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Ores and Electrum from Some Kuroko
Deposits Developed Recently
— The Matsuki Ore Deposits, Akita Prefecture, Japan —

by Juichi SaTo, Hiroshi SHIRAHATA, Hiroyuki MAEDA
and Nobuhiro NAcano

The Matsuki ore deposits in the marginal area of the Hokuroku basin belong to
the Kuroko type, and have been developed since 1973.

The characteristic features of the ores and electrum were obtained from results of
field observations and laboratory studies of samples examined by ore microscope, electrical
microscope photometer, microhardness tester, scanning electron microscope and electron
probe microanalyzer.

The ores from the Matsuki ore deposits show much variation in modes of occur-
rence, textures, mineral and chemical compositions, and other properties, reflecting that
they occurred in the manginal area of the basin away from the central area of acidic
volcanic activity.

Electrum from the ore deposits crystallized at the late stage of the minerallization,
and has many in common with mineralogical features of electrum from other strata-
bound ore deposits.

It is suggested that these data provide clues for a solution of the problems in the

genesis and in ore-dressing and refining of the ores.
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Fig. 2. Cross section of the Matsuki ore deposits (After Matsuki mine,
Mitsubishi Metal Corporation).
1: Alluvium, 2: Mudstone, 3: Pumiceous tuff, 4: Mudstone, 5: Pumiceous tuff,
6: Rhyolite, 7: Mudstone, 8: Dacite, 9: Dolerite, 10: Ore deposits, 11: Gypsum.
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Fig. 3. Mode of occurrence of Hankuroko,

Oko and Gypsum ores (Takadate ore

bodies, —210 Meter Level, E 13, S 4).
1: Breccia-like and banded Hankuroko,
2: Breccia-like and banded Oko, 3: Gyp-
sum, 4: Sheared clay, 5: Lapilli tuff.
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Fig. 4. Mode of occurrence of Kuroko,

Oko and Ryukako (Matsuki ore bodies,

—150 Meter Level, W 14, N 1).

1: Medium-grained massive Kuroko rich in
pyrite and chalcopyrite, 2: Coarse-grained
massive Kuroko rich in fahlore, 3: Powdery
Ryukako, 4: Network Kuroko, 5: Network
Oko, 6: Sheared clay, 7: Lapilli tuff.
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Photo. 1. Electrum-bearing fine-grained mas- Photo. 2. Electrum-bearing fine-grained
sive Kuroko rich in medium-grained barite banded Kuroko (Matsuki ore bodies,
(Takadate ore bodies, —180 Meter Level, —150 Meter Level, W 15, S 2.5). Sam-

E 16.5, S 4.5). Sample number 74053113. ple number 74053108.
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fitk —180 mL, E 17, S 4) kFH S 4) BkHR S 74112009
7 74112012 Photo. 4. Banded Hankuroko (Takadate
Photo. 3. Electrum-bearing fine-grained ore bodies, —180 Meter Level, E 17, S

breccia-like Kuroko (Takadate ore 4). Sample number 74112009.
bodies, —180 Meter Level, E 17, S
4). Sample number 74112012.
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Photo. 5. Breccia-like Hankuroko (Takadate Photo. 6. Bornite-bearing brecccia-like Oko
ore bodies, —210 Meter Level, E 13, S 4). showing colloform texture (Matsuki ore
Sample number 74111911. bodies). Sample number 74112004.
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Table 1. Chemical analysis values of the ores from the Matsuki ore deposits.
Matsuki Matsuki Matsuki
Ore body —150 mL, —150 mL, —150 mL,
g o W15, S 25 Wi2,S3 | W20
qample number 1 74053109 i 74053104 74053103
Kmd of ore Kuroko Ok() Rvukako
Au (g/t) 3 1 1.2 0.2
Ag - (g/t) 1060 7.7 4.9
Cu (wt. %) 0.71 9.22 0.15
Pb (wt. %) i 23.59 ‘ 0.33 0.08
Zn  (wt. %) | 27.56 ‘ 0.14 0.012
Fe  (wt. %) } 113 39.70 34.04
S (wt %) | 1817 f 44.71 39.11
Si0, (wt. %) ‘ 0.61 ‘ 2.42 6.34
R 2 MWAEKOFEFED Cu-Pb-Zn =4 i L 08 Ag/Au
Table 2. Ratios of Cu, Pb, and Zn, and Ag/Au values in the ores
from the Matsuki ore deposits.
[ Matsuki | Matsuki Matsuki
Ore body —150 mL, —150 mL, —150 mL,

" il o W 1S 25 W 12,83 Wi p
Sample number 74053109 74053104 74053103
Kind of ore Kuroko Oko Rvukdko

Ratios of w Lu (\M %) 1.4 95.2 62.0

Cu, Pb dnd Pb (wt. %)| 45.5 y 34 33.0

Zn value: n (wt. %) 53.1 1.4 5.0

Ag/Au ‘ 341.9 59.8 24.5
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Fig. 5.

5 ALK F D Cu-Pb-Zn
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Triangular diagram showing the

Cu-Pb-Zn ratios of the ores from the

Matsuki ore deposits.
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0.1mm
BE 7 Ag: i, Gl: Jis#, Sp: Wi BEE S =r7ax—sfk Ag: i, Cp:
#., Ba: EfH Ak &S 74053113 B # A GL, Sp: P & 8L, Py: 3 85,
Photo. 7. Ag, silver minerals; Gl, galena; Ba: Mt MBS 74112012 A
Sp, sphalerite; Ba, barite. Sample num- Photo. 8. Colloform texture. Ag, silver min-
ber 74053113 B. erals; Cp, chalcopyrite: Sp, sphalerite ;
Py, pyrite; Ba, barite. Sample number
74112012 A.

o ™

BEHE 9 Ag: R, Cp: #L, Sp: Kl BE 10 M2 Bn: BisRE, Cp: ¥
g, Py: ¥EE, Otz: A3 GFOM i, Py: gkl SRS 74112007
#4 74112013 B Photo. 10. Rim replacement texture. Bn,
Photo. 9. Ag, silver minerals; Cp, chalco- bornite ; Cp, chalcopyrite; Py, pyrite.
pyrite; Sp, sphalerite; Py, pyrite; Qtz, Sample number 74112007.

quartz. Sample number 74112013 B.
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Fig. 6. Mode of occurrence of electrum-
bearing fine-grained massive Kuroko . : ; g /A
(Takadate ore bodies, —180 Meter Lev- 1 2 GyaS8 90420 50 100
el, E 16.5, S 4.5).
1: Fine- and medium-grained massive

Frequency
=

o

Grain sizes in diameter

Kuroko, 2: Breccia-like Oko, 3: Barite, BT BARSKRO=v 7+ 7 AORRE
4: Sheared clay, 5: Mudstone. Fig. 7. Grain sizes of electrum from
% : Location found electrum under the the Matsuki ore deposits.

microscope.
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Fig. 8. Minerals associated with electrum 9 BAZKDO =V 7 b5 40KHHE

from the Matsuki ore deposits. . L3
Sp, sphalerite; Gl, galena; Cp, chalcopy- Fig. 9. Reflectivity of electrum from
rite ; Fa, fahlore: Py, pyrite; Ag, silver the Matsuki ore deposits.

minerals ; Ba, barite.
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AT DU R LT 5 &, SEPUAED =V 7 7 MRS, KR, ERGE St
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DFEKRL RIS % L DD, B2\ EGAE BB THBHRIREFT 2 RS T 2 b D fs 3
#,G%,§6uﬁﬂbtmﬂ
7 b 7 ADGHENL Leitz # 8 MPE microscope photometer 12 & » THIE L 7o, *
DR, no filter (N. F.), 450 my, 530 mp, 600 mp O % % T, 62.5~70.0, 30.7~38.0, 54.0~
752, 11.8~81.7% TH -tz (EhLhDFHflix KN1TmT), hbOKEZFMAEEKD
=V 7 b7 ADRHREOTEN (M - (e, 1968) DM A b, Rk AYET 5,
EV I T ADY 4y H— AMEZ W AEBERT (B 8 MVK BECNEEH 2 & o T HlE
L7, ZOFER, 600 (fff : EEEMH A 25 g, W HARFFFR : 30 ) & 5 flin i, WSy

EH 11 =V 7 7 A0XERM (FHEA —180 mL, E 16.5, S 4.5) # K% & 74053113 B
A: Au: =v 71+ 354, Ag: 88549, Ba:BE&RA
B:lsw e R Lic=v 2 b 7 A LRI
C: 3FMEBRLI=v 7 + 5 4 LREMW
D: CrO3;+HCl C3®BBBR L=V 7 k5 & LEREY
Photo. 11. Properties of electrum etched by light (Takadate ore bodies,
—180 Meter Level, E 16.7, S 4.5). Sample number 74053113 B.
A: Photomicrograph in plain reflected light. Au, electrum: Ag, silver minerals; Ba, barite.
B: Electrum and silver mirerals etched by light for 15 seconds.
C: Electrum and silver minerals etched by light for 3 mirutes.
D: Electrum and silver minerals etched by CrO;+HCI for 3 seconds.
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BE 12 CrO;+HCl 5 BElR L=V 7 7 » Ok (BRI —180 mL,
E 165, S 4.5) #kt# 5 74053113 1
Ar: S EIR Au: =v 7+ 74, Ag: Y, Ba: Eivh, A CrO;+HCl ¢ 5 iR L -
=V 7 b5 ADRPFMEFEIL FH 12A; LA UERT, As: CrO3+HCl to5PHBRLIC=V 27 7 4
DERTETHEMGEEE TR 12A; X [ U0 KAR (A7 HSM-2B ji 4 %6 1 i, 20kV, 90 #A),
By: RHBABGEEI Au: =v 7} 7 4, Ag: SR, Cp: #smh, Ba: E&H, By: CrOs+HCI ©
SRR Lic=t 7 b 7 A ORGSR B 12 By L[ UfRT, Bs: CrO;+HCI € 5 MM & L
v b 7 A0EENEFEESEEE FH12B, L UEFTOIKAR
Photo. 12. Microtexture of electrum etched by CrO3;+HCI for 5 seconds (Takadate ore
bodies, —180 Meter Level, E 16.5, S 4.5). Sample number 74053113 I.
A;: Photomicrograph in plain reflected light. Au, electrum; Ag, silver minerals; Ba, barite.,
As: Photomicrograph in plain reflected light. Electrum etched by CrO3;+HCI for 5 seconds.
The same spot with Photo. 12 A;, Ajz: Scanning electron photomicrograph of electrum etched
by CrOs+HCI for 5 seconds. Close-up view of the same spot with Photo. 12 A; (Hitachi
HSM-2B scanning electron microscope, 20 kV, 90 #A), B;: Photomicrograph in plain reflected
light. Au, electrum; Ag, silver minerals; Cp, chalcopyrite ; Ba, barite, B,: Photomicrograph
in plain reflected light. Electrum etched by CrO3+HCI for 5 seconds. The same spot with
Photo. 12 By, Bs: Scanning electron photomicrograph of electrum etched by CrO;+HCI for

5 seconds. Close-up view of the same spot with Photo. 12 By.
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BR13 =VvZ1I5aD=xvsinvy7a—7<4 /7 +54¥—CkbEER
(i #L & —180 mL, E 16.5, S 4.5) 3 %5 74053113 A
A BB FEE Au: =v 7+ 5 4, Ag: BEW, Ba: E&A, B: ZRETFHE,
C: Au L ¢ X #f%, D: Ag La ### X ##, E: Sb La ##: X #, F: Cu Ka
itk X i (B ARL=v 7 vy =g 27a7n—7 X875 14—, 20kV, 0.005-
0.02 p£A)
Photo. 13. Scanned images of electrum obtained by electron probe microanalyzer (Takadate
ore bodies, —180 Meter Level, E 16.5, S 4.5). Sample number 74053113 A.
A: Photomicrograph in plain reflected light. Au, electrum; Ag, silver minerals; Ba, barite,
B: Secondary electron beam image, C: Au La characteristic X-ray image, D: Ag La char-
acteristic X-ray image, E: Sb La characteristic X-ray image, F: Cu Ka characteristic X-ray
image (Shimazu ARL electron micro-probe X-ray analyzer, 20 kV, 0.005-0.02 PA).
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CHIE X AR D F v O fil (6245, 772) LZEFL CH 5 (K - Felg, 1968),

U2 b5 ADONERMERHEME T oMV RIC X - THEL ., £oRE, i
KBEERCT L LONLLEEHIHC WD ETRAH Y, 20 LAKC X HKRHE
LT A ENKBLE (BH11A, 11B,11C, 11D), CrO;+HCl itk » T=v 7 b 7 &
MERT S L, FORBREIREIhD L0 (FHI12A,, 12B) SIUOHRENABRIAD L
D (BE12A) KERBHBR, =V 7+ 7 anTNEHEES B RTRBERET 5 2 L &m
LTwb, 7ok, CrO+HCl i X » THAL I = v 7 7 2 OfilkA/n T AR RE B
WMEREYER 12A; BIUEFEH 12B; KR,

L2} 5 ADRBICD W T, FORABENGAHETH S Lhbroleh, Au
Ag D5 ik iED EPMA i X 5 R OfE (FH 18C K LOERIZD) 7b b, Au L Ag ik
Wi 7 B A R X, NHETH D Z LNnRDHHR, B 40% FHIATHH Ehb
B fo (BB YR By oK 21 B 3 BB 1),

LA, BAZEDO =V 2 b 7 ARSI T CORPRRE~REOATHL LB LY
7 SHE D B B R ET B & Lic & OWEMKE L £ OMR L OMBIZER ShD, FT,
BAREED =L 7 T AOMRIIC R, 78bOCIERR R, & BB TRINCOL
T%%@%%:&ﬁ@®%%%%&®%%&bf&ﬁéhéoit,1v7raA®ﬁﬁ&w
LA D BB RS & OBIFRIZOWTIE, BlfE, SHICREATTHD, =1 7 b7 ADERB LT
PR S, s B A o LRI i L, BT 7 A % SO L Tl 4 DRI T
Wi o B L, Moo RR REEER L 2E S L &, B & R T B
L ORI e b DD BN D T LT EOBRAKRERDOFFE LM B Lig -1,

5 #& B3

B X s B IR T b B SRR O S D R, Mk, LU X O S RLIE,
S OIARE - B, £, =V 7 T AOHIERER LORHL L TN TREL T,

AR DG OFEIR EOREIE, BT OIRAENES b =LA 0 B ks £ TR
Wehnc e, BRI, FrsHEE, W ® BE HAEOICHRALY % e
S LRk EOMOBRBEEEKE AU EAEETSEE LIS, HLOBFRBMOEMERE,
%ﬁ-%ﬁ-ﬁ%k,@%%%ﬁ%%bf%ﬁ@ﬁ&%%#bké:&KE@%WT&@%%
KL T3 EEXDhIRBERT 2.

GREOMR FOEL LT, ABE FOMMIBREETZLAEWLEIVED
MR G ERL, FOEHP R, WIERY, REHEE S r S-S E, £L
CHsgate b ONEML, WEELEBETHD L2 BET bR,

PR O MR ORI, Cu-Pb-Zn =5t ¥ X 08 Ag/Au (% il IR RSLFLR & [ U
FEETSC L, FLTEMMERE, FESBEHOE,, Eihb, AF, A% HLEms
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EDFGIRIY s X OBESAEE, WY, WEEL L CHBMWEL L THh D,

B s L O E OB, SEMREY DR E AL HEAEL, FhbOBRLEA,
WK, 2,7 — 2 RWRA L ORI TARSRERT L CH D,

TV T ARBEEL TS HADKEL, ERE MAEEGE EBCEDLRD L,
I LOMLAK - ML L, — R E S AICE R~ SR~ P B Th B Th B, FLT,
=V 7 b7 AR OEATOMERCED B D 5\ X R E A & B 5 M~ R g
WEHCBLTELCEDBR S,

V7 b7 AOWHICOWTIE, BEIRBEG~REEYTRTC L, BRI, SRR,
BB CEIABAMI L & RT T &, KRR 10~20 £ DL D%~ 2 &, G T
BRABEHETH DD, LI, BEMERET D LNEHRHTHDE L, KEHE - 719 5 —
AR AL O ERBIBLKO LT Eh & FLOBEA A ET S &, REREIESCRAE A
LTV LONLHBHEICS WL DETHS 2 &, CrO;+HCL 2 & 2 ERBI ERT B
ShHbDOBIVOHFRENBRIND L DORENBDON D &, EPMA Ik 2 K& =1
7 r T ABRGATH D LM T LR EDMOBEFRDO =L 7 + 5 ADWE E D RFAR
ORI L MARBAD T h & DERYH S 12,

BMELT, BABKOBAS IO =1 2 + 5 a1k, Mo @R BEHHE & 1303 FRE o 58
YT, BADEROKEBE, % ORMEHI D> T, HETELCE ks, FRIE
BUE OB b B BN 2o FEI A LR & 2SR OB MA B L, Mk i, TET 28
PISEIRAS 4 - 8 Bifk & BRI S8 Rk DB BT 5%,

ARERET 212D 10, HIHEBORE Wb - ot B T EAEBIR TR S R F 5 #d2 -
FITEA BB, JEE R TR RS A B, BB K B M B S S X L T,
DU, 2 OB AT > TF & 5 2 ZH @B AL AKTETTHE R R,
ELTRHELRZEC DL T HREMICHL T, B2 3E2ETS, £, NiEifFm
BB 1SS A RE KRB A RIS < LB L B,
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