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Minor Elements in Sulfide Minerals from Oizumi Mine, Yaxnagata Prefecture

by .

Kiyoshi Takahashi, Hideo Otsu & Shiro Ito

Abstract

Minor elements in 58 sphalerites, 19 chalcopyrites, 15 galenas and 6 pyrites of various
occurrences in the main lode of the Oizumi mine are analysed quantitatively by spectroche-
mical method. .

The results are discussed on the basis of ore genesis. The deposits of the Qizumi mine
belong to the Inner Northeast Japan Metallogenetic Province, so-called “Green tufl’ region”,
where mineralization took place in the Late Tertiary age and the ore dc%p/osits belong to the
“subvulkanisch” type of the H. SchneiderhShn’s classification.

The ore deposits of the Oizumi mine consist of several fissure-filling Pb-Zn-rhodochrosite

veins., The vein system is as {ollows :

1)  Daidoko vein EW 70~90"N Early stage
2)  %14m vein CONS  50~70°E
3)  Nishinomata and Shinsel vein N 30~50°W, 60"N Later stage

The Daidoko and the 314m veins are main working veins of the mine. The main ore
minerals of these veins are sphalerite, galena, chalcopvrite, and pyrite. However, in the former
vein, pyrrhotite, magnetite, stannite, bismuthinite, and native bismuth occur as minor ore
minerals, while only bismuth minerals rarely occur in the latter vein. Gangue minerals are
quartz, chlorite, calcite, siderite and rhodochrosite.

1t has been clarified {rom the result of the present study that;

1) Sphalerites and chalcopyrites from the Daidoko vein show high contents of In, Sn, Bi,
Co and low contents of Ge and Ga, which are characteristic behaviours of minor elements in
these minerals from high temperature deposits. The minerals in the 314m vein contain only
Bi and Co. The mineral parageneses in the Daidoko vein show coexistence of high and low
temperature types, while those in the 314m vein show low temperature type.

2)  The relation between the distribution of minor elements in sulfide minerals and the
stage of vein formation in this mine can be explained by the fractional precipitation of the
minor clements during the crystallization of host minerals from ore solution,

3)  The contour lines of minor element contents in sulfide minerals of the similar occurrences
in the same vein are in good accordance with those of Cu and Zn grades. This suggests one
possibility of knowing the directions of ore fluid from a distribution map of minor elements.

Therefore, it is clear that both high and low temperature deposits coexist together in
the. Oizumi mine; the former is the Daidoko vein in which mineral parageneses as well as
minor element behaviours show high temperature type and the latter is the 314m vein where
such characters have not been observed. This fact clearly shows that the veins in this mine

are formed-under © Xenothermal” conditions.
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1) Minor Constituents in Sphalerite from Olzumi Mine
(1) 3l4m vein
No. 1 Locality As ; Sh ‘I Bi ? Ge | Ga | In Sn Ni Co | Mo | Ag T Gd
1 O-1 0 m-v. — — 100 — 3 - — - 40 — 40 - 1000
2 O-2 0 m-v. - -— | 1000 — 5 — - 25 — 500 - 800
3 O-3 0 m-v. - -1 400 - 5 - — - 50 - 50 — 2500
4 O-4 0 m-1.% — 1 — e - — 50 ° - — 10 — 500
5 O-5 Ul*], - 40 1 — 4 - - — 25 - 20 - - 2000
6 O-6 Ul-1. — -~ 1000 - - - — 80 - 200 — 1 2500
7 O-7 Ul-1. — — 1 500 - 5 -— - 80 — 200, — 2500
8 0O-8 Ut-1.* 200 — — 5 - 400 - 5 - 20 — 500
9 0-9 U2-1. | — | - 500 3 — — — 40 - 250 == 2000
10 0-10 U2-1.% 200 - - — 4 - 200 — 5 - 10 - 500
11 O-11 Ug2-1.* 100 = 7 100 - 5 " 20 - 800
12 O-12 U2-1. — - 2540 — 30— — — 20 = 25 — 800
13 O-13 U3-1. — e 7 — 25 - 10 - 25 - 500
14 O-14 U3-1. — e - 3 e 40 - . - 1000
15 0O-14 U3-1. —_ - 5 — — o 10 50 25 - 800
16 O-15 U3-1. - - 100 4 3 8 20 — 7 — 80 - 500
17 O-16 U3-1. = 25 — - - 25 100 - 00— 4000
18 016 Us-1¥ | — - — - 3| — 50  — 7. 2 25 800
19 O-17 Us-1L - 25 — 3 25 — 200 - 80 — 2000
20 0-18 Ud-1. — — 80 — 3 — - - 100 - 10 - 2500
21 O-18' U4-1.7% — - - - 51 - 50 — e — 25 — 500
22 O-19 Us-1. | — il R 41— - - 20 - 200 e 2600
23 0-20 Us-1. — - 40 — 4 - — - 20 - 40 0 1500
24 0-21 Us-1. | — 50 — 3 - — 40 — 80 == 1000
25 0-22 U4-1. —_ 25 5 4 - 25 - 10 - 50 - 1000
26 0-23 Us-1. 100 — - — 7 15 80 15 - 5 — 800
Fio. 4, 8, 10, 11, 18, 21 : Sphalerite in druse
(9)  Shinsel vein
27 | 055 100 — - =3 = = = = 50— 800
28 | O-56 00| — - - 7 - 50— — — 40— 1000
20 057 200 — 25— 3 - 50, —  — — 20 — | 500
8) Daidoko vein
31 | O-24 Us-l. 50| —| 40| —| 5] 600|000 —| a0 —| 100 —]1000
32 | 0-27 L3-1. — = = —| —| 120 25| - 50 ~—| 25| —| 800
33 0-28 L3-1. 500 - 3 800 { — ; 51 7501 1000 — 100 — 20 = 800
34 0-29 L.2-1. 100 - ‘ 80 % 5 i &1 750 | 100 — 20 — 20 — 500

34—( 34 )




HIB A sl o B RS 2w T (BB B

g KT L - PEEEAD
35 0-30 L2-1. 1000 7060 2000 — 10 40 71— 800
36 | 0-33 L1-1. 25 311000 50, — . 80, — 20— 1000
37 | 0-34 Li-1. 25 301000 40, — 80 -— 20| — 800
38 | 0-35 Li-1. — 311000 100 — 100 — 50 — | 800
39 | 037 L1, — 30 7% 50— — 1 — 10l — 500
40 | 0O-38 Li-1. — — 1 50| 5 — | — . — 10| - 800
41 0-39 L1-1, 100 5 8, 80| 40 — 71 — 71— 500
42 039 LI-1, 40| 5 8 70| 8 —| 25, — 7 — 800
43 1 040 L1-1 250 5 50 1501 50, — | 10 10— B0
44 0-40/ L1-1, - — 1000 100 — | 401 —| 25 — | 500
45 O-41 0 m-1. 25 311000 50, — 80— 200 — 500
46 0-42 0 m-1. — — | 1000 | 100 ~— 50— 50— 300
47 | 0-48 0 m-L. 40 7110000 200 — 100 — 7. — 500
48 0-44 0 m-1. 400 411000 00 | — 0 — 10 — | 2000
49 | O-46 0 m-L — 30 500 500 — ! —  — 10 — 800
50 | O-47 0 m-l. — 5. 10| 25 100 - 250 — 20— 1000
51 0-48 0 m-1. 25 50 10 150 800, — 40— 95 — 1000
52 | 0-49 0 m-L. 100 5 710150 40, — 2 — 7, — . 800
53 | O-50 U3-l, 800 — 110000 200 — 50— 20  — 500
54 | O-51 U3-L, - 411000 100 — 100 — 20 — 800
55 O-51" Us-1, — ~— 10000 50, — 200 = 50— 800
56 | 052 U3-L 250 5| 250 200 — 80 — 100 — 800
57 | O-53 U3l — 3 750 100 — 100 — 7. — 800
58 | O-58 Ul-1. — 71000 1000 — 100 — 25— 400
An asterisk indicates that the element was present amount less than the sensitivity. Analyst: Kiyoshi Takahashi
Minor Constituents in Chalcopyrites from Oizumi Mine
No Locality Bi i Ge 5 Ga  In E Sn ‘ Ni Co fo | Ag 3 Tl ; Cd.
77 | 01 5 20 — = = = = = 4 —] 2
78 1 04 - - 50 25, — | ~—| — . 50| —| —
79 | 09 25 — 51 — | —  — . — 50 - 5
80 O-12 — — 5 — = = — 10 — 7
81 O-19 | — — 50— —  — . — 40 - 7
g 024 | 50 — 150 40— - — 8 - 5
83 | 0-26 - s G e 0 - —
g4 | 029 20 — 250 200 — 51— 20— 5
85 | 033 o — 50 25, -, — = 25 - 7
86 | 037 10 — 100 80— 50— 95 - 7
87 | 0.38 - — 100 50, — 1 — - 20— 10
88 | 039 — —| 100, 8 6 —| 5 - %5 1 7
89 | 0-43 40 — sl s — - = 10 = —
9 | O-44 800 — | 1002000 ~—| — — 2 - -
o1 O-45 10 — 1 75 25 — - - % - e
92 | O-d6 — 6| 25 ~— — — 25 — 5
93 O-50 200 — 00 100 — — — 20 1 -
94 0-51 10 — 100 80 - 7 o— 50 10
95 | O-52 50 =8 80— = = 0 - 5

An asterisk indicates that the element was present amount less than the sensitivity. Analyst: Kiyeshi Takahashi
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3)  Minor Constituents in Galenas from Oizumi Mine

No. Locality Ga ‘ In \ Sn Ni i Co | Mo T | Gd | Ag
@ | o1 o= leo| = — = = — = = =] =] 1] 500
63 | O3 — | 603000 —| — — i —| —  —| —1 5| 40]2500
64 | O —1 80 —| —| — = 10 —| =] —| =] 10} 250
65 | 06 — 1 8012500 —  —| — —| —| —| —| 7| 255000
6 | O-8 — 400 25| — | —| — 40| —| — —| —| 15| 100
67 | 09 —1 8! 10| —1 — —1 1| — — =1 — 20/ 20
68 | O-10 —1 20| 10| —| —| — | 25| — —  —| —| 20| 250
69 | O-11 —~| 280 0] —| —| —| 2| — | —| —| —/| 20| 250
0 | 012 - — 400 50| —| —  — 20| —| —| — | —| 15| 200
71 | 048 — 1 B00| 200 —| —  — 10| —| —| — 1] 20| 500
72 | O34 — 250 25| —| —| — 15| —| —| — | — 20| 300
73 | 01 — 1100, 2000 —| —| — 18] —| —1 — — 20 500
74 | O-54 — 80| 10| —| — —| 10 —| — —| —| 15! 750
75 | 314 mov.* —1 8| 20, —| —| — 20| —| —| —| =1 10| 200
76 | 314 m-v. Lo w0 10 —| — — 2% — E —| = = 10| 250
¥ No. 751 (Galena in dl“us(e o ‘ ’

An asterisk indicates that the element was present amount less than the ssnsitivity. Analyst: Kiyoshi Takahashi

4 )  Minor Constituents in Pyrite from Olzumi Mine.

No. | - Locality ; As % Mo | Ag | TI | Cd
9% | 04 - sl | Z
97 | O-14 in side | — _ ] _i -
98 O-14 out side l . — 2 = —
99 | 0O-38 |- — 1 = ; .
100 | O-46 | 400 | - 5. — -
101 ; O-314 mv* | — | = = - ‘ —
# No. 101 : Pyrite in druse
An asterisk indicates that the element was present amount less
6. BRibihrhoMER s i+ 314m &

6. ? Fﬂﬁﬁﬁﬁ%&@éﬁﬂﬁmﬁﬁﬁ FTDBH
g ] BRI o0 7y AR X (2 1)

xh

TR

v

;miﬁ@
g R PE/ISTN

+ B, Co 47k <

N o

1) B O ii)
B & B 5 K
14

i)
1L

ke

U /\»l‘

BT




g

Ge Ga Bt

Huroks deposil

Low temperature

Vein

High temperature

In, Sn, Bi, Co 0%

D Ge 4y, BHAVEE In, Sn, Co,

Vein.
3R RN IR S 1 LR
%chcmdnc profile f()r fractional precipitation of
some trace elements into sphalerites, in the INE
Japan Metallogenetic province .
00 |
(a)
200
fog
&0
Ge,
PP 20
- &
. NN o &
(IN/ G100 W“)‘ VCHL, B S R F
» 7 g N
< WY Y @g
| i
RO 2 OBIRS, , ' :
P B 2z F s 20 Fo feq 06 Sep  leoo
(1
L
- Ga , prm
e AL
o0
f;i,é, Warren, T}'mmpsonil%ﬁ) 160 pEyE 4 o &
. - e 200
Schroll (1955) 8010 IH 7 b " A ¢, Shazly & (1957)
fea
SNTHELT
55
. . G G i Ge,
~ A Kullerud (1953) o FeS—ZnS FJo0Prgeic o 20
o
&
)3 vk Idaho @ Star
:J“J‘\* Fe :

e E mik TEN
e /i\/“}” SN TAL‘T "Z‘(é%'\ yoxith

AN

SEr <, Iny Soy, B

Dy BBV

Ja oo
Ga, ppan
w4 ®

@ Daidoko vein (main) O Veinlet of Daideko vein

A 34 m vein (main) A 314 m vein (in druse)

% Shinsei vein . Normal Kurokd deposit II. Abnormal
Kurokd deposit* . Epithermal vein deposit IV. Ab-
normal vein deposit®” (a) and (b)), Relation between
Ga and Ge content in sphalerites, from Qizumi mine
(4-(a)) and INE Japan Metallogenetic province




M Fe, Mn #0L 10w, Ge, Ga, In 108 Sn G
b oo & b FOER A

RAFLI DI $pfL > Ge—Ga,
—Sn O HE, BIRICRL, & HCHL AP
R ORI ,4\’ NPT ORR BT 5 &, B
4 [y by, 485 Ha), (b)ls L O 6 [X(a), (b) & 71 7

COERE, AL Abnormai Kurcksd deposit 1 pyrophy-
J W BEHL L
?ﬁ&"éx’ﬁ BREROBE AR T E B S IR (k

FRREa
b e TR R B o JRELIIE ”\33) oL, 1. Abnormal

BN E L EF 2 HD,
n—Ga, JsJ 0% In

llite, diaspore 75 & O 3 5 I LS

Py

FRue i

i

Sap

()

Xa B on @

& 40 S0 Jod S8 100D

dop

260

Jo

Ga,

Phm 20

. e
Ea e 5o o0 Sps T00v

o5 H®
@ Daidoko vein (main) O Veinlet of Daidoko vein
4 314m  vein (main)
X Shinsei vein :
1. Normal Kurokd deposit I, Abnormal Kurckd
deposit* H. Epithermal vein deposit V. Abnormal
vein deposit **

A 3l4m vein (in druse)

(a) and (b)), Relation between Ga and In content
in sphalerites, from Oizumi mine (5-(a)) and INE
Japan Metallogenetic province

VRN

(%13 % 1%

vein deposit B E L CERE LSS, HEH
b P PSR CHANE L < EEP S IERAIA R
SR, W o UKD AT B B Bt L
D o~ o34 B OTERIRE T & o iR i S
TR HARE ORE - BK - TN RHbbT,
1) Ge—Ga OB
KIRFLLOEA, Ge, Ga

251 z-x\m e
“~

GRE L, BRI
R ey, 4 D)W, W5
AR TETWD,

2} In—Ga OEH

S

{a) ¢
i
1600 - Be @
L]
so0 o
a
200 & A
Jow - o 8 '
& @
S, °
L xx% o o o ?
X e °
]
20 4 a
o
b i L. L 4 i
¥ 10 20 3o oo 200 Seo  jeso
In, pem

1osv

Feo

1od

PP oy

28

f"l, Prry

#o06 ™

® Daidoko vein (main) O Veinlet of Daidoko vein
& 3ldm vein (main) A Bl4m vein lin  druse)

¥ Shinsei vein I. Normal Kurokd deposit II. Abnormal
Kurokd deposit II. Epithermal vein dep -n V. Ab-
normal vein deposit (a) and (b), Relation rween
In and Sn content in sphalerites, from Oizumi mine
(6-(2)) and INE Japan Metallogenetic province

38—( 38 )




tdmbil o HB yodletl, B 5

P

’Aw@%

?«‘Cmmtbermal fis

I
Uiy
VYo

8.7 PIEMILOWERS EMOERRL &:@%W

¢ tuiv . 77{()/'1;
O 314 m e rhi i o

» 314m g o4 o fLaE: o

v ﬁﬁlﬁ.%’»f{t{ £ BV WAL § ) Re, 2~ v v L

b DA Sl o0 R 20
s D, RGN

§ i 1 O R S TR &

Vi 4 Xenothermal §@

- ) Kenothermal

IRz

@fl ’ﬂf"ﬂ @ “telesco-

@i’;‘hﬂi‘ 70
Wb B g

Sk Gdovr 0, 0n~0. 0% (&5 HE T ping”
TV D%, RURFLLIT 1 fif4!
120,03~0, 4% DEC A L, BRI
(5745 0. 2525Cd) > Kk
314m gl CGRED

2o

'/»5}3{4 Y HJQ L7ok)
DTS 4y I
As, Bi, Qo, In, Sn -
k] AR Fo 314m BHOEEIC

bz, In, Sn il

:>>

Stoiber \191(}) 1y
< iLQ

EOReT B, B LH ENG

A o A
wOWCF | B o | 4
& i MunCO—(Q tz—sulfides) vein O R e As Sn
’T Q tz-THem—(sulfides) vein X 314m G | As Sn
; Chl-Zb-Gal-Cp vein | 314m G | Bi, Co
(Chl)~Zb-Gal-Cp vein ! | As, Bi, Co, 5n, In
i i Chl-Cp-Py-(£b) vein ; . As, Bi, Co, Sn, In

MnCO, 1 #~ v 4 v

CoF e, Hem': i
Vi, Gal: Jid : L

39—( 39 )




0%

(ov)

11

/58

QO ®wacCu,ZnatrrEsss
o BimsER
| . - Oy Comzasm
t _}55 752, 51
547 \\:—:f/“
“ “ //i = %L\::* II ” IE/LW'_—_;IM) L4 45 46
b |
\ ‘\
\ aﬂ “30. 29
100" \\\~J&__

7T KRR 3 SARD SR S & PUEESASAD HOER S & DEHR

Relation between the Cu and Zn grade in ores, and the distribution of minor constituents in sphalerites, from 3rd depos1t of Daidoko vein

23
220
\\
\
¥
17 ]
BB CU,ZnQERE b \ g
0 " seaml) NS
\_, Blrﬂ‘ﬁ\-,l? 2 lquO
( Comzas W\ S
b Y \\ N
NI NN,

UBL
USL

Uh;
U3L

vaL

om S\ 3. k A

AN

A/
\ A\

#8HE  34m EEOKERLE Ffﬁﬁﬁ(z‘ﬁf@ﬁﬁé}ﬁﬁk DR

Relatxon between the Cu and Zn grade in ores, and the distribution of minor constituents in sphalerites, from 314m vein

U1L

OmL

U6l
usL
u4L

U3L
var

UL

L3L

H W

Ze1H) MHMEE

(&1 %



F000 )

2500 a

jaed

A8,

1

\(*notln rmal

S
s

pEm
250 s
2
100 |+
50
50 100 250 o0 000 2560 5000
Sb ppm
& Dadeke vein
Ag- Sb diagram sn galenas & Fieom vern
from Orgumi rMine. @ P arase Frem 304w
B9 KRG Ag, Sb OBR
Relation between Ag and Sh content in galenas from
Oizami mine
So00 - &
2500
A
rO28
Ag. @
a4 s
s
500 4 4
& o &
00 |- Y
50 b
4 28 Lo e 250 So¢ o0 2508
Bi, ppwm

Ag - B¢ diagrom 7 galesas

Lram 80 gumi Mime

10 1

Relation between

ES S Al

Ag and Bi content in galenas from
& :

did Ag, Bi o

Qizumi mine

L. - -
Lo TN E

/vﬁx

Bn

MU\‘ EaY X ’7 h

LD P D L,

= n,

41 )




T e
L

g
s
e

Ol 4@)1,?9&7?‘?” S
(IR 5\

Tyd Oy B, Co &
.}\ }4\ Gl L — R

Gt
2) s nk o3 & iRk
B4 45 51 Lh&z-: X h
3 -

By, 314 m i

flI fii 2k

DREODS,

gy JE
e i,

Do

AT INE R
BEOFHEL T b &

vy (Xenothermal condition)

1o TR A
LR/ AN R AR u |

Lo T

(WA 33 47 8 A i)

i

1) Anderson, J. S.:

of indium,

Observation on the geochemistry

Geochim, et Cosmochim. Acta,
Vol. 4, p. 225, 1953

2) Fleischer, M. : Minor elements in suiﬁde minerals,
Fcon., Geol.,, Vol. 50,
970, 1955

3) Fryklund, V. C. Jr. & Fletcher, J. D.: Geoche-

mistry ofs phalerite from the Star Mine, Coeur

Anniversary Vol p.

=

d’ Alene district, Idaho, Beon. Geol., 1955

Vol 2, p. ?2(), 1951
B3 2B

The TeS-ZnS system, a geological
Vol. 32, p.

6) Kuollerud, G.:
thermometer, Norsk Geol. Tids,

61, 1953

7) F o LBk ?déﬂf}n,tﬁ,@j@j%%\’;,ﬁ:;iEw S
'H‘ S ge, PRI, Vol. 6, p.
67, 1956

8) Schroll, E.: Spurenclementparagenese (Mikropa-

ragémt&e) ostalpiner Zinkblenden, Osterr. Akad,
Wiss. Anz. Math.-nat. KL, p. 21, 1950

9) Schroll, E. : Uber
“bei Wurtziten, Schalenblenden, und Zinkble-
nden, Osterr. Akad, Wiss. Sitzber.
KL, Abt 1, Vol 162, p. 305, 1953

10) Schroll,

nmetalle in Blei-Zink-Erzen der ostalpinen

Unterschiede im Spurengehalt
Math.-nat.
E. : Uber das Vorkommen einiger Spure-

Metallproving, Tschermaks Mineralog. petrog.
Mitt., Vol. 5, p. 183, 1955

R.OE
Vol. 35, p.

Minor elements in sphalerite, Fcon.

501519, 1940

Stotber,
Geol.,

[R5 % N

WLEE, Vol 9, p.

WRE Ao

Ef?j{l, 1956
Warren, H. V.
from western Canada, BEcon. Geol,

p. 309, 1945

16)

M. : Sphalerites
Vol. 40,

& Thompson, R.

42—( 42 )





