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SHEL 7-EUBHE A 2 Y EART—200 mesh I X {BED, TR EER v NaCl tEELTL  1IWWRA

L adeamfidkt s Uiz,
PRI ABEDEERIC L L RBEIEHT, BUBTWIT OV TTERICEAS S TR XCTRL 72,
ek LOMREAM

& 1} 433 % : JACO Ebert 3.4m Stigmatic Grating Spectrograph

FoX B BEREKEEDGE

AT P RORE I SO ELLCTRARZ b v (2.56A/mm) R JT—KRAARZ b
A (5.12A/mm)

& FE : 220 Volts de
G it : 8.0 = 0.2 Ampares

oo R o0

AV kO 20/1, 000mm

T, & : Bi7 “Special” Graphite T

oW OE B BB 2.4mm, PEX 6.0mm ORI

Fe—120° 14l h A 53
{# ) i #7: Kodak No. 1 Plate
B % 4 f: D-19F (&, 20°C, 34

FFAY Y PE2mm, EEOLETIREL, Eiks I OPEERS AT VAR T D MER S OB L
FreoTh, TBRBBE A2 —2fHL A0 Y FE 10 mm CERSWITERZRE L 72, BDEEHE
TR A SRR R C T2 7,

BTN A O 7 b OEBERBLRFOMEENE, oD L b, HERS Y & F i
B, ChKBEAROTELNZTHS NaCl L BRILTL « 1I0EAL, ke Lz, PImgio
Fe, Mn, Cd @ X 5 HIc A HEEL TW L BRI 2WTE, (EINTERLOFERZ LM U
DFEHDEERERR L U7, EESRLRIIA AT O LI ERL, ol X aEoRES T LR
Bz,

ARRC D T2 TR, PTSESEE & L CHEOLAMENE T, FRATHOERATE, Tiubb, WM
TEENFE—2Zn, FF—Cu, Fe, TWgkili—Fe, J7RH—Pb DOEED A7 b viie PITEMER & L TR
L, BRERBORTRONVHEE IR C, T EnREREPERL, EROTCEIL 2,

W R AT DT,  Ag, As, Au, Bi, Cd, Co, Cu, Fell), Ga, Ge, In, Mn, Mo, Ni, Pb,
Sbh, Sn, T, Te, W, V @21 EHETH 0, Se LY Hg OHWfTbhics~2rz, BHik 27305
DI, W, V O#BiEL SR,

FERNHITHERL 2B TEONVRE LOERBRAELH 2RIRT, RBASY P AROFEERE M. L
T. Wavelength Table'® |z J 27,

BRALSLA) DB D40 #7813, Abrens (1950)° 12X DS T4, F 7 Oftedal (1941) vE[N]
TSRS F £ O ORI D W CHER BT L, Hegemann, Leybold (1953:7, 1954 %) i,
JFETL « BT OWTREL T B,

ARG I D7 AT, NaGl FifRic & 0 2T OTGROERE O 22 L Ty A FIE27H
B0, —HOTLHR, Tiabh, As, Sb, Cd OO LTE0, HTRE D MOTRICHEL TO0R
CFERELET 7, Lisl, NaCl FRiZ, As, Sh, Cd bz 788 - ok, Ga, Ge, In 4>
sz, TviRAZ L7260 T %, Na ifFfEick i 2Ba OILRO A7 P AR RIE T35

& Fe O HFREBID RmD\C a2,
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Analytical lines and spectroscopic sensitivities

Hismisni Arlgiiel T | Asnsvieg | Element | Analytical line | Sensitivity

(A) (ppm) | (A) (ppm)
As 2349, 84 50 Ge 2709. 626 7
2780. 197 100 In 4511. 323 10
Ag 3280.683 1 3039. 356 25
3382, 891 2 Mn 2576.104 10
Bi 3067.716 5 Mo 3170. 347 1
2989. 029 25 3158, 165 5
Cd 3261. 057 10 Ni 3414, 765 2
2288.018 10 3492, 956 5
Co 3453. 505 3 Pb 2833. 069 10
3405. 120 5 Sb 2311.469 | 25
Cu 3273. 962 1 Sn 2839. 989 7
Ga 2943. 637 2 3175.019 10
244,175 10 Tl 2767.87 2

Ge 2651. 178 3 Te 2385.76

VDU TiE, Strock (1945)™ (Z X h#I TV S,

Ge 2651 A DOHHHEIL, SAOFFIET 2648 A 55D PbCl # A~ 2 P WOBBLZT 51, FHIRELON
PERTE Vv 0T, Ge2T09A ZHHHR e L CHRL 72,

In OOHHRE L TTIRARY FADARY PAFRDSL S BMBOTEREDOIHESR 535 DT, —RASY M v
@ In4511 A 24 Hit kL 7z,

Se WOV TR L BREO A2 P VRPERERICD D, 2 OWEBRICEEZ L SRS bh o
Toto®IT, GWETRS 2 R TER,AOR,
ZDOPETORTEROGHREL, ThEhOLRICE W ER S, —RICEXERE 10 ZNTH 5.
LAL, As, Sb, Cd T3 EEMZEIIMOTLRICHIIL THL, 10%+&RLTW5D,

N OZERIT, FF8ILTERBIRMENS MK LB, RSB VITE,

V. ARG OBER S OREEHE £

L BRPIHLRR. D 2 < DL BERE NIRRT 3 b BEL, 60T Xk O BIREL D 07
BITIR OB WAL OV T, BB IVESREMEL, 2, 3 0BT, SRS & L T,
POMESAAL o FERAL « BEH B X O HRLAETFRONSRE L T D,

BIREOF AN OFEHES % Fleischer  (1955) W X WS NamE iR I o &icx by, ©
OHRE 1) 2 ZILA Y OWRR S DR OBHEZH S, L, KROT, S OHKEOH KL RO
BIZX vy EL, TR ThOHMBOIIR T OAUGIS OB O 9 s L OEEI% % O e R % #
FILBEL 72,

B R0 BB E, DUTESAES 366, TESAML 579, TGk 432, JEAGL 146 TH D,

V. 1  Fleischer O#EiEE & o Hilk
WILIRK O A OBRER S OffiatfiE %, 1955 4% TIfH e b A Ly OB BRSO s X
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R 2 5 LU #2172 Fleischer OETRER L LT 572010, Ch i oW A oE
B & EOBEM R EZ RL 2,

V. 1.1 BERG

W R OPUTisg: & Fleischer OfIERSR O A FESMRCORL: (B2 X),

W2 HLLNE T L1, 2, 3OLELZBRV T LONMICITAZERZ LV, Tihbb, Ga, Mn, Cd,
Ag BV PR L EWEESM&2RL, Ge, In, Sn, Co A RhiCKRVTHE,

LRI AMESE L, BPEKoRMGHEAITE, NI X0 T e {imEhd, Bl OfiEsy
WHEEC EBARF LS, $7, Moo o\TiE, Fleischer O FAERECIEAVIEANZS L vizdicF L
L TEbLTHETE Dl

7ok ZnS ZERSET LMY, HEEETL (wurtzite), v — 1 7L v | (schalenblend), P8
$3# (sphalerite) 3% b, Fleischer ORI B ZRIL THEFL TV 555, MSFIERK it
WL, v v— vy vy FORMBLEVOT, H2RTEHINSE—IEL TSR & L THErL 72,

WAL, > Y — v v T vy FOBBERO DO, As, Sb, Ge, Ga GRAE L, SHKRKICH
D BRI & < IBRIHR OB O L E TV,

V. 1.2 B2#H%

Fleischer OETRER TH LIS X 510, ERFOMBRMCTOWTOOW, TS < iy,

LRI 579 M ORI OFEHER 2, FUIENME%Z > < b Fleischer OMTEE X it /-0 545 3 )
THD, BEBBICRINTVATEHRE, In, Sn, Ni, Co, Ag, Mn DL TH Y, F7-HisHERL #7530 T
FL < binv,

WHIRK ORI OFER 4 2 & IR L CHEEFICMS S 2 213, Ni X0 Co OFENTIRE b
TR, &< Ni @dadmiahionod, BXO Sn, In OFENHIHPIESETICEL2THE &
ETHBDL, FREUBREORNEOH KA RBERBONIETH 5 bbb, FEMEIIT Bi ORI
EEDE .

V. 1.3 &&%#

FARTRLFENRR S WS 27 L 510, LPRKOBSILTE, oL TRIMEIN T 5
Ni BXtt Co HEPELD RN EXRERFHMELDPTWE, Fio Bi DEFEIHINCOB O EITE
OB E L LTS, As, Sb, Sn, Tl icowTIEAZER L,

V.1 4 A%

As Sb Bi Ag Sn T2
7855 0 4+ JIE 5l =l : e
785 so0 o9 224 27 253 78 s
F .
& 75 75
- ] | ‘ =
A 2 3 B H T 10
1% .
. % L il
w 0 i T e i S I . T 0
gl e — e e 3
00 46 146 146 146 146 ras |70
=} |
ES 2 | v - 75
P -
w0+ t i - + . -t 50
pim \ i
g5 1 Fﬂﬁ ' i -
: i | |
= o ,g,: n e 1 e i b= = 0
oo &8 ~ W B v wee&F w re ¥ [ Wy ummg
$E0%ssn §IiTess N Tey  SoiitTas BEEthY ER VT e
SEEEEE RN SeR8BRE ¥VERBRER VeRERER FveRsgd

5 X F7 SR O BELR AR A N, WAL B ARNESKRK &
Fleischer 0 fa¥ESESL & o ik

Frequency distribution diagram of minor elements in galena

from Inner Northeast Japan Province and the Fleischer’s summary data
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FERFL OB T, Lo 3EMOBa L2 Mr Y, Ag, Sh, Bi #F LT, As, Sn, Tl Arhic
RANT W5,

5 TR X 5, Fleischer OFAFEREY & M RK O HEILOFER & & i+ 5 &, S RE O T Sk
X, Ag, Sb GEACSEL Bl GREE ., FOMBOTETI, As, T 232 SEVHESHELTRL 5,
NS RUEIY OMER S OBESHR DL, BERSIAOBEEBTNTRO LV THSD,

(1) MHRRK OBIMESAS« eS8 AW U ¢, Ni s Xor Co, & i Ni gL <M. Ni,
Co Dt A D B\ RILTC & <10 & DSBS TH 5.

(2) AUHEEBIC Bl OFESmAE,

(3) Mo n&WMpic SR LS,

Ve 2 PIROTHRIC X £ R

BIRE O Z £ OTHBIC L b, SRRILEE & SLIRAEE & 8L, JERBEIRIZE O AN 50 2 B
IR & BEARIRILIR I, SR CWIBBIC X 508 & 137 S us, BITRRO&HCHERLz&F 2
ST A b “xenothermal BIFLFR"H2) L FOMMOPNRILEK & w7, 20 & 5 IRLRDAEIC
DT, e OIRICE D B AT LYORBR SO S E L UBEE B L 7,

V.21 NEHE

£ 6 R4 RK 0PI SAL OB A OILFR ORI FE> COREATR T H 5. TORLH A
L5 BRSO NTI R EROERORIZ X ) Bl ), BRSO R ZOFERIR 0L RS &
BROBE Z L EREFRLTWA,

Xenothermal BFHK (R » B+ KB« X » WX « BIE « KRSFOXFIR) OPIESHILTIE, Fe,
Mn, Co, As, Bi, In #5130 Sn SE2MLOSEIC KT TE<, iz Sb, Ge, Ga, Tl, Mo /X O
FHIEL LEEREZRL TS,

Kullerud &, FeS-ZnS JoREERIOMENT I b, BEREIL L3647 5 HENIL O Fe Siid L pREIC
BIUHVEIREE S 2 U T LS L, BERRERIL &R L Cu Wi B Th  (BIAIE ZnS-FeS, R,
ZnS-CuFeS, %), KO NESERc AtvivE, IR Fe SRV TIEd 555, ERIEE
EWET S EHE s, 2 LT Fe S HBEBRAFRTIGESL LT, Mn, Sn, Co %28, chbDOTLHEIF
BT ZnS EREEHRICH 0D THA S LHERL T b,

Stoiber, Warren 353 ¢X Thompson, Schroll, Shazly /& X%, OFHEROE &K & 550U, &
BRI R OISR, T, Fe, Co, In, Sn GEAFHVC 2B HICL T 51 80707576 100

MR xenothermal PR OB LD BRI/ /34 1L, A—@iila e BRO PSR o — R s B &
—&KL TV,

OO FEARTER OPIIENEL <X, xenothermal BIFFRD 4 O CHEML T %5 Fe, Co, Bi, In k¥
Sn SRV ABO L THERMCZL LAY, WRER TN OLRTELEESREEZTRL TY
B 2R L, As OB, WREE TS EECESELEOTWS, LABERIETIELEALEEENT
WIWIEHEEEDS, BUIRSLR OB L <L T, Sb, Ge, Ga, Mo HZiTh o,

Stoiber JIEIRARLHFROF & LT, Mississippi Valley OA-MAG RO ST T Ge, Ga H5¥EfL
TW5H T ED, BuREEE) L OEEIOSIIE O X v, ERT Ge, Ga RENERTIC /RS
L eI, T ORIIES < ORI X v RRBOHET oM E L TR S TE L, BT, oh
5OFEEDOBRIC DWT, 4 < OB Tobi, BoREER BT R 2R3 S, HERMTREx
E D BISHEREIIROATREE 2 2T %%, COfER, ERAER ORI P Ge, Ga MJEfEL

#*2) Buddington DFKEEDHEIC L% “xenothermal deposit® Chbe AFETCIE Xenothermal BERILg: R
B RGES GEOITEEK - REFTYEL - MM - RIMRS) 2RAXh, SEMEL L af e BRI g GIEREPOBNEL
S EFIF B B R, STk O RAKPIES S, SRR TO ¥ = - S P REOE R KBS SRWE SR B IR
OV, TOMOIREE, ZhbHOREY TS LWIRE WDk,

L&sL, ZO#OEIRERDPITEET RO E, xenothermal BEERD PR WA HRFBROFTENDL b5, MREFZ 2T
X, SERIEATES TRVDT, TOFICED T,
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TWHEHEL TR S B,

S FRIC DYRIRIEFR & < 1 AR OPIMSMAIT Ge, Ga X 5ic As, Sb, Mo BSlAEL T 5 BT

H3R&ETH%,

DX 5 CHHREOPMERILC T, FIRFIK S <iT xenothermal BT FE G, Bi, In, Sn 35k % Fe
FELSE < BRI T, Ge, Ga, As, Sb, Mo R4 E, b OMEBRSRECME, & il
RIPR TR % Ge & Ga, xenothermal BIFH CHE 4R 7T In & Sn, XY Ga & In X op%
EHRDPHRER I D KR USROS, FOBRNOHRIIE 7, 8, INOX S IcHAm

IR,

S00 |
250

/00

sot
Ge,
ppm.

LT
,’ (///—//§
/ R =~

1 J I 77— s BEEE
SOV RS
,,/ IV 4 — B

LY

A

e i oy
25 50 J00 250 500 /000
Ga, pom.

WNEESREL D Ge & Ga &t & OB (CGRAL A RAH KK

Relationship between Ge and Ga contents in sphalerite
from Inner Northeast Japan Province
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HY = VAR

48"
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PIMEREE o Ga & In &F e OoBE (BHLA R IER)

Relationship between Ga and In contents in sphalerite
from Inner Northeast Japan Province
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;900 ‘%._' I %ﬁzﬁiﬁ.ﬁ
i ’E— T 77— & Bk
5 | = T smIRSRA
N e IV B — e

.5“ '/'0 Z’D—. 5‘0 /0’0 Z’;’&’ 55(7 000
/n, ppr.
9K PUIESRBL o Sn & In {5k & OBIER (UL A & 85 BER IX)
Relationship between In and Sn contents in sphalerite
from Inner Northeast Japan Province

Ge—Ga OREEF HUIRILR & < W B OISR TVE—iz Ge, Ga GBI E DS, #OHRTH—If
DEIILIR T Ge, Ga FEPFHL <HL, FOMOBIIHR S X O BIEIRIE R OPIE L & K P X h
Do CHBORMIRE LTk, R I b REROBIEEHRE, TIEEOTE « W5 « K
PR DL BIFIR ST D, 77 7 —~ A BHR S BH L 72. 7 7 7 — = AT BEEEE oD s
DR OFE L L T, Ge, Ga L 2 11T As, Sh, Mo &8 % DM RELFLRO L IC B THE <,
%72 Bi, In, Sn, Co &HaHSIERE .

BETRO T, IERIAROPIIERIL D Ge—Ga BIR%EFT. £72IiE xenothermal BFFRD AR
FLTWS, Tbb, Ge, Ga GRIIKL, MO OEOFEIRILETIE, Ge HREI & RBICE 75,
Ga &Ebd xenothermal BIHLFR & SUIRIEIR & OFPBIEIALE % 5D T 5,

FEIRBLFR O PATISASE O RES M3, Ge 4z 10 ppm TFTH Y, Ge—Ga FRICETIE Ga SR
T308ThH5,

In—Sn @R #H8MTHEL L S ICHARIEK & <iC xenothermal BFLROPIHEI T, In B X
G Sn HEAEL <EC FOMOEIRERCEIML, REE (I) THIELAEEEh TV, &
LAHWRT T == AR BEER (IL) ORISR CIE, In, Sn SESOBEERE HELTEL,
BIESHIRE DTS, In AR EZOEMIE < Bwvgs, Sn b OEIEOBRLC X b, B8
AT Sn R EIRL THERBICA D, iR oBERAEL T, In & Sn SREICIHEBIBEGERL Ty
RN

Ga—In oBF —EICHUREE ORI T BER 4T Ga &, xenothermal B FROBIT I
MiT5H In &Cid, BAMABEEERETT BIR), 77/ — < ARBEEROBESE (L) T, +0
D BIFIRIZIET In FREAE,

B SREL O BB R O HEE /A X 0 Ge—Ga, In—Sn, Ga—In OBJRE 25, PITENL OB
BRAPHIROTREI X 0 PIRAEROH S & &R, SIUDNMRE OB R A L BRSO &8 X oM
REMED B D & ERRBL TW 5,

FEIMERILIR T 7 7 7 — = A I RELIEIR S ARFR U 7SR DI AL Ch, FOMORBEHIRTIZLAE &
FH T Bi, In, Sn HSE2E <, Lod BEFRKCHBIVEITROEM D £12380 <, HHRRERS
B FREND,

V.2 2 =&

FEPLOMER > & AR OISO 2250 X 2 BRE BB CH 10 RICFRL 72, Richbhd X 51,
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PATESAMLOBA & AU <, SEIREUR & <1 xenothermal TELFROMAFL 1T As, Bi, In, Sn SERE <,
T DMDFNRIIR TR NS OBRITI T 5, Lo, SIRIEKD 55T SRR §hE<T, Bi 4
BOHCERBAL 2 ET 0054 <, ERBREYOREOFL S, BEX < /NER (BRER), fvgiigo
PR (BFR), R BER) hErcofiths,

WERB IR OBIRFLC I 2 o S SEIRILIR TIM T 2 TTREHIE L A LD LT, Sb, Ge, Mo, TL O
P D, As ZAREOESEETRL, ChoOTROPRITRIGTETE It \»,

HSEL 2 OBBR SO NEIE, 2, 3 OTLEE B CEDIMESIL Z Bl Twh s, FOaRE, Bi, As
B TP EE X b DEWZ LB T H S, 55 11 K3 xenothermal BFHK T H 5 HHBREAMLO
RAARME OPIHEAL & SR OB 7% iR L 72,

V.2 3 & &8

FR2RITTFENG X5, BEILOBBRME, BRI X < ic xenothermal i JRClE, Bi, In, Sn,
Co GENEL, TOMDPMRIKTIE IS OTEHTEE LEERSCZ L L moTnd,

TGN Ni g I8 Co AUSRENITILI L, Ni/Co & b % O&RELRHEET HRDDE <
BENTVEHY, BHREOBEGILTIIEOHMBOYIFIC D Ni k18 Co SRITEL EERTHD,

BEIRSIEIR T, SRIREUK TR S 3 EREBORBE S LN F o 5 Z L < 578, Sb, Mo, T
KL Twd, Tl PEEREZFTON, SRCEBRIEBIC X &R L 2F L2005 2w 7 oF b A fkE 7
TG AKIRA % 59, Lorandite (TLS « As,S,), Vrbaite (T1,S » 2A5,S, » 8h,S;) X Tl, As, %
HWIE Tl As, Sb OREHWHEOTREE 55 25, BEETIALOEPRER I TWiEY, Z0f
&L TS  OBSFROBE ISP OG5 by, FOMOFGHCEEN GEFR), 875 (ERE),
FURARF (B L oIRRET N5,

LR DR As St Bi Ag Sn Te
& 5 1 L i &
g, /2 i s /2 s i
x5 s
B 7 75
AR M
Mmoo 50 T il A 1 r 50
ik
i3 = 25
ol e e | odl Uk
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moo ‘ | 7
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Frequency distribution diagram of minor elements in galenas from
ore deposits of various types in Inner Northeast Japan Province
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V.2 4 5 8

WFEOTHRRIC L 5 2ERT, Mo 3 HMIF & BIFECIR Vv 23, SRR & <1 xenothermal MFROTjH
FTIE, Ag, Sb B LR Sn SEVE L, FOMOERER TR L OTRITWML << 5, WRIKT
ST 55 Sh ks UE AR RT BF13K).

Bi 134 OIIREE S, BUE 50.0%, SRR 74.8%, xenothermal BLHK 89.4% TH S, Ll
Bi GEOEVHHLIT RICHEIRIRICS <BET 5, bbb, HH BIFRILAET SO, fill - Ha
< PAZE (RKEIE), /NigdRA BRI X OMIR BT LG,

WSl PRI O S L DB D O T, TGS « BYERIES (1959, 196190 ) i X b BRE X, HIREED
FELHBRSTHS Ag, Sb, Bl FREIKEOBMEBREN LI L, Tidbb, JHRIEO Ag, Sb, Bi
SEALOBREE 14, 15, 16 KITRL Tw5,

Ag—Sb of8iR Jigaiho Sb, Ag SEVIIFIEHEIL, xenothermal WK T, Ag, Sb &R
HAEL, EDABOPNRIE T EMim L v 5 BURELR & < RSO HINT Ag SREAENVIC S 2200
5, SbHFRAE L COBMOERDOHTILO—2 OB E DT, Ee, ShERMEVIT L b D
P, Ag GEPEbDTEHVHRELR, Ag—Sb TR DMIRERL WD, CHEE SCBElE

S L T S| S i
L d 20 50 o 2300 5000
Sb. ppm

514X T Ag & Sb ik OB
(BL B AR P SRR )
I Mo, M Sn, A Cix TL 2skiBa oRELC RS R 5,
Relationship between Ag and Sb contents in galena
from Inner Northeast Japan Province

w0 2 s b
s 7
il 4
00 '// A /
4g. Ve ¥
PPm 500 o 4
\/'v/ //‘
Pais e 1 BHxK
7 1 SR
i£l: / m &m-3dm
i . A BEaiSRn
o (- ) . y—
30 00 250 So0 7000 2300 SO0
Bi, Prm
FI5E Lo Ag & Bi Gl e oK
(BUL B RN PR X)

I¢ix Mo, MGk Sn, A ©ix Tl nKEHORCHILEh 5,
Relationship between Ag and Bi contents in galena
from Inner Northeast Japan Province
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Bi HEIT, FHEAHD Bl 4 Ag BT L7200, COX S NMERERTOTHS, COLSRES
Bi HERILVESLIRILIRIC S < o7 &g, BUIRELIR3s XU xenothermal RIGLR TR 7w (B 14 X)),

15RO Ag—Bi OBILR, #7116 [X> Ag—Sb+Bi OBIRLITITAMOBEHRARL TW5,

—j&ic, xenothermal TGKDFFIFLCIrIkL0aphc Sn sl X, BEHFEO L O Mo OfF
EETH D, £, EE BRI T Bl L EFIL T 50 ppm BT S TL AL a5 & L%
v,

S G OEEHRER S SRS OB A D4 L EROWB L OBMRITRO X St Ldbhb, Tk
bbb, SIRIR & BURILR & CRIA U RTEHOBBRYOSHICHEL VWERY DL,

$EARSEER & <12 xenothermal BGEETIX, In, Sn, Bi, Co /X OTLEMEMEL, FOMOTIRIEE
TR L OTTED GRIIREHA L, WREKRCEE LA bRy, FEALINC S,

swof WA
)
00 / 'A .‘//
n
N R WV
Ag / i . /
2o ot / 7
' /
® e /
s e
00 / P
U ma s e o dw
S5+ Bi, tpm

16 ™ TR Ag & Sb+Bi &t & oA
(WL B AR EIRK)
Relationship between Ag and Sb-+Bi contents in galena
from Inner Northeast Japan Province

TEEIL « FERSLCIE In, Sn, Bi, Go 7%, I TILIEEORBOBES VTR B2 ko 2 iy & i21E R
BThby, HHETHE, Ag, Sb dsXt Sn 2L 5 DM, xenothermal FFIROEME 7eDTn5,

BREEEE  WIRER T & A K B Sb, Ge, Ga, Mo, TL,  (As) »BURELR O &5 AT
ML T AL SR iE, PUTESAL TR As, Sb, Ge, Ga, Mo 7%, ESRILTiL As, Sb, Ge, Mo,
TL 73, EEHLTHE As, Sb, Mo, Tl 2NEHL Tk b, JFE8LTIE Sb, Mo O&EEAEL .,

V. 3 FHUBEIMHZOTERONE

BoRMESRIC W, SRR L D ABHER T S S v, TR oSO LS IR,
F PR DS O MY « LSRR B OB VITHEY, BBRAOTEBIIEDLA N BVEWICASL LEL
5T WD,

Goldschmide®? iz J: XN T w5 X 518, D 5 VI LAY OERITCRO FF M XU 4 v
BROBFUL TWATRIE, ZO8WDH 5 Wi bW Hc ERATHREZBRL TAL L L X MbhTED,
DaiEsafio Fe, Cd, Co 7nd, TEE#Lo Ni, Co MBI D I WHTH 5,

% 2-DAAREATL O X 5 10 ORI S 4 75 v FEITH DI TIE, FOLERSTEE oHF#E
AEROBMIC X D, ORI BEERSTTENAD 2 L1, Pauling® C X hEB IR, ETEEOR
i, A AR, B ARELE SRR T, RTFEEERE Ahrens (1952)%, AR AFERIL Pauling
(1940)%% iz X0z,
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3 & A4 VERBICICHRANR

Apparent ionic and covalent radius of some elements from

Ahrens (1952) and Pauling (1940)

| lonic radius I ~ lonic radius
By | Covalent radius ‘ — R | Covalent radius
Valence, Radius A) ’ ‘ Valencei Radius (A)

As 3 0.58 121 Mo 4 0.70 1.38

5 0.46 = 6 0.62 g
Bi 3 0. 96 1.46 Ni 2 0.69 1.39
Cd 2 0.97 1.48 Pb 2 1.20 1.46
Co 2 0575 1,32 S =& 1,84 1.04
Cu 1 0.96 1.35 Se =3 1.98 L. 17

2 0.72 == Sh 3 0.76 1.41
Ga 3 0.62 1.26 Sn 2 0.93 1.42
Ge 2 0.73 1.22 4 0.71 1.40

4 0.53 e Ag 1 1.26 1.53
Fe 2 0.74 1.23 Te = 12 21201 1.37

3 0.64 = Ti 1 1. 47 1.47
In 3 0.81 1.44 3 0.95 1.47
Hg 2 1.10 1.48 W 6 0.62 1.44
Mn 2 0.80 = Zn 2 0.74 1.31

MT IR DB IR 2 OTEEO E A W] 5o 3 75 7281, e VOB S0 tHAHEE & Biliic &
DRIARLE GE17 .

#. Y| As | Sb | Bi | Ge | Ga | In | Sn l Ni | Co | Mo | 72 ‘ Ag
1 ZnS = b sz} T [T b ‘ i) = T
2 CuFeSe (=3 &l il el o e 5] £
3Fe Sz ﬁ src e I ! 3 = - :
APbS Py e , E l FJ ' ’“;] i L 5 e

Adh @ AR LIRS

HITH BEFESY 2 O FEONE (LD RN ILREK)
Ratios of distribution of minor elements in sphalerite, chalcopyrite,
pyrite and galena from Inner Northeast Japan Province

S ARY

BYREEAMLICIE, Ge, Ga, In, Sn, Cd, Fe, Co, Mn 3k d A Y Huo, Cd W3IE & A K Seanic PIm g
NE X, MOTHFRICA DBV OTE 17T RIKFRS ok, ChBOTLEDS b, Cd, Ge, Ga (34
BRI KIS AR ERTWA DS, ZhidE F 10~ BERL oS st sy Tvs, T
b, Zntt LJETFAE E A o v REOFEMIC X v, Fe, Co, Cd 7%, AREEOFIC LD, Ge, Ga,
In, Sn HPEEESAGLICA D, ZDHTH, Cd, Ge, Ga pi& QIS HTWSINE Z EEFRLTWES, Snjz
DT, Oftedal (1952)% 13, Norway gEORALIEHCOVTHRETL, PAMET X b L 7MIc o &
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B b, s Co BIERILTRLAD Bt LB b Lz,

= iR 8

TIPS, L PO AR L b L, ERDILERTHS Cu, Fe LOIERHFEREOFPIZL D,
FIFFAM, A BROBEMIC X b, BERASTENIAL T 8GN D, Lo, FRIADTLHED
SRE, IR SR S5, As, Bi, In, Sn X% Mo UADERIIELEALE RSN TED
T, Mo Al PEMICIE TR S D S AL ESNE, QTR O SR ABE Ty, STl
fod 9T, ESEOBER S OPERIES b ThE <, BRERAOSMIZOVTHIFLATAL 1T ik
v

-l

WEII—AT, As, Ni, Co X 0° Mn s <, ZhEflvTEoRRZ#L W HHED
s, MFREK ORI, As DAFOMMOTHEO HEEERE TR, Ni kXU Co HFEISEEI0D
TELDTEN T &1, SRR OFREZTRL hRPIC Ch B OTREPEL SZ L0l L2 RRL
Tnh,

# 8 8k

F AT OMEBRS 2 U T, Ag, Sb, Bi ML AW S D SEH 1T KA-LW e TH Y, Sn, TI 4
I S A S B\ R RL 5, Van Hook!®™, Wernick!'® OBVEEROFER 25 B 5775
L5, Ag, Sb, Bi @ Pb L O(LEMME O, BHIC IS OFLEY, MR IR L E
Wtha 22 TwHZ b1 COHERRL T i,

SLER )
> A

B

N

TRt REME
B8R SKoSEN, SEEEHZOTHEOSE GHHLARMHILIKEK)

Ratios of distribution of minor elements in sphalerite, chalcopyrite, pyrite,

and galena from ore deposits of various types in Inner Northeast Japan Province

L0k S TSEEROZTFILY XL OTRONBMOES VRS L OAPHER»BRL 2, RUEHTL
FOEREFHORNZ L D EROGEDOER VB IREDTL B,

TR MBI L DL, FhEnolR ToOREYZ OTHROPE L 18 HTHRL, FEORNT,
AROESVIERL Z LWL LI,

BRELR & < W BT, As BE oS AL SR, Mo, T Egic X b HROEA VAR
DTS, SEIRELE & <1C xenothermal BIFHRTrE, Bi, In, Sn X offctmlishs, LL,
CRLTROEFOES VAT L W B0 T v, SIREKICETS Ge, Mo Mk, SURIIRICE
7% Bi, In, Sn e XD LS, FOEMILITEALESTWEN TR WIEHRE, SHOTLBRERD I VI,
BRI S B OTEEMREENTHIp Do, RO FETE, MISRES N TICIETCER 2720
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WEFENRPTHAHS, 72 Ni, WO X ST, SRIE « FIRFEEOLTRICLIZEAE AR INCwiwit
L, ChOOHRERBRCE, BEAEFRPCEER T A 272 EEFRL TS

V.4 #HIWEROBH

YRR O ARG OB O HH 3 L BT, L OMEIAER I IROCIT L VRO XS s S
IRz,

(1) —fiZ Ni, Co FEMEV,

(2) Bi #EARLE L,

(3) SIROWRIC L b, Trhobb, SARIER S BURIR L T, MERSOSMIIHL <R D,

(4) #HWZ OWMBERSONTE, ThEROEHORMMEEIE > CRIMTS %,

S OREBICOWT, FORRATED L DIt F N EROLROMEBE S F-ICANT, 2,
3 OBE R FTIRo7,

MR ORIy OFLIRGE, S F 02 X 2 IKHEE RS oML T vy, 3L v RILER A
BOBBLECD, TOFEFHO—IPL L CERIN, VWhdLEEER (KIUERD) DR KHSE 5T
W EEZLITWEHIY,

WRCEREROIR T, COWEICX VERIRERRE /A0, RESBR RS & &b, KRAERDHRK
IR D, OB, SWKE D OEEEEY OB S Ot s fE 5 TR0 MR s A B b
% 2%k, Emmons 130 H5DOEKICE TS TLEONE D 5 IO ERIFRE A,

Sn—~>W—>As—Bi—>Au—>Cu-+Zn—>Pb—Ag—>Au « Ag—>Sb—Hg

Linhr AR L L TRRDTWH I

L2 APMBIRRE DS L OPFED LS I REIEROGK T H LB, SR OERER I, TR
DI TREFOREAEI R L 55 7201, WR-EREYIEEZ RIEIERO &EETERL- %20
% xenothermal BUFIKATAL, FAEE-LEN D IZE> THIEAEIECHIT b, EREROTIE
EHBEL-ADEELZLNTWE, LOkDis, REERIIROBE, WECEEAIK L2020 T, Rkl
IR OFLREROM T, S L OEARLY OIS, hic s 5 BRO SN T b
BAREME SR, F OO, —ISOEKTIRER-EREIE RO Y, SR TIRECEIE R
FRCW, TR RO ST ML T\ 5 In, Sn, Bi & DIEH#E % LEHiT 5. xenothermal B
D% L OFBEEYE, BT OEHRBARARTEE b, BEBRSELC In, Sn, Bi X OTGHEL
WMLTWLOR L5 AR LHADTHA S, FOMOFPIREE 1T, KECHRORENMETL, &
FEAEL SR T D 7o, S OMELRTET, ThHOTERESNSEICE bEkEEh, CoBMOfRK
T, AR EEROGREMELS 0T ETWS, L, SIIROMEBERK DG D, SRS
OFO IR TS 5 TEREO S PIECIE SEA VT siY,  xenothermal BFLERIAS O SLHRILK O
#E AT, In, Sn, Bi ALEBAEVHEE CHIBENRS D%, ZOSNSEARMR LD TIRERIT
bl 2 L 2RL T D, & ICHIREK O/ C IR L RV Si-REREIRBI O LR T, Bl 23
VHERRL, F/ In, Sn dEIMINL 2 LS4, RIEREMOEREL ZWEER TN DD W
9, EROFELTEHH IS,

BNEIR & BT, chb Bi, In, Sn OFFMB L ORMITEEAL RSV, T
REFRARKICE, P nSOTENRFEL LS LA TVRT EERL WS, Tibhh, SR
FRVE M PRI N 0§ K C VMR BN i LA A Ly SR O EERE © 0 S B QTR O SN S E AN EETE
STl DRI DRERTHA S, L, ST 77— RUEHR ERHRL 22FHERE
el 2 IREEEE, I - FEIX « WEI « FREE & O TS O BSOS AT o h s 0T
LN DEERETEL, TS OTLERONNHEEIELITIITIbh R WIRET, SRVERL -2 LR
FRLTWw5,

FIRT PR C AU R X 0T, 2RO cbhis ozt HEA LIS TCHER,  Sb, Ge,
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Ga, Mo, TL BUIRIKTEL <ML, As DSACUESREZRL TV, ThHOTHEBIVWTRLD
JEFA, A R, PR AR E OEEE D, FEEREMOERATRE B D 0T, (K
DIBERTRIT F0 5 LW OB M 5 TRO AT S F 0 by, £0kdic 2hbonF gk
WEED, WIREREZHRT 5B TR U TEETYE 2 besfioishicb o FELo5N5,

% { OWALSE OBEBR S OWEEIT, KELEROHBIKIC, Ge, Ga, Sh, As BT 5 2 L 2B Tw
5, LaL, Mo 28T, CihbOTHENeEHRERICOLPERHL T b0 2T, FARRRIT
FELBTwiky, CREFRT 270100, S RSAIOPE, RO, WEBEOMISEOE
NETE#HE L, & BICIRRE OSSR HEE T 5 1o OWIHLAERE SR 2 a0 TR U THEm LB 5.

M RE OA G IITEL < Ni, Co GEMEVC Eaisks i,

Carstens™ ® @ | Bjorlykke® 503 Norway BEMEN- 2w, Ni, Co ik 38k 04 BFE & Wi
U, BOKYESRO#GI T3, Co/Ni Hid20: 1~30: 1270, £RRENTS & Eic Co GRITHE
L<#WAL, 100ppm Co A TFLinsd 2 & &5 Lz,

WHRK OWHA D Co ki 50 ppm LUFCdH 0 Ni g5 ppm IWFTH% o 1%, Norway Off Ik
BT, RIREROBRMEHR TS 2 RS,

F2 XA X 5 I MFRK O FEIIR Y, KSR S LM OBENC R SV CTAERL b DO LF
zZbh5,

TIHEBEEE D BT DM 2 LG, Ni sk Co 4RAE b TEVT 213, FHiGHE - /DR
HEW (1957)° i X 0o Hg B AT LI O 22U I O RGBT T 4 RFHERL S (KILF A) OO R THER
BENTVS,

BHRKOPEREZHR L -0 hic iy, oA, Ni HXo Co FEAMErDd 0 LHEESh,
Z D7D E OTBREOHRTH AT Ni 110 Co, L<i Ni RN ELDUEGELRTD
DEEZLND

VI. H#ie%x B3 % @4 DFLRIC DT O#EEY

KRR OB AL OB AR ERL, TOMHRREHT S 2icL b, BERS MO
#, SLROWED L3I L HMERSOHRNNEL, SHREWLOTHED HIOMEL B S HT L 7z,

UL, iz OEROH 2 OERE R R OBMER SO0, FENC2\W T, MEHIEEN DI
BE 5 T3 700 DT, A OTERD Bl A HIRIC D W T OB AT 27,

FMRAFR & < iz xenothermal TUHLRICOWTHE, T CIofFRB AT 0, WHBRKRILIL *9 DFic
DWTIREL 7208, BWETIibh2 EO  xenothermal FFHRT, 40« BIIL « M OAT I E 2B AT
BRI P C & D MR R BRI 2 v TRES L e,

FOMDPNRIETIL, % OBOFIREROHH L ToE Vo) B “PIE—REILE" 28 s b,
WUREEE D 5 b, BELHER RS B PIRIBL L INARAL R 2, AL AIRIL R o T, TR R 0
MM PR AL OSRELIRIF 2 THRET L 72,

VI. 1 Wi oA L2 R ER i

WA PRI D xenothermal B2V ClE, EAGT « REFFA (19589, 1961°%) il Xk D T ORi{biL
WOMER - OBE 2, FRBRAIM « IWERAEINIT DWW T T 27, bbb, & U TRIMERE
« SERBL ORIy & T OREIR, SRR O o B2 O M s L OMIEOWE » OBIRETEL, B
AR L AT 525, B 5 WIRA#ES SR R TSI, BiERe s LT, Bl In, Sn &
EBAREL, IRLOBEERIRVEBAITE, ChoonRIESRE DL EZHLPITLT,

FIREIBE (1960)1 1L xenothermal HILFROPIMESHILO BB OBEHIHE LR 21T /8072,

VI 1.1 REfRoME EFER
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AARIC IV ChE, BIIE « 2257  SEMERIL S &40, JIEEY7 xenothermal BFIIRTH 5 REFILIZSH
KEOBEFICAEL TV,

RESUNIHARE LHEHRERINCD v, FORMOME « LS Z UK & S4EER & oBfRIZE < 2
B% < OWFEEIC X D& S, ol TR « AR (1955)%0, JELURE (1957)1% 5Hic Xk HHH,
WIFA RS (1952) , BRERBI (1955%, 19579 )ic X 2 gL OMIREA I & 000 X4, SLERO S p3tABIRIT
DUTIERAEL (195150, 19540 ) DEEMIATIE S 5,

RESWLMAEOET, £ L THEBCRT AHEE - DERLOFY— 1 &, ThEEVTEBLA
RERSEE S5, © OHIRTHAERBLIZIE NE-SW nE5—Em% L NW 37213 SE whi
hEafERL, Fv— FEBIRERCEL <ERLZFZLTw5,

WACEB I E B ORBILKRICEF 5 <P, HAER L RALERDEE & 28T S iRo L Eho
FRCIR D CHABB L 72 SHEE SN S, WECEEIMRIFEL (1,272.8 m) ZiEEHL & LT NB W
TRl & OREMIBIRIC AL, Sh BT 2L 08t & 2 © L B FoFbici 22 TER L T
Wh, FRCEEI—EOEINC L ORI N L OTIEA S, TElE « ARSI « SIRE « EREKED
HRL, *OMKORLOKERTREBOBARTHA 5 LEEE LTV, REIIUOGEKOMEIL,
WREAEOBEIO Vb 2 B KERIC X 54 0 & F 2 b, WECEHFOSIRIK L 5 ¥ — FHb# oA
FLER (WIHE) 257 d 2%, T OFAbfEARRERIEEL 6 THhE,

rpAE (1954)%0 OFFSEIZ X D EFRTSHIITE T ORHBH & kil & OEQ LAl & 2 REM ORI
FBHEE S AL, B (Sn-W-Bi-Cu #), hfi# (Cu-As-Zn #) %X OURLH (Zn-Pb-Cu-As #)
CHEEN, LeLAxoBROWEICL D, 2Ok > PRSI IMEES MK T L B> Twb o &
BHBNEENTHEHY

FALERONEF v Emmons OIEHNEFCIT VS, SAROEFURBIIMEL <Y, SRNOBZ T,
8o &V I ATV OFALBR B AL, FOTHICH « g « RSO rTiabhizz L 2%, i
{LPEROPRC BB s CHREOB D0 LR L T b,

RRIIUORRIGHMNE, FRE (1954)%0 X VRO LS mEShTnd,

L (Sn-W-Bi-Cu #5)

P Gk v N VI - HANE - EESN « TRIEKIL - BEEREL « TR - HEHRL « BRI - SkBUES

a4 (Cu—As—Zn &)

WA () < IRER () - MR - BERLEKAL o FEERHL - RERIERAL - DISASL o FTEAGE

JR504 (Zn-Pb~Cu-As #;)

POAESASE » JTERGE « FESRML « BRALELEL « EREL (F6) - TRRKIL - MR ()

O X 5 K ERARRE W OSBRI T L FTC A B, JLBIYL xenothermal BR - #E X Hivs,

VI. 1. 2 SWERS ST oRE

193, REGIUOHERETER & & b o AR E 2w L 7,

OVTHESRIE 4 R0 F &, PUIESASE « BRI B X OB OB DR 2 88 20 RiC /R L 72,

(1) PUMESASL——3kiTE 5 28, 30, 33, 34 ITBANRMURORINE, 37 W iAERROIRER TS 5 R
FEOSIEMILTH S,

Xenothermal BUFLER OPIRESRI b ORI k&R 7 CH % In, Sn, Fe, Bi FE» E <, Co, Mn &
BiRLLEY, $7:, HAMEOMDIIHSE P TIX, L < In, Sn, Fe, Bi GEEH £ As SR
FH1L {E\Vv, xenothermal BFIROPIMEEAFAICIE, Ga GEAMEV O ERFDMOPIROF I BRI T
Wi, REINNONESHIN T Ga HEAE V. Mn i3, BEIILTEEL &<, & DI
T d Fe SEXREWIC L 22257 Mo SEEHELIEV,

REHSIUOPESRIED & 51, Sl TIREO LT ichivTvw iy BE1E, As, Ga, In, Sn, Bi
Fe GREFHLLDTETWEHIED,

(2) B —RRBEILI TR L WICEN T 5 0BT & 2 RSN ORBER S, PIESH & & @8
12, As, In, Sn X Bi CEHESULRATVS, WhwARLH Sn-W-Bi-Cu %) T, chbHom
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Frequency distribution diagram of minor elements in
chalcopyrite, pyrite, and sphalerite from Ashio mine
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Relationship between In and Sn contents in sphalerite,
chalcopyrite, and pyrite from Ashio mine

H3) (BRI A3 X OTRFEEINT, IR EhomBE ORI /o ER L Cu-Pb-Zn #IIKIKRTHZ2Y Shbofliuo
PUESHIIHIMMBARE T L L 3%, As, In, Sn, Bi, Fe Bk X0 Ge aRAE (BN - KHFH L - FHETS, ®%HR). oh
b RREEHOHE L R ER, THERORIMORBCERLEDDLF 2T,
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HaeR BARRERRILWO

Analytical results of minor elements in various sulfide

iy ¥t 4 As Sb Bi Ge Ga l In
|
PUmgAs, —28 2, 500 * 10 * 25 1, 500
—30 250 * 20 * 10 2, 000
—33 250 * 80 * 100 1, 500
—34 200 * 200 * 100 1,200
—37 >5, 000 * 1, 000 * 150 4, 000
o — 1 2, 000 * * 5 * 75
=20 500 * 7 3 74 600
— 3 2, 500 * 10 5 5 300
— 4 5, 000 * 30 4 3 250
=15 80 * 50 5 5 500
— 6 2,500 * * 3 3 500
— 7 * * 20 5 5 750
— 8 * * * 3 * 400
— 9 * * * * * 60
—10 * * * * * 100
—12 * * 50 3 3 800
—13 80 * 30 5 3 500
—14 * * % 3 % 250
—15 * * * 3 * 250
—16 1, 000 * * 3 b 1, 000
—18 5, 000 * 250 3 * 300
—19 80 * 50 3 * 75
—20 5, 000 * 25 5 3 200
—21 * * 100 3 7 700
=22 * * 100 * * 100
—24 2,500 * 50 3 10 1, 000
=25 2,500 * 15 3 7 600
—26 >5, 000 ¥ 100 3 10 750
—27 150 * 75 3 5 500
—32 80 * 10 5 20 750
—38 * % * * 3 450
i * * 25 3 3 250
B AR 80 * 10 3 10 800
HgkH —6 >5, 000 * 50 * * 1, 200
i 200 * 15 * { 750
— 8 100 * 10 * 7 750
—19 * % * % * *
—20 2,500 50 * * * 10
—=23 * * * * * *
—24 * * % % * * |
—29 * * * * % % |
—32 5, 000 * 100 * * 10
—35 500 * 100 * 10 50
—36 300 * 10 * * *
—38 * * 10 * * 50
Fos# —12 % 800 25 * * *
enkekh —19 5, 000 * 10 * 10 100
‘ |
¥ ERBAMLT — AL
Wi B Rgh Ashio mine, Tochigi prefecture
No. Locality Occurrence
LB 20 WET 2 A6 R Aspy-Cp-W-Q vein (25cm)
2. F 20 UEF 1 Cp-Sn-W-Q vein (30 cm)
3. £ 20 il T2 Cp-Sn-W-Q vein (25 cm)
4. £ 19 B RB T A bl Aspy-Cp-W-Q vein (15cm)
5. £ 16 & 05 - K] R Cp-Sn-Q vein (massive part)
6. £ 10 A 7 W s W34 N 37 A Cp-Zb-Sericite vein (6 cm)
e 2" L TR E33t: Cp-Q in druse
8. k 11 Al = Cp ore
9. F 9 2k 2 9540 E94FE N 7 A Cp-Sn-Q vein (10 cm)
10. = 8 TR 4 i E99E Cp-Sn-W-Q vein (15 cm)
s I ¥ R 11E ST E127F Cp-Sn-W-Q vein (15cm)
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minerals from Ashio mine (H4% : ppm =HL Fe D& %
. Fe
Sn Cd Ni Co Tl : Ag Mn 0
2, 500 4, 000 * 3 * 100 100 5.0
2, 000 2, 000 * 25 * 100 200 6.0
2,500 5, 000 * 7 * 150 100 4.5
5, 000 4, 000 2 3 * 50 80 10.0
5, 000 4, 000 * 10 * 80 40 15,31
1,500 * % * * 25 10 MAIN
2, 500 * * * * 20 20 —
1, 000 * 5 100 * 20 20 —
4, 000 * * * ) 5 * —
1,500 * * * * 20 40 e
1, 000 10 ® 3 2 80 80 —
1,500 * * * * 40 25 ==
750 * * * * 30 25 —
600 * # 3 * 15 20 =
1, 000 * % * * 10 50 —
600 30 * * * 100 400 ==
2, 000 30 * * * 100 800 —
600 * * * * 25 40 ==
700 * * * 3 40 80 =
1, 000 * * * 2 25 25 e
750 * * 20 2 25 40 =
500 ¥ * 3 # 20 20 -
2,500 10 B 50 2 25 50 .
1,000 *® * * * 80 40 =
1, 000 * # * 25 20 20 —
>5, 000 100 * 5 5 50 160 =
1, 000 10 * ® 2 40 50 —
1, 000 * 2 100 * 25 200 —
1, 000 * * 4 * 10 40 —
1, 000 * 5 3 * 40 80 —
800 * * * * 25 50 =
800 * * 3 * 25 80 =
1, 000 25 * 3 2 25 200 =
2,000 * * 3 * 40 25 MAIN
2, 000 % * 3 * 5 25 =
2,500 * * 3 * 5 25 ==
50 * * * 10 * 20 —
>5, 000 * * * 25 10 40 =
75 * * * 30 2 50 ==
50 * ® 5 5 * 80 =
25 % ® * 5 2 100 =
1, 000 * * 5 * 5 50 —
1, 500 50 * 7 10 10 4, 000 =
25 * * 3 7 5 500 —
200 * * 5 k 7 2 160 —
1, 000 35 * ® * 1, 000 * *
400 * * 30 * 10 160 MAIN
12, + 6 SRIRET W22k Cp-Zb-Gal-Calcite vein
13. £ 6 il = Cp-Zb-Gal-Calcite vein
4 F 6 A4 100 X_E 4 fEW109: Cp-Py-Q in druse
15. k 5+t Ai%%s 100 L4 W8H: Cp-Q) vein
6. = 5 A% 100 R _E A% P WO Cp-Py-Q in druse
7. £ 2 AT HESE N ST A Aspy-Cp-Q vein (50 cm)
18, E 1+ A HIWAFH: Cp-Py ore (massive part)
19, = A A4S T W25+ Cp-Py ore (massive part)
20. & 15 =R 90 RiE Cp-Zb-Py-Q vein (50 cm)
21, k 15 rH A = Cp-Q vein (10 cm)
22. E 15 [ 2% 130 R &8 'Cp-Q). vein
23. B 8 41 4578 200 R4l Zb-py- (Cp, Gal) vein (3cm)
24, T 8 T AT W205: Aspy-Cp-Zb vein
25. F 8 WLl WIsH Cp-Q vein, (Aspy) (15cm)
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26. T 8 9 BHE WITH Cp-Q vein (15 cm)

27. F 8 4 Cp-Q vein (5~8cm)

28. i 0 SRR AR SRW249F Cp-Py-Zb vein (7cm)

29. jEHL 0 SRR T AT W247% Cp-Py-Zb (Aspy) vein (30 cm)
30. i 0 H L W26 Zb-Cp-Py vein (15 cm)

31, JmHL 0 b BA % 350 N 4 Cp-Calcite vein (15 cm)

32. - 8 6 975l E263HIR Cp vein (10 cm)

33. F 8 658 TR Zb ore (massive part)

4. + 8 /4 8 & Zb-Py-Sericite vein

3. k 7+ 4 5 [ Zh-Cp-Py ore (massive part)
6. k7 ¥ 25 NiLA 60 R$IE 153 Cp-Py-Sericite vein (25 cm)
37. k 6 iAol Zb ore (massive part)

38. i o Zb-Po ore (massive part)

FHOGEITE S, PSS OIBIIETE, As FEME< L oTVS, UL, In X0 Sn SR,
As [FEMR TR VY, CRLBOHEMBED S5, Bl G&iE, In, Sn GRIFEFE IR,

(3) HEE—EEORIRGT &, BERSGREE OB, HERRIHE BRI S, il
Herid In B 30R Sn, 2 EIC As SEE S, PERFTIE Sn BX O As SGEEME, RO O]
HETIL 10~100 ppm o Bl 2l ST 5. B OTEL €1, chSonRE—RICEERTH S

RO HEIYT T &RL2 R In X0 Sn FREOBREA S 21 KRl 7z,

T X 5By, xenothermal FUFHIT & 5 LRI O BLAM OB S OBERTRD X 5 it E
D BNS,

PAENIETYE, As, Bi, In, Sn, Fe 4R»E <, $72 Ga G4l xenothermal BH R~ TH
Voo TEERSLIS X OVEEEL D, As, Bi, In, Sn THEER-SU BT, & 4T In, Sn FREE, SMLIEROWEHD
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Sampling map of No. 3 and No. 4 adits of Kuzurezawa
ore body, Kano deposit
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Boiling points under I atm. for halides

CT——— Boilir(l;gc)point Compound Boililzugc)point
HF 19.4 GaCl, 217
HCl —85.0 InCl,* appro600
SeF, 100 TIF 300
SeF, —39 TIC1 80.6
SeCl, 288 CdCl, 670
TeF, —35.5 HgF, 650
TeCl, 324 HgCl 383.7
TeCl, 414 HgCl, 304
AsF, 63.7 CuCl 1, 366
AsF, —53 CuCl, 993
AsCl, 122 AgNO;#** 444
AsCl, 221 MnCl, 1,190
SbF, 149.5 CoCl, 1,049
SbCl, 220.2 ZnCl, 732
SbCl, 92 NiCl, 973
BiCl, 447 MoF, 35
SiF, —65 MoCl, 268
SiCl, 57.57 WF, 19.5
GeCl, 86.5 wCl, 275.6
SnF, 705 AICI, 182.7
SnCl, 623 MgCl, 1,412
SnCl, 114.1 CaCl, 1, 600
PbF, 1,290 NaCi 1,413
PbCl, 950 KCl1 1,416

* Glasstone ® data K13
* AgCl © data #7gDC AgNOs i
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GEOCHEMICAL STUDY ON MINOR
ELEMENTS IN SULFIDE MINERALS

Sulfide Minerals from Inner Northeast Japan Province

By
Kiyoshi Takahashi

Abstract

Many studies have been made on the distribution of minor elements in sulfide minerals
in ore deposits, from the economic standpoint of rare elements, on the geochemical stand-
point or to clarify the relationship between them and ore deposits.

Metallic ore deposits occurring in the so-called “green tuff” region in Japan are of epi-
thermal type and formed in close association with the volcanic activities of Miocene age.
They occur densely in the region, and there is a wide variety of metals such as gold, silver,
copper, lead and zinc.

Most of these deposits occur in the Inner Northeast Japan, and the number of deposits
in this province reaches as much as a few hundreds. The ore deposits can roughly be clas-
sified into massive type and vein type of deposits. The former can be subdivided into
“Kuroko” deposits, which are characteristic deposits of this province and “Kuroko” type
stock-work deposits, and the latter into copper-chlorite-quartz vein, copper-lead-zinc vein,
lead-zinc vein and gold-silver vein. Xenothermal deposits of Buddington’s classification,
which are considered to be formed under conditions of shallow depth and high temperature,
are also found at several places, such as Ashio and Oizumi mines.

Quantitative spectrochemical analyses were carried out in this study of common ore
minerals such as sphalerite, chalcopyrite, pyrite and galena which were collected from many
mines in the Inner Northeast Japan Province and these minerals were purified with the
purpose of investigating geochemical behaviors of minor elements in those minerals and
their relation with ore deposits.

Various arguments have been raised to recognize the fact that the contents of minor
elements in these sulfide minerals from metallic ore deposits were controlled by the condi-
tions of formation of deposits, and it is to this point that the main attention has been paid
in this study.

366 sphalerites, 579 chalcopyrites, 432 pyrites and 146 galenas which were separated and
purified from ores of large numbers of ore deposits in this province were analysed. Several
statistic treatments were made to show the characteristics of minor elements’ distributions in
each sulfide mineral and the behaviors of minor elements in ore deposits of different types.

As a result of these statistics, it is found that minor elements’ distributions of sulfide
minerals from the ore deposits in this metallogenetic province are characterized by extremely
low contents of Ni, Co, high content of Bi, and Mo is found in several sulfide minerals. It
is also clarified that minor elements in sulfide minerals show different distributions in massive
and vein type deposits.

Generally speaking, in xenothermal veins such as Ashio and Oizumi mines, Bi, In, Sn,

and Co show high contents, and in epithermal veins the contents of these elements decrease,



while in massive deposits they show extremely low contents. However, in the contrary, in
massive type deposits, especially in Kuroko deposits, As, Sh, Ge, Ga, Tl, Ag, and Mo, which
are rarely detected in vein deposits, show high concentration. This fact is considered to
suggest a peculiarity of condition of the massive type deposits.

Minor elements’ distributions in sulfide minerals in each individual deposit are investi-
gated in the same way. The mines investigated for this purpose are Ashio, a xenothermal
vein deposit, several epithermal vein deposits in Shinjo-Tamatsukuri metallogenetic sub-prov-
ince, Kano deposit of Yonaihata mine as example of Kuroko deposits, and Kurcko type
stock-work deposits in the Tsuchihata mine area of Waga sub-province.

Considering these results as well as geological environments of ore deposits, it is concluded
by fractional distribution of elements which is associated with fractional precipitation of
sulfide minerals. As to the origin of minor elements’ distributions in massive type deposits,
the following explanation is put forward.

There are two rival views for the genesis of Kuroko deposits ; one considers hydrother-
mal replacement, the other stands on syngenetic formation by submarine exhalation which
took place simultaneously as the deposition of strata.

However, both agree in the points that the deposits are formed at a shallow depth (or
submarine), and that there is a close relation between the formation of Kuroko deposits and
sediments which belong to Onnagawa and Nishikurosawa stages of Miocene age.

It is also noticed that minor elements concentrated in Kuroko deposits have close simi-
larity in their chemical properties ; namely, all of them have several valencies and different
jonic radius from minor elements consisting of sulfide minerals in Kurcko deposits and in
addition, boiling points ol halides, especially of chlorides, of these elements are very low.

From these results and considerations, the writer considers the origin of characteristic
minor elements’ distributions in Kuroko depc:its as follows. Because of lowering pressure,
boiling takes place in ore solution when it arrives near the earth’s surface, with the result
of separating into liquidus and gaseous phaces, Elements such as Cu, Pb, Zn, and Fe which
form halides of high boiling points will concentrate in liquidus phase, while elements such
as As, Sb, Ge, Ga, Tl, and Mo which form halides of low boiling points will concentrate
together with H,0, CO,, H,S, SO, etc. in gaseous phase. Because of rapid cooling and the
existence of impermeable water-saturated sediments, both gaseous and liquidus phases will
precipitate simultaneously. This phenomenon results in the formation of Kurcko ores. As
a result, elements of both types concentrate in Kuroko ores.

This mechanism will also give satisfactorily explanation for the characteristics of distri-
butions of minor elements in Kuroko type stock-work deposits, which are considered to be
an intermediate type between Kuroko and vein types of deposits. In fact, minor elements’
distributions in the Kuroko type stock-work deposits show intermediate characteristics between
the latter two types.

These conclusions clearly show that the minor elements’ distributions in sulfide minerals

have close connections with the conditions of ore formation.
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