &5 d » & IR
s EMEBEART (FE2TXD. £ LOI iE Fey05, MgO,
CaO, Sk & EEMEERT FE28X). —F4, %k
NI IHEGREIC X D oSN 5 Ca, Fe, Mg DRI
K8 Ca ORBRIGEYMI D E G E L TEET S,
IS0 EhD, SO EVHIBERNFE L, BE
DSIOMEN -1 EFZEZB LD b, HMBAEHIZL DK
il - BREEIESLY O AR RE S BRI & B A 73
SIOBE DK T OERTH 2 AEEESE .

HIBEAA O EIRI O 25 LR £ < 5
L (E3IR), FROHTR, HBRERICBLWTSHEL
<@L, RWT Ca0, MnO, MgO, LOI 8RN TEHWV
—7, Si0; NaO BFRATPPEY E26K (a)).
WMERD TIE As HIBREANTHE L (S, Cu, Au,
Ba, Sr, Zn b FZATEHV—/, Cs & Vid, kN
TELS S ->Tw5E, (2K (b)), v77—RIKDW
T, HBERAADOEEEORMICEEALEIEDON
W (E2E (o).

TUAY = [ 44 MUER] §4 7756545,
S.I. O EIFH KRS D SEES F TOLEMIC#HT 5
BHERAAE bIcBL TV 288, HIBGEANREEIZ S W
TS I= | OBEFCEFHED SN, HIBEHEIC
0@ TeY+4 Mb] LEERSBZVEEZS (B
24 XD

BOKEEER %22 THREOELRET 2 @M H
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RoEiptis - bR IBics o h 228 (B

WEEZSNTVL S TIO,/Zr Hhid, HEZERALE bIC
0.03-0.15 w#Ei oY H 5. TiOy/Zr Hid, &Y 41
MEFEES 0.6 (A ICE L 2 A RT. T8bB,
Y H A4 MMEEH < 0.6 T TiOy/Zr Hi3 0.02-0.10 @
EFICH BH, €Y1 MEIEE> 0.6 TIZ0.03-0.15 ~
CEIHHIRT B (B 29XD.

IV K54 FEKRLLAZREE XY — v 2 AEOLE %
7Y La/Yb ki3, HIBZOAN L &I 2-10 DEFH O
b0, 7Y Y4 MEEKE OMIcEICERIED SN
v (B 29 XD,

4.6 HWBRNOXETHMTO/LFHERDLE

HIBZNOFERIEOEER & ORES DOV, &
BREELH IR, BEHFEIL0FERS, MEKS,
REE o o % E 0 Kic 2 hFhoRd. MR
NOERINBTIE, 1514 bR SN 2 EEukiET®
BOREBEENE NayO, SroBERD, 149 +4
FRHICRON 2METTHE L HREE 0 BERDL Y, %
NZNOEEHEEHY ST 2 LFE EoER A58 5
ns.

HBEANOER)IEOEERH L OFEKIBE B
0 (a)) A5 &, 4154+ «&FRA+ i3, H
Pz &V CaO, PyOsic X 0o onsd. 4154
W3, HEICE W MnO, K,0 & S 3 & UMK
WMgO & Na,O ik v o ons, At Y+Aa+
Wd, MR E WV LOL B & I W Cao,
KO, TiO, & SICL VM-S ITFoN B,

BEE T EOMBERNEE E30XK b)) 245,
154~ «FiAH+FiE, HEHICEY Sr, Se, Zn,
Ni, Cr &V BLUHMINITEN As & Shic & » HE o
Fohbd, 454 Fad, HXICE Y Ba, Rb, Cs,
Au, Ag, As, Sb, Cu & Pb & & UHEMHIZ{EV Sr &
IniCkDEHSTONE. 454 P HITBWVWT Au,
As, SbEEORBKETLRBOZEELLED OIS
REORIBIZ, @ T Y 41 Mutsk] 25T (&
SIKD. A4 U F4 bEE, HEITEVCs, Au
Cultk oI oh 3,

ZHEWTEDREERE GE30K () #45&, 1
FA b RO+, AT H, AF YA FHONE
2 REE R E/L L, »> HREE T OEAN L DK
E A

4.7 “immobile ” TTEOEE

BOKEHEOBETEH LI WEEh TV 3 AL P,
Ti, Zr, Y, Ce7s & (fl1Z &, Floyd and Winchester,
1978; Finlow-Bates and Stumpfl, 1981; Petersen,
198378 &) ic> 0T, HBAERNADERIIBICE T S
T oHBOMHBEERET Lz, ZoBE, ALO;, Zr,
Hf 0 =Z0MOHMEs &K bM<, HEEBHEOBEICE

WTZENSDILRDOBHOES VBN NS 2 - 72
IEDTREEINS,

HEEAN BT ZFEEHTOZNZH O immobile”
TR OVEHBEENR U T, HEAKEORETZENS0%
BLlawed s, ok OBENCHE - THIBVERICE
3% “immobile” TEROHEMBERELT S b00,
HEAZAALEE L TIE “immobile” mEHFPOFE
D 2 &SI FIEAEBEES A SN B IE T TH B, L LE
Bz, HIEGERAWAICE T S “immobile” STHERMAEH D
MHBIOB S IC I RERESH>ENE DL S, TOHE
LT, UToOaEENEFSNE. 0 Lo, i
FORANDH BV IEZOVTNLOFAEFD “immobile”
TLEROBEHEANAKZV, $HLEEEFOIFSH XM
REVEETH D, TOEAE, EEO 2By
FIRERENBDE LS EIC D, FHEERMEC BB
NV, 650 &2, HIBEEOMEET “immobile” 7t
EZ0BHT 2545 A 1E, MacGeehan and MacLean,
1980; Taylor et al,1981) TH 3. BEHOEREL L T,
HBZERNIZEB T 5 “immobile” TR ERESEEANL L
LD, PROVEED 2SO 7oy MEKE
CIEDZ 12D ICHBEOEAVIRIE 5. &5iT, Th
STOMEET AR LD B,

HEFNANAOEBRINBE=RNRE LT, RENE
“immobile” JTLETH B Al, Ti, P, Zr, Hf, Y, Sc,
Ce HHOMHBARK AR 2 &, Zr-Hf O#EE (+0.88) #:
&bV, ROWT ALOs-Hf (+0.78), AlOs-Zr (+0.71),
Hf-Ce (+0.66), Zr-Y (+0.64), Zr-Ce (+0.61) o IF48
B R <, HIBZEEOBRIZE W T ALO;, Zr,
Hf B EOBHOESVWHAHBII/NS D - 70 2 &EHRE
b, AlLOs, TiO, PyOs D ERKSHEE OHEBEREIR
VIR G +0.5 LN TH D FHRIAEBSED s hii v T
i3 (BoR), RiddEbbETELSE, ALOITH
NTTIO, R P,Os MBEBHLPLT W EE2RET 3.
AlOs & PyO;, TiOy Zr EOBA%R7 0w b 25 32K
N

“immobile” LR O RBHZ NN B 2 BERE (= 12
HRE /B A2 B B &, ALOs i b /& < (0.18-0.25),
Ce(0.29-0.31), Hf(0.21-0.32), Zr(0.30-0.32) #&»%
NIRRT/ E W, BBREBRAROKS 1 P,05(0.51-
1.67) THY, Ti0y0.42-0.60) B3 Z Nicki < . AT
B\ EAEBADSEEY Stz AlLOs, Hf, Zr, Cels & D%
BRI WTh b/ VWHILET 5.

KFEHIE “immobile” JTHE E L TALO; TiOy Zr
BLUHf oL T, HIERANOERIBOZEGRIC
B BEHEE, HMBRAOEIR)IEOEHIE TR
LcBEE5E BRICRT. SRS ORHEASZ L,
THORDEA 74 fRiBA+H, 474 H, A4
)+ A MERONRICHEREMET 4 5 A ¢ LR E R
Tbb, FORATHRBILLTS, 151+ «FREA
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+H A TANE, AE ) F A P EOIRICE "R O
EEP LRT2EEAERT. BEE NOEAVIE ALO;,
Zr, HE W EEREETHh B3Iz L, TiOREFh oS &
D HRELETERERT. /2, HBEEAOFEEELS
g+ 5 &, ALO, & HEf 3131 R CERO@E AR D
L, TIO,ORTEHIEIFNS LD BAREL, Zrid
BERICELDRELHEICTNTV S,

4.8 HIBETHICHESLERS OBEER

FADA 54 b BiEATHEREL LT, ALOjICE
DERRILL, 2T IT> O THEERI AR L /2.
Z DR, MBENO 2 TOLER TILFEN S OB E
Fvohte, FRNORTOREE THEL TMEh T
WARSD CaO, S, As, Cu, H#EL TEIHATH
B CsTH D, E5ITA4 74 P HETIE Na,O O
EB XL MnO, Au, Ag DA, £/hhzt ) F A1 b
HWTIE Fe,O5, MnO, MgO OfIasiisd sz,

BHUKEZOBIRICE VT ALO;BH LBV EREL T,
WFN b ALO, THIRIL L - IBARA ORI 0¥
il & HIBERN O REEROEEMEE LKL, EHs0%
BEAEL L (FUK). 44ThxicE By, Hi
FAOTERIIE, T18bbHMBEEEZ LIFIORE S,
FESOBKEHEOERE, SHOEWGEICLD, RH
SIRDNEEEL SRR AE LS, ZORLDIZIEILA
O TH0%LINTH 545, NaO, S, Sr, Ag, Sh,
Cu, Pb, Zn Tl +/-50 ~ 120% & 2P K E L,

F T, ALOsIT X 2B EIC L - TR SN i
BANANOEE FOFEDEN, FAOFEHD 7V
— 7 A SN B EABAZESIC, HBENIIBWT
{LFEOBEDEH - EART I EICLT, BEEWE
B B LER S OB E R L. £ ORER L
TolBFzEdonb.

TSI OWTIE, 154 k- BRIEA +id, MnO,
MgO, CaO, SOfIITHH ST ENE. 154 MFid,
MnO, CaO, S OB & U Na,O ORRETHE TS
n5. #4+YF4 bFHE, FeyO3 MnO, MgO, CaO,
SoftcHEE-SFShs (EMUK ().

MBI >VWTI, 151 b - &RiEG + &id, Sr,
As, Cu, Zn OfHN&E L Cs, ShbOBRETHEO TS
n3. 174 b#d, Ba, Au, Ag, As, Cudfiin®s
L UCs, VORETEHESIIOSNE. #4UF 1 bigid,
As, CudDftmB LT Cs, Cr & VORBRETHEE TS
n3 CGEMUK (b)).

5. REHOHE

5.1 EEHEREOBE
HIBEROHI N icA 5N 2 REGHOLREIYIEK, b
R O, BEEOSMEER, BESOMSL L%

BT seE, FEAFORRRBUTOLICEZOSNS.
134+ «BREA+THRCO M RICECHEEEOH
AFED iR A BEH LoD RCEE O KRB S
S5 AFEARERICRET AT EICED, 4154 FHIE
FENCE KO R W E AT Z HBRAL#HE L >0k
BTAIEICLD, AA)FA NERITEEEERELIC
B3R EETH U7z COy 4 2 MSETE DT 7k ic IR
AL T & TH U RIRORBEREVEK & S & RIS
v, BOBHLIEYREA4Y + 4 bdERE Nk
SO GIMUITEREOHIT/KIc kb, FhEERS h.

BE, TITHRETIMEE, ERIIBEESL,
KieiRE, KB BEERSE2ECHEEEERLIC
DT BFEREERTH 5. HERR IO EEHHER
FHRBHROEEORRIC>\WTIE, B (2000) ik~
nNTHs,

52 454+ -BRBA+H

fr 2 R R R R 0 IR B 0 KGR o U iR 13
200~ 350CizELTHY (ELHXD, 174+ « Fleq
+rE T OO KESE DTV S, —fkic, HEK
CHET A28 oEEEYohic, Ca.2&5L—Ho7
VI A BB RSN TS, flZE, 150~
200°C DHEBGAR T 3@ G, 2000C %2R % LRELDPY
4 353H4 %+, 300CEHBZIEET KA T2F /KR4
72 £ T% % (Henley and Ellis, 1983; Bird et al, 1984).
Zhicxt LT, BAeEMBROSRMARTE, EO,
74 5hA PRRFEAOERIIISENT, TNIAP
7o F BADERREZRYV. 20RKOEBIE, H
BHEOLFERICH B EEZSNDG. TbE, B
B O HIBRA IR Iwt% I ET 550V CO A2 G A
TWaEY (8, 1996), Ca DREAHIREE LSS L CHEL
DIREEIESEM A LR L, Ca T3 /o A BBIELY A4
Lot EZONE., COLHINBCOEHED
L£HEECaT I/ ABEEYMOBEE OBRE, =
a—Y—35 v F®D Wairakei (Steiner, 1968) ®
Broadlands (Browne and Ellis, 1970) #HZ&TOE
HEELELHENT S, SERMAEBICE W TRHIIT Ca
TN A BIESIIERS T WEER, 151 b,
FeA, REESY), B8, SR ZEENYHEE &
150, MISEYE L CHAaIY AR s Lchs, B
ZADERINBEDEVWVER SN E, PRl
e &g, Wick i, BAEFEEEERLICEET 2K
B AR L 12 BRICBEE U fo i BGR (AL, BiTE O
R LERRIC COICBUHRATH - 1o T L ERERT 5.
454~ RO+ HEBHEOTLEEIME LT
Ca, Mg, Fe, Mn @OREEIEH M & CatiifRiE (EALE)
BH BN, ThoOBBILERSOZ  IEFRADL 51+«
BEASFICHNELENRTOVAESTH S GE4XD.
7, 454 b BREBG+HODHIE, HBGRAEDOITH
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ZAREATRE 120 T 18 < HiE R 200-350°C o iR AR O K
ot LHTna,
INSOEMA OIS 2 &, 154 FRBA+HIE,
CO, T2 ICBU SEEE oBGRK (BF, 1996) 75, &
TR OB 13 2 i Eh 2B E L > > ilis
BoKIFEEE 518 2 B REETIRET 5 Lick
DHERRLEEEZONS,

53 454 +%

194 MO, HEIEAT O BT (AT E 20
DO —HIB o5, FlZAF, NOT-OAdHiH T4
54 harAs IR 9 B ZERE 550-650m R i FLH-EEIE: o K
BRKEHRTH Y, BEHHOEOHEGFEED 7 + — F
FA Y PITH-TOLA,

1514 bR, < DG, BUKEENEER
FTRr{BEACILBIZRATVEZETHD, REA
D1 74 b RRBSEIY AL RRIN TV AHdE W
I, EAhAEER L HIBRKOBEE L, KIS
L OFERITEAL L ERET S, 37 THENHERT
&34 54 b EORESIE, BWHES O KILfgE s
BKUELBVELGTHEIENEZVI LY, TORELY
YT A Fh 494 rETED SN S Mn OfTiNb,
154 bE~OEKHOBEEZ/RL TW5,

4 74 b OERIC ISR S HRIRE B S L Tu
AafgEE S E . RS OFEKESHEEICS T T, £
TR A U b SRR T ANE & B nfgEdE A S .
F12, 454 bFoducid, HESEBOEELMES
T4 % Au (Hedenquist et al, 1996) OSLEBE A (£
ST EMHB. WA, NST-OAAHFIcBIT A4 54
PR OHIEER T, BETO AuBE S 20 ~ 60ppb
Thh, Ny 759 FD1~5ppbicxt LT 1050
togEEREERLTVWS BRER). ok
MR EAERO Au o GRBEEENSZED SN0, fil
DHHLEHTIOEHIETTH 5,

BEEM ML T, K-SHUSOKEFERER &
bEELAT L. HBRNICAHETE1 54 b« fifef +
PHAYFA PRI, A 54 FFRREW K0 BE
LRV NaO, MgO BEZREELTWVS (FE30XD.
IR T ©, MACABRERIKEG S BKEZRBEET &
o ORIBE Il (Takeno, 1989) i L Nid,
BonrAgaicidarE AZERMERL, T oMMk
HEic b~ T Si0,, K,04#imL, Na,0, MgO,
CaO @D L1z, ORI, HLEWBRICBIT2
154 VETHONBHH) « {LFEHK FofER & —3d 5.

Pibag e s e, 434 FHIEIHEMICEKEDS
WEAhE, HBRAESHEE L o2RET LI LICLD
ElantzbnEEL SN,

54 AFUFA+FE

HIBGRHNICA SN BEERDOE L, HEMET VL
B @B I mARTHT, A4 ) FA P HI>ZO
W& b AR GIEELRT. KR, ZiR
BEAER, MoOtiRE & OBGRIA%ITHE 3 2 B
CREIS oo b, FEE 500m AT & st AKE A A~
DHhDERT AL, 2FKELTIRASA L - FEA+
W, AA2 54+ HAFEREOMOEE R EM )
BOTIERERIRT. TOX I BAMIEER, 4 F4
b OIEEYS, thOBEROFKEIC, Thoict —~
—F) Lz EETET B,

AA Y FA N HEEBRT AU OBEO— 13, EF
BT E LTASA b« 220 54 NRESEYMAE
INBTETHB. A4 F A4 MHOSAHEHEDO FHI
ERNERICHD, 22 TEAAY F A4 P HOKEDI I
154 b REBLG+HEELTWS (FIAE, 1t, 4r
BE) A4 - REL+FHOERKLIMIEA S
FTHBEMD, 454« RA7 54 FEEBEMES
ChAYFA NEIE, BEIYO—H TR E
(Henley and Ellis, 1983) =#Mf 3 hid, Z0FHD
154 b ~RBA+HED SERTER LI LTS,
ORI, FREEE,L 20 FHCrTTD
HHT, EEEEsEomEdsuwoc (B9 Z5E, 1997),
HA Y F A PEHIRTIREE O WL ER % B O RE G
O THERENIZbDE L THET A & dNEETH 5.

—F, HAYVFA P FHOFYHIEE DS 5>V LoDk
i, REIEIYICH D, REBHOAA ) F 4 b,
ZBOEIKOB L UOERET L 3ELEL LA ->TV D
BIZE, 1t, 4r, 22T &), & 51T, #n5OKRMEE
S A A Y F A4 PEOSTREAIC RS 57120 Tla],
HA)FA MEORHICETSE4 54 b« &L+ HT
KHENZEIOX (b)), kbbb, A4 Y F4 D5
HEFR L, RGP ESL T & ORI O 43 A EEFH
D LEEDTVSE T LI b, REREIY O AR I,
COUCBUHBRRAMNEE LI tEBX ONE. £, h A
) A MR EEERIE O A kD 4K & 1195 (Hedenquist,
1990). chb &, BB LREOSE#BEELZELET
EZDE, HAVFA M E, FEEEERLICET AR
W TH Ut COy & R DSIRBRIESEY % 2R L > - il
BAEEF L, LEAHICHETEL KB FKICK ZAL
T ETHUIREERENK S BEEEORIMIC X D RS
TLERIRTE S,

5.5 EEENLIIYHT

BRI T IcB T 2 EABM IR E, LELED
AV FA NBERELTHANS, BB YR,
154~ FFRBRAFEBOLA A b « FRBEG + 8 CO,
HREAKBOHI FKASEE Lt HIBEE2Z T ThA Y
F A bENEERT A0 KR AT, (KR TKIC
X DR E N ATHEME AN .
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6. ¥ & ¥

LB R ORI RIERE I B L RS DMK
AT A I EEERIBE i, BEOEES
LET 5 L E b bER S OB BRI EFE N, EEHO
BRREEE L, TOERRILTIcELDHONS.

1) HBRAAOREOEEE, BEIHENICETH
ARt o LGS S VW T, BEEE, X4
774 b BaE, BEBHIIME, 1540 &
A, 454 ~RBG+H, A5V, 14U FA
b, BHEAAROD 8 DOEERHICXSTE 3.

2) HIBEADOERIIBOKT DL, FB=fLOLIEE
BEBOEYTHBEM4 514 b « BROEOEEEAZIT
W3, 454 b < RBAETRASA FEREACLDE
Mo oh, AKX BHELOEEY, R4, EHKA,
VEA, BEHRIAEESILbH B,

3) MBZHNOERIIBICIZ, LEHFREYEEHED
HBEELENEHRL, HWOOEEH, 7485451 b -
BEA+%, 1314 8, 2404 8, BEBEHL
PIEDEBANTES, 454 fFRA+HIEA 51+,
RO, BB BT oh, A%, MER, ®
SROE, HIKG, FHILEMES. HEEEE R 200C
VI b o @R ES I LRI AT B, A 54 MRS
1 MCE RO T SN, A%, HIKA, BHILEMES.
HIER P O A RS R A 55 0 — i SRR ic 2 3 5.
HA)FA NEEAA ) FA N, B, ERAICLD
Ko oh, AE BEA 154022254+
REBSIYEFES . HBGRN ORI OER) |8,
KEE S L RO TR O—#B S AR
T5. BABKTIEYHRA 54« 24294 VRS
BEYE - RBRA s R A2 54 FRABEYICL
o on, A% BMEAEES. HFVFAMESE
L TR md 3 2 EXEL

4) ERINEOEMIE, HERORNE bITHE~
FA YA VEOBEEREVWLKIIBEETHHBL TV S,
HIBR N O 2F LFEMRR R LR FERKSY, MEKS
EHIIBLRVWELERT—F, HBEFEDOHNATREE /¥
g —VICEVEED SV, HIBSRNO 2 ELFEMR
DEFEMER, BB EICL D booa Nt EEZD
ns.

5) HIBRAOERIIBARE#EE LT, Al THRIL
L THEBGRNA DILAER S DI 2 BT L kG SR, i
FHOLETOEERTILER S OBGMIED SN F
bbb, ECOEEHTIEL TIMI N 58k5355Ca,
S, As, Cu, B L THREEINTVBEESMHCsTH 5.
MAT, 4194 v % Tl NaDBRELS LU Mn, Au,
Ag DEALD, FHAA Y F A4 FE T Fe, Mn, Mg
DRHNMED S nt.

6) 154+ < RBA+TIRCO W RICELEEIE
OB AL I EE D 258 L > S BIRETIRS
TBEZIEICLY, 454 b ERMIHICBEKED SV
A BGRIES R L ODRETSE EiICk, A
D F A RREEEEERSICB A TAE L
CO, H AMEBOR T KICRZAL Z ECHEUKERD
REEBHK & S & ORIGIC L D, RABH TIME
AE Y FA PEBEREINZBORIAMTEEOHT
Kickn, zhzhkanizsEL o505,

HE LTELR HEED, BEABR—0Z8KREZRULDLE
1 5 BagmBm et s L O =B ERLLto
BARELLICIIAB B L TRELAOFEHE%ET » TIEVL .
HepmBmX 2ttic IRARZBER O 2#A L CIE
Wi, Ft, EALE B4 532 OEEURETE W,
Hf o & A IAREREZOERETFm-> THW . LIk
D2 IR BEHEBEL LT 5.
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FIR ohiEd L UCBRHRA
Table 1 Analytical methods and detection limits

%23 Sk BitiBRSR | RS Sk WHEBR | RS Sk WHRR
Sio2 0.010% |lAs 0.5 ppm [lAg 0.5 ppm
Al203 0.010% [Au 2 ppb Cd 0.5 ppm
Fe203 0.010% ||Ba 50 ppm ||Cu 1 ppm
MnO 0.010% |iCo 1 ppm Mo ICP 2 ppm
MgO 0.010% |ICs 1 ppm Ni 1 ppm
Ca0 XRF 0.010% ||Cr 5 ppm Pb 5 ppm
Na20 0.010% |[[Hf 1 ppm Zn 1 ppm
K20 0.010% |[Hg INAA 1 ppm \4 2 ppm
Tio2 0.005% |[[Rb 15 ppm |La 0.1 ppm
P205 0.010% [iSb 0.1 ppm [|Ce 0.2 ppm
LOI 0.010% |{Sc 0.1 ppm (|Nd 0.1 ppm
S Infrared |0.010% [|Se 3 ppm Sm INAA 0.1 ppm

Sr 1 ppm Eu 0.05 ppm
Ta 0.5 ppm |[Tb 0.1 ppm
Th 0.2 ppm ||Yb 0.1 ppm
Y 2 ppm Lu 0.04 ppm
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FH5E ERINEIZEIF S “immmobile” JTEBOHEBIRE
Table 5 Correlation matrix for "immobile elements” of the
Takizawagawa Formation

TiO2 P205 Zr Hf Y Sc Ce
AI203 | 04684 0.0906 0.7106 0.7785 0.4679  0.4911  0.5377
TiO2 0.4434  0.3333  0.2424 04179 04179 0.4179
P205 -0.0311  -0.0882  0.3992  0.3831  0.3992
Zr 0.8806  0.6356  0.3437  0.6121
Hf 0.5460  0.3055  0.6566
Y 0.4832  0.4008
Sc 0.0275

A 4 A
Bn
Aizu Basin
| |
Aizuwakamatsu
4
K Okuaizu e
II
N b
/S ; “ “ N ‘\
\ ’ ]
\ N 1
\ < A N )
\‘ PR PIaRN N !
i \‘«' et
!
1
'
. "
Fuzawa Basin \ .
Y 4
m 4.
Tajima
140:E
Quaternary Quaternary , "+, Late Miocene
Stratovolcano Caldera ___.’ - Pliocene Caldera
0 20 km After Yamamoto (1992)

F1R BEMSLE. ,
Nm : BRK, Sn:BFEAVTS, Ir: ALRAVT Z,
Bn @ #86:K1L.
Fig. 1 Location Map.
Nm : Numazawa volcano, Sn : Sunagohara caldera,
Ir : Iriyamazawa caldera and Bn : Bandai volcano.
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-Geologic " 141 Thick.
A;g Stratigraphy Lithology -
Ma| o @ . .
§ R | e e o e
0.014=2
% Sg upper : Rhyolitic ash flow >50
g middle : Mst,, sst. and sist. 100
° lower : fine tf. and poorly sorted basal brec. >90
1 - £ YI' Rhy. lava dome, glassy and periitic 400
g
3
54 5 FJ sst, ait. of sst. and mst, pm. tf. and cgl 300
2 Ir Irt : Dacitic ash flow tf. and debris avalanche  |>1000
- deposit
Irl : Sst, sist. and cgl. >200
A Iri : Dac.,, rhy. and and. lava and intrusion
Q
e 5| Us Urushikubo
c B
g E | ] | | | Us sst, sist, mst, cgl, tfbrec, pmtf, 200-600
15 g — v Mj Myojingatake ¥ basaltic volcaniclastics and Rhy. lava
Og Og = Mim=Miyashita=]| Mj Andesitic to basaltic volcaniclastics 300
TK Takizawagawa I\(:g Rhyolitic volcaniclastics and mst. 200
¥I# 1'1%1{1 M Met. 1000
2 Oh 1 Ohizawa TK Rhyolitic volcaniclastics and lava -1300
20- Sl 1 T L L] Oh And. lava, lapilli tf. and sst. >600

#2 R (NEDO (1985), #AK - fth (1986), 1Lyt (1992), 7KiE (1993) &£ »#KX).
Oh @ KigiRlE, Tk :&ER/IE, Mm: STRAEDE, Og: kTE, Mj: W, ELlE, Us: BB, Ir: AILRE,
Fj @ iEbEE, Sg: BTHE, Yr: &/ &R, Ns @ iRRKERHEREY.
Fig. 2 Stratigraphy of the Okuaizu area (compiled from NEDO (1985), Suzuki et al. (1986), Yamamoto (1992) and Mizugaki

(1993)).

Oh : O-hizawa Formation, Tk : Takizawagawa Formation, Mm : Miyashita mudstone member, Og : Ogino Foramation,
Mj : Myojingatake Andesite, Us : Urushikubo Formation, Ir : Iriyamazawa Formation, Fj : Fujitohge Foramation, Sg :
Sunagohara Formation, Yr : Yunotake Rhyolite, and Ns Numazawa pyroclastic flow deposit.
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37°30°N
37°25°N
£ i SGA (A v
[ il AL' L e O\
. A . . . 5 o -
I a3 (A | - e W
LB T
0 2 4 km
e
L SN
139°35'E 139°45°E

53 FiEHE (NEDO (1985), 1Lt (1992) , 7kiE (1993) & v#REED .
C.F. 2. MoMiRERE, S.F.Z  BARWEHRE, O F Z : ZBREWHE. ZTofoitsidE 2XKEEL.
Fig. 3 Regional geology (compiled from NEDO (1985), Yamamoto (1992) and Mizugaki (1993)).
C. F. Z. : Chinoikezawa fracture zone, S. F. Z. : Sarukurazawa fracture zone, O. F. Z. : Oisawa fracture
zone, the other abbreviations are the same as in Fif, 2.

Sunagohara Formation

Iriyamazawa Formation

Lava dome & intruson

®  Major well head location

B Major hot spring discharge

NG

A :
\ \(\/ /L/ t E\m) ] +— Section line in Fig.5
D e
1 1N .

FAK MERELDOMBME L L CEBHHME
TF. : #3WE zofthoid5i3E2 SKEFL. A-A, B-B 385, 16 MicR7T KR
Fig. 4 Geological map adjacent to the Okuaizu geothermal system with major drill hole locations.
T. F. : Takiyagawa fault, the other abbreviations are the same as in Fig 3. A-A' and B-B' are section
lines shown in Figs. 5 and 15.

7 Fault

— 512 —



BB, - hETRERIB s S h 22" (BY)

X
A ,
el i
o2 Ir A - _
R, 90
I
B R "ll'k n
T ; 3
S| ‘,"'E ..,'9/ &'% “iIN
T M= vy o8|
— ..l = 8 ""4' \ ] l“."_ < -
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(a) A-A'MWr@E

Fig. 5 Geologic cross section of the Okuaizu geothermal system.
Dotted lines are isotherm based on logging data, the other abbreviations are the same as in Figs. 2 and 3.

(a) Section A-A'

ASL m
B
T SRR "_'_,,:
T pI g TEITT IOT 5
9% T3 B T B TP og -
14 01
= I, in oo e, -
A Tk L LTS
- el N T & T
-1000} - - 37 13 H—F .
BX~\Y . - ..
T A |-t %
: > 1 1= -
B ' & IS 24 é‘ﬁ' T R .
g ‘.e_? ng . -4'%_#_"5-_
[} o °. p
-2000

5K (b) B-B'WiH
Fig.5 (b) Section B-B'
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EOoR  ZEILYIEE R O RBGtS.
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Fig. 12 (a) Regionally altered rhyolite from illite chlor-
ite zone, Honson, Mishima town (#95071209).

12K (b)) HEES 195071211, HREGH © = EHETEG.
HIBEAD A 54+ « SRAHORAEE KILEECE.
EESER 22 HE S, MR ealts 5.
Fig. 12 (b) Regionally altered rhyolitic lapilli tuff from ill-
ite chlorite zone, Asamata, Mishima town (#95071211).

F12K (o) AKES 96112006, AU @ —BETEIR.
HIBGEA DA 54 b - RROFEOHRSCEE KILEEICE.
[FIEBO R h KBRS R 280,

Fig. 12 (c¢) Regionally altered rhyolitic lapilli tuff from

illite chlorite zone, Warusawa, Mishima town
(#96112006).
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F12K () FHEES 0A1-998, FHEU : i N57-0A-1,
SR 098.0m. HMiEVRAN CGHEREEK 130°C) o4 54 b -
RO DA E KILBEEBEKE.

Fig. 12 (d) Altered rhyolitic lapilli tuff from illite chlor-

ite zone in present geothermal system (130°C logged),
GL -998.0m in well N57-OA1.

12 (e) REES 1 0OA4-847, BREU : HiH N57-OA-4,
RRE 847.Tm. HIBRAN GHBRER 170°C) DA 54 b -
IR + O RBCEE KL B S,

Fig. 12 (e) Altered rhyolitic lapilli tuff from illite chlor-

ite+ zone in present geothermal system (170°C logged),

GL -847.7Tm in well N57-OA4.

F12K () FEEES 4r-650, FRHGM © YA 84N-4r, #
B 650.0m. HUBERPA CHERERER 150C) DA 54 b«
BleA + FORBEERLEIKE.

Fig. 12 (f) Altered rhyolitic pumice tuff from illite

chlorite+ zone in present geothermal system (150°C
logged), GL -650.0m in well 84N-4r.

Fig. 12 Slab photographs of typical altered bedrocks of the Takizawa-gawa Formetion.
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Fig. 13 (a) Regionally altered rhyolitic fine tuff from illite- Rd:#~< v 4 v, Py B BEJOEIRIY
chlorite zone, Takashimizu, Mishima town (#90121302). 2mm.
Ch : Chlorite. 2 mm width. Crossed polar. Fig. 13 () Alterede rhyolitic lapilli tuff from illite zone

in present geothermal system (140°C logged), GL-635.0
m in well N57-OA4. Rd : rhodochrosite and Py : pyrite.
2 mm width. Crossed polar.
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Dl : %IKE. EJOE X 349 2mm. zone in present geothermal system, GL-1106.0m in well
Fig. 13 (b) Regionally altered rhyolite from illite-chlorite 84N-2t.
zone, Takashimizu, Mishima town (#90121302). Ah : Anhydrite. 2mm width. Crossed polar.

Dl Dolomite. 2 mm width. Crossed polar.
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Fig. 13 Photomicrographs of typical altered bedrocks.
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Fig. 18 Surface distribution of major alteration indices.
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Fig. 28 Plots of LOI versus Fe;O3, MnO, MgO, S and CaO in the Takizawagawa Formation.
Abbreviations are the same as in Fig. 22.
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