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AATIZ U T S 72 BHLIT 1558 FEOBHPILIL & S, £ D1k 1600 4ERIZ/N
FUR, RNFEASEEE O+ FaHER L, 1861 AZ/NRILILITTINFLR A R E Tz (KK,
1983) . £ D%, 1955 FITHHNILILIARINFLRAFE R S, AR BINT —H L7258,
1994 AEDIRGFEILOPAILIZ X 0 BISLREOBFEOBEL ZPA U=, 2O, %< Ofges
ROPLILHATHENZ Lo C, BILSUIRORIRGRCIARE T /L7 EDMEE S 7.

IR ORI RRIE, MRS (1920) OATF (1931) (&> TIRIBESNLT Ll V%
PLBRARIER &, RIGR— (1919) 1T X DRI K ILPERERSMESL R BT R & < Sy,
1950 4EHE & CTITRATE N FF S, F D% 1960 FF80 5, KiF (1919) OB 2 HSRE S
R T CRE;, 1983) . 14 (1959) I BAVSEILIOHIA BHLR DS RS DOTERL & R T
b5 ARetEZ R Lz, 1960 AEAHTPEICITBEC RO BUGBIEIC SN T, SRR &
AR THD Z ek SN, Z0%, %< ORIHIRPIER I, FHl7ZRB58]
ZLOWIIED R S Sz (HAGRII#E -2, 1983, Ohmoto and Skinner, 1983) .
I, PR (1973) CIEESRIROERDFE L Gl s, HEPH2ERIZIE D & AR 23
Faml S #7-. Omoto and Skinner (1983) T, 1970 A& HibE - - IB/KHAMIC L D
BUEDWIEBRILR DO ER N AT, BIFLROFEA OfE, MEaT 5 & L bl
BIyFa AR L Uo7t 2 Nz, &R EBSIUR ORR 2 at S iz, &
7z, WH - EHE (2002, 2003) (%, BFEHUEIZ AT D KILEBIZ OV Ta A7 G
ZATVY, BISLR O IEREE D & BB~ DO ZE I AT o4 7= "TRetE 2 454 L 7-.

VAR, BUAE DR IRBUKILRIC W THEE F OB ORISR AR —Y > 7 4E

(BMS) (ZX VD AMREIZZR D SO H 50, TOWETE T m ([2& EF Y, HEE FOEUK
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REBFET HIodITiT o Tiddev. —F, BEFOSUROFA & 3EHREUC K-S <R T
(TVIEE T 100~200m FREEDPREE £ TOFA DPERDOBIEE LA FTRETH 1, VREE)
KIFER S AT LAPEHICRFI CE DAY S 5. L Lan s, BARORIEE TIX
% < O BILILRDH T ISR OTERE TIREACEITAEAE L TN 272 DI, HIERSPHIND D D
FER—V U ZIIREO L ONREL, BER—Y V7 DR ET D LR D T
Wz BTSRRI DAEER T 5 2 & TR SV T X T BERIER DI R & B3
DI, SR TRROEARBIONENEE TH 5703, LiLd 2 & DOT=DIZHIR THED
BN DM LRI Z < Ao,

—J5, WHLTIE, BUET S BEARLR © & o0 KILESRIRETA LSRR D% 5. - BIFEIZ D

TEL OWENZRINTED, R PS5 medn L RIRIUR b #E Sh T s,

BIZIE, B FETET 47— A F— 10D LaRonde Penna =4eimfin K ILIMESLIRERAL
WISER LY, SRREHESERE T IR L TR, HELUHINIZE TR ER DR

RS TND b DDOFLR ME S FRIZHNT TEE R ORRAMOLE 4 & SbER DR
BRSNS TND. ZDOERAY72 & LT, LeRonde Penna Ridiifir Kk [LIPE SRR
AEFEIR D TN AR A 2 O RER IS STV D, ZORERIL, FIERIZITS
TV SEOBKEER Th -T2 B2 5TV % (Dubé et al., 2007, Mercier-Langevin et al.,

2007a, Mercier-Langevin et al., 2007b) . 7z, 77 = a—X =7 [EHIHC=2—Y T K
WIS - =T 4 v 7 INOBIMEAVKIIRBUK S AT & (T AEABKY AT
2\, Brothers BUK S AT L) (\ZIFEEMEDBUKDAERER SN TR Y (Gena et al,, 2001, de
Ronde et al., 2005, Tontini et al., 2012) , Zi1L 6 OMBEBVKILIRIZHUZE G LI2BUKIC~ 7~
PEFURDIFAEDS RIS LTV D, RIS, BUEDBUKILIRD Brothers Bk s A7 LTI, #4

KEDACFRT — 5 LRI DS A« JiAEOT — 2026, HERIE R ZRE e A1)
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(ZATOH, HMEIEN & B E ORHEDS BN S 4L, REHk O~ 7~ MR o B 5
PSS TWD (Bil21E, deRondeetal, 2005) .

ACRE k)~ & 0 RIS 12 0O 75 2R Wm0 oD ik Tl 2 I BAJE S U72ilR)NBEIR IS, 1984
FITHE R SV BIRGEIR T, 1987 4F 4 HIZHREBRAR, 1994 4F 3 AL E T 7 4 H DR
EnfToh iz, WKL, BIEURE LT, 2EICEMIAmN & TREHT B,
ARFGEOXIE & LT3 S IR ORIR G AEEHLC Au8.0 g/t, JEIREEEESL T Au7.2g/t, JEIR
BLC Au 12.7g/t ORI ERE STV D (LEIEDY, 1988) . 7235, HEEHO L
N ORALIE, 5000 F>/H, Au6.8g/t, Ag123 g/t,Cu0.74 %, Pb 3.86 %, Zn 7.92 % (1988 4 7
R) Thsd. £, SHAERICEEL TEEIME LAY V2D R H 5 (1
H1Z2> 1987 ; [LIFHIE)> 1988 ; Yamada, 1988 ; JAMAIZ A, 1988 72 &) . Fiz, FLRGEEDES
\ZHURBYENDEE m FEE CTOR—Y 72T S 4, Wk b OBUKOIEERIEE D
WFZEIZDWTHE LT2R Th o7z, T X DITIRINGRIT, @IEIER TR b s
PR TH DN, TOBEENFHIM CH o720, IRNELROSHACIER 218 5 MR EVKAE

BR AT LOFRIANI 272005 Z L3l oz,

12. HEOEM

IR PR, TP SV BIRSR TH Y, FHNC&ICETe 2 & THREOT b
NG, AGRRITAERAEN &2 8> T & TR AU ORI AR 2 BRI HUERA L 2R R
FSNTEY, KIS CFRIZ 3T D S E R ORITICITE L 723K TH 5.
7o, RIBRRICITIREEL Y FALOTEEHOR—Y > ZRBNFEEL TR Y, FRHIHL

YERIZBE G- LTI OFR D RS A BiF 55 Z E R AIRETH B.
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ARFZED BN, SEAREEL O TALOWEAR—Y o 73E b & TR ZITV, B8R
IROHESARY, JE), BRI FARFE S L, MBERVIGRIZIS T 2 @HMEIER 0%
PELE R ZAHNCTH 2 L Th D, ARIFIETIL 1987~1989 FDOHIEILAT A & 2 DfH]
(CERER L 7238BE, 38 L ORIFIESERN 20 L7 — Y 7 5 Lok 2 W CTRRE 21T
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2. HWEME
21 [EEHE

T HRAR T, K IR ARRE ik oD AE ARG oD R0 FH B 7 0 o0 Ak FH -7 AR IR B A T IV L T
W5 (Fig. 2-1) . IRJIBERAHEOHIEIZ SWTIE, B diE M (1976, 1978) , A4
1E> (1986) IZXLVIRRHA TS,

IRSLR DD OHE L, BETHLHPHER L TN RNEEITHE S FF —RB LU
PR, BT NS OB BN EHFEN DR SN TW D (Fig. 2-2) . ABURBEZOHHE
AT, FICTHCE O S, R TIRIR) IR BRIZHOT70NZE& N T 57210 Th 5728,
R0 A VRS REE S6MAKN-25 5 (xR FRSEFEM)  TIETREL 800m fHUTIZHERS S 4L

TW%. MIREHEIZHED 5Dl AR &SR0 B 5 Tl AR o & B 213K

900m Toh V), +FIHEI~ET CHALEDFET DIREERLS 725 (FEAIED>, 1986) .

B

B =R, ALK it B EIUE, TIPSR TR, LI IFE R e
LR, AL - AR NREEEE, RO - IRARSEE S BIRE K VR S LS. SR TUE &
RS RO RIR T, FIiRE LEEE, mEE L e BRI E SRS BIR O
+5 (GRIZETEH], 1976) .

SEIUElE, BEEEIRSEELTLEL, BIKE - VIV MNE - DEOEEEET . R
WARE T EIET A A NERUKABSS 2L L, Jeid - KIS - 71 1 RS
D, SR, FaRE TEEOR BT A A NERENORDE =LA D L
MR STV 5. BiadkE FEEIE, 74 NERIKABSS Z T L L, KEAIT
BOEE, THoE, BEEYS, ZaREEELET. mHEE, RERE S ORIKAIS %
FE L, MRS 2 BAET 5. ey BRI, Jeis - i - BEE - BEKE - IRRSREIRS -
FECHCS X DR SN, SR EHERERAITE > TWA. HBIURIE, TITEAE D SRR

SN HFEKILEHYN R, B=Reh<E5 (BIEFHEH], 1976) . HE =
8



Akita University

FHHH OB NE TH 2L NERE M OT A A MEoEE, I FRRAEES - AEAGH - rR

I N B — 2 ROFEHR & LTS 5. IRIIFERE A OIRNIRIZIE, Aedbis — R

WO ENTFET D,
Aomori
Pref. .
7
/
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Fig. 2-1 Location and geologic maps of the Nurukawa mining area (Nishitani et al., 1986).
Location of orebodies is projected to the surface. 1: Volcanic ash (Towada Volcanics),
2: Basalt tuff (Towada Volcanics), 3: Tuff breccia (Tobe F.), 4: Pumice tuff (Upper
Hayasemori F.), 5: Mudstone (Upper Hayasemori F.), 6: Lapilli tuff (Lower Hayasemori
F.), 7: Mudstone (Lower Hayasemori F.), 8: Andesite tuff (Nabekurasawa F.), 9: Pre-
Tertiary sedimentary rocks, 10: Dacitic intrusive rocks, 11: Ore deposits, 12: Drill hole.
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22, SERAEDOHE

IR NSRRERA ORI, TR FlidRE THE, FsE L, =iE, i B

i

J&, TFEAKILHER S0 S, RlARE TR, B LTTAYA Ma LT A A
NMEEIKABES O, RS LEEIE, EE UTT A YA NERARIS ~EEK A
Ba LIear bR %, IRNFRIE 5 DOIAEN G2, i Dm RILE D 5 JiAIT,
[ELAS 150m, ke 50m OFWEERE TEEOT A A NERE OBALEIR S F— LTEE
EEERE AN D (LEIED, 1988) . E725 5 LR IGEHTICIE, AR — PR e

OHEEWE N HEE Zi D (Fig.2-3) .

10

Fig. 2-2 North (N) - South (S) cross section through No. 5 orebody of the Nurukawa
deposit (Yamada, 1988). N and S correspond to N and S in Fig. 1. The enlargement
of the rectangular in Fig. 2 is shown in Fig. 3b. 1: Volcanic ash (Towada
Volcanics), 2: Basalt tuff (Towada Volcanics), 3: Mudstone & sandstone (Ikarigaseki
F.), 4: Tuff breccia (Tobe F.), 5: Pumice tuff & mudstone (Upper Hayasemori F.), 6:
Tuff breccia (Lower Hayasemori F.), 7: Dacite lava, 8: Black orebody, 9: High-grade
siliceous orebody, 10: Low-grade siliceous orebody, 11: Gypsum orebody.
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Fig. 2-3 a) Schematic plan map of No. 5 orebody, Nurukawa deposit (Yamada, 1988). 1:

brecciated and compact bedded black orebody, 2: Au-bearing bedded siliceous orebody, 3:

Au-bearing network siliceous orebody, 4: fault.

The major parts of orebodies are

superimposed on the plan at 580 mL. The level of the underground tunnel is 580 mL. b)

Cross section of No. 5 orebody of the Nurukuwa deposit (Yamada, 1988). 1: Tuff breccia
(Ikarigaseki F.), 2: Pumice tuff & mudstone (Upper Hayasemori F.), 3: Silicified dacitic

tuff breccia, 4: Brecciated and compact bedded black ores, 5: Au-bearing bedded siliceous

ore, 6: Au-bearing network siliceous ore, 7: Fault.
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23 BISEROTA Y4 MNEERUTA Y4 MEREREREDH

BHHI DT A YA MOV TIE, U - &H (2003) 73D4,D3,D02 & X3 LTV D.
D4 KUND3 1L, ED MRT A A F& Zh, JuFEfsesl (B 20km) (2072 v 45
L, (JFERMROT A A Maca & KILABEE, BEIKAEYS 72 & OB AE 578
5. D2 XIS FE DT A A MEETH D, £72, Yamadaetal. (2012)TliE, ZH 58k
IR THE LSRR AR DT A A h%& R4 & R ICHXSy LAt a21T-> T\ D, A#iC Tl
Yamada et al. (2012) 255 U, $ibAEFIRTE 72138 LEIRR O F A YA R &2 R4, T4 P A
NEBIKEE A T4 & L, SMUER®ZOT A A Mo R2, T4 A NEBIKEEA T2 &
XA L CREiRZ T 9. BUFICAR—U 7 ariZBid s 74 A4 NEOT A A NEEK
FHHEORIRMFHE AR R 5. Bt L7oAR—Y v 7 a7 o AESL WK o & R —1

> a T OALENE Fig. 2-1 ITRENTVN D,
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i 1

1

TOW-136
TOW-105

TOW-130

TOW-132

TOW-122

TOW-T4

No cone

Tv: Towada vobcanic Formation

Ik Ikarigazeki Formation

Th: Tobe Formtion

TZ: Pozt-Kuroko Dacitic Tuff

R2Z: Pozt-Kuroko Dacite Lava

T4: Pre-Kuroko Dacitic Tuff

Rd: Pre-Kurcko Dacite Lava

: Sampling point of Nd-5r analyziz

50m

Fig. 2-4 Distribution of Pre-Kuroko and Post-Kuroko dacite lava and dacitic tuff along the north-south
cross section of No. 5 orebody of the Nurukawa deposit. Location of samples for Nd-Sr analysis is
shown by yellow spots.

2.

w

A

R 2 7 27 ICBI BTA YA MROTA YA NSO BRI

) NEPRES 5 A% 1@ 0 Ak S ~BLY I D 2% 2, SMEIERIRTE 7238 e /E A

RO S LaE s (RA) - BEKAHEEH (T4) LOMElEMROA 32 LI Ein S

(R2)

CBEKAECEIH (T2) OAMIZOWT, ZOWEISHR > THofMT % 12 ADR—1U

7 a7 OEMORFGZEDTHET — ¥ & b L ICF ORHE AT 5.
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- TOW-140 (Y& : 650.0m, fEHA: -79° )

PRI 650.0m~573.5m O BHERE FHlfE@ 0T A 1 NERE (RA) , TR 573.5m~
525.3m O RIEARSE FEEOT A A NEERS (R2) , REE 525.3m~ 504.5m O FEARE T
g OT A YA NERKAESS (T4) , REE 504.5m~ 399.9m O HifEFRE B OT A 4
A NEEE (R2) , TR 399.9m~ 334.7m O RHEFRE EEEOT A A NERK A LA

(T2) , ¥REE 334.7m~250.5m D& DEECE,  250.5m~165.0m DFE & BEfE OB - %

JRA . REE 165.0m~31.0m O+F1H K ILEHSN 670 5.

- TOW-136 (flEHIE: : 424.1m, fEE} : -77° )

AAR—VU 7 OEFIE, FE 423.1m~401.3m O R E g oT A A M RE
(R2) , 4 401.3m~ 331.4m ORiAE LI @07 1 1 NERUKfales (T2) , RE

331.4m~ 164.3m OFE » BIfE, TEEE 164.3m~52.5m O-F1H X LW 70> HRERL S 5.

- TOW-130 (#EHIE : 430.1m, fEHA : 90° )

AR—=V T OHEIE, T HIRE 430.1m ~410.6m ClIi KIEA 2mm FLE O A5
BihE b o7 A4 A4 FENE (R2) , TR 410.6m~341.7m O FHARE TElE 0T A YA
NERERAEES (T4) , TRFE 341.7m~ 301.2m O FHEARE LERIE DT A V1 R i
s (T2) , BREE301.2m~ 156.6m OfiE 7 B OB, PREE 155.6m~29.8m D—+FiH k(LM

He 72 5.
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- TOW-105 (Rl : 500.0m, fE# : 90° )

AR—V 7 a7 OMEE, % 500.0m~3853m, 378.6~371.0m O FHEARE FilEic
FRY 9 2 BT FWER THETERIZ I ERE LT & B 2 b D ATEDORE A RO R2 IZ[X
ENDTA YA NEEE, GREE 385.3~378.6m, 371.0m~359.7m O T2 IZX 3 & d
WiAE L OT A A NERKAEYS, VR 359.7m~177.1m OfE - BIkE OBLE, TR
177.1m~94.3m O-HFIHIAK LEHN 572 2. TREE 470m~390.5m L D7 A YA 7
A4 FEE (R2) IFEERICEIKAZEL, 12mm OFRHEABLLIS L OEEIFED Hi,
PRBSPOZ B3G9\ . TR 374.1m ~372.4m TIE, 7 A VA MEAEHICEESE, J7gadn, BA

HERFLHIR D ZRD B D,

- TOW-132  (#RHIE : 400.3m, fER} : 90° )

AR—=V 7 OHEIE, FOHHEREE 400.3m~358.2m O FfiARE EIE DT 1 1k
s (R2) , RE 358.2m~276.2m O RARE TEEDOT A Y MERIKAELE (T4)
TREE 276.2m~ 240.1m O FHEARE LEE O T A Y MERUKAEES (T2) , TREE 240.1m~

123.4m OFE 7 BJE, TEFE 123.4m~31.7m O-HFIH A ILUEH 670 5.

- TOW-126  (iEHI5: : 350.2m, @A} : -73° )

KR—=V T OMEE, AL SR 350.2m~329.6m O RHERRE FERE DT A 4 bk
Hisae R2) , TREE 329.6m~ 234.8m O REAE FHE DT 1 1 MERIKATESE (T4)
UREE 234.8m~ 178.0m O FIMRE FHEOT A 1 NEEIKAEE (T2) , REE 178.0m~
75.1m OFiE  BE, TEFE 75.1m~13.5m O--Fuf kL i m DR S 5.
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- TOW-122  (HRHEIEE 273.5m, fEHA - -90° )

ARAR—Y > 7 OHEIT, HRE 273.5m~167.0m O FIEEE FEEOT A ¥ MNEEIK A
Bt (T4) , TRIZ167.0m~ 158.7m ORARNE LI OT A Y NEBUKAEEE (T2)

R

TEFE 158.7m~ 71.6m DOFE # FAJE, TR 71.6m~12.2m O-FFuH K L& 5572 5.

- TOW-96 (#EHIH= : 305.3m), fEHE} : N-60° )

AR—V 7 a7 OHEIE, 1HFE 305.3m ~290.0m O R E FEEOT A A NEA
& (R4) , 290.0m ~207.0m O FMARRE THEE DT A A NEEIKAESS (T4) , 207.0m

~131.9m OFE » B OBCEE G 72 5b . ARAR—U 7%, %FE 218.5m ~213.6m D 4.9m

\\\\\

. Fiz, EEE 2243m~2185m (ZIXPUHRENTE, TEndE, PEEREL, B OMARAE L S B

I FHIBOT A VA NEEEKAEE (T8) BMEET 5.

- TOW-91 (HEHIE : 205.5m, A} : -90° )

AR—V 7 OMEE, HEE 205.5m~170.0m O RIZRE FE DT A 1 NEEEK
s (T4) , B 170.0m~144.6m O FMiARE Eilfg o7 1 4 NERK A (T2)

(S8}
TR 144.6m~85.0m DFE » B8 DO s . 1R 85.0m~43.0m DOk ILMEHS 67 5.

- TOW-89 (HEHIE : 252.7m, A} : -90° )
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AKAR—V 7 OMEIE, HEE 252.7m~122.5m O BiEGRE TEEOT A 1 NEEK A

e

(T4) , RJE 1225m~112.9m O FififrE FiE 0T 1 V4 NEEIKAEYE (T2)

S
RFE 112.9m~85.0m DIE » BB DOCE . TR 85.0m~ 42.4m O-+FIH K ILFEHM IS 5.

- TOW-35 (#EHIE : 584.5m, &4} : -90° )

RAR—V 7 OMEIE, BRI 584.5m~524.3m O FIARE @ OT A A NEREIK A
s (T4) , TRIE 5243m~ 400.0m O FARE LB OT A 4 MNEEE R2) , RE
400.0m~ 316.0m O FIHRE THEOT A 1 NEEE (R4) , TR 316.0m~ 282.0m D F
WiARE BB oT A A NEESE (R2) , TREE 282.0m~ 257.5m O RIiARE THE DT A
YA NERE (RA) , 1R 257.5m~ 151.0m O FHEARE TEEOT A A NERIR AR

(T4) , ¥RFE 151.0~91.5m O FARE g (T2) | R 91.5~33.7m O-FFuH K Livg

Wiint 725,

- TOW-74  (HEHIE : 650m, fE#EH4l : -90° )

AAR—V T OMEL, ALY RERE TEEOT A YA MEE, TA A NEEE
RS, Jeda, R LEEOT A YA NERIKAEYE, Ty BEOBSEN DD,
TR D, FHEAE FEVE D 650.0m~6370m DF A A REIEEIL AT, T2, B
WAARE T EBE O 637.0m~556.0m, 402.0m~339.9m D7 A ¥ MAFEIL, R4IZ, 556.0m~

546.8m, 490.2m~403.4m, 339.9m~263.2m D[FEEHIKAMEA L, T4IIHIET 5. Fo,
TREE 546.8m~490.2m (ZIIIMR 2 A 98Bt ah 2 O R ITHY T 57 1 1 FEANEDRRD 5

5. —7, FHEARE FEE 0 263.2m~158.8m DT A YA NEEHK AR 1T, SR YE
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K0 EICHFETHZ D, IR T D EEZ LD, TR 158.8m~88.0m |ZIEHE

rBEEOMES, TAYA b, Zils, BKAES, KIUABSE R Ehbm5.

VEFE 650.0m~263.2m O FIARE TG DK [~k DT A A NEEEIR f e
i, K 30em RREEEIE O RAVESE AT 2 PES D, TR 637m~556m D7 A ¥
NEEAEY, RIS AR L, ASEBERITERD LIV, ZORHEIN LT A YA NEE

EHIXRAICHHEND L EZ BND. EE 339.9m~263.2m [T D FHEARE T g 07 A 3

A NEEIKAECEIL, SRBYHEL Y TNOBKEBETHAZ b T4 tEZ NS, F
7=, TRFE 546.8m~490.2m DI, AR/ AEREEZ HOZ D RIS TH EEZ BN

3. AEOIMBAEHE L EEFRORH

31 ShRRAEfEDZEE

PEARE)(1986), [LIFIENN1988)72 EIZ LD L, 5 DDOFAEN S 2 D IR)NGLE TR DO IE
1, TS EALICHEER: - RIEAH RS L > E ) o s Aol A O B
L, BINKIRAEHM L TICIET S, R FEOZERIC OV T, HEOHE
2 FEAARTS KO 3 IMARDFLR MEICHWT, RIRAZRARERN, 530K L5 5 ik
DR CREA OEIFT HEER—REAH, T L CHEEOE S SLKDIR FEc1
TA F—=RAA7 Z A MEGEM TRICE LT 2 enEeobnTnD. £, 1AV
A ME, BESEEIIATOERICGED DTN, 55 IMEOEIREILOE I 10om~
IMDESDOEE LT, EHICHEIIAROBILO HgE TRICHA Y T A bRBLTOA T4
FN—=AA7 24 MEGREM LS UTEFEET S (ILHEIEDY, 1988) . B4 Y T4 MBI

TA N =ARXZZA MRS LI, MECERARKE R LR TH Y, KH
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B O—H AR L TOVD D LY S50, ZbOnMmid, SRR Z
&R0, BEIRBIGLARD MO B GEILTISHER L FT 24V T A bAbND Z L
bdH Y, MOLERRLITOCRETH L (LEIED, 1988) . WhAITE/LT A &
ARGy S0, FPa R R LEEI, BT oA E IS BT D
7o, BIRTHE D BUKAEIER L3RR BB RO RN D 5. —T5, FHa3KF
M h, BEMICHREOLERE LI THL (LHEIZ)Y, 1988) . iz, FLKEYUE
FHEDEBEIZOWTIE, R T O TEIIRHR A KA E R — ke A CRAA T
DAL, FHEARE TEO EEIE, A T4 MNARAZ XA MESEM TR TR o 5.

AN, RO H LD BIMANZA > T, BHRARUGEERS—A T4 NARAY
S A MEGRER LR (T4 MEBY) —>A T4 MNARX T ZA MEATEM T (AA 7 2

A MEBIOWEREADRT) ~E2{bT 5 (Yamada, 1988) .

3.1.1. XRD fRHTDFER

TR ISERRATEE DG & & D IZFEICIIR D720,  [RIFAGLERR A S h L 7= 5Tt R —
Uo7 a7 i & BN TERER L 72 30BHZ DU T, XRD %2 W CRE S OFEE & Bt 2k
FfL7c (Table3-1) . F72, ZNENOEEIMNDOWT, Fig.2-2 & [Fl—OWrm IR —
U THONE E & BT, TFEE (Not present, Minor, Common, Abundant) T/ L7= (Fig.
3-5~3-10) . 7B, MEFEAToIHNR— U U 70, [FRERERR SIS Ko THEM S

7=, TOW-74, TOW-96, TOW105, TOW130, TOW140 DO 5 fLTH S.

19



Akita University

Table 3-1 XRD analysis for drilling core samples at vicinity of Nurukawa ore deposit.

PI|Mont|Mont/Ill Mont/ llite | Chl [Kaol |Anal [Mord| Gyp | Barite | Pyrite [Sph

Unit Chl

Q
N

TOW-74 89120801 |92~95m A

Q|0
>
> (>

TOW-74 89120802 |121~124m

TOW-74 89120803 |149~154m

TOW-74 89120804 [158~162m|T2

TOW-74 89120805 [223~226m|T2

>|0|>|O
>|>|>

TOW-74 89120806 [259~262m|T2

TOW-74 89120807 [280~283m|T4

TOW-74 89120808 [298~304m|T4

> >

TOW-74 89120809 |336~339m|R4

TOW-74 89120810 |339~342m|R4

©|e[>|0

TOW-74 89120811 |375~378m|R4

TOW-74 89120812 |401~404m|R4

TOW-74 89120813 |401~404m(R4

> >
D> D> (> D> (> >
>
> > (> > |>

TOW-74 89120814 |381~383m|R4

o

TOW-74 89120815 |407~410m(R4

TOW-74 89120816 |443~440m|R4

TOW-74 89120817 |473~476m|R4

TOW-74 89120818 |482~485m|R4

TOW-74 89120819 |488~491m|R2

TOW-74 89120820 [488~491m|R2

> (D> (> [D>

TOW-74 89120821 |515~521m|R2

D (D> (DD D> D> D>

TOW-74 89120822 [542~545m|R2

TOW-74 89120823 [545~548m|R2

TOW-74 89120824 |557~560m|R4

TOW-74 89120825 |598~601m|R4

TOW-74 89120826 |634~637m|R4

>
>|>D> (> >

TOW-74 89120827 [637~640m|T4

0|0|0|0|0|0|0|0|0|0|©|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0

Oo|>|>[>|0|0|O|0|0|>|>|>|O|O

TOW-74 89120828 [646~648m|T4

TOW-96 89120841 [118~122m

TOW-96 89120842 |142~144m

TOW-96 89120843 |177~179m

o|>|©|©

TOW-96 89120844 |199~200m

TOW-96 89120845 |207~208m|T4

o|o|>|>

TOW-96 89120846 |208~211m|T4

TOW-96 89120847 |211~214m|T4

TOW-96 89120851 [218~220m(BO

>0

TOW-96 89120852 [223~225m|(T4

TOW-96 89120853 [227~229m|T4

TOW-96 89120854 [231~233m|T4

TOW-96 89120855 [258~261m|T4

TOW-96 89120856 [279~282m|T4

TOW-96 89120857 [289~292m|T4

TOW-96 89120858 [302~305m|T4

>0

TOW-96 89120859 [295~298m|T4

>|>OD> B> (D> (> |>| > > > > > >

TOW-105 89120861({394~397m|R2

> >

TOW-105 89120862|446~449m|R2

> >

TOW-105 89120863|468~471m|R2

TOW-130 89120828|151~152m

TOW-130 89120829|157~159m

>|>

TOW-130 89120830|220~223m

TOW-130 89120831(297~300m

TOW-130 89120832(303~306m

o|>|©|0|e|e|0|>|>
>

TOW-130 89120833(320~323m

TOW-130 89120834(337~340m|T2

TOW-130 89120835[343~346m|T2

TOW-130 89120836({373~376m|T2

>|>|D> (>

TOW-130 89120837({397~400m|T2

>|>|O[O>|>|>

TOW-130 89120838[{406~408m|R2

TOW-130 89120839(410~413m|R2

0|0|0|0|0|0|0|0|e|0|0|0| |©|0|0|0|0|0|0|0(0|0|0|0|0|0|0(0|O

>
> >0

TOW-130 89120840{427~430m|R2 O

©

: Abundant, O: Common, A: Minor
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- TOW-74 (#RHIE : 650m, ftEA} : -90°

K7 OMEE, ALY FHEERE TEEOT A A Meva, 74 YA NERIKAEE,
Ve, FURARE LEEOT A Y MEBIRAECE, Tty BBOBYSE NSRS, KR—Y
7 aTIZBWTIE, JRE 650.0m~263.2m (R4) OFRHEARE THEE DK A~k T
A YA MEE~EIRAEEE L, MR BEORER & MEORIEA D DD FRER—fk
RALER CTHD. RE 637.0m~556.0m (R4) FHIITIXT A A NERE CTITHIRI 2%
EERL, ARBERIIFEO G0 (Fig.3-1) . F£72, % 546.8m~490.2m D R2 DT A
YA MG OEEIZIE, DEORER LIMEORKIEADFED Hivd. TRE 402.0m~
263.2m ORWEARNE THE (T4) OF7 A YA NEABKAECE L, MEDOESEY ni Ak,
TUEY BT A b —HERHRSER I, HER, RIEAGR5. TRE 404.0m~
401.0m TIE RO N Z THEDO A EDRD HiLDd (Table3-1) . 4R 263.2m
~158.8m O FEARE FEE D T2 OF A YA NMEARIKABES L, XD B~ R E
YEVRTA L, BEOESEY A MEERBLOREANLRY, TRE 262m~
259m & R 162m~158m OFREHI T EFR o HIEITIN 2 TIRED LB DD Hivd

(Table3-1) . ¥RJE 158.8m~88.0m Dfi¢  Bg DAY, D EDEEY A b, &
DEEY BFA MEERN, HESBIOREARRD LILDT A A Mg, 22 IL0E

REMBERD.
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e

Fig. 3-1 Pictures showing the drilling core of TOW-74 (598 — 601m).

- TOW-96 (HHIE : 305.3m), EHA} : N-60° )

TOW-96 (%, ¥REE 305.3m ~218.6m D T4 DHWARIE THE DT A ¥+ NERIKARS, &
J¥ 218.6~213.6m DL, 213.6~207.0m O FEARE LE, & 207.0m~131.9m OFE 4 BJE D
BEREDN G0 D . ARR—Y 70X, R 213.6m ~218.5m D 49m M CHEILAFHEL, £ D
IALZ A OREEHER £ 5 BEIRFET 5 (Fig.3-2) . F7=, R 2243~2185m (Z1EM
HREndE, Jrndk, EERL, ABEOMIREHE D FARE NEEOT A YA NERIKAEYE
(T4) DIFEET D, AAR—V 7 TiE, FAOABERE 233m £& LTEEOA R, MED
MERLOAAY THY, BEE 21Im L THEDOEEY v A MNEERB ZUM

BEOMRERNNO R LEFICBAITT 2 Z L NRO LS.
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Fig. 3-2 Pictures showing the drilling core of TOW-96 (223.0-229.0m).

- TOW-105  (#lEHIE: : 500.1m, fEARF : 90° )

ARR—=V 7%, PRE 500.1m~371.0m O F#RE TEEOT A 1 MRS R2)
TRIE 371.0m~359.7m O T2 D FARME LHEOT A Y NEBIKAEYS, TRE 359.7m~
177.1m Ot 7 BB OMYE, HRE 1751m~94.3m O-HRIEHIK ILIMEHY G720 5. RE
470m~390.5m fJiIT DT A YA b T A VA MESITEERITERIKEAZZ L, 12mm OFRHRA
BEfnds KOAERO b, HERZE A5V . PRE 374.1m ~3724m TiX, 74 %A b

S EEERGE, JrEngk, POMRERSEMIAR SR D, ZOXMOEEIM OMAE DY

1%, ZEOAELEVEORER, TR TA N, TRV oA MNEER, f82

HHI

l:,

fxleq, WAV A b ThD (Fig.33) .

Fig. 3-3 Pictures showing the drilling core of TOW-105 (471.0~468.0m).
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- TOW-130 (i @ 430.1m, fEA] : -90° )

AR—=V 71, RIE 400.6m~341.7m O FHAARE FEE D T4 DT A YA NEEKF
B, TR 341.7m~ 301.2m O BB LB D T2 OF A Y4 NERIK AL, RE
301.2m~ 156.6m DFE # BB DRSS EEE 155.6m~29.8m O-+FIH K ILME S 72 5.

F72, GUE 430.1m ~410.6m 121X T A 1 FEANE (R2) o bHhsd (Fig.34) .

PRI 410.6m~341.7m O RIERE THEOT A 1 NMABIKAESS (T4) 1%, DE~
MEOEEY vl A N, MEORKEAD GRS, £, URE 340m~337.0m O FHEFRE
TEEOT A YA NEEIKABE I, MEO A R OREERS, RE 323.0m~
301.2m O FWEARE LEOT A 1 NEEIKAESE (T2) DI, PEOREKEA, ME

DECEVBFA b, MHERE LB, BEATUBARROON, MOR—Y 2 7aT T

IR LRV DG EN DR DS (Table3-1) .

Fig. 3-4 Pictures showing dacite intrusive rocks (Left: R2, 413~410m ) and hanging wall tuff (Right:
T2, 340~337m) of the Upper-Hayasemori Formation in the drilling core of TOW-130.
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Quartz

- Not prasent
®  Weak
© - Common

Legend
— Drilling - o lkangasek
| Toba

Plagioclase

- Not prasent
®  Weak
~  Common

Fig. 3-5 Occurrence of alteration mineral (Quartz, Plagioclase).
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Mordenite

- Not prasent
®  Weak
~ ~ Common

- Not prasent
®  Weak
~ ~ Common

Fig. 3-6 Occurrence of alteration mineral (Analcime, Mordenite).
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Montmorillonite

- Not prasent
®  Weak
~ ~ Common
@® Abundant

Montmorillonite/lliite
* Not prasent

®  Weak

~ ~ Common

@® Abundant

Fig. 3-7 Occurrence of alteration mineral (Montmorillonite, Montmorillonite/lllite).
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Montmorillonite/Chlorite

* Not prasent
®  Weak
~ ~ Common
@® Abundant

llite

- Not prasent
®  Weak
~ ~ Common

Fig. 3-8 Occurrence of alteration mineral (Montmorillonite/lllite, lllite).
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Chiorite

- Not prasent
®  Weak
~ ~ Common

Gypsum

~ Not prasent
®  Weak
~ ~ Common

Fig. 3-9 Occurrence of alteration mineral (Chlorite, Gypsum).
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Barite

" Not prasent
®  Weak
~ -~ Common

Fig. 3-10 Occurrence of alteration mineral (Barite).
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312. ZEEIYDO N EEREE

FE (2003) 12X o TAEIW & ARIRE DGR REN TS (Fig.3-11) . AKR—
U7 TOW-130 (ZREE 340m~337m, IREL 323m~320m, ¥R 306m~303m) Tidtd Hil
T RIEARE EEE O Al KO T e ORI, AERGREEREEAK 180°CLL T T
Hol-Z EAVRIBEEND. XHIZ, TOW-96 DM 211m I CEE Y ) A b FFE
N5 7 HIRATEIY S BEROESR, TOW-74 DIEE 407m~383m (I TELE Y 1)
A MEEREREROERPBEO LD Z LD, ENENOEUST CIIAKIREER
B 20CRE CTh o7z Z LB HEESND. £z, TOW-96 DR 233m~231m, 225m
~223m, 214m~211m CTi¥, BEREAFV FA MO OLNDHZ LD, ThEThoO
A ROREBRBENAY 220~250CREE CThH o7 Z LAVRBE I LS. —J7, TOW-130 TiH/A<

FroEV A FREO LI, #100°CLL FORWAEMIBEREICH -T2 EZHNS.

DD OB bR S D AR EREE DA G, IRINNFLRE 5 9L 5
HfEAL 7= TOW-105 35 KOV TOW-130 FHECiE, HRARIROA KB CH Y, Tow-96 (1 E
PLRPEILNAE LA A Y VB L OMRERDHEESND Z & D, ARURERE T 220~
250°CHEE D LB EiR R BR BRI Do 1o AIREMED B 5. S BIZ, TOW-74 T, L 440m
FHED HEEBIZ T TRER—FEA RO bILD Z & D, 42 220°CLL EOARGRE
BREEFICH -T2 Z EAVRIBEND. T70bh, TOW-96 THERR S5 BEL-HR 2 Fuisiz,
JEE8 (TOW-105, TOW130) 35X OEEER (TOW-74) (22 TR RIS A BRIEEE DM 3

HAREMED N H D (Fig. 3-12) .
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Fig. 3-11 Mineral assemblage at alteration zones with mineral forming temperature (Inoue, 2003).
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Legend

= Drilling 7] Dc-Lava
Towada Volcanics [~ De-Int

[ Ikarigaseki Bl Kuroko

[ Tobe [ Au-Sili-Ore
Hal [ sili-Ore

[ Ha2 51 Gyp_Ore

Analcime-Mordenite Zone
(< about 170°C)

Alunite— Mont. Zone
(>about 220°C)

Mixed layer — Mont. Zone
(< about 220°C)

Fig. 3-12 Simplified map showing distribution of representative alteration minerals and temperature.
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4. BROIEFHRH
L SIEERF 0 K R BN DR A RS 5 720, ST DI A XRF 15, ICP-MS 15

WCEVRE L. o ka2 LU ISR
41. EERERS ST
41.1. H,0(-) E&BEEE (LoD

H,0() BT OV TRk RSP T2 58 o & — AT O Rz 2 VY, 110°C T 12 I
B N L, INEAET & IS OREI O EEENGRD -, 72, BRI OV T,
[t v 2 —DESKIFE A2 HY, 900°C T 3 MEENEV L, IR AR 7-.

412. HSRAE— FDOERK

PN & 2 E L7250k 0.5g 107 T v 7 A L LT LB,O, (A10) 4g & LiBO, (A20) 1g %

FEL, EEHISPRA L. 22 AstiiicE L, ©— Ko7 —CliLT-.
413. WILXERHT

IIMTIREE X BRAHTEERE (Primini) 2 VY, BREREIC L VITo72. BMEHRE, HzXky
FRFREMER Y e BRN T2 T2 0D, N TEOE NEZEHAT S e T E A e & v ¥ —TAK
SN TV DA E B OHERAE ) D H,0 (+) & H,0 () &2 FR & 100%HkL L7 B2 L

7-.
414, METELW

ICP-MS 12 K 2 23#T1d Kimura et al. (1995)35 K OMEREIE ) (199 EVM T o 7. 98T,
FK RS TR E IR AR A O DU BB ICP-MS 251E (Agilent £, 7500cx) Z FHVNC, HEH#E

WINET T 72,
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XRFIEKRICP-MSIETIE, TTRICE > THRENRERLIGAbH L I Lns, ZThth
DEHHEFICON T ZTT 572 (Fig.4-1) . TOFER, Zr,Nb,Y, Ce, Sr DIRFEIX, ICP-MS
RIS K 25T XRFEIZ K 2 9T EIC AR TR, 202 &1, ICP-MSTETHW A HIlE
R 2D OTTR B H0R Lie o Te Z L DRB SIS, —J7, Ba DRREIL, ICP-
MS SEDSIHTHEAS XRFIEIZ L D 0HHES R, Z ORI BaslEb G L. BailRfE
723 1000ppm & V) EWGEEHZ DWW TIE, ICP-MS 5 Tl e iR & 72 5 X 5 ICAR %

1T TWNDHDT, XRFIEL D IE, ICP-MSTEDIEIE ) MEFEREH W EZ X LD,
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Fig 4-1 Comparison of analyzed data determined by XRF and ICP-MS methods.
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42. EEIEESDIEFHERK
421,  BEERRHIBOT A YA O

SIGEAR T DT A Y1 MIBEY 2 BUESHIRSIR TH 5720, KILEE)
DEEBZIE L ik L, FURBEAIIS Z245E Uiz b CIEMRIURISIR B E LR ET D Z
EMWARFRTHD. LinL, BIHURE ZORMRISER Lo KIEEE, Wins 745
A b LT HWEKITEROENTH Y, LT 550 THD 5 2US, —HRICHE LWL

CEEZH->TEY, KIZEBHOX HOMIEE FF OREE XN EE 225 503 %0 .

(M - &H (2003) T, SO A 1 N4 D4,D3,02 & LTW5. D4 JTND3
X, KEOTETA YA M S, deiEfisek (B2 20km) (2720 L, 12FY
BEIHHRRDT A A MEE & KIIAEES, BUORABE R EOBRRAPEE NS5, D21
Z)NETEROT A A MEETHD. £D%, Yamadaetal. (2012)TlE, I HHLK Ml
PR FEDT A YA M & R4 & RICHE Y LEd#iZ 1T > TV D, AFHSLTH Yamada etal.
(2012)ZBEEE L, SIALAEFRTE 7213 KIERRE DT A Y1t % R4, FMLIERBOT A A

r%& R2 & X4 L CEtR 21T 9.

(i - & (2003) 1%, SINOBIECHR—U v 73y, L0 iR LT
WD B DARHNC B O A TR BRI L, 2 REEM O T X 12 < ViR
W T EB AR ORFZE2b& Wmt U7z, BSRLR O 8 FALICIEET 5 MlET A
YA ML, BHIIROR & BHATBET 5 & EZ2 b, KEOTRT A1 ~ (D3,
D4) , HfaykE (WR) , 7V —rF A %A K~ (GD) , RATA VA kb (SK) (53T 7.
ZIUB 1 Yamadaetal. (2012) Tl, RAICKSNDTA VA N THDH. ZDHH, ALOs
(Ca0+Na,0)K,0 ¥ A 7 7' 1T, CaO+Na,0 A% 28%Lh b 35 il 2 398 5 (least

altered dacite) & L T4y L, @bt o & —I2fr@E 3 5 AEIHCETE, AL0;—Si0, X TH
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YU A—@T I NG, BT A YA ML, mT VI AR U e, U —rTA
YA ME, FLBEWTAI TN T my FEhd Z el (Fig.4-2) . RBOT
T A YA~ (D3,D04) 1E, ALO;—SIO,FITIXH Y I —HF7 /LI FOHRERIC A L,

WEDTHETA YA~ (D3,04) 285, AGAIRACE, 7V —rTA %A FMBIURWIT A
A b &Ry TE D2 L &R L=, —J7, Yamadaetal. (2012) R2 [ZxIid5
BIPR HRICHT- 2N S AR T A A MEPHEBLL, EatEZrE D &)1 N
DOERBET A VA MadE (D2) 1%, WIRAIZEBSGIR TREOT A ¥4 MIBEEIL, ok

BAFNNITRT AV A FEIZERETH L, bt ¥ —0AtiiitaomED T

W44~ (D3, D4) ITHART, K7 LI FHICKSSND.

0 L 0, 0 T P PP T T T

B

&
- ¢ LA
\...,.:b ..................... é..

N -,
Low Al Dacite 4

—

Al ;04 (Wt%)
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Table 4-1 Results of chemical analysis determined by XRF and ICP-MS.

Sample No. TOW74-6 | TOW74-8 | TOW74-11 | TOW74-17 | TOW74-21| TOW74-22 | TOW74-25 | TOW74-27 | TOW74-4' | TOW74-5' | TOW74-6' | TOW74-7
Depth (m) 259-262m | 298-304m | 375-378m | 473-476m | 515-521m | 542-545m | 598-601m | 637-640m [522m 599-602 m |561-564 m |632-636m

wth

Si02 67.22 75.57 68.43 68.47 71.88 72.19 74.26 78.71 72.81 72.33 70.59 67.29

Tio2 0.13 0.18 0.32 0.25 0.20 0.51 0.28 0.25 0.18 0.26 0.32 0.34

Al203 9.38 10.97 14.44 12.35 11.86 12.18 12.38 7.62 11.77 12.49 15.68 17.38

Fe203 1.51 1.63 2.62 3.55 2.35 2.71 1.86 4.61 2.52 3.33 1.29 1.98

MnO 0.03 0.04 0.02 0.08 0.06 0.09 0.02 0.01 0.09 0.03 0.01 0.02

MgO 2.08 0.65 1.21 4.28 3.31 3.60 1.58 0.46 4.36 2.23 1.24 1.79

Ca0 3.10 0.25 0.19 0.54 1.19 0.28 0.10 0.04 0.36 0.09 0.04 0.04

Na20 0.43 3.29 3.72 0.10 0.12 0.08 0.15 0.12 0.13 0.12 0.12 0.09

K20 1.77 1.92 1.55 2.72 2.56 2.68 3.24 2.11 235 3.16 4.59 5.25

P205 0.01 0.02 0.02 0.04 0.05 0.12 0.04 0.01 0.02 0.04 0.03 0.02

Total 98.00 98.76 98.91 98.81 98.09 99.30 99.26 99.62 99.10 99.36 99.50 99.27

ppm

Li 7.9 4.1 3.4 10.7 3.4 5.6 4.0 27

Be 1.3 0.9 0.7 1.1 0.9 1.1 1.1 0.6

Sc 9.9 9.5 229 13.6 8.2 12.1 16.0 8.3 14.0 23.0 25.0 25.0

\ 0.5 1.0 0.9 10.9 9.5 213 1.1 16.3 14.0 6.0 4.0 10.0

Cr 1.0 1.0 0.0 3.0 20 5.0 1.0 4.0 5.0 3.0 20 1.0

Co 0.2 0.5 11 1.6 11 1.7 0.5 25 1.0 1.0 0.0 1.0

Ni 0.7 13 0.5 0.8 0.5 0.5 1.0 6.8 0.0 0.0 2.0 0.0

Cu 1.8 8.7 3.6 3.9 6.7 19.1 6.1 14.4 21.0 14.0 10.0 17.0

Zn 75.4 38.0 50.3 50.9 403 75.6 23.9 19.3 1149.0 37.0 10.0 63.0

Ga 16.0 13.0 21.0 16.0 13.0 13.0 18.0 12.0 14.0 18.0 240 21.0

As 0.9 3.0 13.6 13.3 1.7 5.3 53 17.2

Rb 36.0 31.9 26.2 65.2 60.5 60.3 90.1 51.3 59.0 91.0 154.0 171.0

Sr 106.6 75.5 40.4 62.0 90.2 35.9 12.1 15.3 34.0 14.0 11.0 10.0

Y 39.0 28.0 35.0 33.0 31.0 26.0 37.0 210 26.0 38.0 72.0 64.0

Zr 173.0 183.0 219.0 177.0 147.0 154.0 185.0 105.0 122.0 167.0 208.0 213.0

Nb 12.0 12.0 15.0 10.0 8.0 7.0 14.0 7.0 4.0 6.0 9.0 9.0

Ag BDL BDL BDL BDL BDL BDL BDL BDL

Cd 0.2 0.3 0.3 0.1 11 0.1 0.1 0.1

In 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1

Sn 1.5 1.7 22 1.6 0.7 1.1 1.8 11

Sb 0.2 03 0.8 0.4 0.1 0.3 0.6 18

Te 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.1

Cs 0.7 03 0.4 0.4 03 0.2 0.6 0.3

Ba 965 1941 429 370 1120 452 359 378 252 303 234 7

La 19.5 20.6 255 24.6 139 14.1 225 139

Ce 40.2 45.8 56.1 50.4 30.3 284 52.7 31.2

Pr 5.1 5.7 714 6.0 3.6 3.2 6.1 3.8

Nd 21.0 233 31.9 244 15.4 13.2 26.6 15.6

Sm 5.1 55 73 5.2 3.2 27 6.0 3.4

Eu 1.2 1.4 1.9 1.0 0.7 0.6 1.1 0.8

Gd 5.2 5.7 79 4.0 2.8 23 5.8 3.6

Tb 0.8 0.8 1.1 0.5 03 0.3 0.7 0.5

Dy 5.1 52 73 3.1 20 1.6 4.2 3.6

Ho 1.1 1.1 15 0.7 0.4 0.3 0.8 0.8

Er 3.1 33 4.4 2.1 1.3 1.1 23 25

Tm 0.5 0.5 0.7 0.3 0.2 0.2 03 0.4

Yb 3.2 34 4.3 2.2 1.3 1.2 22 25

Lu 0.5 0.5 0.6 0.3 0.2 0.2 0.3 0.4

Hf 5.0 5.0 6.0 5.0 4.0 4.0 6.0 3.0 4.0 5.0 6.0 6.0

Ta 0.8 08 0.8 0.7 05 0.5 0.6 0.3 15.0 10.0 7.0 12.0

Pb BDL 96.4 12.1 2.8 879 15.5 712 42.6 60.0 14.0 11.0 12.0

Bi 0.1 0.1 0.1 0.1 0.0 0.0 0.1 3.3

Th 5.3 6.0 7.2 5.1 2.6 1.7 4.8 3.4 6.0 9.0 9.0 10.0
1.4 18 2.0 1.2 05 0.4 0.8 1.1

§) R
BDL: Below Detection Limit
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Table 4-1 Results of chemical analysis determined by XRF and ICP-MS (continued).

Sample No. | TOW96-54 | TOW96-57 | TOW105-62 | TOW105-63| TOW130-34 | TOW130-36 |TOW130-39 TOW130-40| TOW140-1" | TOW140-2' | TOW140-3'

Depth (m) 231-233m | 289-292m | 446-449m | 468-471m | 337-340m | 373-376m | 410-413m | 427-430m |538-541m |612-615m [636-638m
wth
Si02 87.03 84.21 70.11 70.10 70.81 61.12 71.73 70.90 70.88 73.75 74.79
Tio2 0.10 0.11 0.26 0.24 0.28 0.24 0.24 0.26 0.34 0.17 0.17
AI203 5.33 8.09 12.91 13.04 12.60 11.79 11.16 13.48 11.95 11.58 11.59
Fe203 2.00 0.92 3.16 3.41 2.08 2.58 1.24 0.87 3.06 1.89 1.00
MnO 0.01 0.01 0.02 0.03 0.05 0.02 0.01 0.01 0.02 0.01 0.05
MgO 0.54 0.84 1.88 2.70 1.10 4.17 1.47 1.25 4.25 2.27 243
Cal 0.04 0.05 0.71 0.32 1.03 0.76 1.83 0.35 0.26 0.06 0.24
Na20 0.03 0.17 2.02 2.40 3.21 0.84 0.60 0.73 0.63 0.03 0.14
K20 1.33 2.24 259 2.97 2.65 0.67 5.10 5.52 1.19 1.96 4.19
P205 0.01 0.01 0.05 0.04 0.06 0.03 0.03 0.05 0.06 0.01 0.02
Total (wet) 99.52 99.56 99.91 100.03 99.58 99.84 98.99 99.44 98.89 98.41 99.21
ppm
Li 7.9 5.0 8.9 7.9 8.6 8.8 9.0 9.3
Be 0.2 1.0 1.4 1.2 0.9 1.3 1.0 1.1
Sc 45 8.9 12.2 11.2 6.5 5.8 8.7 12.2 6.0 14.0 12.0
\ 8.9 0.3 24.7 9.6 18.0 7.6 15.5 285 33.0 5.0 9.0
Cr 4.0 2.0 14.0 2.0 4.0 4.0 8.0 16.0 4.0 3.0 4.0
Co 0.6 0.1 2.4 1.8 2.6 3.0 1.9 34 4.0 0.0 1.0
Ni 1.2 0.5 2.1 1.3 1.5 2.9 2.3 22 1.0 0.0 2.0
Cu 17.1 32 3.1 29 3.6 34 6.6 6.8 28.0 24.0 19.0
Zn 55.4 18.3 82.1 64.8 56.1 62.7 43.9 24.7 71.0 79.0 47.0
Ga 11.0 11.0 18.0 17.0 12.0 15.0 14.0 17.0 13.0 17.0 15.0
As 36.0 20.2 54 0.9 55 1.1 15.5 10.7
Rb 39.9 64.1 46.6 44.9 44.6 20.5 53.3 63.7 29.0 61.0 94.0
Sr 6.9 6.2 59.9 34.8 72.4 82.5 35.6 34.3 66.0 30.0 98.0
Y 20.0 31.0 33.0 36.0 21.0 25.0 28.0 35.0 28.0 38.0 43.0
Zr 85.0 130.0 182.0 205.0 123.0 156.0 170.0 191.0 123.0 181.0 165.0
Nb 5.0 10.0 12.0 13.0 5.0 8.0 11.0 11.0 6.0 10.0 8.0
Ag 0.7 BDL BDL BDL BDL BDL BDL BDL
Cd 0.2 0.2 0.2 0.2 29 0.2 0.1 0.1
In 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.1
Sn 1.0 1.4 1.1 1.9 0.9 1.1 1.1 1.3
Sb 3.1 0.9 0.4 0.3 0.6 0.9 1.8 1.4
Te 0.0 0.1 0.1 BDL 0.0 0.0 0.1 0.1
Cs 0.3 03 0.6 0.9 3.4 1.1 0.2 03
Ba 80 176 288 205 204 161 370 251 908 42 852
La 11.6 16.8 20.9 21.2 12.8 16.1 20.2 23.9
Ce 25.1 37.2 46.2 46.2 21.8 34.1 45.6 53.7
Pr 3.1 4.7 5.6 5.9 3.2 3.8 5.6 6.5
Nd 12.8 21.0 23.8 23.6 12.6 14.9 23.6 27.8
Sm 2.8 5.0 5.4 5.8 2.8 3.1 5.3 6.3
Eu 0.7 1.4 1.1 1.2 0.7 0.7 1.0 1.1
Gd 2.6 5.5 5.6 6.2 3.0 3.2 5.2 6.5
Tb 0.4 0.8 0.8 0.9 0.5 0.5 0.8 0.9
Dy 2.1 4.8 5.0 6.4 3.1 33 45 5.7
Ho 0.4 1.0 1.1 1.3 0.7 0.7 0.8 1.1
Er 1.3 29 3.1 4.0 2.1 23 23 33
Tm 0.2 0.5 0.5 0.6 0.3 0.4 0.3 0.5
Yb 1.3 3.0 3.1 4.1 2.2 25 2.1 32
Lu 0.2 0.5 0.5 0.6 0.4 0.4 0.3 0.5
Hf 3.0 4.0 5.0 6.0 4.0 5.0 5.0 6.0 4.0 5.0 5.0
Ta 0.3 0.5 0.6 0.7 0.4 0.5 0.6 0.6 22.0 18.0 13.0
Pb 471 1.9 1.6 0.4 2.7 0.9 9.3 BDL 4.0 19.0 179.0
Bi 0.7 0.1 BDL 0.0 0.1 0.3 0.0 0.0
Th 24 42 6.1 6.8 45 5.2 4.7 5.9 6.0 9.0 7.0
u 2.3 1.1 1.1 1.3 23 1.4 0.9 1.1

BDL: Below Detection Limit
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Fig. 4-3 Chemical compositions of TiO, and Al,O; plotted against SiO, for Nurukawa
Kuroko deposit. Data of basalt, R4RL and R2RL is from Yamada and Y oshida (2003).
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Fig. 4-5 Chemical compositions of MgO and CaO plotted against SiO, of dacitic rocks of
theNurukawa Kuroko deposit.
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Fig. 4-6 Chemical compositions of Na,O and KO plotted against SiO, for the Nurukawa Kuroko
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Fig. 4-7 Chemical compositions of P,Os plotted against SiO, for the Nurukawa Kuroko
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BINBLRDT A YA N ROT A YA NEEPCSFAD Si0, A &1 73.1~89.8wt %
OHIPHZ H D, TiO, & A EIT 0.1~0.4wt % DEZ /R TS, TOW74-22 DT A 4 FEA
BN EKRIE (05wt%) ZFFO. IRIIFLURDOT A A M XOT A A NERIKAE D
ALOs B &L, B4 10~16wt%DfE% < L, TOW96-54 3 fc/IME (5.5wt %) , 74-7'713
ARME (183wt%) # 1> (Fig.4-3) . W4t Yamada and Yoshida (2004) @ Al,0;—
Sio,/N— A —KINZT vy FEINTIREO TRTA VA & (T4) BT HHEPHIC S0
T2, WIHIROT A A T A YA NEEIKEFHD Fe,0; & A &1L 1.0~5.0wt %D
#HICH D (Fig. 4-4) . MnO HFHEIE, 0~01wt%DHFHIZHY, WIFNHIERWESR
B CThHD. MgO ZAEIE, 0.5~5.0wt%DHPHICHSH. Ca0 G =T 0~2.0wt %
Zs L, TOW74-6 DM KfE (3.5wt%) %> (Fig.4-5) . Na,0 & &34 0~1.0
wt %%~ L, TOW74-11 i KIE (40wt %) ZFED. K0 & A &% TOW130-36 The/hh
iE (0.8wt%) & FibH, TOW130-40 T AME 59wt %% Td % (Fig. 4-6) . P,0s A &

X 0~0.1wt%DfE% &> (Fig. 4-7) .

Yamada and Yoshida (2004)1%, FHEHLEAER A2V LIS RIRS LA IC B L7z &R
bivdTA A b EGALIER®ZDOT A Y4 KD Ti0,-Ca0 H A &EDEWEZIER L, Ca0
BHENK 1%L EOT A YA M, BEIIREREZOT A A MR pEShd & L.
PR DOFREHZ SV TS, BIRTE % & BEX bd R2, T207 A A MEKI
HHEO 4508 (74-6, 74-21, 130-34, 130-39) |, CaO & A & 1%L % 7~7 (Fig. 4-8) .
—75, FTNLUSNDRE & T4 D 13 FREHZ OV TIE, Ca0 A BN 1%L FTh-o7-. K
Ca0 ZHBEEZFH ST A A M, WVEMIC Cao HHEMEVEADIENT, FLIEM
EEKBEEW ST TATA NOBFELH Y, SUREHEOT A A Mo TiE, B
PEIACAENC B L 7= 7 A YA b EHRBEE DT A T A MIXST 22 LIFEE LW

LEZADND.
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423. ZEEREICLD2EERMEORE

BIEER OB AREHNT, RIRICEEZZ T TV DI, BEORE L TN LIt
DL TH D, BERELHEET H7-HIZ, Al,05-(Ca0+ Na,0)-K,0 X (Yamada and

Yoshida, 2004) & AI-CCPI 842 (f5)111Z 7>, 1976; Large et al., 2001) |2 Xk 2 Hat 2 To7=.
42.4. Al203-(CaO+Na20)-K20 % AL =45t

Al,0;-(Ca0 +Na,0)-K,0 [X|D CaO+Na,0 2% 28%LL L (E/tk) OF A A N&, |1
M- &M (2003) 139928 S (Least altered dacite) & X455 L7z, AKX 45 &R FLE D
AHEHZ W T L7256, 4 3B (TOW74-6,262m~259m (T2) ; TOW74-8, 304m~
298m (T4) ; TOW74-11,378m~375m (R4) ; TOW130-34,340m~337m (T2) ) MNHHE
BT A YA MR sid.

Al20s
KAOLINITE

Legend
1:TOW74-6 (T2)
2:TOW74-8 (T4)
3:TOW74-11 (R4)
4:TOW130-34 (T2)
5: TOW74-25 (R4)
6: TOW105-62 (R2)

V. 7: TOW105-63(R2)
PLAGIOCLASE / 8 4./ \K-FELDSPAR
50K - g5-+4 50
WS e
limitéd altered" ,
Ca0+Na,0 A K20

+ Footwall Dacite o White Rhyolite © Shako Dacite
& Green Dacite <=2 alteration trend

Fig. 4-9 Variation diagram on Al,O3-(CaO+Na,0)-K,0 (as mole %) of dacite from the
Nurukawa deposit. Data of footwall dacite, white rhyoite, Sahko dacite and Green dacite is
from Yamada and Yoshida (2003).
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LR aRBl0 S5 H, TOW74-6 1T FMEARE FE0E O T2 ¥4 OREIK AREE T, SLKEYE X
O EALICALE T D, ZO1FH 33 EHE, FHEARE TERE O T4 F824 O REIK M A CHLR
JEHEL W FALOREITH D, AWFETOREI O THEEICK S Sh bR B oI

<, ZLDOLDOEIEEERZH->T-ETH 5.

42.4.1. A-CCPIBIZEZ ALV #&ET

JOL SRR AL SRR OTEEFRIE L LTI AVWS LD A-CCPI FE1EIC kL 2 ik
(Large etal., 2001) ZHW\C, {BJIIFLROEE S DOMGF HIT>7. AlfE, CCPIEIXT

FROREX(), QIckoTROEND.
B |shikawa Alkali Index (Al)
Al = 100 (K,0+MgO) / (K,0+MgO+Na,0+Ca0) (1)
B Chlorite — Carbonate — Pyrite — Index (CCPI)
CCPI =100 (MgO+FeQ) / (MgO+FeO+Na,0+K,0) (2)

FROFHEXTRD Sz ALE L CCPIEZ Fig. 4-10 (239, HROIRWERO NI
DT — 2 THEEE (leastaltered rock) & XN DB THDH. —J7, BIGLHKILED
TETA YA FRED XD ITHRWBUKEE 22T 7256, ARORkEOFMIZ T 7y
FEND. Fio, SREENDEILICINS RO b D TRECEEEL, BHEENE

TAEROMRIIC ey FERS.

EINBERITEED S FLOR— 7 a7 ns OREHI DWW TIE, 95928 OEKIZIE 5

KB Ty END. ALOs-(Ca0+ Na,0)-K,0 KIZ HSWTHHEE A DK 4 Tl
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TOW105-62 [XIFE AT X0y SRS, AI-CCPI FEHEIC X 2 et ClrAREHI A g

IZXy &G, E£i, BEEEOIEHFICT 7y b &iD TOW-105-63 (R 471m~
468m) 1%, WIRBIZEORRE T, MEAIXABL VDD, REAOIENSHR -
DHFFEE AL L, &6 k% ACCPIFRIEIC S IEE A L L. TR ook 2R

HEFEIZ R T EIRDEBY TH D.
[ ] AI-CCPI FEE7> B /RWE S 2R LR UTEE D598 E 45 6 ok}
e TOW-74-6 (VEFE 262m~259m, T2) , TOW-74-8 (PEJE 304m~298m, T4)
TOW-74-11 (V&£ 378m~375m, R4)
e TOW-105-62 (RS 449m~446m,R2) , TOW-105-63 (RS 471m~468m, R2)
e TOW-130-34 (&£ 340m~337m, T2)

EEOEEID TOW-74-11 1%, RAFHU DT A YA FadE, TOW-74-8 [X TAFHY DT A W
A NEOERE ARSI T 5. TOW-74-6, TOW-130-34 1%, T2 fHYDOF A %A ME
Ut IR A B\ 26 L, TOW-105-62, 63 1%, R2FHY DT A YA MEAIZKINT 5.

TOW-74-8 |3 T4 |\ZxHs T 5.
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Fig. 4-10 Alteration box plots for Nurukawa ore deposit (Yamada&Yoshida, 2011).

T2

R2

T4

R4

ERERCEILSN 0BT, BEAH- TRV, TR T — 212D < BRI I B

HL7T A YA b EBITAERZOIZIEE L7=T A VA FOHBNIEE L =D, ¥

B & W e a2 17 o 7.

425 HMETFROILEHERK

#i THLRIL, HRBER S O—DThDH. EiZ,

ay 74 METH LS oA

LHEHE S — DI, KRB ORI HEE T X 5 WM D

PN

o7

BINILRDOT A F A - O KBAEB DR a2 T 21230 L2k Th 5. M HHET

FIZONT DRSBTSV TIER B

52



Akita University

4251 HIFETEROEH

TR NBER O BIEHALMERNC B L2 T A A b & BEALIER % OT A 1 b OFF
BERFT 5728, 2 N7 A4 N THIE L7 REE /X% — % Fig. 4-15~17 [T~ 7.
Fo, TNENDOREHIOWT Eu £ A2 TRRDORUZ L VKD, Lay/Yby b & DLk A

1T-o7=.
Eu/Eu’=Eup/v (Smyx Gdy)  N: Normalized value by chondrite

Yamada et al. (2012) D BEHACIERICES#E L7271 ¥4 b (R4) & BISALIERKZOT
AHA B~ (R2) 12, ZNbDa s R A ML REE /X Z — 21T, EWVARD S
5 (Fig.4-15) . [FIFNGL3ERRO R4 FHY T A ¥4 kT DH TOW-74-25 TlE, LREE &
Eu BEILEFELZEMN D R LHILIT 578, HREE X8R5 /8% — 2 %~7 (Fig. 4-15) .
M U< RAEE DT A ¥ A D TOW-74-11 1%, LREE, HREE X OV Eu B b Bare 5 /34 —
VAT, T4 YD TOW-96-57 1%, LREE X ONEu BHFIL R4 CHRIT D% — &R
3%, HREE ORFHITH72 5. Yamadaetal. (2012) ™ R2 (2423 % TOW-105-63 (3,
LREE, Eu %75, HREE D4 L 12, Yamadaetal. (2012)D R4 LHELIT H 3% — L &
/K9 Yamadaetal. (2012) @ R2 (ZFH24 3% TOW130-34, 36 |X, LREE, Eu 2% & 412,
Yamada et al. (2012)0 R2 D/3Z —NZEPIL TS, £7-, T4 FH4 0D TOW130-39 I3,
LREE, Eu %% & HICFEFILEMD R4 O/8F —NZHBILTWS . 2O X 5 iRk
ROT A YA FEKIEEOA LHOCR ORI, Yamada etal. (2012) DL /EHIAT &
EZ2oNDTAHA N RY) EFACIERBZOT A YA & (R2) IZHIET 5 L 5 ICHIRE

WVE RSy S LW AT REME DS .

Eu B£% —Lay/Yby FE DX % Fig. 4-18 |27 L7=. Yamada et al. (2012) R4 & R2 i3,

Lan/Yby=4.0 Z 52t & L CTHABICX Ay S ud. 61T, REAND R2 LOVRLICHMT T, Eu
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FE B IO Lay/ Yoy I 25, —J5, IBINSLRORETIE, REYDOT A A T

& %5 TOW-105-63 73, Yamada et al. (2012) ® R4 DT 27 2y hEN5D. FDIEND

#EHE, Yamadaetal. (2012)® La/Yb tL L D 1EE <, Yamadaetal. (2012)D R2 (ZHE{EL3

A0y, R2 XV & Lay/YBy & Fio.

Sample/Chondrite
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Fig.4-15 Chondrite-normalized REE patterns of dacite from the TOW-74 of the Nurukawa
deposit and dacite, andesite and basalt in Hokuroku district (Yamada et al., 2012).
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Sample/Chondrite

Fig. 4-16 Chondrite-normalized REE pattern of Nuruakawa Kuroko deposit (TOW-96, 105).
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Fig.4-17 Chondrite-normalized REE pattern of Nuruakawa Kuroko deposit (TOW-130).
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Fig. 4-18 Diagram showing relation of Eu/Eu* and Lay/Yby of dacitic rocks from the
Nurukawa deposit.

4.2.5.2. SiO,, Zr, Nb, Y, Ce 2B E D4

IBINSEER RO 34T DA A OFS &t 5 A &L Table 4-1 [Z/R &4 CUV 5. Yamada
etal. (2012)iF, MBILILRICBIET 27 A V1 & (RA) LRILIIRTERE DO T A A

~ (R2) 1%, SIO, B A&E Zr,Nb, Y, Ce A EICE > TRy END Z & &xL, #LE

MNCBE L 727 A YA ME, BIESMEIERROT A Y1 b i 2 &, RISk
MBI L 727 A B A b ORERRS S A &S, FXICmVREEZ R Z L 2L

TWa.

IBJNBEIR DA BN DT Si0, B & & &R 4y Zr, Nb, Y, Ce & & D BHRIZOU
T #1T -7 (Figs. 4-11~14) . BEHACIEAICER®E L7271 Y4 R ZIRED AL,

B LER#%ZOT A A N2 FAONUMAT/RLZ. F72 Yamadaetal. (2012) O EBIE
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SRICBEE S 57 A YA b2 FEORH, BIIRERE 2 BROOT5H, BEADX

FlazZxies LTORLE.

T NIER O BIEIACERICBIE L7274 4 & (R4) @ Zr B &L, Yamadaetal.
(2012) D BFRFALMERNCBAE L7271 1 F L RBkOEHE (4 150ppm BL L) TH
% (Fig.4-11) . L L, WSRO BIIAAEREZDOT A A4~ (R2) O zr A=
I%, 85.0 ppm (TOW96-54) 7% 182.0 ppm (TOW105-62) F TOHJAWVgAizER~ L,
Yamada et al. (2012)D & 5 (2, BEHRFACMERICENE L7271 Y1 b & BRI biE & o
TAVA e r GAEETIERSTHZ L3 L. Nb ST, BEEgbrEmich
HI L5494~ (RA) 73, 6ppm (TOW74-5')~15ppm (TOW74-11) D%~ L, HELHE
{BTER#% DT A %A & (R2) TiX, 4ppm (TOW74-4) ~13ppm (TOW105-63) Dffi#%
AL, Nb BEENDGRBIEPIRICEEST 274 A ~ (R4) & BIFLUREREDOT A
YA b R2) ZRATHZ LIFTEARV. YEAERL, BHGEIEMRICEES ST A
YA b (RA) & BIHREDOT A YA~ (R2) TIZHEMIBIRRZGEW DD b,
Yamada et al. (2012) & [FlR, Y A &EICES L &, WRNFLR O BIILRIZEES 27 A
P4~ (RA) & BIEIRERE DT A A4 b (R2) I3 END. Ce A EIZOWNT

X, IR)IERSLSUR I BT 57 A A b (R4) 232 3B (TOW-74-11 L O TOW-
74-25) IR0, ZOEID Ce &A &IL, Yamada et al. (2012) D BILFLR LI
BT 57 A4 A FOFKIC T n Yy haivd. —F, IRIIEBIILRTERE DT A A
kD Ce A &I, Yamada et al. (2012) D BELFLRICBEHE T 57 A4 B h o5 BELH L
ERBDOT A A b Ce GEHEDOFHIBE T 77y hEN, Ce HARICIEIK
53T BILPLRIE RIS T 2 7 A A b & BIEILR ith DT A A b EZBIRRICIX

454D Z STV,
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FROFPEIEERICESWERSTH L. BEEREKT-EHO%E, Ir DX
O IR EIR O N BEI L Z2WEE TH, NaX Ca DX D RBE LT VR AT
5T LT, r DX BRHBER S ORERHNT LR DI ENRBEZLND. ZD
ZLEBETDLE, MBS OEARIZES S EEE ORFHIIZRA R H 2 & Bb
no. —J, ZOOHBEINKY O E RICEEE ORI BT - HAIIE, 5Eik
L ODHBENN S DR A RN RS TY, ZOHITRCIZR S EHFFSN 50T,
BEEWSTmAThHh->Th, ZOOHBEIM AR 256101%, BENTOEA
DYVENIRENE XS TELAREERSSH. T HOH L LT Zr-Tio, & A & & Zr-Nb
GHBOFNEFNDOEGE% Fig. 4-13 KU Fig. 4-14 |Z77F. Yamada et al. (2012) 0 B4545
CAERICBE ST 27 A YA & (R4) , BIILREREZE DT A A & (R2) @ Zr/TiO, Lt
TRRLZ LoD, ZoOZ LIXBIEAICEE LT A 1 b & BIGMEER %
DT A YA NBRPVERNC R D Z L ER LTV D, —J7, WIEROZETIE, BIE
TACTERICBE LTz & SDT A A b & BIIALIER®ZOT A 4 SO,
W72 Zr/TIO, LLDEWTRE O B L7y, il 21X, TOW-74-25 X R4 & 4, TOW-105-62
[T R2 & &ND, WHITEEIT S z2r/Tio, & #>. BIRAICIZIR) B O Beigi b
YERNCBEE U727 A A b & BESEAIER % OT A %1 b % Yamada et al. (2012) D H4ik
FALIERBOT A YA MRS D 2o/Ti0, ez FF>Bm N H 5. Nb/zr Iz W T,
Yamada et al. (2012) DFALIERATD RA DT A A ML, SALIERHOT A 4 ~(R2)IZtL
RTKEX72 Nb/zr b2 Fio W, BINSLKR DT A YA kD Nb/zr FiX Yamada et al. (2012)
& R4 & R2 @D Nb/zr FLIZHET D L 5 iz L, BHHRICBEET 2714 A k

& BIGLR TG DT A YA N AT T2 Z LIFE L.

Yamada et al. (2012) P BRSE AL B L 7= 7 A A 1 & BURSALIER %07 A 4

A M, Zr/TiO, b & Nb/zr (b DT — % Tlk, zr/Tio, DT — & 73 L V) BARR 7@ AR
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LTWA., ZDOZ EIZHSE Zr/TIo IV, BINBERDT A %A baards e, £
< DIBINIER DT A YA ML, KEE—/ NIl o BELRIER % OF A %4 b (R2)

(ZHERT D REEDR B .
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Fig. 4-11 Harker diagrams of Zr and Nb contents against SiO, content.
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Fig. 4-12 Harker diagrams of Y and Ce contents against SiO, content.

]TZ

R2

T4

R4

|

R2

T4

R4




Akita University

300

/

/o TOwT4-11

Towios-81  ©g tomrar

TOWT4+8°

200

Zr ppm

O TOWss-5

I.

s
Tol AL (T
LI Tow{a0-
X gt i

TOWIS0A" XK p1B1Thnzo-g8
+ M Towra-zd

" TOWT4-4 ToWw130-34

1 TOWI05-62
| TOWT4-17
S O TOWT4-5

¥ D1(R17)
O W TOW1

L] Taw74-27

40-1°

TOW74-22
|

100

Toa6-54

0.0

0.2

0.4

TiO, wt%

0.6

0.8

TOW74-6
TOW74-27
TOW130-34
TOW74-4'
TOW74-21
TOW74-22
TOW105-62
TOW105-63
TOW130-40
TOW140-1
TOW74-8
TOW74-17
TOW96-54
TOW96-57
TOW130-36
TOW130-39
TOW?74-6'
TOW74-6'
TOW74-7°
TOW74-11
TOW?74-25

TOW140-3'
DO_TO
D1R1?)
R2RL
R4RL

EEEOOO

u
u
[ ]
=]
o]
o]

(AR X X ]

4 ¥

Fig. 4-13 Relation between Zr and TiO, contents of dacite from the Nurukawa deposit
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5. RINEEENE & URIIEA DRFH

51. A0 LWmEHAEDHE

IBIGELRIL 5 DOIMEN DRSNS, WLy FilidkE TiER o7 A 31
IR A TPICIRE Sh, FE EEEOJRE - ke % B L LTnD (@)adkh
¥FER, 1978) . e THEH 5 SLAITIENISLUREEICALE 5 REILA T, EfLL
JERBINCKRE L T b, SALIERORS M, BROFE G, RBEEERALE
EEGRED & Vi JES I (S HERS L 72 @R BRI K s D (Fig. 2-3) .

EEORIE, R EBHEND, @22 SURIWEOE (LIT, G &, &%
HEDEERVERIVEEEI 0 DR S, AT O EGESL A % O BIVE LA
MRS 2B 2 B9 5. ST E LIS SMIREEL & &4 IREELo — 5
IZTHND. HEMIRESNL, BFEUICTMICHY, a— MRERLT, G4k

te. GABIRESNT, B4MBENED LAich Y, e LT ERICHm L,
BONVEESI AR LB GHR A AL LTEHL b O BRESE, X, S8
MEFREGERNS DL BIVEEEILEFRL TV 5. SaiRESL - &R IREESIL A
DOPEICIE, MK O BIVEEIILANGFIET D 2 b, SeBidha & BIE

FLSEA DR ONTIE, IR &R FTET %5 (Figs. 2-3a&3b) .
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Au-bearing siliceous ore ¥ » W,
(Clay: kaolin and sericite) &

54 A
Pb-Zn-bearing siliceous ore
(Clay: sericite)

Pb-Zn-bearing NSRS B
siliceous ore Au-bearing (b)
Ser-Qz siliceous ore

Fig. 5-1 a) Mode of occurrence of Au-bearing siliceous ores at G-22, Nurukawa deposit,
b) Typical samples of Au-bearing siliceous ore. The Au-bearing siliceous ore
shows subangular to angular shape and is surrounded by Pb-Zn-bearing siliceous
ore. ¢) Typical sample of Pb-Zn-bearing siliceous ore, d) Mode of occurrence of
Au-bearing siliceous ore, €) Mode of occurrence of pyrite and hematite in Au-
bearing siliceous ore, f) Mode of occurrence of hematite in Au-bearing siliceous
ore.

g R SRS A B RN & BRI D 01T HALDd  (Figs. 2-3a & b) . U SR
X, EE(ET A YA b F—LTER O G GEIIMAD LITAE T 5. B BRINE, Hikd
~ v REHEE SN D @R EBSL O RIIZAFIE L, 150m X 100m DKFERIRN Y %
9% (Figs.3a&b) .

% S IR DIEAT D Au/Ag thiE, EHEIREEL=0.16, BRIVEESL=0.06, #HUEERIL
BELOBIREIL=0.06 TH Y, VHIRYRILIR O BILJA D Au/Ag HL=0.01 & HEEL

T, WL hE Au/Ag LE TR 1T H0n (FIAIEDS, 1986 ; [LHHIEAY, 1987) .
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Table 5-1 Mineral assemblages of Au-bearing siliceous ore, Pb-Zn-bearing siliceous
ore, compact black ore and brecciated black ore from No. 5 orebody of the
Nurukawa deposit

Stage | ! Stage Il
Type of | Au-bearing | Pb-Zn-bearing ~ Compact Brecciated
Minerals ore| siliceous ore i siliceous ore black ore black ore

Pyrite + i ++ + +
Hematite - !
Chalcopyrite ++ i + + +
Sphalerite - ! + ++ ++
Galena - | + + +
Tetrahedrite- ! - -

Tennantite |
Pearceite ! - -
Pyrargyrite i } )
Electrum + : - -
Quartz ++ i ++
Kaolin + | +
Sericite + ! + - -
Barite | + + +

++: very abundant; +: abundant; -: few

IR 5 SLk G-22 s (U1P]) &R - BEVEEEL, G-16 Him & M-18 i
DG A JEIREESL, B-11 M OfEs g Bk, % LT B-12 S OMLR BILICSWT, £ D

PEAR & A RSB D A BALR 2 LU ICuR~ % (Table 5-1) .

51.1. SEHEH

51.1.1. S&HIREN

& ARRPIREEIE O MU A PEIR T, 25 5 SRR G-22 s THIZE s D (Fig. 5-1) . &4

%
=

EESRAR AL, BIREEEIRASEE & L TABROSE R L LTHFELTEY, Hx o
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ETIE, LY U7 BB IR AL em~10em FRIE DMK A SARAAFAE S L BEIK
A TH D, ULOWENS, SeMIREILIA & BE o BIVEEEILILA & DI
PRI BIGRDSHEE S 41, EESLBLROSAEIE, Stage | D& &R EEILIL A DT
R (BEEERL - A — A Y o — mEGE — EWBIL — REIE— = L7~ T A — POHE L
—J$RBE) & Stage I| TRE O BIVEEIILA OB (BIVEESL - A5— BV H¥A b
— PO ENHE — J7 $ndIE — BEERIE — BEHE) O O DI LI Xy S D (Figs. 5-1, Table
5-1) .

Stage | DELAILMORBIIKDO LB THDH. =L 7 bT A%, HBEILE AT D
PHIHLTIT 15x20pum FREE O RERICEA S5 2 EREW (Fig. 5-1d) . MEEFLITHE
Bx 2L (Fig. 5-1e) , &@EEHED A B RER A FENRD HLIZ [ > TR &
FURI~ b L, EEgL L 495 = £ 3%y (Fig. 5-1b) . B &MRESLD Stage |
DAFRE A TITIE, DTN RG22 R T R RADIR OREILNZBO b2 (Fig.
28f) . IRERFLOMERL YA XS Wesd (I 7 v LU ICE &SI TE 22
ST, K & M OAE S BT EMSHTTIL, Fe & Si LSO G T

:k7 A=)

NS
i

BOTHRE, JeFRMEN S, KEWITREILE B2 O 5. KWk, &4
HEREEFLH CTITAMRL (30 um LAT) Db DMENA, FFERIE & AT 5356 IR
(7 0.3mm FRED) Zfbin g bivd. F7- Stage | O EEHEIREESL T O RS HEDO 2 H

T, WAV AP TREST OND.

5.1.1.2. & BIREN

e ERENE, 5 5 A G-22 S ANIREEIL A D EEICH ST 5 G-16, M-18 Hixl

THBRSND (Fig. 2-3) . ARIANE, A5 — SIRAHE — J78ndl — POERIE — S8kIE 2 T2
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BRI & L, =L 7 b T LEfEY, GaiiREIRO Stage | R DA E
DAY, EENIREEL & RS GRIREIL O % OFlH 23D T, Stage Il
DA 5 — PIHLERNGE — 77 Sk — s SRS — sERFEMIR A oe ik (RIVEER) 2FET 5.
GEREE &5 SRIREEILOINVE OEVIT, SRS E GMREESLIC R T
\\\\\\ HHOLRNPRENZ L THD. READT L7 FT A%, EEFLTIZHRK 50
pm THRIERICAEL, SHTE - sk - PIEENIE - T8ndt & 4425 Z & %0,
AKGEA DOPAFENILIE, HRIES & MRS 0 B, MR TIE— L7 R T A LTS

BENDS.

5.1.2. ZRBEHEMS

BOVEEESL (Stage 1) 1%, B@MIREEIL & & &g REHL O IR A PENR & L CTEE
T 5. ARELAE, PIHEASE - HEAHE - Ak Ak B L L, D EOESKIL - EEL - HER
Z 1 9 I 5em~20cm BE O TIZH AR A KAIRTH % (Figs. 5-1a & ¢ . BILH
EESE T OREEBAI A K - FBER - S OLBHAADENLRY, SEeMIREERC
O BAY 2R Fiz, WHEEMINIRARE 2 mm OO LBRIND. T

PLH RIS I K D RO B (Table 5-1) .

5.1.3. BIREH
5.13.1. MZEEN

B E RINT, TROEL F—LA0TEMICEBR S, BLTHEE T 528, #i9
HNCZ VB R bIEOHA Th D, AL, Au, Ag diLAN@ V. AHLA OFHHE

HE YL, PAHESRHR— 757 $adk — Sait — DU A Z 80k — B0 AL — RALERIE — = L 7
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FZ L THY (Table 5-1) , SERIMITEF, Au ([ZHEE LT Ag SLALASEV. HERTLA
1213 dendritic fHEED LIZ LIZERD SN 5. BEAFIRIK DO O DO RIREMED % 2 H

2.

5.1.3.2. HRESE

Bk BERT, Atk, BEIR, SRIRZe SRR AR AR, HINO B-12 iRk D A
RIPER 2 LA ISR T (Fig. 5-2) . B-12 HUAIZHI DHLRBIE A kT 286 4 1 7
X, #A 71 an 7y — NEEIEAWE, 247 2 gL, PIMEERGE, Headia &
EL, auZa— AW EEY b D, 4T 3 EEAICER, MOMNICESS N
JE@RZRLT D, F AT 4 WERAOHEL (<imm) D580k, PIMEASE, SHERGE, B5Ek
PAERMNDD b D, ZA4 75 HRERL, HEBEMEHAICZLVED, X147 6:
PERSLEARE L L, BEREETHLOD 6 XA TRy END. ¥A4T7 1L 612
DONWTE, BEREBIET O A ZDORE WG VRN & 5. #4473 OEMA
ICETEARESNE, BROAAY v —HER/EUEY m) A MEGELEWRH TEB X
O H A DOWREREEZHAET 5 (Fig. 5-2) . RV AV o OFFIEITHR BRI B
BRI EBOKTEBY 23 & o 72 AT REME 2 /g

REEAT DG AET, FICPAHERNIE - FTE0EE - FHERIE - LA D DR S,
TG - Wim s - =L 7 87 L& T A& M mALEL - BEEIL A2 M3 5
(Table 5-1) . EE&KHLIT framboidal, pisolitic #Hfk% & L, PIMENHL - BEERGL - 7808k
EAET L. HEAIF AL EES LY, MRESAIZITZT LY T AR DD,
VU i 22 SAHL TS L 72 NS B W TP RIS TALD B EALIZ [ 23R O RL S D3 HRL

MOARRLICZE LS 5. RSMIE, AL TITHR S EL L, BTk R T A -
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PEGL & AT DIGENR L. =LY T A S AT DI EENT, MRS E
2\,

W AEOEICES< &, FEMREIRZIZMK L2 BUKIE, BRI IR BRIE
RHR BIN LN T RO BRI SBIEBUK Th oo e B A BN D, —T7, BRIREIR

TERIFIC b A BFET D Z D, BRIEDBUKTEEN S & S EEIE R 2> b BRI

iy

=)

TR £ TWrle A AkRE L CWRTREMEDRN B . LD,
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Kaolin layer Barite layer , Kaolin layer

Black ore Type 4

Black ore
Black Type 5
ore
Black ore Type 1 Type 3 Layer of sericite/smectite interstratified mineral

Fig. 5-2 Mode of occurrence of brecciated black orebody at B-12 of the Nurukawa
deposit. The brecciated black ore is classified into six types. Kaolin, barite and
sericite/smectite-interstratified mineral layers occur in the black ores.

52. SRAIHYMOILFERK

BT DA AR D 34T 2 EPMA (HARE S, IXA5 &) ZHWTITo7=. ohrdk
IO LBV THDH. FBIFE : 20 KV, B : 2X10%A, EHEWE :zn (Zn &J8) , Fe
(K%K CuFeS,) , Mn (A% MnS) , cd (cd &JE) , Cu, S (K4X CuFeS,) , Au (Au 4

B) , Ag (Ag &J&) , MIEFHEEICIE, zAF 35 (P9WESAHL, Sweatman and Long
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(1969)) & Bence and Albee 7% (L2 7 A, Bence and Albee (1968), JAVE - H M

(1978) ) =MW 7.

5.2.1. BIFEEREE

95 SRS GESE, EURE RN KX ORI ERIL O PRSI O FeS B ®IZD
VT EPMA Z W CHIE L7z (Fig. 5-3). &4EEILOPIHENSL TlX, FeS & H &IE, 0.5-
8.0 mol % & MEIRVV A 2~ 73, #RE BELde L ORI RIL TIX, FeS A &IX, 0.0-
5.0 mol %D&EIFHZFF D, 1.0 mol %It B — 7 &85>, U E BRIk X OWLIR BIL o

FeS BB BEDOEMIEIL, S4B FeS A& & AR/ISENE RT.

35+ 354
. Au-bearing | Black ore
) siliceous ore
—~ 25
< ]
@ ]
o 207
E 4
= ]
© ]
Y— 154
o ]
o
2 10]
S ]
< ]
57
0]
0 5 10 0 5 10
FeS mol % in sphalerite FeS mol % in sphalerite

Fig. 5-3 Histograms showing FeS contents of sphalerite in Au-bearing siliceous ore and
black ore of No. 5 orebody, Nurukawa deposit.
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522. ITLYFSA

TNETIE, BHSKOBIRES T TOT LY N T AOWEITSZ W (Bl 2IE, ik
1Z7>,1981) . LarL, B OT L2 T AOREITES, BIPIRIZENT, ¥
TSk (FRIED, 1986, LIEIENY1987, JLHEIEA, 1988) . AMFIETIE, H
5 WMAD G GEEILILA DD 11 8, BUREBILI AN D 7 HF L OBMR RILI A2 5 15

1, BeF33fHo= L7 bT LKiD Au, Ag FLIZOWTHIE 21T - 72 (Fig. 5-4). & & B8k

i}

DL 7 FT7ATIE, AuEHEIL60-80 at %& BRICE . EOREILTIX, AuEH
75 30-60 at % & ZAVE CTORIH AT LT Au/Ag L RIZE F 721300 Ag IZE
B0 b5, BUBE B TIL, Au 88D 45-60 at % C, MEOHEOMEER

ER

Au-bearing
siliceous ores

=
o

Compact black
ores

##%8 Brecciated black
ores

Number of samples (N)
gl

0 20 40 60 80 100
Au atomic % in electrum

Fig. 5-4 Histograms showing FeS contents of sphalerite in Au-bearing siliceous ore and
black ore of No. 5 orebody, Nurukawa deposit.
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6. ;IR DRE - EHIRE

5 GO EREIT OASE, JEIR R oL X OE A OWREDHEH O
PYEAGIRE 3 K OMRIRE 2 IE L7z, MAEOAWIL, WSO KIR —HkE A
MTHY, Z<OHLDOIFXRBEBDEDOEREZRT. W 2O0DHDIZONW T
BRARNT U CHAFET 2 1o ORIV EMRR AR Y O FIREMIE S 228, R & iR aa
WOFER & OBIRBBIER TE RNV LEND, PIAETRKEAEY TH D00 IR
AW THDDONOHENITE o7z, MIEIXY 0 Ltk THE00 MR HI AT — 2 %
e, BEAGIRE DR FIREIT 0.5°C/ 0y, HRERIER OREARSRIL 02°C/5
Toh-ol-. BEREOREREIT 1°C, HERERIE O FROIK m iR R o E i 7

1£01CThHoTz.

6.1. MWHILEE

BANGIRESL O AREOKERE DO ' — 7 1%, 275CHHTICEFT T 5. BEIRESLON
TgndE, HEHA OEEAGRE OSAIE, RS2 L, PIigndt T 200-275C,
HALA T 150-270C 4~ d (Fig. 6-1) . FAhAIL, SOTRENGS <, HEhbATISHA
WHMDERR S T BRI BECIRENZAL LI mRetE b & 503, B ADNEA I

REMENATREME S & 5.
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10 :
] Brecciated black ore
7| Barite
S N=15
o O *—L—I-I-; I
(2]
> 10: Brecciated black ore
g 1 Sphalerite
© 5 N=19
— i
> o] l-h-!—l—‘——,——
g 0 e
& 15: Au-bearing siliceous ore
S ]
1 Quartz
Z 101 N=43
5
0 T T T T I T T T T I T T T
100 150 200 250 300

Homogenization Temperature (°C)

Fig. 6-1 Histograms showing homogenization temperature of fluid inclusions in Au-
bearing siliceous ore and brecciated black ore from No. 5 orebody, Nurukawa
deposit.

6.2. &R

e

WMIROEWOMEIRE L, A9 TIX, 3.0-5.5 wt% NaCl fH4IERE, PIHEHENHE T 2.5-
4.0 wt% NaCl FH 2, LA Tl 1.5-2.5 wt% NaCl FH 24 M5 O &6 0 Af & 79
BRI OB & Ui, A% o MMiingn, Jmiba~CHERBEMETL,
BREMROIRADEYITHERE b IRVMEM 2 H 5 (Fig. 6-2) . FFIZ. EiAAOY
BAGIREE & IR OBIRIT, HEIRED 2.5 wt %C 200°CREE DO EUK & RAKDIRE L7z &

DR ERL TS, AFEROWRMKREANZ ARG T 2 &, AR aawI3ER
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FEREWT L —F RN I—T DO D25 T BN A. T OEBEEOIKRWN T V— 1T,

PRI IR T ORI A OERE L P T 5 IERE 2R D, RRQEREZRFSBUK &
Hxoins. NI OMETLAEDIL, “REDEMOERERS>LONR£E L,

AR OFREBAEYOHF THEEENMEWD 7 V— 1%, IRFEREEY O A Ret: N E

2D, —J, ARFOWREDEH O THHREN W —71%, RINHRO

DIALVENC B U 72 ER R BUK D ATREME S B 2 B .

Fig.

6
© Quartz Au-bearing

5 @ sSphalerite siliceous ore / \550
o [J Barite / /
[0} _ / 6/
O 4 - Brecciated Q——— /
g black ore //} @
© ; _<—Seawater PN O——
3 Brecciated B /Dg, ——=U
> . —
EZ' bbﬁg@// _///{T
& SO

1 =

0 T L T — T T T — T L T

100 150 200 250 300

Homogenization Temperature (°C)

6-2 Diagram showing relation between homogenization temperature and salinity of
fluid inclusions in minerals of Au-bearing siliceous ore and black ore from No. 5
orebody, Nurukawa deposit.
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B HIREESL & IR BILAN TR S VT AR A N E N O HEENFL D FeS &A=
CIRARDEY OEECIRE N DHEE L. BaMREEIEONHENILD FeS &A &IT,
0.50~8 mol.% ¥ TOFPHIZ A L, JERBILOPIHINILD FeS FAH RIE, I 0.14~
1.46 mol. % DHEIHIZH 5. EBEILDO AT OBHACIEMICBEE L1 & B2 6550k
PR EZ N T > 7 LIsiiR e/ O ELIREIL 250~300°0CTH 5 DT, logfS, 1314
12-12.5~-8 OHFIPAZ T, —JF, BIREILTIE, PUlEEMEL DB KIRE X 200~280C
72DT, logfS, 1%, Wia-15~-7.5 O#iPAZ =T (Fig. 6-3) . Wi O ERMSREEILHEME LIH

P 2723, &&HREEIRIIER BRI LT, MdpICE TailE, @ity R

BTSN EHESND.
150 200 300 400 500 (°C
T T T
-5
£
pe—)
©
~ -10
N
HU—) Au-bearing network
o)) 4 siliceous ore
e, Brecciated black
ore (Type 3)
-15 N
Q‘OQQ 250 300°c Homogenization temperature
Q«\O\ Z Au-bearing network siliceous ore
% 200 sph 280°C
Brecciated black ore (Type 3)
_20 1 1 1 1 1 1 1 1 1 1 1 1 1
2.6 2.4 2.2 2.0 1.8 1.6 14 1.2
103/K

Fig. 6-3 Sulfur fugacity-temperature diagram for some univariant assemblages.
Estimated environments of Au-bearing network siliceous ore and brecciated black
ore of No. 5 orebody of the Nurukawa deposit are shown in the diagram. Data
from Barton and Toulmin (1966) and Barton and Skinner (1979).
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7. K& -BRF-XAMAVFIL-RF D LRGMKLEDOFE

LG DY, BEIMEAE DY, MAEOAYORERRICHES &, G
PL & R BIL O AEREREIITEWV RO b D . RIGLR & Ak L 72 SR O B R0 K
BAEE DR ZHEE T D 72012, KE - BF - A bu v F UL 24D LRMEE

TR E T o 7.

71 BEDORESEY EAELIEDOKRRGIAL

FHEPOFREEAEY DK Z R 5 J715:1E, Hattori and Sakai (1979), Ishiyama et al.
(1999)IZht » 7=, B 2 Mite, #10, #16, #32, #60 Offa H W TR 2 51T 7.
#32~#60 DKL DREHIDOWNWTANY FE y F U 71280 SN &Rz, E612, U
F=H — /XA THEAS 72 HNO; (50 ml) +Br, (2 ml) DRAWIKT, HLIDED
BrEE T2, EBRICHWHENL, AZETIE 12~15g THD. ZOXHITLHE L=
iz, B2 TMELL, 300~500°C DR T O H OFUATI A OK Z i Uiz,
BiAKIE, 5X10° Torr BAFIC7e D E TMEVAME LIT o7z, Bk S ik amh
DKL, WEREFROBH LT v 7Tt SNz, ZLARFET D 2 Migkomk/z &
IZEVIKRFE LT SN2 MEROAH T oOKEKE U THHIET 272912 550°C DR
b8 (Cuo) Z il SRR EROGBH N T v IR Lz, #il L2k e A
KDL OFEFNEME (CO,, HSS, SO, 728) %, RIATAA+T & MER (K
-80°C) TRREL, MiH/e H,0 L L7z, ZD H,0 % Cr 7 (800 °C) TiEL, /K¥E[H
PR HT HIARE T A & L.

LI OWTIE, K ZATWVRELIEM7ZT 258D, X Bk R E TRE O RS

LI H T ORE I DR SN D T 28 LTz, £ D K9 ikl & ka4
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HHAOEZET A 2L, 200°C TREREOWAE K Z Y BRVO 2, 1000°CINER
L, 200~1000°COIREXFTHIH S D H,0 Z#RIEER N7 v FIZEDTZ. Ehlh
B DO EBRIFIIHRADEDOLGE LRETH . WEREIL, £1%Thod (IRIER - B
H,1982) .

INETHARD 4 SO—AEIGIR UNRILR, RIGIR, IR, AL
R) OFFE - EERSLOFMEE W) 5 300~500°C TMEHH S 7= ko 6 D fE23-35
~-10%o D& Z 74 2 & N & TV 5 (Hattori and Sakai, 1979, Fig. 7-1) . AMWF
JET 300~500°CIZ A S M 72 HBRR D& G EEFL O A S h OFHA AW D 6 D K
IX, -55~-40%0% 7~k L, Hattori and Sakai (1979)® § D fiElZ b~ THIRHHIARY Ml 2 7R3

(Table 7-17, Fig. 7-1) .

| Nurukawa
0 T T ._. T T T
1 -60 -40 -20
7] | kosaka
3 ]
£, *
% 0 T T T T T
,g | Fukazawa
g 0 T T T T T m
£°] .
S Matsumine
Z ] %
0 T T T T T
4 Matsuki
0 T T T T T &I T
-80 -60 -40 -20 0
8D (%o)
H Quartz X chalcopyrite

Fig. 7-1 4D values of fluid extracted from fluid inclusions in quartz from the Nurukawa
deposit and Kuroko deposits. 8D values of fluid extracted from fluid inclusions in
quartz and chalcopyrite from Kosaka, Fukazawa, Matsumine and Matsuki Kuroko
deposits (Hattori and Sakai, 1979) are also shown in this figure.
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Table 7-1 8D values of clay minerals and fluid extracted from fluid inclusions in quartz
of the Nurukawa deposit.

Location Brief description 3D (%o) Homogenization 3Dpo0o (%0)
temperature (°C)

Clay mineral

G-22 Kaolin associated with -62 250 - 300 -46 - -48
Au-bearing siliceous ore

M-18 Kaolin associated with -53 250 - 300 -37 --39
Au-bearing siliceous ore

G-16 Kaolin associated with -49 250 - 300 -33--35
Au-bearing siliceous ore

G-16 Sericite associated with -47 - -
Pb-Zn-bearing siliceous ore

B-12 Sericite associated with -37 200 ~ 280 -10
brecciated black ore

B-12 Sericite associated with -41 200 ~ 280 -14
brecciated black ore

B-12 Kaolin associated with -62
kaolin layer in brecciated
black ore

B-12 Kaolin associated with -58
kaolin layer in brecciated
black ore

Inclusion fluid

G-22 Inclusion fluid in quartz of -44 -44
Au-bearing siliceous ore

M-18 Inclusion fluid in quartz of -50 -50

Au-bearing siliceous ore

oD values of ore fluid are calculated using fractionation factors of kaolinite-water
(Sheppard and Gilg, 1996) and sericite-water (Marumo et al., 1980).

IRNHER ORE L) DK FE RN L % Table 7-1 & Fig. 7-2 (TR L7z, &4 HEIREESL

DHAAY D 6§D fEHIX-62~-49% %~ L, MOBFFIKEDO AV D §D fH (-35~-

25%o ; Marumo, 1989) K WiKVMEZ /RT. F7=, ELRBEILF ORI AY D 5D fH
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[3-62~-58%0 % < L, G&MREILON A Y v LHUL, o BIIIKROIAY LD
R MEERT (Fig. 7-2) . BECEESL T OMMERNE, —Mi7e BESROMERD 6D
i (-40~-35%o ; Marumo et al., 1995, Matsubaya and Marumo, 1985) (ZLb~_T4A LKW
il (-47%0) Z7=T.

Bk BEE (B-12) OFRZERED § D fl1E-41~-37% %7~ L, —HkH72 BELILR DFEER:
® § D (-40~-35%0 ; Marumo et al., 1995, Matsubaya and Marumo, 1985) & ZA{Ll9 5
(Fig. 7-2) . UbosBy, RIBROESEIOAEPOWRMKUIAYO 6D EL X

F VD 6D EIE, —MIRRILK VIRV EEZ R L, BREBILOMERO 6D X

— XA 7R BRILILR O ERE L R OEEZ R L, BB § DEDEWVDRTRO HiLs.
10 -
X Nurukawa Pb-Zn-bearing siliceous ore
0 X Nurukawa brecciated black ore
Q 9
2 - "
ICa
A @ X
w O | | { { { { {
“‘f 15 7 | Kuroko-type dep. LM Nurukawa Au-bearing
o Z Vein-type dep. siliceous ore
o N/ Nurukawa kaolin layer
8 10 D Geothermal area in brecciated black ore
5
Z °1 0
| u %W Kaolin
(1] %
0 { I 4[4 I I I

-100 -80 -60 -40 -20 0
oD (per mil)

Fig. 7-2 Histograms showing & D values of clay minerals from No. 5 ore body,
Nurukawa deposit. Data of 6 D values of clay minerals from Kuroko-type
deposits, vein-type deposits and modern geothermal area in Japan are from
Marumo et al. (1995) and Matsubaya and Marumo (1986).
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104 Quartz Il Au-bearing siliceous ores
Nurukawa [ Pb-Zn-bearing siliceous ores
X Brecciated black ores
5 (Yamada et al., 1988)
(] Kuroko Deposits
= . = ﬁ (Hattori & Sakai, 1979)
Q@ | Altered dacitic rocks of ] Hanging wall dacitic tuff
s 10 L
= the Nurukawa dep. B Footwall dacitic tuff
@© breccia
2 gl Post-ore dacitic lava
° 5 B8 Pre-ore dacitic lava
) o
2 0 . s I EEE .
=) Altered dacitic rocks
Z 104

10 15 20 25
3180 (%o)

Altered rocks associated with Kuroko mineralization (Green et al., 1983)

[ Altered rocks associated with diagenetic alteration (Green et al., 1983)

Fig. 7-3 60 values of quartz and altered dacitic rocks from the Nurukawa deposit.
80 values of hydrothermally altered rocks associated with typical Kuroko
deposits and diagenetically altered rocks in Kuroko mining area (so-called
Hokuroku district) (Green et al., 1983) are also shown.

72. RELEBEEDBFERGLIAL

IBINFLRPE DA LR L OEEEITHOWT, F, AL Va2 0 fif LR SR RN IR L
ZRET 5070k (b - AR, 1983) 12X 0, BB OEEHE RN AL 2 i L7z,
RIERSEETX, +£02%0Chd 5. WIFLRD A FDOFEFRFINAKLL % Table 7-2 & Fig. 7-3 1T
RLTZ.

T BER D& EEERLO LD 6 ®0 1L, +9.2~+10.2%0% 71~ L, Hattori and Sakai

(1979) THR & A7l o> BFLGLIR O EESLHL A R O BEH A DA IED § B0 H (+7~
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+9%0) L VETEVMEZTRT. F£7o, BEMIREEL L BRI o IRF OAHED § *o i,

FIEINA9.2 B L UH10.5 BoDENHE 4TV 5 (Yamada, 1988) . —J7, FHEHR

i

BEEEY PR THEDT A A NEREIK S GREEFEE . TOw-96, 231-233m, 258-
261m, 289-292m, 302-305m) 35 L USEIKEHEDIRAEE T A 4 NEERIKAESSE D25
D § B0 fiElL, +9.8~+10.6%0% ~ L (Table7-2) , Green et al. (1983) T & 7= fth >

HELILRDOEET A A NEEFHDO RS DE (+45~+8%0) (2L~ TEV (Fig. 7-3)

Table 7-2 6 *°0O values of quartz and whole rocks from the Nurukawa deposit

Type of sample Material for & 180 smow (%)  Remarks
analysis
Quartz in Au-bearing network siliceous ore quartz +9.2 G-22
Druse quartz vein in Au-bearing network siliceous ore  quartz +94 G-22
Quartz associated with chalcopyrite in Au-bearing quartz +10.2 G-22
network siliceous ore
Quartz vein in Au-bearing network siliceous ore quartz +9.2" No. 5 orebody
Quartz in Au-bearing bedded siliceous ore quartz +9.5 M-18
Quartz in Pb-Zn-bearing siliceous ore quartz +9.0 G-16
Quartz in Pb-Zn-bearing siliceous ore quartz +10.0 B-17
Vuggy quartz in brecciated black ore quartz +10.57 No. 5 orebody
Altered dacitic tuff breccia of hanging wall rock whole rock +6.2 TOW-96, 211-214m
Altered dacitic tuff breccia in brecciated black ore whole rock +9.8 No. 5 orebody
(ore horizon)
Dacitic tuff breccia of footwall whole rock +10.3 TOW-96, 231-233m
Dacitic tuff breccia of footwall whole rock +10.6 TOW-96, 258-261m
Dacitic tuff breccia of footwall whole rock +10.6 TOW-96, 289-292m
Dacitic tuff breccia of footwall whole rock +10.7 TOW-96, 302-305m
Dacitic tuff of hanging wall whole rock +14.0 TOW-74, 259-262m
Dacitic tuff breccia of footwall whole rock +14.1 TOW-74, 298-304m
Dacitic lava (R4**) of footwall whole rock +11.1 TOW-74, 375-378m
Dacitic tuff of footwall whole rock +8.8 TOW-74, 473-476m
Dacitic lava (R2***) whole rock +79 TOW-74, 515-521m
Dacitic lava (R2***) whole rock +8.3 TOW-74, 542-545m
Dacitic lava (R4**) of footwall whole rock +8.6 TOW-74, 598-601m
Dacitic tuff of footwall whole rock +10.4 TOW-74, 637-640m
Dacitic tuff breccia of hanging wall whole rock +16.2 TOW-130, 337-340m
Dacitic tuff breccia of footwall whole rock +13.7 TOW-130, 373-376m
Dacitic tuff breccia of footwall whole rock +13.7 TOW-130, 410-413m
Dacitic lava (R2***) whole rock +13.8 TOW-130, 427-430m
Dacitic lava (R2***) whole rock +12.9 TOW-105, 446-449m
Dacitic lava (R2***) whole rock +13.4 TOW-105, 468-471m

*: Yamada et al. (1988), **: R4 is dacite lava that was emplaced prior to or at the period of Kuroko mineralization.
The classification was conducted by geologists of Dowa Mining Co. Ltd., ***: R2 is dacite lava that was emplaced
posterior to Kuroko mineralization. The classification was conducted by geologists of Dowa Mining Co. Ltd.
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PR EREDEE T A A MNEBIKAEE GRUEREN - TOW-96, 211-214m) D4ED
§ PO il (+6.2%0) 1%, —MRMYeBELIRD s Po M EFELLLTEB Y (Fig.7-3) , AT
A A NEEIK A RS DILR 2 B o T REC Y, F72 200~250°CHEE O LR O FIK
TREBNDRE L COVZFRRER S 5. 2N b7 —X M, BINELREHEOR—Y v
73 T 5 Rk 2 MR N SRIR O 2 BUE DS FINLIAR EL DA &K 8 A OGS O R84 THED
B A DT & 2 FRBE IR I L 7.

TENSER O FEMNALE 3% TOW-74 O 640-637m DT A ¥4 NEREKfAfs (T4) O
i HSE, BEM TSI b, 2 OBERERAELIE, +104% ThHo7T-. ZD
A2 601-598m DOFHACAEIZEE L7 A 1 FEE (R4) , 545-542m & 521-515m
DIAAERBEDOT A A Mada (R2) , & HITIX TOW-74 D 473-476m DOFLIR FEDT
A YA NERIKAESE (T4) 1, MER-FEA EITHENTRES T b, 25D
FRFRIFINLIAREL ©47.9 - +8.8 %o DFALL L 72 TR ST 415 . TOW-74 @ 375-378m, 298
—-304m DFIR TBDOT A YA Mads (R4) CREEIKABCS (T4) OFMME TR
EA—Er® ) n AMERRESELEYOMAEOETHEST b, ThEhomk
FRNCARLIE, 11.1%0 & 141% Cholz. Fiz, FAR—Y 7 a7 d 259-262m O |
BT A YA NEBIKABCE (T2) OREOBEFFNMIKLE, +14.0% T, EEY Y
fAxERETHIMMEAEDOETH -T2 (Fig.7-4) .

—J5, B OR—V 7 a7 THD TOW-130 & TOW-105 DILEEHE L » Fhro 4
AR ORERFINAAILIE, +12.9~+13.8%DHIFHZ R L, LK FEOT A A NEEK
fAss (T4, TOW-130,373 -376 m, 410-413 m) TIX, +13.7 %0, FLALAEMBEDT A ¥
A F&EA (R2, TOW-130, 427 — 430 m, TOW-105, 446 — 449 m, 468 — 471 m) TlI+12.9 —+
13.8% CThH-o7e. THHLOEEEWHAEE, WIFhbErEYnrazsERkET5
AT TH -T2, £72, TOW-130 OFLKEHEL Y EOT A A NEEEK i
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& (337-340m, T2) OEEDOBEZAFRINIALIE, +162% TH Y, BEHIWHEEIT,

FrEUnrarFIRETHHMEEDETH-T- (Fig.7-4) .

5180 (permil) Legend
® 79 = Drilling [77] Dc-Lava
® 91 Towada Volcanics [ ] Dc-Int
11-13 [~ Ikarigaseki Il Kuroko
® 13-15 [] Tobe [ Au-Sili-Ore
® 1517 Ha1 [ Sili-Ore
| Ha2 Gyp_Ore

. Lo,
\ ﬁ 0 200m e o - -
- & e

Fig. 7-4 Whole rock &0 values of dacitic rocks from drill holes in the Nurukawa deposit.

7R

B D4A DERFNARE & 28 45 (A E) ORfR% Fig. 7-5 IR L2, AlfE
MREVEZRT L, 2EOBBRNARLIT+8 RofRED/NSUVMEZ R L, Al fEA/NE
{785 L+15 B2 EEDOREWVERFENMKL A TRT. ARBEOFEIZEIY XGIhD
FALMERICBI#E L7274 A bEE (RA) ISHEMEIER®%OT A 1 hEE (R2) I
IR A L A A DTEE L, TR A O RN IR L 72K VWE (+7.9 -

+8.8%0) /L TW5.
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- | @ Footwall dacitic tuff breccia
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Alteration Index
Fig. 7-5 Relation between Alteration Index and 8'®0 values of dacitic rocks from the

Nurukawa deposit.
BEOMBRENRLZKEALE, RE, KIS ULIZKOMEEHZZE L T Sheppard et
al. (1969) & Taylor (1971) D HIEIZHEVY, PASIR TOK & AEA ORNARZHE L 72 % &

LTHELz. Z2ORITLLFIZRESND.
X&YW + (1 —X)8F = X8 + (1 — X)5F

SV Lot E, FULRIOK EEADOEERRENIAL, &Y 88 1%, KIS DK EEA DS
FINZIKEE, X 1%, ROFOKIZEFNIBEOR T THD. ZOXE, KnEDA

1 (=EES) ORNRIZOWTRT L

18R _ 52508+ (2% Rmass) % ((5°%0)") + 1000l nag_w)
d 1+2%xRmags

&
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& 72%. 1000Inogw 1%, FHRA-KD5HIEREC (O'Neil and  Taylor, 1967) ThH 5. FHE
FDAN%IZONTIEL30%E L THORNRZ RO, Rugss 13, KIAEAEHRLTHS.
FOSHTDE A DERRNARLL 2 +7%0, A & UG LTKZHEK (= 0 %) DHE L
~ 7 <K (= +48 %) DHFH L L TCEE L (Fig. 7-6 (i) . FE TBOT A VA NEEE
IKAEEE (T4) , SMEAERICBE Li=T A Y1 biEa (RA) , SMEIER®BOT A A
e (R2) ICEBO BN +7.9 - +10.4 %o DOEEFEFINLIALL & FF oA EH L, kL
200°CHEE TR BREE CRUS L2 2 SISHRFITH D, —F, IBIIBLED S BN 7=
EZAINET AR v aTEBom e R o A0T T 0 U AMEER
REBIY TR T 6 28R TROT A Y NERIRKARESS (T4) , S BIERICE
WL TA YA MESE (RA) , SMBIER®%OT A VA MEs (R2) OZEAIE, 100 —

150°CRLE TH AR RRE TT A A MNEKICEEHD A AR 7RBREL TlEK & BOS L

T Z LI TH 5.
35 [ ,
= [ 8'80],,,= O per mil 5 F 8180, 4= *+8 per mil
- 8180} = +7 per mil _,1159 = 30 | 3"*Oroa™ *7 per mil T:SOO,S
20 | A ;
25
X L
[$] L
$ 20 [
= N
= 15
= C
O
w =
e} 10 [
5F
0 [ 1 /] 1 1 0 C 1 1 1 1
0.001 0.01 0.1 1 10 100  0.001 0.01 0.1 1 10 100
Water/Rock mass ratios Water/Rock mass ratios

Fig. 7-6 Calculated changes in 80 values of dacitic rocks as a result of equilibrium oxygen
isotope exchange with water of different initial compositions. Left: (i)initial water: sea
water, right: (ii) initial water: magmatic water.
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BINGER DR ZRIOIZEH S A=V 7 a7 (TOWIs) DFLR THEDEET A A
NEERAEES (T4) 1, +10.3-+10.7 %o DRWEINI IR 2 7R, Z ORI & Ffo
BHEEE, 170CRREE TR K & 7 A A MNEBIKABSE 0SKEBRBE TS T 22 &
TSNS H. 26 OEEE O HIHWITRER TRES T b, MHERR
200CLL ETLETH D Z & L 170 CORINREITITIENDHD. Lo LR s, filz
1T LKDIRIRE A RHR A — KO3 BRECTITEL T 2 70 EARFHE O I 3RE D
HY, ZNEOZEEBETLE, RINIEIROIAKRZRDIZES R—Y 7 aTr
(TOW96) DIFLK NMEDEET A VA MNERIKAELE (T4) DK L UG LTz wTRENE:
kL LEZDBND.

SRR DS A DOERFEINARLL & +7%0, A &G LTzKE~ 7 <K (=+8 %) D
B L LTEHE LIS AD Fig. 7-6 (i)l SN TWD. ZOHEITIE, SAESREET
BOSHE Z 4T, SRR THROT A ¥ MNEEIKAESE (T4) , SLIERICBEE L7
A YA baE (RA) , SALIERBOT A 4 MEES (R2) OEEEITMIND 5.
LinL2an s, MEEEP S AERRBRECERIN D ATREMEN L, TF Y
g A NEEET DIRIBEOEEIC~ 7~ KRG T 2 AREENMEVWZ L 25ET 5 L,
~ I RKETA A NEKIEFEDRNIRENC RS T D ATREMEIT IRV & b 5.

LLEDZ Lot IBIIBERZ R LBUKRIE, 2R e L TUIANMERT S &9

REBIK AT A TholmtEZ BN,
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73. ZTEBHEODA O VUFIL-32F P LRGIKE

A RarF U LERTY ARNARLE, KERFEA DO~ /LF =2 L7 Z—ICP-MS(Nu
plasma #HH)IC Lo THIE S 7z, BURREEE, FRHERT (B LS55 R B Lot
YH=) WCRESNTNDAZNT Y — - 7 = AR=Z BT, HAREARE
iR, 7 ol HWREMEN L CTofk Lok, A4 gz vy, Makishima et al.
(2008) & [AARDFNAT Sr & Nd DA ILHFEOSEEMT 21T > 72, Sr O BElMHICIX sr
¥ (Eichrom Technologies 1) , Nd OZrHfEflitHiZiE AG50W-X8 (Bio-Rad 1) LN
Ln resin (Eichrom Technologies t5) & v 7=, = D%, FKHKFOE 7 ¥ —Hl<w /LT a1
7 BFEEES T T A~ E BN (Nu Plasma Il , Nu Instruments 1) T, & RIS
Braito7. EEMERUEHE, Sr RINCARILRIEIZIT SRM987, Nd [ ELAIEIZIX INdi-1
(Tanaka et al., 2000) % H\>, BUBRE A IZIZMFREE S A 7 2 (Aridus 1l, CETAC ) Z{# H
L, ARHFE O S A BB E RE O R B & IE ffe 1% *'Sr/*Sr=0.710273 =+ 0.000028,
"INd/**Nd=0.512088+0.000015 & HHAV T D . A REND Nd/™Nd ORI E L4
T INdi-1 @ *3Nd/*Nd f£(0.512115, Tanaka et al., 2000)% AW THIE(L L7, HIERKE
1%, SriZ-2V\TCiE=+0.000016, Nd {22\ TiL+0.000003 TH 5.

1B NSEPR T 55 DA A5 D ¥'sr/%sr B OV MNd/MNd [RINE AR L % Table 9 (27”9, A [ElH]
ESNTRE D Tse/sr FIALA L K O “Nd/ N RIALIR L EE 1, £ ZEh
0.705281~0.713652, 0.512449~0.512772 % /~¥ . F7=, R4 FHY4 O ERIILIRE I

WY DT A A N ROREKLEEEE (RA/TA) O Fse/*sr [RINLIALL & “Nd/*Nd [RIN 4
elx, #H #1410 0.706782~0.713652, 0.512449~0.512772 %7~ (Table 7-3, Figs. 7-7, 7-
8 and 7-9) . F7- R2 MUDERIILRIEHE DT A YA b R OREKILIEE (R2 &
T2) @ ¥sr/*sr iR L “Nd/Nd [FAIfZ{KEEIE, 0.705281~-0.707900, 0.512688~

0.512806 D#HiFH 2 Ff>.
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Table 7-3 Sr and Nd isotopic compositions of dacitic rocks from the Nurukawa Kuroko deposit.

Borehole Depth (m)  Sample Sm Nd Rb Sr 87Sr/86Sy,  14INd/44Nd,  87SrPeSr, 143Nd/M4Nd, Al 8 '®Osuow
ppm  ppm  ppm  ppm (%0)
TOW-96  231-233m  Dacitic tuff breccia of footwall 28 128 399 69 0.710751  0.512681 0.70717  0.512668 9.4 103
TOW-96  289-292m  Dacitic tuff breccia of footwall 50 210 64.1 6.2 0.713652  0.512449 070732  0.512435 932 106
TOW-74  259-262m  Dacitic tuff of hanging wall 51 21.0 360 1066 0.707407  0.512688 070720  0.512674 521 140
TOW-74  298-304m  Dacitic tuff breccia of footwall 55 233 319 755 0.706921 0.512714 0.70666  0.512700 421 144
TOW-74  375-378m  Dacitic lava (R4*) of footwall 73 319 262 404 0.707141  0.512698 0.70674  0.512684 414 114
TOW-74  473-476m  Dacitic tuff of footwall 52 244 652 620 0.708319  0.512598 0.70767  0.512585 916 8.8
TOW-74  515-521m  Dacitic lava (R2**) 32 154 605 902 0.707900  0.512742 0.70749  0.512730 81.7 7.9
TOW-74  542-545m  Dacitic lava (R2**) 27 132 603 359 0.708392  0.512806 070736  0.512794 946 8.3
TOW-74  598-601m  Dacitic lava (R4*) of footwall 60 266 901 121 0.710902  0.512697 070631  0.512683 95.2 8.6
TOW-74  637-640m  Dacitic tuff of footwall 34 156 513 153 0.709638  0.512772 0.70757  0.512759 943 104
TOW-130 337-340m  Dacitic tuff breccia of hangingwall 2.8 126 446 724 0.705281  0.512767 0.70490  0.512753 469 137
TOW-130 373-376m  Dacitic tuff breccia of footwall 31 149 205 825 0.706782  0.512702 0.70663  0.512689 751 138
TOW-130 410-413m  Dacitic tuff breccia of footwall 53 236 533 356 0707198  0.512699 0.70628  0.512689 730 129
TOW-130 427-430m  Dacitic lava (R2**) 63 278 637 343 0.707661  0.512697 0.70652  0.512683 86.2 134
TOW-105 446-449m  Dacitic lava (R2**) 54 238 466 599 0.706166  0.512695 0.70569  0.512681 620 162
TOW-105 468-471m  Dacitic lava (R2**) 58 236 449 348 0.706877  0.512695 0.70608  0.512680 676 137

Maximum error of 87Sr/86Sr,, and 143Nd/'44Nd,,, are +/-0.000016 and +/-0.000003, *: R4 is dacite lava that was emplaced prior to or at the period of Kuroko mineralization
The classification was conducted by geologists of Dowa Mining Co. Ltd., **: R2 is dacite lava that was to Kuroko mir ization. The ification was
conducted by geologists of Dowa Mining Co. Ltd.

¥Rb & Wsm DFGGHEENC Lo THERR S L ¥sr & BN ORFMBGE O IE A2 1T
o7 IRSLR O AR % 15Ma & ARE LC, FH8E L7z gIifE ¥sr/*sr & **Nd/**Nd
[FINLIALE % Table 7-3 127"

BISEROT A YA~ ROV KILEFD s/ RINLIRLL & Al FEREDOBIfR % Fig.
7-7 2R T. RA MY DOT A YA N ROREKILEEIL, BEOREIZRZR DM,
SSr/%0sr AR ITHERL LT Y, KD Sr RAKHICITVMEZ 3. R2 FH O F A
YA N ROV LESAL, BEREL 225 & & bIZ, Ysr/*sr RN IR DOED KD
Sr [FARLARLIC A v o CTHE - T < 72 DI &2 7R

ENSLR DT A F A b B ONRVE KA D se/*sr FhALL & 6 0 FIGiA L o BR
% Fig. 7-8 lZ/R” . RAABU DT A A MR AILEE (R4 L T4) O 60 fHIZIT,
6% DFEINIFAE L, TOW74-25 DT — X % Fr< & 6 0 A +8% MK T 2 & Sr [FfiL
RS D St RN D T A~ZEALT 5. RS OT A A R OREKILERET

t, 860 [FINLIREEAMEVME & ¥se/®osr [RINLAAR DS @ < 7 B A 2R .
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Fig. 7-7 Alteration Index (Al) - Sr isotopic ratio of rocks from the Nurukawa Kuroko deposit.
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Fig. 7-8 5'°0 - Sr isotopic ratios of rocks from the Nurukawa Kuroko deposit.
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ZoOZ L, BEEANELS 12D EEREE O SRR AR D Sr AL 0 7 1w
NS 2 AR LTRY, IRIFROFIREED TN 0T 57 A4 A

BEXRUCEERFEICWAR LIS LI Z LTS LT 5. E£, BESALIERZICTE
B L7 SNDARBMEED TA T A MCOWTHREE L TV SO BFIEL,
Sr [FACARLL B3R E OFOSHAHEE SN D, 20 Z &, BHHCIER%ZIC bifik
DEERT DV AT ABFEL TW D, BIRIALIEART 2V L%, SERgn /R

(ZIEB) L72T A YA hodiaid, B EIERRICTES LA SR 2RO T A YA

MIBRILTET A A EBFET D AREMEZ R LTV D EE X b D.

BINSLR DT A YA b R ORVE SR EEE, Yamada et al. (2012)D R4, R2 X ONR1 @D
¥sr/*sr [RINLAARLE & *Nd/*Nd [FINZ IR % Fig. 7-9 (23T, IEJIBEROT A H A R RO
FEVE A D “Nd/MNd RIAZAREEIZ 1, Yamada et al. (2012)> R4 = R2 LV
BNd/MNd [FIRLAR L AMEOFFEASTR D H AL, “*Nd/MNd RINCAREE MKV R1 (10Ma EF
DT A YA MEE) WCHET 5. ZoZ enn, WIELRDOT A ¥ A FME Yamada et al.
(2012) CHRFT ST KB —/INRHUK DT A A S L iE, ~ 7~ OEJE R 5 FTRe k)

RESND.
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Fig. 7-9 Nd-Sr isotopic ratios of rocks from the Nurukawa Kuroko deposit. Quarternary
volcanic rock domains a are modified after Cousens and Allan (1992). Sr isotopic
ranges for rocks of the Oga Peninsula are from Ohki et al. (1994).

7.4.

~

BINERZRA L =8KDKER - BBRREMLIKL & £ DETR

HIE ST kE T8 O K FE R ARHRL R & A7 5 O BE R RN AHELAL D &, AR & 91
W-7K [ O RN RS A B8 L C, RINSLR A oA L 7= BOK O/ A HEE L7 (Fig.
7-10) . AV v, MAER, ARORNARSHIREIL, Ei €4, Sheppard & Gilg
(1996), Marumo et al. (1980), Matsuhisa et al. (1979)% F\ 7o, & GEHL & Ok BRI D A Ak
B, 2R ENEEAREN S5 D -E0 250~300°CH L T 200~280C % AT

HEL.
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Fig. 7-10 The hydrogen and oxygen isotopic ratios of ore fluid responsible for the
formation of Au-bearing siliceous and black ores from No. 5 ore body. Those of
seawater, magmatic fluid (Taylor, 1979), high temperature (HT) volcanic gas
(Matsuo et al., 1974; Matsubaya et al. 1975, Giggenbach, 1992) and meteoric
water are also shown in the diagram. Water/rock ratios of fluids of the Au-bearing
siliceous ores (thin solid lines) and the black ores (broken lines) were calculated
using fractionation factors of kaolinite-water (Sheppard & Gilg, 1996), sericite-
water (Marumo et al., 1980) and quartz-water (Matsuhisa et al., 1979). Case A:
Calculation of 8D and §'0 values of hydrothermal solution forming Au-bearing
siliceous ores of No. 5 orebody, Nurukawa deposit, assuming magmatic water
derived from mantle. Case B: Calculation of 8D and §'°O values of hydrothermal
solution forming Au-bearing siliceous ores of No. 5 orebody, Nurukawa deposit,
assuming magmatic water having intermediate value between magmatic water
derived from mantle and high temperature volcanic gas associated with volcanism
of island arc.

G AMAIREESLE DA e B E R L2 A D § D fEIE-50 - -40%0% /<9 (Table

>

7-1). £77, E&MIRESLO DAY U BHEE SN DHALTRIAD 6 D EHI%-48 - -33%0%
RL, BEMBRESOAENSEERE L-RESAEYO D EEEETH. —77,
BR B OBERNSHEE SN APALTAD 6 D EHIX-14 - -10%0% < L, &&EEHLDO D

TV UMBHEE SIS 6 D I L O IE0 O EHFH L7t AY D 6 D E XV i
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KIZIEW O DEZRT. Z DK HIZ, BLREILD 6 D EIXE M REEILD 6 D fii & IR

IREWERT Z LD, MIEICTZ A S VT MR ERR ) D BAK RIS 22 T, RO 6 D

B ARMREEIL DA e h HHEE SN DHIRD § 0 fHI+0.3 - +33% & "7 . Fz,
Yamada (1988) T SN 7= BILOHIFH DA D § *0 ) HHEE SN DHFLIED 6
B0 EIE-1.1 - +2.9%0 & /Y. Wi DTN A LI X LR ARl L 7 fE & =T

T IER DTERUZ B G- L 72 BUk oI 2 HEE 5 72012, 200°C, 250°C, 300CDil
FESRE, BIROKZRK, WK, ~7~KkEL, HERTOBEAR (FTA4H A1k,
+7%0) &K & DFRNAIRAZHSOG 2 E L, K/EFA % 10, 1.0, 0.1, 0.01, 0.001 (22 k S
HC Field and Fifarek (1985) D Jjik & [FARZRIFIETHUK DK « BRFEFINAKLLOFIH
BiTolo. RHRICESL &, WK, ~7~K, RKOWTNOEIETH KA I,
0.1 AN OAEAEBOBREE CRT UL, WK E B Lo RIS nZ &I
720, SRS KEOBKD LI L SLDH 2 & T TRy, Eaf@iREgn
EBELA TR LT Bk 6 *0 flIX 200~300°CTT A A NEKIEED L 5 i A
& BRI OG LB OEIZERIT 5. 20 2 3B e AL TR AN TEER > & 161 85
IRKIEEFICRBE) L C& 7o & SITHIREL DT A A MEKILEF L 200~300°C CTRIALIA
TP Z LI 2 & T, SAEH RO YIRH) 72 i3 FIALIAR L 23, AFJETHEE S h
T2 BOK OEEF RN AR L LT ATREM 2R3 % . MRS B EEIE, k& SRR,
JER B OREE D, FUEOMEE & EORWIE EBOWEBEER - T D 2 B,
FLRITEE CORSEARIEDFEEZ T L TWHEEZ NS, EDOZ b, Ak
& RN A8 72 K DR FE RINAR LD DIE, FIAER RS LR IR O R 2 HEE T 5

I LW EEZ NS,
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—Ji, BEROKFEEHEDL, Ffaa TIXEKREmN LR, HAeRE LT
DRFBEHERER /NI, 15T, 200~300°CTT A ¥ MNEKILZEE L SRR KB A
FOSZE Z LI Haicid, ZEIMOKRFEFRNRL D DHEE S 5 BUK DK FERNEK
ik, EAEOYIR K FRNR ORI L D b SALIRIR O YR 72 R & 7% LT
HEEZLND. HESNIBUKOKRFRAAILIZIES S &, MIRE GEHILZ A L
TeBOKIE, ~ 7~ AKRRRKAKD XD EVKRFNAR L 2R D> Z L h, v 7 <K
LIZRAKEREBEZ BN D0, WEZPNREEZ BB T 5 L RKOATREM:3Mm D TR <,
~ 7 KEEO RN B Z 6N D, RESEIIIE, AU D& ) ICHRIETE
BTG DI, MIRE S AZ R LI~/ ~ B TH D L5652 Ll
M THD. 2O EiE, AR THE SN ESEEIL A L 72 BUK DK R RN
WA RO~ 7~ KPFAET UL, IRISLROE SEEIL AR S 405 I REME & 7R"me L T
W5, ZOKFRNLKREIE, §D=-50--33%C, ¥ MLVHEDO~ 7~k (§D=-80--
40%0, 0 180=+7 - +9%o (Taylor, 1979)) & EIld~ 7 <7/K (6 D=-23 --28%0, 6 180= +6.3 -
+7.2%o (DEEERTEE 5, Matsuo et al., 1974, FABEARIE 2, 1975 ; 6 D= -10 - -30%o, 0 0= +6.2
- 49.2%0 ('L — MURIKO FHIN (W AF ¥ v Hh, BR, 740Uy, £ FRT7,
—a2—Y—7 . K%) (Giggenbach, 1992)) DA fEIZ/R 5.

AR, BIRIER I  INE 2 OB B0 & Bl O BREE~ Ol Ic s S iz &
5B ZDBLRE SN TS (Yamada and Yoshida, 2011; Yamada et al., 2012) . HAWED L
RBIEFE TH o IR ORE T, ~ 7 ~/KOKERMIELIZ~ > hLHKRO~
=KL 2 2 EREIRF S, BIMRE TO~ 7~ /KOKFEFRMKIZEIND~
T KICHET 2 Z ERMIRE S LD, BRI AT L 2 BUK OKERMRIE, <
Y MVHRO = =K EBINO~ 7 < KOPRIREZ R > TR Y, WIGHRIZE T
D BIHRTERE, IR OBREE) b Bl BB~ OB A S 7z FTREMERS,
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[FFLR DY K0 BN 2R BREE CIE A S ATREME AV R S D . 20 2 &, iRJIFEIR
DO THETAHA & (RA) @ **Nd/**Nd [RIfZALLS Yamada et al. (2012)7 R1 (10Ma b
DT A YA FEE) O NN RN ELT 5 2 & bl Th 5.

—J5, BREILEZERK LBk, MKW KERMEL 2RO Z &0 D EICHE
KEFDOBAKEEZEZ BILD. L LRRL, EIRBILATA L 2BUKIE, WK
T LD URWKFERNLIE L 2R 2 &b, < 7 < KEIRO A & KR O ZOK
DIREDOAREEL B2 bD. BREIIIC LI AV A2 EIBRKIEIND Z 0D,
JE R ERIE A TR L 72 BUK M~ 7 < K EIE O WfE LM KEROBOKDIRG L5 2 & &
HAJEIL LR,

IRNGER 2 TR L T2 BUK RIT KRNI AR ER T 2BUKR THH LB bND
BN, ZORTTAYA h~T <720, LVIEHO~T~nb~ 7 ~vKBHESL5
EORIATLATHDHEEBEZOND. Cu X Au REFT~ I ~KEEBITEBINTE

TerTREMED & 5.
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8. #&am

A ST NBRR O AR, SRRFH), SEMZERY, HERLZERREIC OV TE

%L, UFOfmEEE.

1)

2)

3)

IEJNBER S 5 BRI, BALIEH O A, TRAIRORHES, ezl
T BEGIFD & v BT S HERE L 7 IR BRI R S D . BRI, &tk L
BRUOBE@BREILL, &I0Z2 LWBIVEEE GRS, AiE 2 %E D

MRS TEIE S D ER A2 29 5. IR RSN T EUR AL & BRI ABIE D — 125y

i

TonD. SMHAEDEICHES L, GaMREIL AT L2BUKIE,

WERILIZHAT, SR TR EBEDSEBIEOBUK TH T LB biD.

GERBIREESL OB A Y D § D B1%-62 - -49%0 %, HER BELAF OFRIR A AV v
7 6 D fEIX-62 --58%0 % " L, WIAIL MO EBIILIRDO DAY o L VKW 6D
EzrT. —J, BREILOMERD 6D HIX-41--37%% R~ L, —MxieR
SESEPR DXL S D 6 D I L FERT 5. WSRO G EHILO A ¥R L OHE
BB 20 O LR THEOARE D 6 0 fHIX, ZALZE41+9.2 -+10.2%0, +9.8 -

+10.6%0% 7~ L, Mo BILFLR OIS TR <, oA 72 BRI 2 12

AR U T2 iR OB RN LE & X572 5 et & 5.

A HIREERL O 580 B E R L 72 3R T A D 6 D EIE, -50 - -44%0 % 71~
. Fe, EEMIREEEO A A Y L BHEE S D SETEAD 6 D fHIX-48 - -
33%o% s L, & EIREESA D A 550 b ELEERH L 72 AT A D 6 D fE & HAE
5. 7, BERBIEOMER)GHEE S 58LIRIAD 6 D EIX-14 - -10%0
ThY, GEEIONFY U NOHEE IS 6D EB L O &b EEME L

IR TAD 6 DAL VKTV d DEE R L, FIHNIIEAL S 7o idikE:
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FE O SR BRI NT T, LI D 6 D AESMEARIZIEVMEIZZAL LT Z L 3 HEE

Sha.

4) BINBERDT A YA - D zr/TiO, i, Yamada et al. (2012) CHE S v7- BgLHE
IRICE#EBHE L7c 7 A 4 b (R4) K0 b, BIIIREREOT A A b
(R2) (ZHEMIT DA Z~. "Nd/™Nd FRIfZ{RLE S, Yamada et al. (2012)D
R4 R°R2 LV & Nd/MNd RIMZAREEAME S, RL (10Ma DT A ¥4 REHE) D
YN/ MUND FREARERICHERIT D, 202 0 h, IRIERESRTERIE, KAE—
ANRCRSE I & 1272 0, 10Ma EHO T A Y R ONEE) L7 BRER IS D8R

FETRRINIEEZOND.

5) &I EIE LCBUKDKERNALLIE, -40%RETHY, <> bLHEK
D& 9 Ip~ =R EBIND= 7~ KOPTRRREZFF > TB Y, RIHIKRTE
RRIEAT I 2 DBREE ) B /il D BREE~ DI S LTz & 455 2 TH
M TH D, —J7, BIRBILAZTER L7-BUKIE, MKIZT VKR RN AR 2
FFoZ L b EITHKEROBUK & 5 2 508, WKIZHET % &RV K
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=
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