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Locality

AL -E4
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AEL WS
WED
B L -WiL
AT L -W17
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Kk L-W29
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45 L-W19
Vd
2 L-W26
k2 L-W37
2 L-w29
4 L-W19
P
4 L-W20

4 L-W19
e

Locality As Sh Bi Ge Ga In Sn ((ﬂl/d) Mo W Ni Co
T2 L-0g 25 100 250 80 0.35 5
T2L-E1 50 250 40 80 200 250 0.50 = —_ =
F2L-E4 15 50 500 400 0.40 - = 10

” 40 80 400 400 0.45 — =
T2L-E6 40 50 200 400 0.30 — — —
WIL :VYE 100 500 400 0.35 — == o=
3 L?\lﬁil = 10 200 500 0.456 — — = =
T3 L-E4 ' 5 260 100 0.40 — — —_ -
F3L-E2 = = 40 20 5 800 500 0.8 — == — 10
wma3mwyN | - — — 5 20 — — 040 — — — 5
T3L-E¥ = = — i — 250 100 0.36 — — — 5

Y — e 25 —_ — 250 200 0.40 — — — -
L5 LEisx - —_ = 10 8 50 060 — — — —

PSR

Analyst : K. Takahashi
BT LI O BN & BRI (E AR RSE )

Occurrence

(Cp-Py-Zb-Q) Afkh o> Zb, Cp k', JRIEO0.3 m
(Cp-Py-2b-Q) Alkh o> Zb

(Cp-Py-Zb-Q) R e> Zb

(Cp-Py-Zb-Ga-Q) &l o Zb

(Cp-Py-2b-Ga-Q) Flfhd Zb ARixW 8 & 0% 454k
(Cp-Py-Zb-Ga-Q) AR o> Zb Druse %% L.

(Cp-Py-Zb-Q) Al Zb JREH{k Druse ¥4 L
(Cp-Py-(Zb)-Q) Ao Zb JREMIEL <P Zb 3w
(Cp-Py-Zb-Ga-Q) AJRIEKHH @ brecciated ore @ Zb (early stage ?)
(Cp-Py-Zb-Ga-Q) &l Zb

(Cp-Py-Zb-Ga-Q) #HlIRh > Zb R LIBIRIR & 75 %
(Zb-Ga-Py-Q) #fR > Zb  MEIRNR, AR & B W B & b
AR Druse Hied Zb xst

(Zb-Ga-Cp-Py-Q) AR THEEEMIRD Zb, Cp @iz
(Zb-Ga-Cp-Py-Q) APRTHGHD Zb, Zb 13 Ga xst % Flf
(Zb-Cp-Py-Q) HUNRTT o> Zb



Locality

4 L-W19
J:4 L-WI9

tﬁ%ﬁiﬁﬁﬂih |

RS L—W2

I a1
-3 L-WI9
g
k2 L-Wil
i
-2L-W8
7~
”
FLlL-Wé
F2L-W9
173
T2 L-WiL
F2L-W4
F2L-W3
F2L-W1
F2L-08
F2L-E1
F2L-E4
”
F2L-E6
F3L-W5
BIsf
F3L-Wi
F3L-E4
F3L-E2
55 3 HEEALTN
F3L-E#H

7

25 L5

Occurrence

(Zb-Ga-Q) A I-Hgio Zb

(Zb-Ga-Q) AfR L Mefho> Zb Ay

(Zb-Ga-Cp-Q) AJRe> Zb

(Cp-Zb-Ga-Py-Q) Alfhe> Zb

(Zb-Ga-Cp-Py-Q) Al o> Zb, Ga (231 < &er
(Zb-Ga-Cp-Py-Q) JIi®> Massive Zb-Ga-Cp-Py ore 1¢d Zb
(Zb-Ga-Cp-Py-Q) Jji»> druse #io> Zb

(Zb-Ga-Cp-Py-Q) Jik®> Massive Zb
Ak (Zb-Ga-Cp-Py-Q) gl o> Zb

(Zb-Ga-Cp-Py-Q) AKlk7> Zb K

(Zb-Ga-Cp-Py-Q) AR > brecciated ore ¢ Zb (early stage ?)
(Zb-Ga-Cp-Py-Q) Aflkr > Zb. Ga (o L Cgieisy (Galena % jRA)
(Zb-Ga-Cp-Q) Afke> Massive Zb

(Py-Q) koK druse 1> Zb xst Cp cared+win, Py xst » L4
(Zb-Cp-Py-(Ga)-Q) Afk®> Zb xst

(Zb-Py-Rhod-Q) Afjifo> Zb

(Zb-Py-Rhod-Q) Afjp Zb

(Zb-Py-Rhod-Q) KJf F#5D Zb

AlROF druse > Zb xst
AW (Zb-Pr-Cp-Q) eyhodgif ey Zb Rhodocrosite phdr7n\»
Ak (Zb-Py-Cp-Q) @k druse o Zb xst

(Zb-Ga-Py-Cp-Q) AR » kb L7z Zb
Ak (Zb-Py-Cp-Rhod-Q) o>dh oo Zb

(Zb-Py-Rhod-Q) Al Zb

WRES1E (Py-Q) R Zb idadriv

AR (Zb-(Ga)-Py-Rhod-Q) > Zb

”

> IRE5{k (Cp-Py-Zb-Q) HRi o> Zb
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SO &SI MR OGRS I O, BRSO BRSO T & A S 5 & B bR

— AR PHESRAE BRSNS D Cid, MBI A R IR, Ko X S muliiE z 6ivs, i
bHb

D M#ELoLRy ©H 5 Zot LTk L U A4 L BRoBBIc X b Zo LB L © MmN
BNIZE D, Fert, Mo* B Cd R ¥goofichn s,

2 PUMHSRILORG M (tetrahedral structure) LRUIL 7o BHERS S L BT, S KHLTRIR
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W3 k4 M o4 F # (A
Tetrahedral covalent radii (A)
Mn Cu Zn Ga Ge As S
1. 40 1. 35 131 1,26 1.22 1.18 1.04
Ag Cd In Sn Sh Se
155 1. 18 1. 44 1.40 1. 36 1. 14
Au Hg T1 Ph Bi Te

1. 50 1.48 1. 47 1. 46 1. 46 1.32
L. Pauling (1940)

CSOEIWLT Zn LR 9 208 E LT Cu, Sn, In, Ge, Ca 4 ¥z BIE,

3) L PUIEEREL L B L e & G O BHLBID S\ RIS, S ORI 0 & e [
&Y, COLERE X0k, S ICHER E LTt s o Losd b, S0 - 08
E O BERRARE PIEER L S fE T 2 O 2 ol Ch 5,

HIE AP HEALE o BURSRIKIC OV T, Fe #5508 Mn 058 By it & 5 7L 5 TV A2 b o6
F & L TEDWOPRBE D TR L T A%, SdL 5 nkE o W bR b m i BEA AL T 5 o
EMBLHTHD,

bt Zn (L3LIA) X9 /h&vbes 4> Ga (1.26A), Ge (1.22A) i, MWIEs T Uik
G SRIRGEK O IIHESRBE T I B L Zn X 0K S Ptk $0 In (L444), Sn (LA0A) 7 23
R SENRGLER O PATR SR AL I B T B B,

TS T BRI RGLER T, ST & LTI R - TERREAE - TN - RIS ANTER X h,
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RTOF2—r30 A MW OERREESRAT SR Te B8R E V5. BIIRSEEOMER S = Do
SR TIEMEAYC In, Sn SEPE L B, Co @b,

ORI E A S BRI & 2 s G RIRNREAR & L, & O8I O R — i SR R o SR R Ay
2L < Ga OBBIFIITH D, WHZAHED Ge b5\t In, Sn, Co, Bi #EH+ 52 b1 5,

IV. 2 BYHgREE D MBSy o 55 A

As

20T Binde X 5 i MR o DUHEREET > As D2AIE, BOLHEER & B Tt BRI 3
v SYEREERTC 4T AR s X ULALERI D D BRI T As B8 250 ppm PLRCH BAMAEERTH B,
Stoiber™ 3K TH B Mississippi Valley Mg, B O AL SERES X 8 Central Ken-
tucky barite SERBEOPITIRGIZ, B« BRAKOZRIY As EENEL, CHOOETEROH L L
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WERRIX OPIERILT Ga Ol XUk, Ge LEEMIOBEIE L, Ge (2fg~T Ga oMY
[y =A
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—fic, PAIRSNHES Tn Gtk Ge, Ga ik CHHCHUR - LFIRERGHIER Ty = & 25800 B R Co
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oV T, AERALR O 34 BURH 83 FUEFT Sn 10 ppm DIFTH Y, Hinw LR D Loz Sn Fht
BEVZ EEBED TS,
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Wtk 2 UCHBEOEERHEL TR Y, MHURKOKARII LT L ZhERD T 59,
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Stoiber?® [I{EEEREECIE Cd ST < DG 0. 1~ 1957C, W/ v LSl ABEREIERE < v &3



12

AT DD, RORERIC £ D L IKEAERBETIX 0.6 90, 1oy Cd S REFF- LEHTh 5 4, dirv
L sk © ::c Cd ﬁE&ML BERAEVEVHIRTWS,

SOk 5 Cd B & RERIE O AR RO BIRIEI 670 TS, S oSl N Tt OB Bt
BAth . J@Aﬂeleoiﬂ gEE0—HTHs 5,

Co
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Oftedal'? §5 L U° Gabrielson® (3R AR OAlAs /R GLER o PRSI IL2ovTiE, Co ERifhn{kiEg

so0l LT
250} [ 1{1 ,’}
/100 g/ /:‘S\( .

N A 1

T
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A . ] / L2 R TV Y2 V) 4
T HEEREE Normal Kuroko deposit
IL 77 7 — =i BEE#EK Abnormal Kuroks deposit
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Profile of Ge-Ga relationship for sphalerites from Inner Northeast Japan metallogenetic province
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Profile of Ga-In relationship for sphalerites from Inner Northeast Japan metallogenetic provinee

(Legend : see Fig. 3)
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BROBIR & 0 o L &30, Kullerod § PHMEREOLRIE G Co FhLE M7t BB T 52 £ &R
Lz,
SAVHERRSHC 20T,k CIC Ge, Ga, In, Sn OMEOMRE & D, UHIDKKOSIEORR & O
REBEIZITR T W8~ MO X Hici b,
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250 N — v
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P e v l |
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Profile of Sn-In relationship for sphalerites from Inner Northeast Japan metallogenetic province
(Legend : see Fig. 3)
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2) BRI & O RO BRSNS SV T O 2 X DB ER ORI 0ZE R LR D%
T & OPERE FZEL /7,

3)  ENRO L, FER [OHERL o i

1) RO S X 5 PIHERAL WAL S s

5)  AMER (BUR) ©d % s & 2k & o b

6)  AGLERORM L 7n T H2H O B O R I DV T D B4

SR B OFTHEREEO MR b 2 OB S O%E) L OBBEE LM T A Z EIT XD, HROENOIE
fheEE L,

Iv. 3. 1 PMEREEOMEBRS DN

BAS oAz As, Sb, Ni, Mo X UWiké< i, Bi, Ge, Ga, In, 8Sn, Co I
Cd 733 L7z, Fe, Mn 37 DISZECH B, FOERSHIEFTE2>Twivy, Bi, Ge, Ga, In,
Sn, Co H L Cd OARBHONMGH (2R TH LIS L 5 I E0HifRIL I VIR, Pl
FEOMRE Y, k4 PHEWI—200 ST (Anal. No. 17, 18, 19), #iaAEpO L@ (Anal. No. 9,
27y, BRE#Z BRSO Lo (Anal. No, 12), HREEZE L < HALL Iilkp o 40 (Anal. No. 8,
11, 14, 16), LU OPHERE, (Anal. No. 23, 30, 35) &RVCRARS OBIRERILD iz T
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ZAE, EOSHEHAXRES D,

Bi @Rkt 852473 26 ppm LAET, No. 9 #BE 42 TIRPO LD Th S, Bi o0, &4
AT H 508 HTE e Bl ARIF . AYECIHIZ LALLM Bi 87, T3MERIUES
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Ge ZANRE B Tk BRI TS T O ABER OISR B L. SR CIITF 2 o 01 Ge 1o
Fry AMOYHETI, Ge HE LA T Ehi e,
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Ge-Ga relationship for sphalerites from Oppu mine
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so0k
250 = A
a
x
Ga, e s 23 e’ .
pom. 50F © o 3 -
25 % »
20k ° § xe . oe ¥
st ..
o e v s »
L e o gty .
/0 S A0 PR0 500 AN
L2y pirs
v LIk
f Hid o (B AR .
S Lot vers I
o HEE |
ben
5 &5
g T
X

|YR RAEGHNESAE RO Ga B0 In SROME
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1) R oo B gRgs

T@uﬁmklou,mkﬂm0im¢ CWRFS TR A, PONSREE IR AR E LT A A
RS, PIRERELo% -~ v vl B S OBl T 5. 7&:»@@3%—19073?%%@1&% h B h0, B
TOF 2 HBEW—9 O WRP O L 03 F 0 cH 0, PERIEE 9 KICFT X 5 oAy BW—1904
W RO BRI BRIz D, KRB T0em BUES B R E X EAKES CHEELTRS, 20X H

\ \ Awidl Mo 1D
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 me 0
S i el f‘ ] "\"
trgwcialed ore (26 -Ga-Q ) learly stige ™)

Anal Mo 2

$O® AML-WI9 B (Anal. No. 9, 10) =4 woF
Sketch map for “brecciated ore” in main vein (Op®, W-19)

EEIRE D, $E AR IRO BALAIE X 0 g o SAnEHIS & 0 AR E N BN, & o RIS IR
BRI AL T B0 TRy E Bbh s,

MRS OBERIREER D Ge-Ga OMiR; In-Ga O, In-Sn ORRA L2 b B0 AETRO 4 o
(Anal. No. 9, 27) J3Z:RE O b ORIz WAE 7B EA L TV 5,

9 b2 B EE W19 O SER N O PSR © O T, #ERS RS e, Thebb
4 Ge THDHMH, Ga T ET In BXUS L8y, Lo ANF2HHEW—9 (Anal. No. 27) T, &
Ge G h Lad Ga Eitdidd In ity LaL Sn Fluddkmiciie. In-Ga-Ge »=44EICIE,
HargrkofiE kb, EIROBESEEOMEE KD 20 L GFRThH S, 0 X 9 I8 AR o
Mg, Anal. No. 9 CHBUERE SR LD 200 o CHIEAHEN L v, Anall No. 27 TR EWEALR
R IRL T,

FRIR U 785 AR B AV D e o 7o dis, FEEE BT 5 2 B3 L, PO I{ER X D/ER L
T BTN E OAEREIRE, A HPOCIEERCEE O b o th s L v STIREENER Bhb,

2) YR (s o ERSE

MR SENRT & 5 A% b 2 AR DL LRIz A bivg, S sl SRR kL g,
LI PORRSREE — RN S AR & L, BB R AT, BIREEL oA TR EL w5,

AR o BEER s (Anal. No. 17, 18, 19) &, 2REHE~ST Ge ZEAE L, E/ Ga SREZELL
B, In BEW Sn FIRESD SHVR BIREE G & L S REAICH D, §EA A3 o Nman
(Anal. No. 27) ¥ X PliciiibRoro2sghidrnd, TH#io Anal. No. 154%, In, Sn XEEHET, Ge

EEET Ga O CINRECR SO T, I ORISR Ch 5. Anal. No. 27 [lfkiz, LA
SUAEIROFAGIEN & B ol R SR TH B cdic, 20X SIc BERgFEEIC T VBT % 5T
PUHREREE & PET 5 0% L v, TS0 G b ER o lic o Tk, SRTIENEL Tyt v adic i
BT L SHOBIETh 5,

LA & TS & OBOEMERICE, IkOAIE, PIBER—AYE, Wﬂt{tf‘ﬁl‘f R — R R Ao
AR FHE L TR D, ZOMNRT ORIIEHRME (Anal. No. 14, 16) WRHAOICHUERS SR R <, |
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3) Ehic XA

FNRIENRD. tﬂﬂib)%V VEPEHEHLE ARSI £ D, FEBIER 2 fh DR ER, B S ik R L,
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TALSE IR OHIIRE 75 LT hic b S0 38 e, ARPE W—29 (Anal. No.8), L 25 W
—26 (Anal. No. 11), k44 W19—20 o R8s & TSl fes -4 (Anal. No. 14, 16) Bk
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In, Sn &, Zok® _,ﬁ$fﬁM%@L<wa,m@%mﬁTM%%m&$W%é%ﬁwm,&&m

IR BIHEERMIR IR T R REBIC b o R X D R 2T,

HUL A ARNTELEIX D 4 < o0 OBRRREEAR 0 P i 74 t,éﬂﬁWK%Dﬁ%B,%k%MWW%%m
B & RIS N BRI Z L W L OoRH B85, S b KR E BELER T S8R h OBty O 75 B
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RO, H—REA AR L O i b SER—RIRO A IO GANE & A 86, #RaE ot
HERL - HER A L L, PSR O B/ DIV ES ¢, MR ICESZ LV XD Th S, BRI
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4 iR o PITE SR

AR RFAR % <, BAHERO D0l 72T 20, ST O RRES L O B R 7 <,
L 25#W—8 (Anal. No. 23), T 2H5HEW -3 (Anal No. 30) 8 LOVF25HEE 4 (Anal. No. 35)
ZIREDSTY SO T, RO MR & Ol ANc B TE ol

SIHTESEN B S K 94T, Anall No. 23 3300 Anal. No. 35 X, RO EEE A K
280 T, Anal. No. 30 TEBAUEINTE LA B EL v, HFHORE, B0® &R T bR
FEACEPIMEREL A 1 & U, ISR SRR Z Um0 B8, Anal. No. 30 OB f 358k
T, WSRO DI G OBATHENT, TR I BEENHbh L Lo LEx BIS, R OTIL
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AifEE s O RS, IRZSHIIR & 75 o723 A9 T UMD & o 0—TRE B o mnt, 2k b
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AHLHE Bi B X0 Co oM s, Cd b Ao SIRMIR D #41 2 e T80 S 15 Bl BB o 2%
A2 E D LHbA TV 5,

5) R B, TRz IS B DAL O MRSy D2 E)

FARSEIICI, B BRI RE R L LT Y, ORI A DICEATY S, $ok L BRE
bﬁw%@ﬁim@rﬁb,&ufizﬁﬂkivT%&aofw@aL%immwmwwn%&b %n
1B EBREEA Tuyigle, B FERE R L C AR O SRR RIS IR L T D, IR, Fiic
i B RS DS B A it B A T h B

FHIEORENZ DT Ge, Ga OHITH 10 [ THRERD, FEIR & MEIRD OBR O CHY B
Tk ke, SRS X O R oL ok Ge, Ga Sy, ERCIT 2 B EOMSIILE & A
E&ERE Ge T, Ga FRLP <, EF 3YEOEE G AT s BB it m LT 5

BT, RO Lo BT, 2Rh TR, Ge, Ga 3% L<ﬁa%f?ﬁafﬂMT@&u%HM
i In, Sn BEU Bi OSAEFLT 052, FEIROBRS L OO W—20 {BEE¢E, vwi'hd In,
Sn EEERT, WHOW—20 EOROSE L Bz, In, Sn &SR L EDTL 5, Bi dARipEOR
Hids LU W—20 5 £ CoMEMMTHEEMIEEEN 555, MosiECRzoBLRITNRe s R
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LOBE LU BT < Bl #8mbi, Cd BAaHERH L T, 0.20~0. 8550 AN /L
THY, TARPObORP « BERERENEL, & DI 2E e Liciv,

F2HiHER L OVF 3YET, fObHECENRT Ge BEY Ga FHAR SV &I, T R b 2Bl
i, FAREERRRER DO AR T L L. B TA LG FEIo X 5 B o Rz XD
AL T A SR SR L, ST L e S, S OmEA LB R Ty H I R kSO
Hhahine,

IABERELDDLRDERVTHED,

(1) JEKHRI o AN OE Ay i AR O PIIEEREE T 12 B3 - THABL T Ge B Ga &
B, Inds XX Sn BEECEE <, 72 B, Co 2AFAHMANCHILE A 23k B AVIEM KR OBk
FRIRARER O Y BN IT v 5 JIHERE TH 5 & L R TR D /2,

(2) FIRPEERT 286 AED LODERE Z 2 63T Vv 5 IO MHERILEE Ge TLMD Ga
GRAE <, In FHERO & O BIE L TIRCEBSR O SIS W B IS TH B & 5 T, AGROY]
HOGAVFERIC X2 TAER S NI, i brd S ¢RI 5 AR R B CE K Th
BURRIER D D

(3) EMROEGIIRTHE, HESEh OMEESFE L KSR, Z4hid Ge, Ga, In, Sn oL 5 A
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WSS, S L D L L 2o fic B L 22 2 LS E B r Tuv D,
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FOWPERSTE LTS
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Frequency distribution for chalcopyrites and sphalerites from Oppu mine
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Fleischer® 237 L7z %< OBFRHIC X 5 HHBEOBRRS ORIGER, B X UHGE B ARPIHRE O
FROGEAE O F7HE 126 0 SPHTRESE &, JARBENPER2 AN 0D TG ORI oA & BRI A9 & LT L
e (5513 ).

As, Te, Cd i RRILIRLE 2SN THREE 31X 3 0 Bk L 7.

FEME T DR S DN 2 TR S DRFRES S B3, TR L RO K.Y lonic erystal
DEE AR L, Ei metallic crystal ORI LEF w5 semi-metallic fCH LT LT & D
FEEEED T,

i & OBERRSITEFRIC OV TS 2 L RD & D Th 5,

Se, Te

Hg (PbS) 0 S #{EHL ¢ PbSe (clausthalite) L [ifk# < , PbS Hiiz PbSe £%0.04 ~ 93.7
STESRCIEGD 557 L&, Coleman® 7o F I XHHIFEIC L Do LT3, — i FRiko S
LHE Se ThHLEVHRTOSNR, Se ONRANEEHELER T 72 v O T, A TR LR
P LN TE RS, El PhS i PbTe (altaite) & §RHEGRE>L{ B LB oh T %58, KA
PNEEEIRLX G 2 JK O LA 200~500 ppm @ Te &AL ICcT Ev,

As, Sb

As, Sb % Se, Te DA LIk, PbS ©S &ML THEMIICIEVY 5 52 L6 R T,
Lol As i2li<T Sb i F8ho Jidisy © » 9, Goldschmidt® i3 PbS & SnSb & 28 % &
Fr LT Y, COE Sk S LoERL R s, Sh PAESEIIC T IO BIESY E L TiE
W T L B L 7o Ty %, Schroll®, Tischendorf*® i R#ijio> Sh &g % OApiElE & BN
HY, BREEOIE NE Lbic Sb FRLICET S C L EikaTvs,

Bi

Bi % % b0 EEMERS A4 L T %, As, Sb Mlpasay, Bi X PbS #idkTo Ph 2B
L TB & vibiLd, HEEEO 5020 iz Bl #BHLS 508 B3R, LeLLT1%L L0 B
BEbOHREbHCESh TS,

% Bi GRONVEMCH—IC Ag GRLH L ME Bl BT AgBiS, (matildite) Ok 5% Ag-
Sulphobismuthite OFFFE& KR L Tv5, Schroll??, Tischendorf & Bi L8 Bi {L&EHR s
CHERTRETH Lo L, LU Sh, Ag BT SHEN CIRIEOERRE AR IS 8 Bl F4
T B LT B, L LFMEO IR E Bidl Lo, Shb, Ag & BBfRic Bl 23w-0 552
L% Goldschmidt® {EivTv5,

Tl

Tl 3% ¢ metallic radii, tetrahedral covalent radii 75 Pb 3118 Bi FHIL T3 kdic, HE Bl
G N B & o

Ag

FEEAR IR L M B RS BEAS TH Y, Ag 23BN S HBIC >V Tk Goldschmidt®
BREAZEL TS, ThbbFEEED %0 Semi-metallic GO /2dic, Ag wiifiid Pb & Ag o
tetrahedral covalent radii Ol L VFIHL T,

FARGER G 0.0n~0.1 95 Ag Th DA, Ag Shik, EEAEO LSRR L S Bl #
TEY, SRR RO Ag OUERMEORTE L LT 22 L L VBHER TV 5,

Sn

Oftedal'® %, Norway JEO5IGIE X OPIEEEETO Sn HRERIML, AT Sn @HEIERIC kY
53R CV %, Hochne® i Saxony ¥ 118 Czechoslovakia OEGKIEHHAOHERH @ Sn Fitc o
THHL TS,

BRGSO ILNEDHERGED Sn ORI -O VT ORI ELT A, HEER o Sn SRS =RIERS
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SEPRPCPE (xenothermal RIGIHE) DL 0T, Sn OHAL 1, SHIKOBRESHRE AR T & % Lk
T,

VI 2 SERKSM o ek o MEksy

ARGEIRIX OB 4 OPLLRPE O SFEGEOBEGR S5 OHC DV CENNCIRE T 623 (F54F - FHiE1959) 83), g
ROBGC L 55 &, MBS L OBRE—ckO LB Th 5,

1) BgRaER

Sb fEE—Hc @t Ag BEIIKS B AR 5. BEBR ORI Sn G &
hch s,

2) PRl IRRLA

F—BERA THEIR DM T L D, 38135 528, —fic Sb, Ag SR <, Bl 00N AHAICH 5,
Sn FROBUIHHE i Lige.

3)  FERATIR SRR
Sh, Ag TRIIIEL, 728 Bl OO & HC SBEHITCH S, Sn o BEE S,

— R HIE AR PIHFRLER X O SR CRR O B & 5, REEICIS 525 Bi o BIHSES TS <,
ARGERL OD— DD L BT %,

VL 3 BRSO Lo ALy

BRI OJFEEE 22 e 2V 0, PUHESRSE T A2 >dc & ke, BEIRIC X SRS o%mmE R, +
Tl BRNRA 3 X OB ABeh O J7 BSEO i, WREAOREBIC & %356 B8 & HUIL H AAHISEIR BE o 5 B &
FlERIZ, Ag-Sh, Ag-(Sb+Bi), L1 Ag-Bi ORE I 14~16 MIiz5k L, fix OREE i Thi,

1) Ag-Sb D%

WIAKTH NS L D ICENRPOLEGETIE Ag, Sb FRE LITiH<, MR C LIRSS 251
P> Ag, Sb ZILIWIKL, MIIFOHE (Anal. No: 21) GREEL < BURRSSIICZ LYy,

SO0k -
P 2 o
7000t © . s H
AEJ o . &
mom. S0} . .
ST OB
703 oe ©
®
52

S fllseu
L0 &S0 B0 B OHY A0 I3 500

38, g,
N S
o s } AKALE
o B
L

Bl BAENFHEND Ag X0 Sb SR oMK
Ag-Sb relationship of galenas from Oppu mine

B3) BB EE (1959)
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AYiTEEE W 19 TR LR DHEA BN O LR TE, Ay FROSF (Anal. No. 7, 9), hidco
N HHERHLRC Bl BRyAH L {Rviodic Ag TEL YO THL .

— W E F IR 2 B ENEE O BRI ST O S ds v T, IREROTR IR b o0 1 TRER RS 0 41
US55 UIEOB LI S ECH D, SABEREND O b iR i s B SRR &R L
Twa,

2) Ag-Bi OB

Ag-ShoYER T2/ & 9 RS < SR oSl c s Ag iR L, k7o BEIRM oL, O ik
BB AR TH S Ine Ag BT, W15 Kk Ag-Bi o G AT, R O (Anal.

S .
SEO0 o
a H . w0 e
Az H ES
BRR 500t . .
X17) @ oe (X
V2
®
st
[ SN S TSR RO o 0 SN R
35 K A0 SE ab Aty oxb R
B port
o ERMBHUG
s
o fHiR
o kil
°  &ifip

15 RABILFMEHD Ag s L0 Bl gRoBEE
Ag-Bi relationship of galenas from Oppu mine

No. 6, 4) © Bi &2 500 ppm A LChHIzbicdl Ag TREFRL 05,

—ic Bi BN SR S SHLHIEAN s s, SAERREE D OB EE TH Y ST B Bl
G,

i Sb G TR KIAORNRE 0K E IR TIE, Ag BI U Bi ZEIHIMEEERL, HRin
@ Ag-sulphobismuthite DFELED TTHEM: 253 L T,

3) Ag-(Sb+Bi) OBHR

Ag L Sb B, —MRICEOARGEIHCBIL L Crb kB Hi & Bl RO HIRIEE Ko TR
Ricdb ), £/ Ag & Bl FELE Sb FROFWE AR CHBBERE AT, Lhud i, Ag-(8h+Bi)
OBUREHMA B AR L 0D (O 6B, S o8y, RIRhOIRBESAGH, S, ARSI 076
i Ag-(Sh+Bi) Dz fmmshd,

4) Sn

BASEL OFF S22 D 5 % 9 iz 10~75 ppm Sn BED B, VR RO IR D OR T
B0, EOMOLIHIETIE Sn IR L% o7, ZRGRHEL HARNERK OF LT Sn o
VR R RAE IR T b BV R Lt S B,

5) Tl

T WA Bl HEECHBR R AR L T 205 RASINOHA, ML OBIREEKCI -,

BA LB & 7 BRI & OB A MR OB T, 1RO LS 1 %, IR ORI
WCHHIUE, W Sb, Ag FROLOW, AHHES W—11 X DK, BLOT 2B LT 3 HlEoRick
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(1) RS % LS BRGNS £ Y 498 U 2RI OB L, L AN SRR Tk oo T
ERILBIER OSSR D A £ O A ., b BITIERE T, In, Sn ek d, &/ Bi, Co
OBHIBIE LBV, FREECIE Ag, S EERTWTRE Sn BRATR D,

W OHEALRIC X D80 S B ik SO M LB CrL, IIEEREE T Ge, Ga TE R, iR
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HH.

(5)  JEAGELE L OO ML SN TR, KBRSNOBE & RS, Ssmic iy 1288
B, kBRI IS IR I B DA 5 P Ak OSHLEAR 2 DA, b OB U 7e & ) e oo
RS OREE b BB T 22 &, B X OMNTICH S A SEA BT R e s B, AR O BA
Himmotitcdok Lo b o L%z BIvs,

o OB, SEL HAPNEREILRIC OB D OWEES OO — & U CITR DL 0 Th B,

T W

1) Anderson, J.S. : Observations on the geochemisiry of indium, Geochim. et Cosmochim, Acta,
Vol, 4, p. 225~240, 19583

2) Coleman, R.G. : Galena-clausthalite solid solution series, Auer. Mineral., Vol. 44, p, 166~
175, 1959

3) Fleischer, M. : Minor eclements in some sulfide minerals, Fcon. Geol., 50th Anniversary
Volume, p. 970~1024, 1955

4) Fryklund, V.C.Jr. & TFletcher, J.D. : Geochemistry of sphalerite from the Star Mine, Coe~
ur d’Alene district, Idaho, Econ. Geol., Vel 51, p. 223, 1956

5) Gabriclson, O. : Studier dver elementfordelninger i zinkblendenfran Svenska fyndorter-Sver,
Geol. Undersdkn., Ser. C, No. 468, Arsbok 89, No. 1, p. 1~52, 1945,
Chem. Abst., Vol. 41, p. 1963, 1947

6) Goldschmidt, V.M. : Geochemistry, Oxford, 1954

7) Graton, L.C. & Harcourt, G. A. : Spectrographic evidence on origin of ores of Mississippi
Valley type, Econ. Geol., Vol. 30, p. 800~824, 1935

8) Hoehne, K. : Quantitativ chemische und erzmikroskopische Bestimmung von Arsen, Antimon,
Zinn und Wismut in vorwiegend schlesischen Bleiglanzen, Chemie der Erde,
Vol. 9, p. 200~268, 1934



26

9)

10)
11)

16
17)
18)

N

19

~—

Kullerud, G. : The FeS-ZnS system, a geological thermometer, Norsk Geol. Tids. . Yol 82,
p. 61~147, 1953

AMHGE « JUMBEL e S 04545, LKA, Vol 80, p. 220~235, 1957

Oftedal, I : Untersuchungen iiber die Nebenbestandteile von Trzmineralien norwegischer
zinkblin-de-filhrender  Vorkommen, Norsk.  Videnskap. Akad. Skrifter,
Mat. -Naturwiss. K1., No. 8, p. 103, 1940

Oftedal, I. : On the occurrence of tin in Norwegian minerals, Norsk Geol. Tids., Vol. 14,
p. 314~325, 1939

BPAL—BE « KA « BRI © H4ko> Subvoleanic Deposits 24315 5 Bfl (IO RHE (1) —45

FOORE HARPTF O BT 51 % Zoning BLSIC o\ O, 1HIEE, Vol 9, .
32, 1959

) FRHEFIS R R0 BT 254 DAL IER & B8RS I 5 IFYE, BLILHBYE, Vol. 6, p.

13~24, p. 67~77, 1956

Papish, J. & Stilson, C.B. : Occurrence of gallium in Zine minerals, Amer. Mineral, Vol
15, p. 52L~527, 1930

Pauling, L. : The nature of the chemical bonds, 1940, (J3310; /- N AN (L o S| VA1)

Schneiderhthn, H.u. Ramdohr, P. : Lehrbuch der Erzmikroskopie, Berlin, 1931

Schroll, E. : Spurenelementparagenese (Mikroparagenese) ostalpiner Bleiglanze, Qcsterr. Akad.
Wiss, Anz. Math-Naturw. KL, p. 21~25, 1951

PR BLL « AHEA A « MRS « M7 M55 © BRFH U BEILIC 350 5 S il e >0 T, Sl
B, Vol. 7. p. 288, 1957

PR ELGL » KBIE—BR « KHEB L « HAD Subvoleanic Deposits i 454 4 fhfbiEH o8, 45l g
JEH A Miocene 5k RS L o R, LML, Vol 8, p. 49, 1958

Stoiber, R.E. : Minor elements in sphalerite, Econ. Geol., Vol. 35, p. 501~51Y, 1940

AR « U1 - RHRS © HOIL H AR BRI < a“oh‘meL{Lﬁ’ B OFIECFEC AT 5 Mkl
IR G5 140, M, Vol 8, p. 57, 1958

WA« HORERIGIER « RHEEIS « BR8P —i% © 0L HAREEBRRRIA IS 381 2Ll b oo S b G4 18
T OHERIC AN (55 280, SEILEL, Vol 9, p. 32, 1959

Tischendorf, G. : Paragenetische und tektonische Untersuchungen auf Gangen des fluorbaryti-
schen Bleiformation Freihergs, Freiberger Forschungehefte v. G 18, p. 1~
129, 1955

Warren, H.V. & Thompson, R.M, : Sphalerites from western Canada, Econ. Geol., Vol.
40, p. 309~335, 1945



27

W 1 ~ 4 FEREAR » ol o KHT (1958)% (1959)¢ @ ¢ [ A¢> Subveleanic Deposits 1351 2 Ha{bAEM
OEM oW T ORI, THRFALEEE IR 38 X OVHEL H AR R 0 S48 7e i i, B34
i AVEMNC BT B WA I L OBSEo R 2w TIIE LIz L O Th B,

iz 1 B ow M A KM o R

Occurrences of Abnormal Ore Minerals

Mine : Type of deposit Abnormal ore minerals Source
| : )

| i Pb-Zn vein Magnetite. Arsenopyrite, Pyrrhotite SAAE(1957) 1 « KR - FFIE(1958)2
F f% | Au-Ag-Te(Cu) vein | Bismuthinite, Te-minerals W () (1932)% « iy (35) (1943) %
P . | Bismuthinite i
Kk | Au-Ag-(Cu) vein | Tetrahedrite, Luzonite #7 (1958)>
# ¥8 | Pb-Zn vein | Cassiterite, Stannite, Famatinite 18 (1951)®
{0 . Au-Ag-Cu vein | Sn-tefrahedrite, Arsenopyrite WA (1944) 7
4 ¥4 | Kuroko deposit | Molybdenite AN CEREER)
7 4 | Cu-Ph-Zn vein | Magnetite 1 (1950)®

e _ . | Orange bornit Gl o Ty :
F dk | Kuroko deposit - Sli;lr?ﬁtfrg)i?gusclromeyrite TR - TS 85 « [ (1956)9
)& k| Pb-Zn vein | Pyrrhotite TG - N R

|

& B | Pb-Zn vein | Pyrrhotite, cubanite HAG « TEA (1956) 10
INEA | Chl-Cp-Py vein Bismuthinite, Cu-Bi minerals (?) (1949 1D« CRT(1953) 12

o 3 Cu-Bi mineral (?) A .
Hi fiif | Chl-Cp-Py vein Bismuthinite, Magnetite, Pyrrhotite HiE (1957) 1
A 4 | Chl-Cp-Py vein Bismuthinite Fill CA 3839
N ¥ | Au-Cu vein Bismuthinite FiJEL « §i% )50 (1957)1®
s TS —— Magnetite, Pyrrholite, Arsenopyrite, FIPy » TEA(1957) 19
3 X | Cp-Mag vein Stannite, Cublanite ? PR « Kt « SRI - A (1957) 1

. . Bt aine o
Wl X | Cp-Po vein E;;rrhlntni}nler,m%ubanite? i« HALIET)™
WX | Cu-(Pb-Zn) vein Bismuthinite KT (1958)1
HiRA | Chl-Cp-Py vein Molybdenite Vi« 516 (1956) 19
H 1E | Mag vein Magnetite, Apatite, Hornblende T, « /N GREgE)
S @ | Mag vein Magnetite AR CRIER)
# fp | Cp-Mag vein ‘ Magnetite, Pyrrhotite FeHE « FRE GRIEFD)

57 : | Pyrrhotite e e e

K SR | Pb-Zn vein Magnetite, Bismuthinite, Stannite R - il CRIER)
A ¥ | Chl-Cp-Py vein | Native Bismuth KT CGR3EF2)
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A 2 BW w8 A M o R

Abnormal QOre Texture

Mine | Type of deposit Abnormal ore texture Source
|

FOHb Pb-Zn vein B KHT(1957)19
- Pb-Zn vein A«B.C HI{% » A (1956) 10
K OB Au-Cp vein A fihlgl (1957) 14
i X | Cp-Mag vein A-B g « FoA(1957) 19
X ! Cp-Po vein A C PN« EiAR (1957)17
X M| Fodnvwen | A+B i+ Bl GRges0)

A : Zinc star in chalcopyrite (or pyrrhotite) C : Cp-Cubanite exsolution

B : Well-ordered Cp. dots in sphalerite

Wiz 3 WO o B oo B
Abnorma! Rock Alteration

|
Mine Type of deposit Abnormal altered mineral Source
= % | Kuroko deposit | Diagpor, Pyrophyllite | 4 (1958) 20
A #5 | Kurokd deposit Diaspor, Pyrophyllite ‘ JgiT) s AT« B (1958) 20
P B ‘ Kuroko deposit Diaspor, Pyrophyllite JER bR e FH 5 R (1957)22

| |
T | Kuroka deposit | Diaspor, Brucite #

BT« e o DB 23

K Hd Pb-Zn : Wollastonite, Diopside, Epidote, Grossularite ‘ %g‘l}:{mg}?%ﬁ%‘)’/f\(mim)m

BT 4 it 2 o W #% 8L o 5 IR
Occurrences of Magnetite

Mine Type of deposit QOccurrence | Souree
i |
2 ¥| SeEeuin AeB AR (L957) IR - ST (1958)
4 4 Pb-Zn(Cu) vein A ' i (1950)9
ti fi | Chl-Cp-Py vein A € Bl (1957) 1®
32 X | Cp-Mag vein AB«.C.D Vi « Tk (1957)
[ i*| Mag vein © i FHob i e R GR3EFD
H i) Mag vein 2| skoRnm
W # | Cp-Mag vein C+ E | At Fm s
J¢ 4t | Pb-Zn vein A-B«C ok o LD (R EER)
A ; Pseudomorph (filbrous Hematite) | D : Dentritic
B : Pseudomorph (fibrous Unknown minerals) E : Massive

C : Granular
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MINOR CONSTITUENTS IN SULPHIDE MINERALS FROM
THE OPPU MINE, AOMORI PREFECTURE

By

Kiyoshi TAKAHASHI
Ichiro SUNAGAWA
Hideo OHTSU

Abstract

The deposits of the Oppu mine located at the southwestern part of Aomori prefecture,
belong to the Inner Northeast Japan Metallogenetic Provinece, where the ore deposits are
formed in late Tertiary age, and generally belong to the * Subvulkanisch” type of H.
Schneiderhhn’s classification.

The ore deposits of the Oppu mine are one of the several lead-zinc-rhodochrosite veins
in this province.  The main ore minerals are sphalerite and galena associated with some
chalcopyrite, pyrite and pyrrhotite, and gangue minerals are quartz, rhodochrosite and cal-
cite.

In this study, the behaviours of minor constituents in sulphide minerals of various
oceurrences in the main lode of the Oppu mine are discussed.

The results of quantitative spectrographic analyses of minor constituents are given of
44 sphalerites, 25 chalcopyrites and 22 galenas.

In general, the main sulphide ore minerals from the various depesits in the Inner
Northeast Japan Metallogenetic Province are statistically characterized by the behaviours of
their minor constituents as follows :

(1) Sphalerite : The behaviours of minor constituents in sphalerites vary according
to the different types of ore deposits, as being shown in the following table :

Type of dep. As Sb Bi Ge Ga In Sn Co Mo Cd
Kuroko deposit + o+~ B = = =
Epithermal vein + o+ ok = W o+ o —
Xenothermal vein - = H = 4+ W OH o+ —

(2) Chalcopyrite : The behaviours of minor constituents in chaleopyrite are similar
to those of sphalerite, but their concentrations are always less than those of sphalerite of
the same occurrences,

(3) Galena : The galenas from senothermal vein deposits show high contents of Ag
and Sb, while those from epithermal vein deposits show low Ag and Sb contents. The
behaviour of Bi has no connection with the type of deposits but the frequency distribution
of Bi in galenas from xenothermal type shows a little higher frequency than the other types
of deposits.

Distributions of minor constituents in sulphides from the Oppu mine are considered to
be controlled by various factors, such as the stage of mineralization, occurrence, grade of
ore minerals in vein, etc.

Almost all sulphides are formed in the main mineralization stage. Their minor con-
stituents are plotted in the area of xenothermal vein type in the variation diagram of some
minor constituents ; that is, they show high In, Sn, Bi, Co and low Ge, Ga for sphalerites
and high Ag, Sh contents for galenas.



On the other hand, sulphides from brecciated ores and Uwaban-Hi vein which are
formed in the stage of early mineralization, show the same characteristics as in the case of
epithermal or Kurokd deposit.

Sulphides in druses from high grade parts of the vein show similar behaviours of minor
constituents as those in the vein, while those from low grade parts show low concentrations
of minor constituents.

A systematic variation of content of minor constituents has been found according to the
different localities of the vein. The concentrations of minor constituents in sulphides tend
to show a gradual decrease from lower level and eastern part to upper level and western part,
corresponding to the variation of ore grades from high to low.

From these results, it is concluded that almost all sulphides from the Oppu mine are
precipitated under the xenothermal condition, and those from early mineralization have the
similar characters in behaviours of minor constituents in sulphides as epithermal or Kurokd
type of deposits.
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The Geological Survey of Japan has published in the past several
kinds of reports such as the Memoirs, the Bulletin, and the Report
of the Geological Survey.

Hereafter, all reports will be published exclusively in the Reports
of the Geological Sutvey of Japan. The Report will be consecutive
to the numbers of the Report of the Imperial Geological Survey of
Japan hitherto published.  As a general rule, each issue of the
Report will have one number, and for convenience’s sake, the fol-
lowing classification according to the field of interest will be in-
dicated on each Report.

Geology

Petrology and Mineralogy
Paleontology

Voleanology and Hot spring
Geophysics

Geochemistry

A. Geology & allied

sciences

me o g

Ore deposits

Coal

Petroleum and Natural gas
Underground water
Agricultural geology
Engineering geology

Physical prospecting,

Chemical prospecting & Boring

B. Applied geology

oo g B

-

C. Miscellaneous

D. Annual Report of Progress
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