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2) AfpEE  _ERELF U4 S8LISEBAHEEMTELE D 515 bh e L2EHoREH ko7 (B16[D),

TREICED SN B L LT Mn (159~200ppm), Cu (106~1,000ppm), Sn (tr~35ppm), Ag (2~
10ppm), Zn(tr~3, 900ppm<) N %, T H HbCu. Zn i3 & X ITHRYE, BIHSRGEO K FIRDBAMNE 2 &
NEDTHERSBRMELEL T2, Mn, Sn, Ag, Zn 2 EHEcikil 5Ly, BEEchLA%v, Sni
FEEGRF PO Mo L FIBRICRIHE iz 2 L DERITKREV, Cd 420 —igicabh 528, Zn(PImmeRs)
DRALPETEZBVERD 5,

ERIC W, Mo BfinTh 38, BEIEOFRIICOHH BB 2 L dRBEEN,

3 FEEEEE R OHE L FERSSHOUSERELMETIAE S b & b I6EORE TH B (BITRD,

WRBHIZ A B DI M Mo (152~200ppm<« ), Ag (tr~7ppm), W (ir~250ppm), Zn (210~
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1,660ppm, Cd (tr~32Zppm) #3300 %, 2055, Zn EIEHIELT I B EER o 8 aH E L}
BEL T2 boR#zbn 5, 172 Cl @z h b o ERSUICEERL Tu 5THEMERS 5, M 13z o8k
DERGZDL2TH LR, Ev o H ol NIERLLTRBATAILOELAER L, —idmb~ ¥
YOFROFERL N E5, Mo 0% IEHHET O Fe L RECEERE LTASTL3L0LELL
No, £ W, Ag 3BAIC/Dn R, B ST S5 — e MERS ¥ IET L Tn 5,

Widefl LTHMB TH 52, BHMOERMN TRIEEIY2 L, BEHO Lo I F 4 2 Bb bk
B, £z, V, Ba L BHHOL 00—z bR EDHTH S,

4 EESE S ERUISESELEITYGE ) b o20@MOREH X o, oA & COMETY -
FHRIZHART O b 0T L A, RA - 8§ - R0 Lo Th 5 (B8R, —i¥ic 1~2mm jii
DEATEILFBFERO S OBEZ VD, WHIELRES Db OB—Thicd 5. MIFH o AT O R & i
LTz,

Z OFPICEBIC AR 505 L olcid, Mn (150~2, 000ppmd{<(), Ag (tr~8ppm), W (tr~340ppm),
Zn (tr~1,640ppm) 2338 &5 h 5, Mn, Zn ik, BEESiF o Fe 2 8L TETFAY B3RS Ebh s
W, EREHRO 1 Eic#EY 5 Zng, WERELL L TETRALEZLOLEZ GRS, 2, &
i ORSHIC Cd OFFERE VT L e TELGR S, Az, W 3BEMAMETHEND 58, SHH
AQUE = /8= {2 r AR

Ba, Cu BPEFASTL 52, Thbid, W SESIIZS V. Asfilic (I mRteRs, Futiksh s &
AL, SEILOFIRICASTL 525, Ui LRSI S S os G iM% <, BEiHcEy
As IR Z 6 SO TAS Lo L Ebh s, Cu 0BEO{LFE, FEHOREHIC LA RS

' '2[3 4’5 6]7 8]0 1011 12[131a[15]16[17] 18] 19]2021 [22]23]24]25 26 ]27 [28]e9 [30]31 [32
+ ey ¥ T T 1 |1
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\
Mo [ I Fl | ; [ |
LU J‘ b B S | |

20 & efilI5BHIA R DR EL Sy




BHIOLBEHYTH 2 HREPIcH BN S Cu OFFH L THEIKE,

5 NRSEE SIS EEHALEIIRYLE 2 b O2HAOREITH 5 I,

MR D EEMNCA BN S L OV (tr~21ppm), Cu (tr~400ppm', Zn (ir~1,400ppm), As {tr~1,010
ppm) R ERH B, BILADOATELEOHRNRLRIZ LD THA3ELPbbETINLDTENREGHE IR TN
2 OFBEEEC, VIZ2FEL LTHETH D, L L 50m s 6 100m 40 i & ZHMic L 2 bR
B, Lo LR E R AbRR LS, CuFLfEicAbh s, EHoEEHO L 038

Db O RET D EMB LR Zn ik, MO EHERTHE TR (tr~2,100ppm) L T 5%, EEET
EEHR, BHMTOSLEIADTNDS, As i VR Zn LW EME, BHEHOBHRL (2f s LTk
DOFFER AL IC A3 T THIIM L Tv 5,

Ag, Ba, Mo Zfhiciabhsa:, Ag, Moid e &S, Ba i ZdbimifiE 150m i 8 i o sk
oLl A

6) FFE  SEMUISEHAEIED < v - 80 - TEERIRA 32 (20D, 4 - SR 5k
MR Lo 1E, BFEJEELo Lo 2@, FRIMEFEO Lo 3l GE22KD, B zEbiRvnhrdbin
EESFSEARE LTS8 Uik 1 B4, 254, 854, KEMOLo% LHEH4M (521D, ES
Db o 3 {E (FE2ED FASEOMEITH D, A ELEIMR bRk 8 - BEIR TR EEo
BENZhrbbTINE OREO—FHAHETHE L LT Mn, Cu ol neErinohs,

2sdestzed  [ofsodsodsodsossod  [sodasaeor 106107 29/33 3682 122)125] 66[57\59'70[71]72{73!32[221 59‘}|oa\'||7]||a[u9
| T | \ ‘ !
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Ni Ni : :
co | co : i i
cd cd |
Z npm =]
cu
Sb
in
Cr| P= e

v =

o

sSn
w
Mo J L 4. ‘
Eiated 22l FIeX #24H 25 H26X
FRERKNREDE Efe e ETINE HEH O TR XU AR5 FTREE LR oY

o B RS} Hrh o B Sy PR RSy KA o MBSy BRA T R ALY hodn s



28

L=y - 8 - Rk o 4 o & 4 - SREEART 0 & 0 & TR D 5 ZR B 5D,
Mn, Zn, Cu, Ag, Ba, V I icMstiiicsd <, %&cHBi v, Cu it W TREREZHEDTL S
WE & AR & Tt e BRI 2 SE RS H b 4, WIFIC S { (tr~b60ppm), % ic/bie (tr~120ppm),
{ro Mn, Cupk, &Iz Cu () @EEbdThiwn, ElicwrFy -8 - BHRERE AR & - F95
MR 2 > MMEE Iz Ba 235 0, BiFICE bR (), #BFICEEY (o~540ppm), iz Ag, As,
Zn FEAROLOIZE ER Y LR TS, HE{EETERE 27 bt Tnigv,

VI. 2 FEERAAEPICH bR B MERS

1 EFRRILE TTRHE RE, 1964) Lcksi, KEL3O0MAEELOEDOLOED D,
LaLIhdo 3 S>oBICEMERS ORI AZBEABLTLEAGRS b Ttz e £k L TBa
(tr~540ppm), V (0~23ppm), Cr (0~150ppm), Mn (150~2, 000ppm<{{), Cu (tr~15.4ppm). 7 ¥R

BB, L& As (1,620~3,500ppm), Ag (tr~d4ppm), Zn (O~tr), W (0~190ppm) H3FE¥
BMéoéW&LTxEE@ﬁW%@THﬂ sy DR A e DBEDL

L LEHRIEO P TR O—ERARTIOR (FE241 122) o oicid, ERREc— &k &

Bh3 V, Cr, As BEERBERENTWT, KOTERICA BN MERS OBE, Biofm & ff8 T

Mn.AsBaCrV
10000,0000 f
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N || BEREER
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Rl |
snf | | ’ B s
wil || ‘114 !
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o U
EERRE |
w8 29 R
SACAH & B P R R T RS ARG TR R
AR By
DS

BEZECERR AR L TV 5 (24D,

2 KB (AR, 125) RS ENE O%E L Fkic, Ba (23ppm), V (2lppm), Cr (50ppm),
Mn (200ppm<« ), Cu (tr), As (1,460ppm) A3FD BB,

3 HESRIEERRE (5E30XI541, 542)  Ba (24~42ppm), V (20~24ppm), Cr (tr~2ppm), Mn
(200ppm< ), Cu (tr), As (540~2,500ppm) 2338 b5, BiE=HAEEFEE LI 5 ERETEE
Ik (#30[0, 545, 547) 1% Ba (tr), V (2lppm), Mn (192~200ppm), Cu (ir) 2’FH & h, E%Bﬁ)f%;ﬁf
(#5302, 541), Pk (3530, 542) WHEEL T, thbhapmiadind Cr, As 3@ ohd, V iafe
bR WEEN D 5, %7 Ba 3 iRl T B,

O X5 IR, HSIERAIC LD DR, BERD OWBEL D DEOERIICHEBIER TS Z
LEIRL, A, A EMREE LR,

VIL 3 ZEpK, BUKEE & 520 1o B =R RE R OB RS

D ERWE HESRIERNERE X 2 8EROBICO O MBS OBEIC YW TR Lie (8
260", T AULEE ORI IE LRSI Ba (tr~270ppm), V (tr~22ppm), Cr (0~25ppm), Mn (188
~200ppm<{{y, Cu (r~T7ppm), Zn (tr) AEH BN B, L LEFEFHE LT % L Ba, Mn 0T 01N,
V, Cr, Cu, As 0EFOMIERDOR D, & ICHIREVEE Ba, Mn 7 ERFMHCRL TA 422488
DORE 7 b ORHHICHENL, NERLORMLL TNEZLETH S,
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2) SMEEEERUEERTILE SIS PEOmoFEMIC 8 AORE R L Huo (2566
~32, TOEREZTAWEREILE (E24E) & REEABERR S Ba (12~580ppm), V (ir~24ppm),
Cr (0~100ppm), Mn (200<" ~200ppm), Cu (tr~1,7ppm), As 0~5 700ppm #&FT 505, Fic
Ba, Mn, Asgsgmi, V, Cr, Cuidpid L BLUBEOMERD O 2 KOBH L 3 ERBoBnzRL T
W5,

& ITHIIRER I A 5 N ST E IR ERAR R A BEIERO R 2 7R L T3, 15F 0 REEEE S T,
PRANCARRS L7 TR O S 3885 R L, BASiiRE L 0K EA - 548 T giARH)1Z 240ppm, 400ppm,
570ppm LHANL (BE2766, 67, 69), HEH O EA RRIEHEME Tr225ppm, 12ppm ke 2R L

(2770, 71), BB A+ U » EER R TIMIC 4> T 150ppm, 300ppm, 330ppm - 1
LT3 (2772, 73), —MicEESEE TR, Ba, Cu, Cr, VAFOBE M2 bR T 5, &
LIRBUKE BT > THRR S N RIRA * 60% U LS EER - RITAHicd 6h 5 Ba o i1 Bk
W (BT, 70, T, FIokEA-FEME~D Ba 0 bk Ba ol & & b IeBOKE B I TIT
bhic 2 kEMEROREREHESRS, V, CrL Eedbd THAMARS ERL Th5, VIEEIREL
TRIFE—EDE(20~25ppm) 27723, FElRE T 3 METHERAEY o 2Rl Twa, G gk
LETAMETIR V X —EABARD BT, M TSI #E (50~100ppm) L, R Tz
F—E0ik (32~36ppm) ZFLTW2, V, Cr oBE), EROBELING2EE T oMo N ML K
FS 28Ukt & OTPEREBIC L > THES T bo L Ebh %, ‘

Z B HRO MU 20 CRISEEIR® PH O L5 & EE S N IeBERY OBIfR T b BIRROHE &
AL T3,

3 SEEEESH-RERRE  REHISSEILERERRIS0m ORI b oo T26ME & B4 )1 Rt
O AEOTETH B, T OBEEE 15 SHMEOEMEIEOHE & R T 5 AOGIRAR (55284, 506,
507, 529, 527, 530) &, FofhoMAREDLIL TV D, TODEAMOHH S, MBS OBIIERD
WM 0T WD, L LeERICE, FAENGECAONAMERMCHBELTE D L TndLtois
W, Ba pxmE28 o519, 526 0 L0 ERE, tr~2lppm LA LTS, V LEFET 0~25ppm Tl
LTWaHEAENREN, Cricwizo TS990 E (20ppm) &ERWTE-S/{HEL TWS, Mn LEEET
64~200ppm<’ LR LTV B, —F Cu 3o b o L B> T, tr~23ppm L ORBEIML TV 5, %
DOIEBED, 2OPOREIRKC Zn (), As (tr~1,210ppm) Z#E5BHAEND 5o

ZOX )RR BUKEERE TH Y 2RE, BARILE L FERES Lo, BETRL oo
B OBE L BER TR TWS, ZOEVWETIRIT TEBL,

= OF ® oL # [ Ho# R OB o#
Ba #8hn WA (—ER
v SR E H T e LW L
Cr | SRELTWHUS LVRD | Aok
Mn Rt P
Cu | ©o@ TR
Zn Hi b
As | SR LW

Zo5h, V, Crip X OBSic-onTid, ARSI L oIlAZERE L CHINRO WA EE O R
DlH LEmsh s, Ba, Cu0BENTE S L{#HT, T OWTHEKELBEROMR LML TA
HUENRD B,

VIL 4 FMEs OMERS

B oRIOE, KBNokEE G100 148, ZRJI 811, fioR (315, ) (B12), HFEH
(313, FIB BT ok 724 LE, BERERSZHAIEN 394 1, &R (395,328)
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244, HAJ 430, FRN oS (432)
£ 2, TR 423), B4R FEo BT 310311 315 3|273|3‘37|394395;42543{432 a24421/a7da9 aalaza43
sl (422) 2fm, ZERRN (424), BERITE SR } ;
B 20 oRERA LR, sEaEEy o ||| u Bm
OEF (476), B (419) £1{H, BLOE  [Bo -
BRI DA v (4410 1, 270 o - J
FBIAE (442), TEREA (443) & 1 {EZ{20ME 0 BEER | ‘
BREHE R L7 (H3LED, & SETRERY |
U RE-RLYIINR OB L g 0 O O i
¥, 310) %, Ba (17ppm), V(2%ppm)}, Cr(32 ' |
ppm), Cu (14.6ppm), Mn (200ppmd<{), cd ’ N
|
|
|
|

As (120ppm) 2 EH+ 5, HNTTIA Zn
(3 311g 311, 315, 312, 313) 4%, £ L L
LT Ba (0~3lppm), V (tr~39ppm), Cr Ou
(tr~90 ppm), Mn (ir~200 ppm), Cu (tr~ Sb
3.1ppm), As (0~1,620ppm) %R, B 1
CERAEFRITACD v, & ICHRHE i |
LAV 7R (3K, 370) ©
i, &B/icBa (tr), V (®, Cr (0), Mn

(200ppm<;, Cu (0), As (O) Ligl Ak
OMERSMEHEEL T D,

2) FREFEEBEHEE (FS1X, 394,
375, 432) - ERIEHE (FE31[™, 431, 419)

SR EEERL, WMER S 3P R
{, Ba (tr), V (O~tr), Cr (O~tr), Mn
(60~194ppm), Cu (tr~1.2ppm) Otk
s

3 MEEE GESIK, 428, 476) IEMAEEAICEST, A9 < A Y, &L Cy,
Mn 7¢ Vi3ETHEMNL, Ba (tr~47ppm), Cu (tr~1.5ppm), Mn (200ppm< ), Zn (O~tr), As (O~tr)
REREOTV D,

4 TEEEROEREN HMRERSEFOLETELD THED MHEEZ LT 5,

HIERE (HE31EY, 421, 424) 3 r<icE < oSy, ERSE L, Ba(116~1,210ppm), V (29~55ppm),
Cr (25ppm+7, Cu (tr~5lppm), Ag (O~tr), W (tr~190ppm), Mn (200& ~200ppm{{{), As (1,460
ppmi e E &M TS,

BRI, 423), mE (8L, 422) @AMkt bhifv, FFlcid Ba (tr), Mn (178
ppm), Cu (7.4ppm), FHIZITik Mn (22ppm), Cu (1.9ppm) RHEbH 2RETH 5,

5 RANLVEHER - BIREOESEEAL T A,

FhbOEHER & R RIER Uiz,

i
1§
Il

I S -

i

|
|

\ |
BIE T E N O BB LS

Ba V Cr In Cu Sn Ag W Zn As Mn

fFE RN (441) 40 21 2 tr tr tr tr tr 1,620 200«
/B (443) 36 tr Dol ‘tr tr 200«
E B (442 20 tr 5:5 200

INTH, BEAINVPFRESHEOTEDEFT SN THT, S F I BEEOTEREOLDBERENR A LR
Do BRI, WAEOBEDO L S C@mGORZ e, L LEREDOHELREST, V, Crogf
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LRRLED Cu BEH LT 5,
VIL 5 BEHRSOE LD

1) SERROMBES  HBB~3RICTHLIZE SIS THERIE, —#ic V, Cu, Zn, As7 225
s, V, As QIETH 58RI ORI 2R TH 5.

PUERSRRICIZ, Mn, Cu, Ag, Cd2ipe b HEAICHELEL T T, CiZbiR L £ 4, T oficks
BOMICREDN B Th B,

FEciE, Mn, Cu, Sn, Zn, Cd, Ag 27 ) FWRERAVICFERE S N, Sn i3 Z ORI B LS Tb
%, ZHICHEET % Sn ZFK (IVB) oiid & U THEERENY,

FGLCIE, Mn, Cu, Ag, W, Zn AEENICHES R, W B Z 0o axk e UThitET 5.

Feksizix, Mn, Cu, Ag, W, Mo, Zn &{kvs, W, Mo ik = ofiMic a0 72 btk & R ek ©
5. ZOEHPEMSICEDbI D W R F 7z Mojx Fe jRiIEW VIBED 4 0T, *o#EkiE Pb iz xi+
3 L RIRIC & by TR,

AEMOEFERS & KR L TEF S AR F R D0, fishz Lic Mn, Cu oRfiftx 380 %
LRk S,

Mn, Cu, Ag, Znik, $AESEHPCOTRLFNRLSEDBR, v F - 8 8 - IR
FRLTW D,

2) HBEROWERS

I AF#EFMHE Mn, Cu, Zn, V, As, Ba

o 4 -4 Cu, Pb, Zn, Mn, Ag, Sn, W, Mo, Cd

M % ¥ 48 Mn Cn, Ag
7 ERRHEES R, FRENOMICREEN 2 BiTiE, S TERMEC V, As, Ba, $ - l$RMHIC Ag, Sn,
W, Mo, Cd, F#HICIT Ag 2 LRSS SMERSE LTHT BN %,

3) EHEREBEENZHDNIWERD

ST ME | WERE | 7 % B | K B % | & % % B 3

e @f;’ % ) | e | (%; ) (M) (Zn, Cd)
| | 4
wuml (37 )) ey @) B

WHETIEV, As, Sn, Mo, (W) 7z EA—Evicginl, BB Tk Ag, Mo, WaLra3EmL, M
BRI EERE LTEERICEE - >TWS,

4) FEMISESREEEGNDOERICLIMERSORDIOMLS  AFEAETIRY, 8, EHE
ik Mn, Cu, Mo, Sn 288{E2 b idde b FEic = FndEmL, Cu 3 HEEHRTY, £72 Zn, Ag i 34T
& LIREIFRICHEINL TV, TabbIbfild biEiicms > T, SPHEMICE SEEREE bR 5
A2 THEML, —¥FHEHEO Cu, AsiREP L Tnw3, Zhit, ZoMoEROERSTH S
Mn, Pb, Zn, Cu W& 0% A E=RIEBEED b BB HROBEMERL TV B 2L,

5 HEORADNLIEEDOHWERS RKROXIBEHETOERZFLTNS,

Mn.CuiAg‘Ba

ey H - EmERROEE | 5+¢ | 3+ - ( Pt
- RO /R 34 1+ 1+ 24
TR H O 5 i+ | 2+ | w ir

jER =RtV aE 24 tr ( 0 0~2+
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<Ay 8 EEIRTIE, Mn, Cung<{, Ag Bagdiv, & -« 8RCIE Ag, Ba 2hodiiRE!
OLOITEE~TEL, Mn, Cu 3AEHEHFMRE Y L. RERENRE, <0 - 8 - BHIRE RERIC
Mn, Cu #& T35, HHIZ 6ITHARV, BEELTEAFMRE FERRIC Mn, Cu#L LTW3H,
HBELIYVELIRDRV. ZDXSIE, vy 8 MR & - BIRE TiX, RBEOMERSE L HARP
LESMEREZ LICLTWA,

6) ESRANBAOHEBRS HESREOKBSERIE, HEWIK Ba, V, Cr, Mn, Cui¥igd
LTWB2, BRICETT, BToEESEDOH, ZRAICE Ba, V, Cr, Mn AL, ZHLILEX
V, Cr, Cu, As BMHSICEL EFESh B, MBTHE2 Sn, W, Mo, Zn, Ag ¥ ZIFICfE> T
5, WfEENT, V, Mn, As BSHEXIMcE <, PEREERICIEEIT ), B Ba, V, Mo b
NTHWEDHRTH S,

SmiTH (1963) {2 X2 TRENTW 2 KBRS & kT 5 LEMZILGE, EETixV, Cr, Cuig
BIFIC B L € o FBEEC, Sn, Zn k kdiCZh B ORMIIER DA n,. —F Mn, W, Mo, As 7 i3
ZBRAEEEL DTV, Shb oMK, EBOSEROMKE X KL TN 5,

—FHAAERIT b0 & BV KRIER) & % 2 b N HE SRR AR AR OMERIMNL, SH T 55
SIELT UL EIMERACEEERS 2 DL BEZ LRV, TOKBREL Y LENCERIL 2 ELR S
EEEIEOTRL LA, 20T 380 L CRMEEL 0 LIISoRWMEEEZELTVWS, Ll
ThiTh, KRIEHORHC, Thns b oMERs e L b I ERICEERERS 28Rk E Lo 1
DEFELLRIE,

LR, EERERAETEEREESEIERP oA, EEERAPORESEL R Y LIRS #E
RATZ L.

7 EBEOMBRS  EREPREROESE BESROKEEELFESMERS L0, &
NITHIE L T—RICEHENE L D UATESRARE IV S22 Lo Tnb, m v 72,
BEROBRIE L RIS, FORAERERLEWL DI L THETHEME T T Ba, Mn, Cu, As
RERX VPR NVEEFL TS,

Dligd, e E&EREL, MRS BRGEICB~ TR 2 b bR B b2 08 FRIE DA ¢
V, Cr, Cuiz b Ty, &g, ERERER HESREORERELFRC, *ogFREExbY
Tiev, BMIERETOEEIYT B %, EREIE, BE&ERS L FRCEFEASRcREL TV, G,
Culd &b TEN. LALEERT, #odolEs->T, Ba, V, Cr, Mn, Cu, Sn, W, As 2¥ o
B EfHy, SEELE L, ZhOOMEBRAOZEER LR >TnS,

ABNCEFRS, BERLERICB, V, Cr, Mn, In, Cu, Ag, W, Mo, Zn, As ¥, BiZ&bH®
THROCHERFOTREEERE L TN,

8) HALTHAOWMEBEA=AHDIhZEL SLERC L ABESEIE, FELLoREHRLE LA
WHFEYH B, ZOMBEEOMERMIVTFHR L BMAESICHEA, £ TRbh T3,

BHZNERGEE 2 ST b 0Tk, s L TBa, Mn, Crotfifik, V, Cu, As ObBHE
i, BHEIRS b O ZEEH ORE IR L R AR B EA3BD bh b, & i Cu lkiiig L, =/
BIRATIEIML THhB DI L, SREORCEEL THES TS, Cr, Vi, SIREE TR
oL, Crid@hlkds & 0BT AR EME R L TWS, —J5 Mn, Ba i, o ¢l
WV EFL TS, FRES & /M TIXME R~ LT b,

VI 854k AR A o 8 36

VIL 1 OBRPR b M E A E
AR OHHICE, L-DRBEZROTEREICERT S 2 70 o HiR D-(2), SRIRBIEARS 1 -8) 5=
FRORIRERRE~ » F R, FESRO 2-(10) F~vn v - BRIER, 2-(2) & - IR, 2)-(2) Bk
U R, IR ORGSR (LB 0 < v R B 5.
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HEMEoBiEE, 2kt LINNEZoEREZTL, 7S L UHEBOKREPENNEH 5 VZEWRZEO
FEOMEBEEIRR S FEOHABEEL (E>T 5, BESROMILIERIEL, oA OEMEN, 50
VEED FIEHLR & LT, BRI O VIR RE LR 2 {E> T 5,

BRI OFRIE, BB AT W & BBERR D CHIET 2R EoEmiIc iR, NNEFHOH
RABDNVARREEDTH BN, SHEOEES WL, EMomIL, RS, <% 7 REZEWHREZ, LK
DF&—F e IFLIUTENEROBBIC TR S W TIERT 5852 E>Tn 5,

Z OB OFRIF - ANEG SREAOSWRE T ERTE, BRE A7 B A, WG EEL
EDORDNBHEDNDHE LD D, SATMNT &EfIC D { RERRYL - REWERIL - SREASE - DIMESRILA 32
LT B, ERERA A EIETE Lo L, ANFRER A ORI G  BER R
e L THEET BHERE N,

WRESSEERIL, L im AN BRI L bR, ABAVVERFEHMOSERE L TiT2bhTna, Thik
REEOMBCHICBER- AR AER- Ao E2 ez, NERE IS ER - A -6 -
BRIIRE fE2 T 5. SOHARIE, PLED X 5 225 28l a ¥ TS SROBIRER E B> T
2y

COFRDER Y, ADNCBIO GO T, HAERE O MEYR S OB 03380 S, IREGERIC 25T
HEEOEWEEDLEVIEELREL TV, 20X 9 RERIc oW TR D TEOBIENR X st O%
WThy, BHORBEOFERICHE > TL VIEEEOBH W ERICZEDL D TNS ZLEZRLTWS, ZOI L
KORZHINSKII (1963, 1965) Bic k2 CHARL T Y, BRMIEDO—MRIEL B RLTvW 5,

JBREER ~ o H BRI, BRSO MR I I S N BIROSER B B0 T B, L LIS L Ok
BRSO FEILIL OB b W b A D v bR I R EIL U, I (L1957) D B HERIIEZS SR D M & o
L, AOEARRGEOSRMHEEEE TS, Lrl, FORUEOMBRESHRKARIC 3z~ v TV,
RS FEH DMK % > T CREIOBUK IR 28 & L B, A BV o8 E LU 728 LA ER 23T 72 b B
ARHEEEES AR E E 2 B L0, A (1952) BEZTWAI sy W e ETH AN UK EE L
BHEBEEDL 5 ICBbh B,

BESROFBEIREL S oMb b, Bliz~rhy -8 - BHRIEKRTHY, 52 ds - R
KThY, B3R~V ETH 5, 1, H2oROEEKE, BAN EH» o RTEELRcOT
% NE Rz Eh UCRTIET 5. JBIRO < »F Uik, RS ofmigsc Bl S TRET 3.
I 6k 3 ooHiERICh MR, B 1L RIERBBHISONEMOMEATH D, 5 2 (XEE O 25RE Huk o
NEHOHIERTH Y, 53 iXPREOBA) MO PR OMEZETH 5. Zh b OFIRIKERRIIC
I % L IRBIHEER DS ORLE 2 (5 T 5,

VIL 2 #EEAAORITFIRES] & J00 oy OB 5

SENREGE IR X ~ KA RIS L A b O T « 81 - 41 - 88 - TN Wbk~ v W i L LT
W52, ZEGHILCEENEILO X 5 Il BIsE 2 BRERL 5. B ORMOBKREHESR
KRS GE=ifERE, ZBHEUE OFESHuE,» oA~ v H 0 8 BT T LT 380%, 4 -
REE LT HEAH D ZFORREFNEED TV B, B~ o F o - 8 - IERHEIRGERHE T L &85, =8
ghl, EAEAL E O MIROIK T, SRPIEE TR RELRITERERER O BEOM S R
LT3 (#3320, Ff =i ke o RIc — 4 &5 AR O JLR TR - ~ o F vicE
AEERERBRLTRY 2L, ZEFIIUMROBETE, HEZRSIzAbA S L9 kSeHiRo L
DIV - RICHELEmE UTH » 8 - B - ~ v F U IoBmWiEa 2B LT 5B, BRI (5532
KO) OBy, o H v - HERCZ L 2D, MR - % 2 b, 2 OHIRIZSE DL
$r & MR ERE L TEL B2 TS, ZOXHCR—DH - # « B8R - ~ o F 8 < 4 iy
IS ABEORB R ENRED NS, T INGOHEE, R—UoboTL=Flo Xk dic, &
EHMS Tl > - R - IR & (o T 5, EASIILTRILBHR TR~ o8 L IIRE, EEEHg T
EBALSRIEIR &1 > T v 20 EEHIRTIEEAOILBABE C~ v v ER T 2860, 8 - iy
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dG=—S8dT+ UdP+ ) pidni
Tilebb,
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Thlcabh b,
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P>}
2 (Zafj -1

W e e 1 | 5 ) o ) .
Olwmi=mi Omi= A—aini | (I—ai)+n; S K }di’lzxw % )dﬂz

PSRRI B bR B, 232 OB MO SR %ﬁlaazﬁxbfﬁghéo

L OpE L (OpER
o _ ne 1(—»--“ +npy )
Olammoutry _ mow Omicutmes  Omey _ )

— )
_ Ohcu / ~ \Onry
Olu#zn+Mn Wzn ' OMzn + MM OM N 7 _l@nm)‘l _1(8nﬂ+)‘1
Zn e “+#Mn
8nz anMn

- (1—2acu) /novacu+ (1—2apy) /Mpoary
(1—2azn) /Mznazn+ (1—2amn) /MMn@Mn

Fiebb, ToOERR, MEERS L FEERSOEAFRLERA A L OMIE TRD bhb,
DL S ICAFIUOFAE BB U IR 2R O ER O AR T OV OBV E B ORL TV 5,

%ﬁ%mo%ﬁm%%@lT%éhfm5i5K%%%%ﬁz=—3f,m@%m@%©mmmbfﬁb

D ONSAREERFLTNS, ZHIE EORTRISATWS X 51z Cu, Pb offiatk % 2l %7 L, Zn, Mn
DFEFIZE A B I abI T, Zn, Mn 2L 500Aa0NBERBI 2>Tna, —HFEELOES T
ARSIREhTVE LS b:ggﬁ‘zs:;: =—1.2 T, Cu, Pb OIS % v, fFEPIZE Cy
Pb, Zn, Mn 3 & LITEGL THREBAMTR bR TWS, EAMEILOBAIMEmRS Lo & L BA D
%:H L7220, amen - aznem OERAEREICKE <20, L EEEORN Fe, Au, Ag 5
EAWERE L TWT, EFERILOEAR Au, Ag BARTOLMEGRE RO T3,

ZOXBice Uy 8 BRI A BN BB ORREISC & - R OB OMIRIT, T Ol
SRR LI VB R OMHRIC Lo THED bR T B, 2 OFH DML L #RES ORI, $0 4

O & HRLIERAOETE T b L { S,

VI 3 §L % o &

FHIRIT A BN BIE I DOIREDOENEED 12 LR OMRE o 5 2 L b LA A 2 LT
Ve U LERHEAMRER & S U TIERR L7 LO BRI OLER Y DS, R LBk B2 > LD Th
BLEETSRD, WKOMERIINCS P07k & ELEIOSMc L > TEb bh 3,

WE SRS O b 2L, TR E BSOS L CRREES S BUREE,

M,0,, + 2mH———2M"™* - 31 H.O
TEbENh b,

AT OB OB{E, EHEEEROLEEZRC T, SIEOERIC XY 2m OB 0 R C il

LTWLo 2 IEmiECIER Licah o CrO; o ik,

CryOy===2Cr?* 430, +6e~

Oqpy+2H* +4¢-==20H"

OH +H*e—H,0

Cr,O3+6H*—=2Cr?*+3H,0
EFELTHI D, SHIEORIRIC X2 TRER D Cr:O5 23R U 7o BARL OIS o, £BMEOWE S
¢ 2FhiE OstwaLD O b,

4 Nl L RS
e f(—cl,-)z)c f?ZZi; el

0210—7.8[‘ { l—la‘-ﬂ ]

[H*)=6ac=6x 1071 E ]%

o

pH= 154 7. 8—3,@(%)
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pH=7, o—«}lg< - )

Lieh, WEIEEAEREZOEREZIE 0-36) #FUEE LT, 58801655 A DRSS DCr0,
DR G Cr** A F VR 27 0ic B pH & EOR» B HEL THE SRR L.

#E3%k EHHFORHELZ Gt » pH

% \ 66 ‘ 67 ’ 69 70 71 72 | 73 32 36
 Batiams | o 6 | 36 32 | 36 34 100 50 150
a (1 0.89 | 070 | 0.71 | 0.70 | 071 | 0.33 | 0.66 O
pHys | <6.55 | 6.55 | 6.82 | 6.83 | 682 | 6.83 7.15 | 6.85

AEOTP 532 Tob ok, BETORLY L EHEL
A AN, THERE S S Ba0 pH 271, RS *cuagre
S B 67Tk pH=6. 55 L3 Fh i Sy 59l &R ]
T, "

SRR & T BRUR66 T, SROIERIC X 2 50U51E— o5
FENCHETT 54K 8Ic 2 ) pH<B.55 o b pTh 3L %k
RLTWd, ZOfHIE Cr:0p 1 A ORHET, SRIEORS
FEOMOZES L F OB LAYESE L, ThbORE
DR THES NATR 6 2WA, SRIROMHIE Iy
FEEED LD TH O L2 WEST WS,

H.HELGESON (1964) 0 L iz X #uiE, BUKIAK
pH % BARTON (1957, 1959), ErLis & WiLson (1960),  10%
GARRELS (1944) Zofhic LT, BIEPHOBIETH S
Lo TWDS, XIEHERRE (25°C) © pH 774 51k
OIEEAC & 5 pH & logK DBRIZERT, KOLS
HRERPTRERTY 5,

T°C  25°C  100°C  250°C  300°C

pH(T) 7 6.1 5.6 6.3
- RBOKIEAR DY A 13 200°C Bt £ 2 T B
HpH 5.6 55 6 L bWolic b, S&glnRkEHh
GREI6T) CreOp BB+ 51c A pH # EX HL XS
IEICRIET 5 L& pH LK 2 0 6 25 5.5 /1%
DIz B,

103

VIL 4 SRR OMEE & HEEIR
102 1 1 1 1 I

RO HITLERIE O RFZE (WHITE 1965, HELGSON 1964, 5 6 7 8 9 10 pH
FOfh) CHTFAREBA LR L2 65 Bukisie oz 33 BN ORR P OLRESHR L pHE
) (WHITH, 1965)
13 & b THUEZEY, KorRzZHINSKIT (1965) 1, 4 : Upper Basin, Yellow stone Park, Wyo., 5:
_ Steam ! beat N.T. No. 2'well, Washoe Co.,
H20<—2H++§02+2e Nev., 6:Bore 27 Wairakei New Zealand, 7:
2 Lot Haukadalur, Iceland, 8: Sulphur Bank Hg hot
(HFP(O) 7] =K1(H:0)] spring ore deposit, Lake Co., Calif., 9: Abbott
Ep Sau e 3 = hs A3 E < .. Hg 'mine Colusa Co., Calif,, 10: Amedee Hot
DLUET, MR < @ﬁ?’ﬁ(&ﬂ:jﬁm*@%%ﬁ ﬂﬁﬂf boT spring, Lassen Co., Calif.,, 11:Abraham hot
»i, [Oj @iﬁ_‘;ﬁk Y, —jﬁ‘ﬂﬂ?{% 4 @@;({&T@i%{{&@ spring ore deposit, Juab Co., Utah, 12 : Ouray
. hot spring ore deposit, Ouray Co., Colo., 13: Hot
(iﬁh?)ﬁ'ﬁ%’({b 5L %‘, [O] @ifé@'}ﬁéi/]\é ( b v, iﬁ@l Lake, Yellow stone Park, Wyo., 14: Arima,

Japan., 15: Geothermal brine well, Imperial Co.,

(e IDEBEZHIML, WIRGEEREIC22Z L 28BH cai
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LT3, ZODKIUIEORZEINE TS L ERML D, ERECEZT5HEE, ELAar [H)+
7 BB FOIEEIE CEOMBRRD 5T, Lo TEREVKIERIGICREG T 2 I FKiz, #oiEik
OER L L E D B ETRE R E% T,

WHITE (1965) m#fiFik150 sk o MBI OB & £ L T, BUKEROMRER L TN 5, H33 ik
Z0Hh pPHOJIEED WL 0ERE, HHIZERTICETF T 58 RIHOREEE, MillcpHE L
T, B4 ~BoL20BHFEE P>V TF v Y bk Lice O TRENTHSTHED, WEBLTWETEOHEST
HB, TORFRRE LD THEENEREZRL TS, T4bb, pH @0 pH*=—KpH, pH=—/¢
(H)) »fET, 5.8pi% Tk, &80 (basemetal) FR&7FEN33T7ppmfHLic/e 672217 1ulE Cu, FeS, ok
B E ey, £pHB6.7~7.4 0fF T, &BOREHFEM 700~4, 000ppm HFiFH T MnO; o
YRR S, pH A3 6.8~8.6 DR T X 900~8, 900ppm OEEER T HeSy ILEEs, pH 8.5~9.6 o
BTk, WETOSBRAESERN 1,300~2,500ppm OFIHT As:S; OB bh, pH 8.7 T 2,500
ppm O@BOBERE L E LWL Ay, Ag L Sb, Hg ofii{byoiti & E>Tw5, pH, 8.6 T&ER
EHE 4, 700ppm HLRIHIT ASE, HBABOWEEEO T35, Thbb pH, &BOBSHFRESLLE
INEWHEITE, Mo o, pH b @RoOBREER VETEHVWIHAI He B3 T bh Ting, As,
Shix& bic pH oFvIRIET, Au, Agid&E e pH 0B WIREETIHIEL Tns, Cuid, pH MK TH
FERICENEBEEHERDINET Ag, Sh, Bl 2 X L > TIHREXTabhTns, ZoZkidpH (T4b
LIEFOETINE~) LERBBRAESERT b bIETEGAEOM OB (KorzHINSKIL, 1965),

dlnfi fiti A OTEBERE
Oluatt ot BT OERT Vv T v
ai i RO OFERER R
LR LTWS, HTARERBALZERT, BEOMWKREEZ, HToHBOLWEIET, HeLcson

(1964) HHEML TWB X H5ICk D AR L 2o v FABETLE BMERS) OB k> RO Mo K&
BREEEFEL T2 b0 LELBRD, TOX ) IKHEOELoMBEE KT 2 3E OHRESNC R
L7ei FARDBEERIRE {, EKBE0SBEL FaOEFEELPLLF LK LAVWEWS Z koM
RIZLE DD TRERFEEFR-L TN,

VIL 5 HAOESRS X OB L IE OME RS O Mk

Uzumasa, Y, (1965) o#Enrsd, HARORSRAK, RFEBHOMERS & 4E&HLOAT A LR
DB EHARITHFRIL L 5,

OB POMERME Ba, V, Cr, Mn, Cu, As, Sb, Zn R ¥ OfAEREL, HEMIcE, Ba, V,
Mn, Cu, Sn, Mo, As, Zn Y AFEH LN TS, ZDH LELZEOWEREEO TS Lok, FL4EODS
@/@+@DX100 TRLIE 5z Ba, Cu, Pb, Sn, Mo, As, Zn T, LT Asi3gmnitb B+ > {>T
W5, S&fbofAaTicit Ba, Mn, Cu, (Sn), W, Mo, As, Zn, Cd, Ag % ¥28d» Hi, Mn, Zn,
Cu g ERFADOERDLEDTNE LD TH S, IRRLEY & H0A OfEMSD O MR IR 5.
Lal, £hb2 50 5FRAuRCITN L2 2ERED b, RRWEYHTIE As 87 Tk Mn, Zn,
Pb, Cu 22 EhEWRD L LTW5, ZOZEBIER L ICKBIEHOFERORMIUKET 5 L 2 A08K
EnbolBbhss, ERAKICHEDN ZTHENL & BUKIRIC b 5 MR S 0 BT & 2 ic T
KOFHERIC L 20 LD EHTH 5,

VI 6 # ¥ 1t & A

FTTIRONTE L 522 pH(=Kpme) OEWIERET OFEAR @ LB L g5k D 53 fb %, HELGSON
(1964), KorzHINSKII (1965, a, b) ZDBic k> THOREATE- L 5 IKBICEER FIc k> Tffabh
5 LD TRV

A& —BHHR OF B =RIUER Co R TE, HIUDBEARRDCH B B HIRES L HhE O kD
M, COREERLTRTS LR TE Ry EF o1, EHIREERX OFE=KoBER o

=—2ai
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4% H/MDz ﬁbk, Y, S EHOLSR O MBS

B m;ﬁ&ﬁ%% 5 & ® & #® ®

O @ O Ukﬂ@+©xun DMI @Gn OQ’ @Sp ®Py XL/5
Ag 0 04 0 | 45 59 18 20
Ba 12 0 820 65 w0 | 3 2,4 — 9 2.9
Pb 34 2 5 19 42 N o= e :
Mn | 990 120 582 10 7.7 | % 100 200 200 200 >200
Co 0.01 [ 0 0 0 0 0
i 0.01 0 0 0 0 0 0
ca |l o o o | 01 100 0 35 39 25 21 69
Zn | 29 51 25 | 6.3 11 453 855 650 P 580 %
Cu | 8 10 1.8 57 85 45.6 1000 ¥ % 29 1
Sh ! 2500 1100 600 | 0 0 0 0 0 0 0 0
In | : 0 0o | 1 700 L0 0 0 0 0
As | 0 680 0 | 48100 98 | 320 0 0 0 325 190
cc | 29 16 L2 | 03 2 | ot 0 0 0 0 tr
v 110 19 79 | 10 5 | a o L5 0 w0
Mo | 0.8 0.3 08 | 29 91 |t 0 0 tr 89 18
Sn o 01 o0 5 9 | o0 15 0 0 tr 0.3
W - - - — | o0 tr 43 0 74 23

® Gongenyu, Yunchanazawa, Spring, Hakone @ Motoyu, Yumoto Spring, Nasu @ Tenmangunoyu, Arima
Spring, Hyo @ Sinter of Yumoto Spring (UZUMASA, 19656)
Rn : /7584 Gn: Jfgh  Cp: #8385 Sp : PIMiREL Py« (800

T, PERO SN F DM KEIESIOSEICLOFLLE T nmnwo L 2 LTE (R,
1967), S&HMEOBLETLEET, fEbhi{tHR3EHESRARESICSL bbh slELZVWDb LS L

CHZEL, FESRPE I OEEA Z T AWEMEEORM 2 20 T 5, ECRTIR L 2B =R
FrhOMERSE, Mo ZBRWTIAFICA LN ABERS L WH LD L BRI RL Tnd, &
D k9 A& 35 B ELERIC oW CRARIGED & OIERRTEE, SRS KARIEEIORIE 2 B3 {id et
TEMMSNZ LIEERTALOTHS 9, FLTIZORKICIIRE L 3OOBEREL OGNS, & 1138
ROBRGERICE T 28 L ORISIC X 2HROBTH Y, 32 HiRERTIC X 280 DBk L LDy
LTh 0, 53 DEROETICHIT ZHTADBACE > TR 2HIEORELIETRTH 5, BokETEE
HIlza b 3 MEHSOBENILIE b T B L5 L, L LEBCERIC A b 2 MER R ERE,
HHETOBRER, AWALERERVT, HESRAREFRICAONZLOLIELAEEDY 2L, BF
ENABEESIE DD THAV, 2Ok 5 ICHIETIER L TE HE SR AREE L 2R OME R
AR L OB O LTHEMICE b TZ L. S0 bEROBR TEL WSS, KR
BEab B LIZLDTHAS 5P, FOMKERUAELAELOR, Wedk IAKHEETIHLAOMELH
THHTRIZXL B EEZEDEHER.

ZD XS IEHE L ORI X &R OGN, REEOMERS ORISR b S &) icfikomEI b
TlbE b7 L, SARBROI EEAREE R -TORE L, ZHERFHRES Th o TR R 8L
FERI R 5 38RO OREIC R S PEEAREZ T2 LTnRn, [KIENIcEEr 5 %5 b0k
te LAIRORMBIER T 5. SRIEOMEHE T HELGSON (1964) (53K, 63 Zoflic Lo THFS
NTW3 X 5 iz Pore OIS P bHLT A VIEREHES R T 3. SZOBBEEE 2 500 ic ik
w BB O R F Ph S LI 000 i Zn RO AR EE L Xk 5. ZORSR
i3 HELGESON(1964) »FEE: (FE34ED ohbivd X 5 IcH o RIETE Ph Al sim L PhCLA 1
LR RET TS, TALLIHERETE PP 0nbLa LWEBERXMTLELR T ZETh %,
— 5P Lk EM  Bic T 5 Zntt 1k, BA—EiET 5% ¢ NaCl i T,
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Alps o Ik £ ¥k o

WA & H B 5 i
(NEWHOUSE, W. H,,
1932)

Grass Valley shisf, California @ 6 = o
S-EHERNDOEER O WEEHEHO

2 #i 18 (ROEDDER, E., 1958)

| Siberiac 5 R o i Creedo, Colorado
DIMEEEH YD FHF
i (KHITAROV, et al,
1958)

| s b o gk

| DFIRE RO T
9% % (ROEDDER,
E, 1960, 19601

Na
K
Li
Ca
Cl
SO,
CO;4
HCO,
CO,
Rb
Cs
Mg

Temp.
pH
Si0,
Fe

Al

Ca
Mg
Sr

Na

K

Li
NH,
As
Sh
COy
HCO,
SO,

21.0
4.4
L
1.7

11.0
1.2
0.7

52.7

o Ca

34.
10.
10.
2.
13.
2

1.

O RN R W

39.8

42.4 38,3 36.7 36.9 38.0
26.2 22,5 21.3

1.0 1.5
26,7 35.0 3
3.5 2.6

0.7

9.3
2.1

0.1 trace trace

trace ftrace ftrace

Steamboat
Spring, Nevada

89.2
(]
6.80

0.17
0.05
trace
39.70
2.53
1.52
trace
0.05
trace

6.98
1.45
34.07
0.13
trace
trace
6. 32
0.19

24.5 26,9
1.0 1.3
31.8 25.1
5.7 8.5
trace 0.1
trace 0.2

84
9.45
16.20

0.01

Morris Basin,
Yellowstone

43.9
29.7
1.8

16.1
8.4

0.1

trace

9.3 5.3

nil
27.6 30.6
62.1 64.0
nil nil
0.1 il

6 JOUMRREOSITE  (WuaiTs, 1957)

‘Wairakei,

19.4

19.4
61.1

nil

nil

| Frying Pan Lake,

New Zealand

100
8.6
5.35

0.54
trace

40.94
3.11
1.46
0.04

=

47
30
45.26

>

2.00
0.03
0.21

|
|
|

34.3
| 3.9

6.7
49.5
<3.6

el
9.9

New Zealand

59
3.0
10. 63
0.08
0.22
0.63
0.24

39.40
2.67

nil
4,07
40,11

1.92
nil
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Ph**+4Cl- ——PbCl2~

ZnClé~ ——Zn**44C1—

Phi+ ZnClt——PbClE~ 4 Zn2*
D—J5 D R % ke Ly

RT, (PHCL")
=Eq'+ nf "PLTCE S

" RT, [Zn**].(Cl)¢ L ool
BB+ i 1

poEctEs_p,  RT, (PECE).(Zn)
g = e 7nClE }

L%, TORRE, ST OEEENOR
v Phr, Col* jgdEseiric L, v
Zn%*, Mn?t j2Eb+ %, OSTWALD DA
5, ZOE, E0BMNOEL, BEOEA
ICE2TRELEHEN, Pb, Cu*t o
iﬁﬁ%ﬁ%(’zﬁéiTv\ﬁ zh, &,

=R, BTEOSAUHE OfA RS OREE b
BLLTERbLEhTWT, LS esnbyE | ;
Flic s bh s ko EEELTw Kk | 000 —5— 4 ——F

T S A W

SPECI ES —

m

- g
ERBIC O TVS, 0L 5 RIERER Nacl %
WA E/ER (dilution differentiation) & M #3834 NaCl-H.O #itirh © Pb ¢85
BORY b pl o (HELGESON, C.N., 1964)

RO KEER > b e M e iRz koo X 5 A BEAER T, £4, =, EFEosuL
HWikic oL, SN, B, ZRNAYXOX 5k Au, Ag i ETH#ikLTw3, “hix
ZHILOGFADAHEOEB NI X {FRbh T3,

VIL 7 GEATEEIC 2 6 2 BERRAL R

D LD REIROMECOBIRIZE, SREYERO LT Ehd THKENLORBEDLRE, £0 1D
FEEEENSAER A S AR Th 5. H 21358 SEHLFICA O B TH Y, 313
EHSILORREILOFR T 5. ZE—BENEHFICA LN D As D53 EVIE, O ERH AT
% (Mn, Zn, Pb, Cu, Au, Ag) OELLFECEH
HTEBEABRY LSO TS, 5720 AsDEBLENE
METDIZ, FEBROEERGETENEATARL 5,

BT 3% REHMERRALRITRE L
Eo volt AL W

Mn2*42e=—Mn| -1.18 “& Z OFRBHAOTIREF, T 7% b RO EC DR
o b2e=—Zn | —0.76 & WIS Mnic, BIL—BTETRAF—, B4 OIER
Pbt* +2¢—Ph | ~—0.13 ,'Tﬁlé o FrVTATRELHRSh TW 3 Z2ERLTY
. o ?Jé 5 5o AS DA, TOAF i Cutt o F ok RRkICH
4 d-dae= | S8 B BEMEBCEEET LT ARRLTN S, ZHIEKOR
Cu?* +2e=—=Cu | +0.34 l iéﬁfg: TREND L ST,
PRTIRINEE.  SE.
Ag* + e ==A +0.80 @& & b —expf — 1
. g Wil g A=exp(——{ Bo)
Au +e=—Au | 4168 4t k¥l 1
s M B N r=exp(—gptio)

ENEbD TEHNEA, TRbbEADILERT Vv 7 ARE b THVEHAIITERERK 4 i S 218
ChbE2%B/RV, ZOXHRTHEVDZIFEOHF (ZE) Kbh T 5 Z L ik, KORZHINSKI
(19658) RORTWB X 51z, FOFMEEFCIER LIcgiigo k2 fHEMTEO 27FBIERK 2* D& bd
TEHEWHDEDRIEERLTNWS, ZOXHRIRIBTZZE AsD L 5% By, pOEWITERILBTELD
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LERLTWS, ZHET TIRORTEREL H ICHE2MEZEHI N OHERE L ANEH G Th 5.

B2, 53 OREEL RIS O RIREIC o Tk MARAKUSHEV (1960) @[3z KORZHINSKII DH!
W BEALERO LT E b THKEWERZ VX 12 LB 5, MARAKUSHEY (1960) 13 1) FRekas-Reski-
FERGE, 2) TSR IEEREL R D SRR B,

%I}-lfhgasz—, ( 625;12— )PH, (ﬁl?;zljs— )Eh
OEEFEL, “EhpHieas~" RBEEL>TW D, TORFIX, BHEIEOEAINTIE—ED Eh RIET,
HY A & BB O R E 2B EGICRERE E L THRFET 5. F£72 S A4 VIREIE, H* A 4 L EHHEsS
ELIRENEERE, HY OESER—EORBE TR SR Z L EER L Tv 3, £48IU0REIEL,
WRACSER OV TRk & L OB S b o2, FOEEE Lo TESMEL Tv 5, Zhidiy
S¥ A o L OIEEE OB IINT RGENE L U TIREE U8k, O BR{LEEM OERRIC Pk TR 2 5 S
A A VEBEORTIZ X > THSSEL T AR ER LT 5. =ML, BRI RS &> T
WG, BTR S A T 7T A, SEREMORSOFEEBEREALEEN S X5, ZEHILTIE S
AF U EBEOLICE W &
ThbH, BERESLLTRE, HY o«
T o EBIEE L I E <, ST A
F RS A AR ORI LY
VLB 24T 7 o T BRI A MEAR B R 02 |
Tk, Thabb H 4 o8
o, ST owEbERL, RS
BPEHL WS, BIEERZOX
5 e Bk —4&tkEo HO o
FIC X B OHELDORF &,
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Geochemical Considerations on the Mineralizations

in the Oshamambe-dake District, Oshima Peninsula, Hokkaido

By

Eikichi NARITA & Teruaki IGARASHI

Abstract

General geology

The pre-Tertiary pelitic formations with intercalated sandstone, chert, limestone, and schalstein are
intruded by the Neocomian granitic rocks. These intrusive rocks are coarse-grained diorite ~ granite, medium-
grained diorite~granite, porphyritic granite, aplite, pegmatite and diabase.

Pyraclastics and normal sediments of the Neogene Tertiary consisting of five units, Fukuyama, Kunnui,
Yakumo, Kuromatsunai and Setana formations, in ascending order are distributed vastly in the district.
Igneous rocks of the Neogene epoch are dolerite~granodiorite, rhyolite, propylite, pyroxene andesite
and basalt. ‘

Around these Neocomian and Neogene granitic rocks, distinct contact metamorphic rocks develop.
Hornfels, lime-silicate hornfels, meta-sandstone, amphibolite and crystalline limestone develop around
Neocomian granites.

Metamorphic facies such as tourmaline-andalusite-cordierite-biotite facies, andalusite-cordierite-biotite
facies, cordierite-biotite facies and biotite facies are distributed zonally to the western part of the older
granite mass. Meta-andesite which shows actinolite-epidote-biotite asscciation seems to be caused by the
effect of the Neogene granite, and epidote-chlorite-oligoclase association is recognized in shear zones
related to this younger granite.

Geologically and tectonically the district is divided into three blocks.

Tectonic units and their geologic constitutions

A-1 Northeastern block:--«--« pre-Tertiary sediments

A-2 Eastern block «-eevrereriens pre-Tertiary intrusive rocks

B-1 Western block:--+voevoeeneennn Middle Miocene pyroclastic sediments and Neogene granitic
rocks

B-2 Central block -oooveeiiieeen Lower to Middle Miocene pyroclastic sediments

C-1 Northern block:eorveviiieeeees Upper Miocene to Pliocene pyroclastic and normal sediments

C-2  Southern block:«+--+eoevevereees ditto

Geologic structures

The basement rocks constitute the mountain ridge in the A block, that runs in NS or NE trend.
Near the Tanekawa fault, this block shows moncclinic formations dipping to east. Intrusive rocks of the
A-2 block are huge granitic mass that extends to NS trend.

Pyroclastic sediments, belonging to the Lower-Middle Miccene, occupy a vast area in the B block.
Normal sediments of Upper Miocene to Pliccene age develop in the northern part (C-1 block) and also
in the southeastern part (C-2 block). Facies change may have been caused by up-liftings of the B block.

Generally the sediments of the Neogene period are characterized by synclinorium structure running in
the NS~NE trend.

Among the igneous activities settled in the Kunnui stage, propylite is most predominant and develops



extending in NS trend, but is limited in the western part of the B block.

Several faults are observed in the region. Tanekawa fault and Otoyo fault helong to EW system,
Tomarikawa fault belongs to NNW system, Toshibetsu fault belongs to NNE systeni, and [magane-
Oshamambe shear zone runs in NE direction. The continuations of these faults are traced for 12~ 15km.

All of those faults may have been formed in relation to differential uplift of the basement block,
because the shear zone of NE trend in the Kunnui sedimentary basin might be caused by sinking down
relating to uplift of the neighbouring basement blocks and propylite mass. Numerous fractures showing
NS, EW and NE trends may be derived from movement of the NE shear zone described above, and a
plenty number of epithermal veins occur in these fissures. The resultant mineralized zone covers a area
of 7 km wide and 20 km long.

Mineralizations

In this district the following types of ore deposits are discriminated.

A. Ore deposits of the pre-Tertiary period
1) Copper deposit (skarn type)
2) Iron deposit (skarn type)
3) Lead-zinc deposit (vein type)
4) Bedded manganese silicate deposit
B. Ore deposits of the Neogene period
1) Manganese-bearing lead-zinc-iron sulphide veins
(a) Rhodonite-magnetite-galena-zincblende vein
(b) Rhodonite-hematite-galena-zinchlende vein
(¢) Rhodonite-epidote-arsenopyrite-galena-zincblende vein
(d) Rhodochrosite-barite-galena-zincblende vein
() Manganese dioxide vein (derived from lead-zinc-bearing rhodochrosite vein)
(f) Pyrrhotite-pyrite vein
2)  Gold-silver-bearing quartz veins
(a) Gold-silver-bearing quartz vein
(b) Gold-silver-bearing arsenopyrite-quartz vein
3) Bedded manganese deposits
(a) Piedmontite-braunite deposit
() Manganese dioxide deposit
C. Ore deposits of the Quaternary period
1) Manganese wad
2) Residual manganese deposit
3) Manganese placer
4)  Gold placer

Ore deposits of the pre-Tertiary period are found in the western margin of the coarse-grained granite,
Copper deposits develop in limestone or in diabasic rocks intruded by pegmatitic granodiorite.

Mineralizations are regarded to be controlled both by elongating direction of calcic rocks and by shear
texture running in EW trend. Ore bodies are usually small. Four representative mineral associations of
the skarn are observed. They are; 1) tourmaline-diopside-garnet, 2) diopside-garnet, 3) actinolite-epidote-
chlorite, and 4) chlorite-sericite-quartz. Most of the chlorite-sericite-quartz association are observed in
veinlets. In general, ore minerals occur in the actinolite-epidote-chlorite zone or in the chlorite-sericite-
quartz zone. Lead-zinc ore deposits may be formed in the later stage of skarnization, and ore minerals are

associated intimately with minerals such as dolomite and quartz.



Bedded manganese silicate deposits that lie conformably in the basement pelitic and silicious
sedimentary rocks may be formed in a sequence of the skarn mineralization. As compared with other skarn
deposits, bedded manganese silicate deposits occur very far from the granite contact. Hanging wall of the
deposits is characterized by tremolite-sericite-quartz association. Mineral assemblages of ore bodies charac-
terized by spessartite and rhodonite show a high temperature condition of formation.

A small amount of gold, silver, copper, lead, zinc and manganese occur in the bedded manganese
silicate deposits and in the associated veins, but they are not workable.

Mineralized zone found in the Neogene formations has no intimate relation to the distribution of
igneous rocks as above described. It is true that the mineralized zone extends across the extrusion of
propylite. Therefore, the Neogene mineralizations seem to be controlled by the folding structure of the
Upper Kunnui—Lower Yakumo formations.

Ore deposits of the vein type developing in the NE shear zone show a regular zonal arrangement of
ores. Mn, Cu, Pb and Zn are predominant on the north side, and Au and Ag are characteristic on the
south side of the mineralized zone.

Manganese-bearing lead-zinc-iron-sulphide veins (B-1-a) listed above develop at the Imagane mine in
the western part of the area. The vein listed in B-1-b occurs at the Imagane-Sankei mines in the west-
central part of the area. The veins listed in B-1-¢c, B-1-d occur at the Sankei mine, and the veins listed
in B-1-d, B-l-e and B-1 are known at the Oshamambe mine both in the eastern edge of the area. On
the other hand, at the Chushibetsu mine, gold-silver-bearing arsenopyrite quartz vein listed in B-2-b and
rhodonite-epidote-arsenopyrite-lead-zinc vein listed in B-1-c are noticed.

Behaviour of Mn, Zn, Ph, Cu, Fe, Ag, Au and other elements in the ores and in the wall rock
suggests a regular change in the process of ore mineralizations. Thus the comparison between them is
very interesting.

Bedded manganese ore deposits are distributed in basic pyroclastic formations of the late Kunnui—early
Yakumo stage. Two types of manganese ores, piedmontite-braunite ore (B-3-a) and manganese dioxide
ore (B-3-b), are noticed. The former occurs in the Sampo deposit which was formed in a basin of the
Kunnui stage in the central part of the B block, and the latter is known in the Tomari, Chihase, Pirika
and Meppu mines. These mines are in the basin of the late Kunnui—Yakumo stage in the north and
southeastern areas of the C block.

Geochemistry

Behaviours of the minor elements in a variety of rocks and minerals were studied.

(1) Mn and Cu are ubiquitous not only in the rocks but also in minerals, however, other minor
elements show a irregular concentration, especially Sn, W, Ag, Cd and As are contained only in ore
minerals.

(2) Minor elements of the basement rocks of the pre-Tertiary age and some igneous rocks of the
Neogene period may have no relation to the Neogene mineralization.

(3) Contrarily, minor elements in propylite play an important role in the mineralizations, because Cu
shows higher concentration in propylite than in the Neogene granite.

{4 Mn, Ba, Cu, Cr, V and As in the metamorphic rocks and altered rocks decrease as compared
with those in the original rock.

Consideration

For the genetic consideration of the epithermal deposits of the Neogene age, chemistry of the electro-
lyte solution seems to be very important.

The equation of thermodynamic potential of each component is

dG=—S8dT+ VdP+ 3 pdn;



The coefficient g; introduced by GIBBS is indicated by the chemical potential.

n=( 26
¥ dn; /T+Peny

The oxidation-reduction and the dilution of ore forming solution play a very important role in the process
of ore formation in a wide region. The variation of ore solution related to the wall-rock alteration is
represented by the prccess of ore facies during oxidation-reduction interaction of base metals in the ele-
ctrolyte solution.

The first, the law of dilution that play a very important role for the concentration of metals are well
presented from the quantitative values of the components. Ratio of partial differential concentration of
weak base metals, Cu and Pb, to that of strong base metals, Zn and Mn, which are statistically obtained
from analyzed values of the ores in each mine, is shown by equation,

Olntcu,py .. (1—20cu) /Meu@ou+ (1—-20py) /Henlen
alnm2n+Mn (1_2azn) /nZnaZn+ (1'_20(an /nMnaMn

The ratio is about —3 in the ores of the Imagane mine, about —1.2 in the Sankei mine, and +2.5

in the Oshamambe mine. It is inferable from those figures that the dissociation constant ¢u and C¢pp for
the Imagane mine are very high. Values of [n#zn.mn and Inmicu.py of the Sankei mine are high in both
cases, and the value of [n#icu.pv is higher than that of the Imagane mine. However, dissociation constant
(cu and (lpy, decreases as compared with that of the Imagane mine. Consequently, the ore solution is pre-
cipitation of Cu and Pb at higher rate in the Sankei mine. In the case of the Oshamambe mine,
In#zn,Mn is very low, and amount of FeS;, Cu and Pb shows relatively higher value. So, in the
Oshamambe mine, FeS,, Au and Ag were precipitated more easily than Zn and Mn from the ore solution
containing main ore components.

Process of dilution conducts the ore solution of the Imagane mine to more acidic one, and con-
centration of metal arrives at very high value as seen in the Sankei mine. Bulk activities of base
metals such as Cu, Pb, Zn and Mn in the ore solution are very high, and high grade ores were formed
in this mine. Consequently, activities of base metals dissolved in the residual solution decrease, and weak
basic components such as silver and gold increase. Bulk activity of weak basic component is further more
enhanced by means of acidulation in repeated dilution process. This may explain the chemical nature of
ore solution in the formation of Oshamambe deposits.

Dilution seems to be very important in a consideration of regional variation of ore solutions, When
the solution become acid. deposition of ores cannot be realized only by the decrease of temperature. For
the deposition of ores, bulk concentration of base metals must be enhanced over the solubility products.
Thus, wall rock alteration plays a very important role in the process of precipitation of ores.

Magnetite in veins of the Imagane mine, arsenopyrite in veins of the Sankei and Chushibetsu mines,
and pyrrhotite in a vein of the Oshamambe mine are well explained by the physico-chemical consideration.

Ore solution of the epithermal mineralization, indicates telemagmatic properties, thus the process of
regional variation of solutions and the precipitation of ores are regarded by agencies of dilution and of wall

rock alteration.
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