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On the gold-silver deposits of the Koryu mine, Hokkaido, Japan
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Ore deposits of the Koryu mine, which is located near the Shikotsu Lake, Hokkaido, are gold
and silver veins of epithermal type. They develop in black hard mudstone of the Miocene age and
are composed of mainly quartz associated with some amounts of johannsenite, adularia, chlorite,
vermiculite, manganoan calcite, pyrite, chalcopyrite, sphalerite, galena, hematite, electrum and
silver minerals such as aguilarite, pearceite, polybasite, pyrargyrite, proustite, miargyrite, un-
known Ag-Sb-As sulfosalt mineral and silver bearing tetrahedrite ef/c. The ore veins show
crustified banding structure which consists of bands of quartz, johannsenite, adularia, chlorite,
vermiculite, silver minerals and sulfide minerals. Many druses and vugs are found in the central
portion of the quartz veins. Many kinds of small crystals of adularia, manganoan calcite,
aguilarite, pearceite, pyrargyrite, miargyrite, unknown Ag-Sb-As sulfosalt mineral and tetra-
hedrite efc. besides quartz occur in the druse.

Electrum is found in intimate association with chalcopyrite, aguilarite, pearceite, sphalerite,
galena and pyrite, and its composition is from 38.5 to 70.0 at. % Ag. While that of native silver
is 999 at. % Ag. The composition of aguilarite has a range from 14 to 41 mole % Ag,Se.
According to Petruk et al. (1974), aguilarite having such compositions as above is not homogene-
ous and associates with acanthite. However, aguilarite as above from this mine is monophase
with monoclinic cell. Pearceite and polybasite series minerals appear as rim of aguilarite or in
association with electrum, chalcopyrite and sphalerite. Compositions of pearceite series are from
0 to 100 at. % in Sb/(As+Sb) ratio showing completely continuous solid solution of the series.
Also, those of pyrargyrite and proustite series minerals have a wide range from 0 to 98 at. % in
Sb/(As+Sb) ratio. It indicates that pyrargyrite-proustite solid solution is stable at low tempera-
tures, although Toulmin (1963) suggested that the solid solution becomes immiscible at tempera-
tures below 300°C. Tetrahedrite assembled with chalcopyrite and pyrargyrite in the druse
contains silver from 24.1 to 25.3 wt%.

The homogenization temperatures and salinities of fluid inclusions in quartz are from 240° to
270°C and from 0.0 to 1.4 wt% NaCl equivalent, respectively. Temperatures and sulfur fugacities
of gold-silver mineralization in the Koryu mine are estimated as 175" to 240°C, and —15.5 to ~11.5
in log fs, (atm), respectively, from the data of compositions of electrum with aguilarite and FeS
contents of sphalerite with pyrite.
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Fig. 1. Location of the Koryu mine.
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Fig. 2. Ore veins at 90 m level, Koryu mine.
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Table 1. Scale of the veins in the Koryu mine

. . N Length Depth Width
Vein Strike Dip () (m) (m)
No. 1 N80°-90°W 65°-85°S 400 100+ 0.3-1.5
No. 2 N75°~80°E 70°-80°N 350 60 0.1-0.4
No. 3 N80°-~90°E 80°S-85°N 350 50+ 0.1-1.5
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Fig. 3. Photographs of gold-silver bearing quartz veins in the Koryu mine.
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A : Crustified banding quartz (qz) vein including gold-silver bearing sulfide bands (su) in
mudstone (md) (No. 1 vein, 60 m level) ; B: Quartz (qz) and chlorite (ch) vein with fragments
of black mudstone (md) (No.3 vein, 90 m level).
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Fig. 4. Photographs of gold-silver ores from the Koryu mine. A : Crustified banding quartz (qz) with
gold-silver bearing sulfide minerals (su), adularia (ad) and chlorite (ch) bands (No. 1 vein, 60
m level) ; B: Banded quartz (qz) with gold-silver bearing sulfide (su) and adularia (ad) bands
(No.1 uwaban vein, 45 m level) ; C: Banded quartz (qz), gold-silver bearing sulfide minerals
(su) and chlorite (ch) (No. 3 vein, 90 m level).

Wik, LRBRE, S— I F =74 FEEEOER
5L, FodEfittd k<, ThicEbh TE&REML
PWRUBEBOREEL TS 5, ERBIRPIEAE
ETHAHBAEEREOTAERTL OB I3~
10cm &, & iz 20~30 cm DA X % Bk EH
LEFLiEabhs, ¥Ehic 1~5cm KOBIKG%R
HAHVCIIEENBEROCARCEB IR AEELD
%, —BIESERHLYPLRERBF ORI IR
TEFOHBINIREETH B, ThcH2mmEEDOR

B#r=v 2 > 2B EY»BRH>LN D5 (Fig.b
A) RPRFO AP E FCET A ED
BRI A bR 5 (Fig. 50), R AEFHIC E ¥
KRB ECIABANRREFET D, LKRBE
EIRFROBRICS & X ITBBICE - TR
WHEHH Y, BRIhi-BaEEREAR ORY
FeHEH B\ IHEE LRSS, AE, 2o~ veFr At
RO~ v AV HBARRERALNS, CORKLED
B ERIZT 71 SEHBRBDLND,

U mEIEERE YT ETHN, ANCEELHEREEDO SO SED LS,



IR D S RILK 409

Fig. 5. Photographs on occurrence of silver minerals.

A : Electrum (el) in gold-silver bearing sulfide

band (dark gray) in quartz (qz) vein (No.1 vein, 60 m level) ; B: Aguilarite (ag), pearceite
(pe) and quartz (qz) in druse (No. 3 vein, 90 m level) ; C: Prismatic crystal of pearceite (pe)
in druse of quartz (qz) (No. 1 vein, 60 m level) ; D: Whisker of native silver (Ag) on pearceite
(pe) crystal in quartz (qz) druse (No. 3 vein, 90 m level).
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Fig. 6. Relationship between Au and Ag contents
of Nos. 1 (open circle) and 3 (closed circle)
ore veins.
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Fig. 7. Photomicrographs of some ore minerals from the Koryu mine.

A : Electrum (el) and chal-

copyrite (cp) in quartz (qz) (No.1 vein, 60 m level) ; B: Electrum (el) in chalcopyrite (cp)
(No.1 vein, 45m level) ; C: Electrum (el), aguilarite (ag), pyrite (py) and sphalerite (sp) in
quartz (qz) (No.3 vein, 60 m level) ; D: Aguilarite (ag) in pearceite (pe) associated with

pyrite (py) (No. 3 vein, 90 m level).
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Bres&BMtwECEERoMc LS h, PED
ET7AEROT 74 T8 £ DB, EE
FROREBL Y EEET 5, BT TRREET, &E
AHREOBVWTBRYETHIEAREHOES YR
L, AERUOAVEDA—1F2F(4 tRUSFY vE
BT 5, BRXREF, =FLv v 7)) a— VAR
DTA B U EPMA S0 R, KMtk ~v &V
®LBEY 285 A BERMGRE/ v+ 71 r HRANE
BBYUMHTHB T Lot
N—3IF%2154 b+ LROBRRRRVEERRBL L
bz, BGENESRIKEGEOR2~20mm OffL L
TREEOIMIZ 2~3 Kichbh b, ETT, ®BETY
ZFERBORPELVWSHEKS, B0 RTEHEELE
L, BX01~03mm KOAKIBESREERT, L
WU ko £ ¥ td, SRICAEERVDVEDR
REXBEL, X T AL, 771 74, HREL
BBy R O ESY L M4 5, BRXKREN, =Fv
v 7y 2 — 4, IN NH,NO, aE, m#zE{k, DTA
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Fig. 8. Grain size of electrum from the Koryu mine,

RO EPMA ¥R, &, —<vHra481r295 A
EABO A A-:1%2514/EERESBEDTHD
ZENBELR ST,

hrYr LEREOGERABCHAEL, HEDNERA
Bo5~10mmiE0HE LTHEET D, BT TERE
BT, HFVCTEBELXEL, H1um LITOMMERE
LTabhb, BERXFEEH, DTA R EPMA 4547
DHER, BRECEV»A Y Vv THB I LH¥ -1,

ToHFBARUARA ~vr v BRI LR
DasveF A bicbhdbo L GREFRFIZLD
hebDEnp s, FHEXER0Smm AT oMK &
LTar~verd b OftiRERCa v 1 MER
BETAHAREONMEAY > D TET S, —HAEKAFS
DLDIHHEEBEDZERBEXET S 2~10mm X
DEEGDHIERREROESLLTALNRS, HMEL
4 EPMA G402 CaO: 43.3~48.6, MgO: 0.5~
2.4, FeO: 0.3~1.8, MnO: 1.9~6.5wt% D%
AETH< TV HBRATHH I EDHEH -,

FER L BERT RO EELER R IC LB
b, AEREPEDS 0.1~0.2mm ADREML &
LTAbRDB, Z0BMERICHEERRFFIZ05~2.0
cm KOEFEDH D IR KER L LCET S,
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4. 88 4 %

KESGIVEBFYOERZ >V ERLARY
T, ZITRERLEDONFENUE, (LEEBROHRE
FFERERIC OV TR T B,

ILZbT4L 60mitidco 1 S8R O3 5aEE
AR IBRD =V I + 5 s0R ST Fig. 8
DE>5TH5B, MELHIZEABTERRIZD L
W, EPMA Tkt =1 7 + 5 2D Table
2IRARTIOT, 1 B8EED S DI 31.1~39.2 wt% Ag
(45.0~54.1 at% Ag), 2 B4&D b DL 32.7~35.5 wt%
Ag (46.9~505 at% Ag) R ' 3 B4RE O % ik 26.9~
55.9 wt% Ag (40.0~70.0 at% Ag) T, XFFDH DO
2 e 31.1~43.0 wt% Ag (45.0~58.1 at% Ag) o
HEHY, FERUEREE TS, Fh—Hodbo
PR ER—HATORRETH S, 50.0 at% Ag
HERAETH =V 2 + T 4D RHEY 2 Table 3 R
TX5T, TOBMEEY (VHN,) 3 58~60 TH 5,

BRER 350 mBIELTOAERKFEPCE
L O R & B A8 0 EPMA 472 Table 2
EHEIRTWA, Thit X isS e 02wt L
TCREMBTERBIHENTS, £, TOBRE
DRHR X Table3 Dk 53¢, kiL=v 7 520K
HEIL, 2ERERTEVA, BUNEE X 57~61
T, 2V +FADEREIIEEL L,

BEA BRE-ER  R-BE F

FIAS58 #RERET CRBKEXYEL, K4
HSEMROCRFEE STV, TOXEEIL Table3 o
Lo, tETHE T AEDOFRIZEL, BEFE V. £
LI LERD 7 71 Fgeo\T EPMA 447 %
TFotetEBr Tabled iRE T35, ZhikX il
FELIET 7 1 7 GBI Se/(S+Se) [FHFH
T 14~41 at%, K4 14~28 at% o®HEIH b, 2
¥ Ag,S & Ag.SeS L DR EEL TV 5, KL
Wi BB & 5w EEETH Y, BE, RIEARV A~
1Fa274 rORPRARKAFRLECET SN, &
DERODENZ L ZEBOERITBD LRI,

Table 5 i F3E L TN Ag,Seo25S0 D 7 7 1
SPRDOTHY FAT 4 —HAFTEED 2THRX
BEFOBRBESHEBEO TR E LIRREIATY
B TRIDRDBLAIERTFERL a=4.238(2), b=
6.936(2), ¢=7.943(3) A RV 8=99.783)" TH 5,

ET7RGRURINRGERIY ST CREREY
WUORKEGRT, KESEEIIEEV-2, RAHIEE
TRENEBKECOFEELET S, Z0ROEHIC
BRET7 A~ 7 ALERR A Y A RE—RHARY S
AUFOBOERFGLDBHL, WE L EFENEE
HIKEUL T3, BHET CoBNIEET
BB, LnLuWThd XEHHNERET, To[/MmOR
WL OBEBINEYBRBIT LTS, 7 AZDORFRIL
Table3 Dk 5T, 774 hORHARICHL, 2FE

Table 2. Analytical data by EPMA for electrum and native
silver from the Koryu mine

1 2 3 4 5 [3 7 8 El 10
* Au 60.8 64.1 69.2 69.1 66.8 63.5 67.6 57.2 5%9.2 65.3
; Ag 39,2 35.3 31.1 31.2 33.5 35.5 32.7 42.7 41.1 35.1
Total 100.0 99.4 100.3 100.3 100.3 99.0 100.3 99.9 100.3 100.4
* Aw 45.9 49.% 55.0 54.8 52.2 49.5 53.1 42.3 44.1 50.5
é Ag 54.1 50.1 45.0 45.2 47.8 50.5 46.9 57.7 55.9 49.5

11 12 13 14

15

16 17 18 19 20

* Bu 50.9 S56.7 43.7 8.6 51.8 60.6 73.7 59.1 0.2 0.1
§ Ag 49.7 43.0 55.9 31.8 48.4 39.8 26.9 41.5 99.5 99.7
Total 100.6 99.7 99.6 100.4 100.2 100.4 100.6 100.6 99.7 935.8
*  Au 35.9 41.9 30.0 54.2 36.9 45.5 60.0 43.8 0.1 0.1
= Ag 64.1 58.1 70.0 45.8 63.1 54.5 40.0 56.2 99.9 99.9

1-2: No.l vein, 45m level, 3-5: No.l vein, 90m level, 6-7: No.2
vein, 90m level, 8-10: No.3 vein, 60m level, 1ll-l4: No.3 vein,
90m level, 15-18: No.3 vein, %0m level(druse), 19-20: No.3 vein,

90m level (druse).

D54 v MPV-II M S « BT, EERE L LT WTIC SICRUOF 727 ) X arxBUTRIE LR,
2 BEREHTHMVK-DR» By, WE25g AR 0BDOEGTRE LY, =V 2 + 7 2R U EREORE A

EHglLli,
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Table 3. Reflectivities in air of electrum, native silver, aguilarite,
pearceite, pyrargyrite, proustite and miargyrite from the

Koryu mine
Wave length
406nm 436nm 497nm 546nm 586nm £48nm
Electrum 54.6 39.2 79.0 B2.6 85.9 88.2
Mative silver 17.8 83.4 88.0 91.9 92.2 94.2
Aguilarite 32.5-33.4 33.8-34.4 34.2-35.0 33.2-34.1 31.6-32.4 30.3-31.9
Pearceite 30.0-32.2 32.0-33.1 30.0-32.4 28.5-31.9 28.6~32.3 29.0-31.9
Pyrargyrite 30.8-31.9 33.1-34.4 30.6-32.9 27.6-30.7 26.6-29.4 25,7-28.0
Proustite 30.4-31.7 32.7-33.5 30.3-32.6 27.7-30.2 26.4~28.2 24.3-25.7
Miargyrite 29.4~37.8 31.8~-38.1 29.6-37.6 28.5-36.7 27.1 35.5 25.7-33.4

All minerals: No.3 vein, 90m level (druse).

Table 4. Chemical compositions of aguilarite from the

Koryu mine
1 2 3 4 5 6 7 8 9 10
cu 0.6 0.8 0.8 1.3 1.6 0.8 0.0 0.4 0.3 0.2
* Ag 83.1 82.6 81.0 8l.6 83.4 83.2 84.4 84.3 B83.9 80.4
o
= ] 9.1 9.4 9.9 10.6 10.4 10.3 10.2 9.8 9.9 7.0
Se 6.7 6.9 7.5 6.1 5.1 4.2 5.8 5.2 5.2 12.2
Total 99.5 99.7 99.2 99.6 100.5 98.5 170.4 99.7 99.3 99.8
Cu 0.8 1.1 1.1 1.7 2.1 1.1 0.0 0.5 0.4 0.2
b Ag 87.1 66.0 64.3 63.8 65%.1 66.6 66.6 67.4 &7.2 866.5
2 S 24.7 25.3 26.5 27.9 27.3 27.7 27.1 26.4 26.7 18.5
Se 7.4 7.5 8.1 6.5 5.4 4.6 6.3 5.7 5.7 13.8
11 12 13 14 15 16 17 18 19 20
Cu 0.0 0.5 0.5 0.2 0.0 8.0 0.0 0.0 c.0 0.0
: Ag 84.2 83.1 84.1 82.9 83.0 83.0 82.8 B84.0 85.0 B2.8
= s 10.4 10.6 10.8 9.1 9.2 9.3 9.5 9.1 1¢6.3 8.8
Se 4.6 5.1 5.8 7.7 8.5 8.4 7.6 7.0 5.5 8.7
Total 99.2 99%.3 100.% 99%.9 100.7 100.7 9$9.3 100.1 106.8 100.3
Cu 0.0 0.7 0.7 0.3 0.0 0.0 0.9 0.0 ¢.0 0.0
M Ag 67.1 65.6 65.6 66.6 ©66.1 66.0 68.2 67.7 66.8 686.6
< s 27.9 28.2 27.6 24.6 24.7 24.8 25.5 24.6 27.3 23.9%
Se 5.0 5.5 6.2 8.5 9.3 9.1 8.3 7.7 5.9 9.5

1-4: No.l vein, 90m level, 5-10: No.l vein, 60m level, 11-13: No.3 vein,
60m level, 14-16: No.2 vein, 90m level, 17-20: No.3 vein, 90m level.

R TEFEL

Table 6 GEIRFIC AL N B ZERD L7 ARV
AV ARG HEGH O EPMA FHEXRL TV 5, £
DREAENVE, 7ok 2 1.8~61wt% © Se &g
HLTW5, B94FED Ag+Cu: Sb+As: S+Se ©
B ¥ H215.73~16.30: 1.70~2.30: 10.50~11.21
LADBABRDH 16 2: 11 HEIWERRL T
B, SETF 1 Cu/(Ag+Cu) & Sh/(As+Sb) & B
FrRR+ s Fig. 9o & 5 €, KL OFFERE
E7Agi— 7 APR0EE (Hall, 1967 A%,
—BD & DILAE Y AAG—FEAE Y ASALRCET B,
€7 Ag %MD Sb/(As+Sb) D F i 1.5~98
at%, ¥ oY S ARG O FHT 0~52 aths LA

BEEIE G, S L cRBbieabh s BEE R
ERERREEZL B0 TEL, BLALDE
KRR OB LD LD TH S,

BV REAT 4 —h 4T XD (Agisss Clioes) (Sbyps
ASo.98) (S1o4s S€ors) MR D E 7 A8 (3 5k 90 m #
WD KX BB R Table 7T I REA TV 5,
FsEdc iz &M (Sugaki ef al, 1983) o0&k H G
LEhTWB, hbDXBREFERL hRDIET
AGOBRFERIBEAFTHRLE L Ta=T7417, c=
11958 A TAH 5,

BRI RAIERILREEY) SRBEBET CREFK
ENEERECELTIHCRHLEHLYEL, BF
HHEECRKABNERKADOTHEYRT, AROEK



RO BE ORHEY Table 31wRL T 54,
MELIRER U LRHELRT 55, BEERAICH
EDHBHLTHIEE,
BEFOFRREZKBEOCLRERb OERERESY
BT A8 RS0 EPMA 5471 Table8 o X
5T, As, Sb, As R 'S DEETHE D5, Cu R Se
MBS AHET S, (Ag+Cu): (Sb+As): (S+Se) »
RT3 2.89~3.03: 1.01~1.19: 2.91~3.00 C, 12
ErOBBAOLS: 1: 3%WET S, ¥i% D Sb/
(As+Sb) DEFHIL 0~97 at% & IEE I E-ARE
Y RL, MEFEBEGEDIREALEERCES, *
D5 HbAEFOFHE RO b O RIS RALE Y
AgsAsS; TH B, BHEHFASH O ik Sb/(As+

416 BEA RE-LBR BH-BE F
Table5. The data of X-ray powder Table6. The chemical compositions of pearceite
diffraction for aguilarite, -antimonpearceite and arsenpolybasite-polybasite
Ag,5€0.255072, in druse of No. series minerals from the Koryu mine
3 vein, Koryu mine
1 2 3 4 5 6% 7% 8* 9 10
Aguilarite Acanthite
(Koryu) (Synthetic) Cu 9.4 9.4 9.4 6.6 6.2 4.8 2.6 3.3 7.6 7.3
hk1 I dlobs) d(calc) 1 d(obs) Ag 64.0 63.9 64.5 68.3 66.3 67.3 73.4 71.6 68.0 68.6
01 10 3.99  3.98 10 3.96 : sb 0.3 1.0 1.4 0.5 3.1 6.5 0.0 0.0 0.0 0.0
110 _ _ 3.58 6  3.571 Z As 7.6 7.6 5.5 6.2 6.3 3.6 7.3 7.6 6.8 17,0
111 25 3.448 3.449 35  3.437 s 14.2 14.3 14.0 14.8 14.3 14.3 14.6 14.2 15.3 16.3
012 10  3.411 3.408 20  3.383 se 4.3 4.3 5.4 2.5 2.5 2.5 1.9 3.0 1.8 0.0
111 80 3.087 13.089 60  3.080 Total 99.8 100.5 100.2 98.9 98.7 99.0 99.8 99.7 99.6 99.2
I12 80 2.857 2.856 70 2.836 cu 11.0 11.0 11.1 7.9 7.5 5.9 3.2 4.0 9.0 8.5
120 75  2.669 2.668 45 2.664 Ag 44.2 43.9 44.8 48.1 47.3 48.8 52.4 51.2 47.0 47.0
121 100 2.613 2.613 100 2.606 * sb 0.2 0.6 0.9 0.3 2.0 4.2 0.0 0.0 0.0 0.0
022 50 2.594 2.596 70 2.583 X as 7.6 7.5 5.5 6.3 6.5 3.8 7.5 7.8 6.8 6.9
112 75 2.468 2.468 70  2.456 s 33.0 33.0 32.7 35.0 34.3 34.9 35.1 34.1 35.5 37.6
121 55 p.44q 2-446 B0 2.440 se 4.1 4.0 5.1 2.4 2.4 2.5 1.8 2.9 1.7 0.0
1 2.4 2.
913 a2z 60 421 w12 13 14 15 16 17 18 18 20
103 25 2.404 2.404 75 2,383
031 75  2.217 2.217 45 2.213 cu 7.8 5.5 5.8 5.5 11.2 8.1 7.9 8.2 7.9 7.8
122 10  2.101 2.161 16 2.093 Ag 68.2 69.7 68.7 68.5 63.1 64.3 64.2 64.2 64.2 63.8
200 60 2.089 2.088 45  2.083 : sb 0.2 0.2 0.5 0.8 1.6 5.2 6.1 6.3 .2 10.3
023 - _ 2.085 16 2.072 Z As 6.7 6.7 6.8 6.5 5.8 4.3 3.4 3.8 1.4 0.0
103 10  2.060 2.061 16 2.047 s 15.4 15.3 15.3 15.4 15.0 14.7 14.6 14.3 14.9 14.4
131 20 1.999 1.999 16 1.995 Se 1.8 2.2 2.4 2.7 2.6 2.9 3.2 3.0 3.4 3.1
123 20 1.976 1.976 20 1.963 Total 100.1 99.6 99.5 99.4 99.2 99.5 99.4 99.8 100.0 99.4
004 3 1.957 1.957 4 1.935 cu 9.1 6.5 6.9 6.5 12.9 9,7 9.5 9.9 9.5 9.5
131 - - 1.921 4 1.918 Ag 46.9 48.6 47.9 47.8 43.3 45.2 45.4 45.4 45.3 45.9
212 160 1.911 1.911 14 1.903 *® sb 0.1 0.1 .3 0.5 1.0 3.2 3.8 4.0 5.1 6.6
014 5 1.884 1.883 16 1.866 % as 6.6 6.8 6.8 6.5 5.7 4.3 3.5 3.9 1.4 0.0
114 - - 1.833 4 1.816 s 35.6 35.9 35.9 36.1 34.6 34.8 34.7 34.0 35.4 34.9
221 - - 1.802 4 1.798 se 1.7 2.1 2.3 2.6 2.4 2.8 3.1 2.9 3.3 3.1
940 10 1.735 1.734 12 1.733 *Polybasite series mineral.
213 10 1.728 1.729 20 1.718 1-3: No.l vein, 45m level, 4-6: No.l vein, 90m level, 7-9: No.3 vein, 60m
level, 10-11: No.3 vein, 90m level(druse), 12-20: No.3 vein, 90m level.
a=4.238(2)a a=4.229A
b=6.936(2) b=6.931
©=7.943(3) c=7.862
8=99.78(3) ° 8=99.61°
Aguilarite: No.3 vein, 90m level,
acanthite: JCPDS 14~72. 30 H
Pe . Sb-pe
L : .
;
WCRBAADELAONTRHE LIS, BEE 3
20Le o o i
A
h
!

Cu/(Ag+Cul, at %

20
Sh/(As+Sb), ot %

® Pearceite siries o Polybacite siries

Fig. 9. Relation between Cu/(Ag+Cu) and Sb/

(As+Sb) in chemical composition of min-
erals of pearceite (Pe)-antimonpearceite
(Sb-pe) and arsenpolybasite (As-plb)-
polybasite (Plb) series.
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Table 7. X-ray powder diffraction data of
pearceite from No.3 vein, 90 m
level, Koryu mine

Pearceite Pearceite
{Koryu mine} (Synthetic)
hkl I d{obs) d(calc) I d(obs) d(calc)

001 30 11.9 12.0 5 11.9 11.8

100 5 §.37 6.43 10 6.435 6.434
002 5 6.03 5.98 20 5.913 5.911
101 - - - 11 5.653 5.652
102 - - - 4.354 4.353
003 - - - 2 3.942 3.941
110 5 3.69 3.71 7 3.717 3.715
111 - - - 35 3.545 3.544
103 - - - 12 3.362 3.361
200 - - - 4 3.217 3.217
112 - - - 8 3.146 3.145
201 20 3.10 3.10 65 3.105 3.104
004 50 2,99 2.99 85 2.956 2.956
202 100 2.83 2.83 100 2.826 2.826
113 2 2.72 2.72 4 2.704 2.703
104 - - - 12 2.686 2.686

203 30 2.495 2.501 55 2.4928 2.4922
211 20 2.380 2.379 S50 2.3821 2.3821
114 30 2.327 2.327 40 2.3132 2.3130

212 - - - 2 2.2500 2.2491

105 5 2.243 2,24} 10 2.219%6 2.2195
204 10 2.191 2.188 40 2.1764 2.1766
300 5 2.141 2.141 25 2.1454 2.1448
301 5 2.108 2.108 25 2.1106 2.1104
213 5 2,071 2.073 25 2.0699 2.0696
302 - - - 25 2.0164 2.0164
115 20 2.010 2.010 40 1.9950 1.9948
006 - - - 3 1.9712 1.9705
205 5 1.918 1.918 20 1.9052 1.9053
106 - - - 20 1.8841 1.8841
214 5 1.884 1.885 11 1.8784 1.8780
220 10 1.855 1.854 50 1.8577 1.8575

a= 7.417(2)A
©=11.958(7)

a= 7.4299(1)A
©=11.8229 (4}

Synthetic pearceite: (Agy 555Cug 245) 16R82811-

SHYEFHTT7~97at% LEVEEYE L, —RICH
farhnt As iz, F o4& Sb M B LR EAL
RLT\W A,

¥=xh AT Tt AgroiSboisAssesSees #H D
BELSRY O X MR B R L v kDB FEBR
a=10.877(6), ¢=8.702(D A T, R RAL SRS O B
(Sugaki et al., 1978) 2=10.793(1), c=8.676(1) A
DEFAE,

BRI YAENET CREAENERFTHARE
sl ERHEEEYEL, RAEVEECRAE
eEREOERNETHEEYRT, K41 Ag-Sb-As
RS A - TIET B, —RICHEOBAL
BE T, & X ICBILEDHBRHALHREDLND,
Kﬂ%@&%%?@@ﬁ%%ﬂ%h&ﬁ%bTmMB

Table 8. Analytical data for ruby silver
mineral from the Koryu mine

1 2 3 4 5 6
cu 0.0 0.3 0.2 0.0 0.3 0.0
Ag  59.9 61.5 61.2 61.7 61.5 63.3

® gb  22.2 15.0 12.9 12.3 12.1 10.2

¥ oas 0.5 4.3 6.0 6.1 6.9 8.1

s 17.9 18.2 17.9 18.5 18.4 18.9
se 0.0 0.9 2.2 1.4 0.7 0.0

Total 100.5 100.2 100.4 100.0 99.9 100.5
cu 0.0 0.3 0.2 0.0 0.3 0.0
Ag  42.6 42.7 42.3 42.4 42.3 42.9

®Sb 14.0 9.2 1.9 7.5 4 6.1

< as 0.5 4.3 6.0 6.0 6.8 7.9

S 42.9 42.5 41.6 42.8 42.5 43.1

se 0.0 0.8 2.1 1.3 0.7 0.0

7 8 9 10 11 12

cu 0.0 0.0 0.0 0.1 0.2 0.0
Ag  62.5 64.9 64.9 65.1 65.4 65.1

# Sb 4.3 2.5 1.8 0.2 0.1 0.5
£As 13.7 13.3 15.2 15.2 15.1 15.2
s  18.6 18.9 19.0 19.4 19.5 19.4

Se 0.0 0.0 0.0 0.4 0.0 0.2

Total 99.1 99.8 100.9 100.4 100.3 100.4
cu 6.0 0.0 0.0 0.1 0.3 0.0
Ag  42.0 43.2 42.6 42.5 42.7 42.6

® sp 2.5 1.4 1.1 0.1 0.1 0.3

2as  13.3 12.8 14.4 14.3 14.2 14.3

S 42.1 42.4 41.9 42.6 42.8 42.6
Se 0.0 0.0 0.0 0.4 0.0 0.2

1-9: No.3 vein, 60m level({(druse), 10-12:
No.3 vein, 60m level.

Table 9. Chemical compositions of miar-
gyrite from the Koryu mine

1 2 3 4 s 6
cu 0.5 0.4 0.0 0.4 0.0 0.5
Ag  36.2 35.3 36.4 36.4 35.6 36.6

* sp 41.6 42.2 41.1 41.1 42.0 40.1

£ as 0.0 0.1 0.2 0.2 0.7 1.0

s 22.1 22.2 21.8 22.1 22.1 22.2
se 0.0 0.0 0.0 0.3 0.0 0.0

Total 100.4 100.2 99.5 100.5 100.4 100.4
cu 0.5 0.6 0.0 0.5 0.0 0.6
Ag  24.5 23.8 24.9 24.5 23.9 24.5

* sb 24.9 25.2 24.9 24.5 25.1 23.9

2 as 0.0 0.1 0.2 0.2 0.7 1.6

s  50.1 50.3 50.1 50.1 50.3 50.0
se 0.0 0.0 0.0 0.3 0.0 0.0

1-6: No.3 vein, 60m level.

ZEFTH 5D, T DORHIARIMOSHEMEL I L,
SEBCEFEL, TLAMICLAERLAE G, ¥
7 EPMA ko7 EREBIOME L Tabled o & 5
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Table 10. Analytical data of
tetrahedrite from
No.3 vein, 60m
level, Koryu mine

N

1 3

cu 21.4  22.0 20.9

Ag 24.5 24.1 25.3

Fe 5.8 5.8 5.9

w®  7n 0.0 0.0 0.1
£ sb 21.5 21.6 21.0
As 4.0 4.0 4.3

s 23.3  23.3  23.3

se 0.0 0.1 0.1
Total 100.4 100.9 100.8
cu 20.7  21.2  20.2

ag 14.0  13.7 14.4

Fe 6.4 6.4 6.5

* zn 0.0 0.0 0.1
% sb 10.9  10.9 10.6
as 3.3 3.3 1.5

s 44.7  44.5  44.7

se 0.0 0.1 0.1

T, AsE1202at% LT, Ag: (Sb+As): SHE
FEi30.98~1.00: 1.00: 2.00~2.01 & s b BAERX
ol x < —%7 %,

RN Ag-Sh-As FiiRAY ST CTREDNERER
HHROCKBAOH - RKHLESEYRT, RAKEDH
HTELCERBNEFTREOHESLH R THERYET
5, ¥EWNHEEEL, BLBHEALONE, EPMA
SMROXKREH OFER, aramayoite” |LEOBEY
BT 5 AgSbS,-AgAsS, RO MM TH B = LAk
Do T (BEA D 1984), = DM O MO TIRBIC
HwET 5,

mEiEi EPMA 547X Tablel0 o X 5 T,
24.1~ 253 wt% Ag (13.7~14.4 at% Ag) R U4.0~
4.3 wt% Fe (64~6.5 at% Fe) &2, Znix 0.1
wt% LT, Asix 43wty BS5atk) LIFTsdbicd
fsvs, (Cu+Ag): (Fe+Zn): (Sb+As): (5+Se)
R FHx10.04~10.12: 1.85~1.88: 4.09~4.10:
12.93~12.97 ¢ z 0 BAEKXORFH 10: 2: 4: 13
E—FT 5,

5. REIFED

158845 mis I & 35460 mih v c L 27 + 5 A
PR E USSR ETHAEER U3

S0 m MW EOELMEE T 5 HFEEEF OIS
THEWCD W HECRERUCERE2NE L.
w203 Linkam % TH600 B in#A 3 2 5 — 2 % A v,
BB LR 2°C/min, # 7K SBE X 0.2°C/min ©
BEEECHIE L,
WEREHIRMIR - K2HTH 52, LEEKH
DHED L DB BRI, MELCEEDIR - K24
DWELEYT, FOKEZ1220~50 um BE T H
B,
HEIBEOREEEY Fig. 10A, BRUCiRL
T b, BRI ABS 2200~300C DEEILH
2, LR EE&SMtYRBeRET A RSO L DI
240°~270°C w735,
BWEREYNE LD LB URESED IO
T, KABEL D, 2o NaCl YBE»RD, &0
EEELHENMEE EOBGRY Fig llRmL Ty
5, ChicI hilES&S{tmRcRET s REFD
BEOEWOEBEIL] S8, 04~10wt%, B3
28, 0.0~09wt% TIRERLEBEOBE®RL, %
RooWENBES & 240~270C C&EH T3,
—H 3 EMEFFRD L O EERE 0.0~1.4wt%, k%
507~14wt% T, »o, FOHEBRER230°~
250°C L7y, FERob oL, HBEABEZLRE
<, BRERETE .

6. & =

R0 LS HEHLILOFIRIMARAEE, KEA
RUEGEFHOBIRARYETLL, hita vt
714+, KEA, BRA, ~-1F231Lt, €8
BAKROBRE SoREEEHE, PRI AR
YETHRBKSOESSFEREIRTH 5, SEEY L
LT, =v2 34, BRE[B, 771478, £©7R
§, VARG, BB —RERY, EEBE K
41 Ag-Sb-As RRELHE O S EOERE s £ %<
DLORRVGHEEINRTWBE, REESEEGHEIOR
BomhosTuhv, 2hboBEHIFE LTas&E
By, BB, A-ixa254 RUBREOHEK
EL, BEE, HNY, WEHEROFHRLEELR
5—7, BEHATIC AL, BLTRERLO&EE
BERBRTH, Lrl, XELE-FE (L - 8]
B, 1978), FMEW, 1936) R /MR (EHE, 1956)

D kg IMA FEMER S~ E L THEFPTH 5,
2 pEsE Ag (Sb, Bi) S, MR & STV B A, Mullen and Nowacki (1974) wk v, 0EAERA L AgsSbsBiS,; &

INTV D,
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Fig. 10. Homogenization temperatures of fluid

inclusions in quartz from the Koryu mine.
A : No.1 vein, 45m level (outside quartz
adjacent to gold-silver bearing sulfide
band) ; B: No.3 vein, 60 m level (quartz
of outside adjacenting to gold-silver bear-
ing sulfide band); C: No.3 vein, 90m
level (drusy quartz).

15
o ®oa o
3t oo 20
3
H or 4 ODo®as
S re °© o m M s
]
z
X > A sam a N
£ - s
4
» st 5 . . 'Y
asea
o o e >
0 — "
200 250 300

Homogenizotion temperature, °C
“ No.l vein, 45m level e No 3 vein, 60m level ©No. 3 vein, S0m level

Fig. 11. Relation between homogenization temper-
atures and salinities (NaCl equivalent
wt %) of fluid inclusions in the same speci-
mens as shown in Fig. 10.

e EDOEBHIRHIZ~ v 2, <y VERV AL
=TRREDET NV EREHOE M LN T B
A, AL TRELRGH IR TV IR,

~7%, BEOLKRAEEH L LTa~vaes a1 b, K
ERERUV295A A—-1%a54+ /EERESBEYY
DEHT N, BEABSERERCEBICETSE
ERIVEDEIAZLAKR, ZO&, FEEILKT
Ao HENR (AHE, 1961; BEA, 1961; ) & ook
YR TE, ¥, BREORGEHERECE/ERL
JEFBEEL L2,

EBHLILUBLOL TS, 1982) B U (E M, 1949)
REDEIUNSRE~ Y F VBB E LT 7 =
R, ~SHA, M2y 2RV HVARBTARS A
AREDBRENRDBY, AEUISIETO L 12
NYEFALFPDRT, ThHOEHRIEGHIRTL
B\ BV F A P BRBKEOSBERENRLGE
HTHZLRERT, ChECHEERNE - BrBEH
gLl (Geol. Surv. Japan, 1970) B MU EB S
KFgh (O, 1969) oI DEHAREIN TS
2, HEHLILOHAVEFRYBE ST 58EMEE L LR
%,
ERDO X SR SIBRAR T A- 125
1Y OREEHEET 5,818 285 A BRAMOGRE
B/y A7 4 r BEBEY T, TCRAMAE(H DT,
1973), HBAE REA-fRL, 1979; &R, 1981) RO
M CKH - B, 1981) /e EOBRBKSEEIRY D R
WHERTWA DR ISELL T3, —F -3
FaF4 2295 A oRARYRTESRYEY T, A
ERUBEAERHEVCRERYERLT B, 20X 5 it
9 5ARAMO - iF251 } /BERESBOEN
RINETRBRKESEIR AL THIIRV, &
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PROBREEFTRTIDEE L HMB, T IO
95A -3 Fa54 /EEMRAEE 85 AKE
G/ RFA IV REBOKFELERDPAIBFRTH 5,
=7 b7 ADEKIT27.9~55.9wt% Ag (38.5~
70.0 at% Ag) T, 7 v =vHLT /1 S EFET
LEE BAROCKERLLED =V 2 b 5 ADEK,
Thxh 60.7~714 at% (EKR S, 1982), 87~100 at%
RO 70~100 at% Ag (BEARH, 1971) ki, o
EERIEL, TRELEUD =127 + 7 4D 40.1~67.8
at% Ag (Sato ef al., 1981) wEWEIC I 5TV %,

774 FRAAGILERED PR LETENLLOT,
EEEMIYCRBEOB I X RERAET B,
TDT YA T ORI AgSer 6S0ss ~ AL S04
Sose DEIHICH Y, TDHL 1T AgS & Ag.SeS Dz
IFHRREREYE LT3, 2 A LD EREE! Petruk
et al. (1974) HRAOHEKHOLHEE LR A LR
5 Ag,S-Ag.SeS GHE#E—7 7 1 5 ) MoOAREM 2
HERCAS, 7, 10% KCNBRizL 5 149H0
Bz X > T, Petruk ef al (1974) oL L S
RBEEZIRE bR, ZogWITHT 5 XEHXK
BTRER OB L 7 71 SEOBAW TR, *
ORTFERISEL E 7 71 o FHEOEEXRL,
REYHPEMERY OB~ TH B Ldlbhrd, &
N O DREFIIER T Ag.S-AgSe, ;Sos [ B Rl 5 F
DEERI-7 71 FERBEBBENFETDHECIER
b (RAK) OHPEERERY L —8T %,

RET AY— T AGREYROA ) A A~/ A
) S ARG ARG D BV ER T B, *
DEHELIET ALREHT, £V SRGREB AT
Vv B 7 AEREMITIZIE 0~100 at% Sb/(As+Sb)
DEEBGEEBEOEREHEYETH, 20X H/AE
BOEREYETAE 7 AEA—EERMGETBZ &
BlL\, 20X 1He, BRARNACRTEEN
Lbohdh, REHOLEEREEEC L AL
ZHhT, BREMRDLAFDERCERROE
ZIALDT, AEGHFIEALRS SO AsHR
BSEE 7 AT M S,

AL BE RAT SR — YRAL SR L SRR R MR 7
AgiShS; RUTAZGASS, DO b DD EN, ThboD
PR O S DR RV Ik, —RRICEREOAE
KRREBENLONDEE, EHONEIZL SDIZE

TEEND D, Toulmin (1963) % 300°C L k¢
Ag; Sb S; —Ags As S; ROMEFEER TV, 300C
UETHEMMCERERELNFET 52, RARTR
17~ 96 mole% Ags Sb S; L EEF TS5 ONRVH
IhTwirvo Ehb, 300C LT CHREwERE
M2 MEEBEET S E Lic, LaLds, XEH
W EEAT SR K VTR & 0 3 1F A &K, 20~80 mole%
Ag, SbS; DIEVEREHEEYAEL, To X RERER
B FNDE—HTHDHZ LT, CDZEMBE
BeLABBOBRBENFEL TV ST ESEND D,
Toulmin (1963) oERIBHRAYETS,
FERRY R UK Ag-Sh-As REEEL D b B
RLEREL—ERAT B R & RR, R OFRFIZ L As
ICE &, &R E SRS 2 #ind 5 REEREL
MNhbh, & 2wirgED Ag-Sh-As RS DR
REEE L OWCERBEILETL TS, T LN
LEXRMOBENMERI SO ImELARICEBLLL T

Eorly Late
(Banding) (Druse)

Electrum - - - -
Native silver -
Aguilarite - - - -
Pearceite-polybasite - - —
Pyrorgyrite-proustite e
Miargyrite -
Ag-Sb-As-$ minerol -
Tetrahedrite -
Chalcopyrite .- - - - - - - -
Pyrite - - - - - - -
Sphalerite - - - - -
Galena - - - - —
Quartz e R
Johannsenite -

Chlorite - -
vermlculite - .-
Adularia
Kaoline -

Mangancan caicite - -
Colcite - -
Mognette

Hematite -

Fig. 12. Mineralization sequences of minerals in
the Koryu mine.

Y Petruk et al. (1974) (X7 74 SPA R T HBROMFY OB EE LT\ B,
D OEARS (1982) DI AgS-Ag.Se RMFHERARERTV S, THICIhiE7 71 FRENEROEY L &

nTw5b,



YLD LRELK 421

bEHBEINS,

USRS 241 ~253 Wt% Ag &2, DB 7
FASNTEERRYTEN, In®I3 LA LS E Y, Fe
KELEB T Do & OE ISR L 2 O L (B
Ab, 198 b@BDHh, BE ~ KEMEHL D Zn
BEES Fe il LBV & BDBRIZ 7t - TV B,

KESILELREY R OIRGEEY O & HEF AR
Wi Fig 12 e R® T X 5T, ¥3R%E EREROVE
OEFLOFALIEANIL T, B hTa v
eFA P HBEL, ThNESHER VY~ v ¥ v HBE
S, ROTEELGRTY R OFALEEY 0 FALIE
BARHD, =v 7 +Sa, T4, ©7 R, B
g, FEE, NESREROFHHEL R LAREL, &
SETWHROBREB LR L T35, Zhb AR
BLTARE, XRA, A, - i1%271 PRV
At Y vHBEFREFhELBRELTELCWA, Th
LOFALER RS EEL DR OF % & &0 CHERE
Ba3h, FEHNRETHHBROETIHHHL T3,
ZHIZBEENT, TELTRRERNORERRNEE
L, CheBEOESRYE, BRESHBERXHS.
FOFRP AL, BEROSEMIFROER L LT,
RE, k&R, ~vH VA, vz 74, BR
B, 774 S8 €7 ALY, BESY, & Ag-Sb-As
RHRESY, ELEL R OTIEE s &2 LR &
LTEL TV 5,

EEEFRIBCNET A ERRUCAEEEOTME
RO HELEE1220C ~3000C, K#5240C ~
20°C, ¥ DEEE R0 ~14wty (NaClig g
B) T, kESCEET A FELURUCEHE LD
FUIE 8D EREFOMESETEHWOHEAERE
B OMERE 230°~270°C, 0.0~2.7wt% (Yajima, 1979)
F U8 200" ~240°C, 0.4~1.8wt% (TEES, 1984) i\
7, BP0 Po-Zn ke A Hh 3 WLEHHDE
BE 0.2~4.2 wt% (Yajima, 1979),0.5~4.8 wt% (T
BEDG, 1984) iH LBV,

FRUESBEAEROEGFE O WTHRFT A
b, =L 2 I AROT A I8 EMAE S NESRIED
#R % EPMA Tk, £OMBEREIHETH =
V7 h 5 A E & bic Table 11 1/RL TV 5,
T4k o FeS 44 82 0.4~1.3mole% FeS o &iH
T, ThEELE =V T ADEBIIN, =045~
059C#» % A%, Table 2iciBif7c X 5 ke LT
% Npg=_ 19~0.70 @iz %, Barton and Toul-

Table 11. Chemical compositions of
sphalerite and electrum as-
sociated with each other

s 49.7 49.

-~
o
n
o

1 2 3 4 5
Sphalerite

Cu 0.0 0.0 0.7 0.2 0.0

Fe 0.3 0.8 0.5 0.6 0.5

®  zn 67.2 66.7 65.9 69.5 66.3

£ Mn 0.1 0.2 0.0 0.1 0.1

ca 0.1 0.2 0.7 0.0 .1

s 32.8 32.8 32.6 32.9 32.6

Total 100.5 100.7 100.4 99.7 99.6

cu 0.0 0.0 0.5 0.2 0.0

Fe 0.2 0.7 0.4 0.5 0.4

® Zn 49.9 49.4 49.2 49.2 49.7

4 mn 0.1 0.2 0.0 0.1 0.1

ca 0.1 0.1 0.3 0.0 .1

6 .6 .1 .8

3 .8 .0 .9

FeS

Mole 0.4 1.

=
—

Electrum
Ag 43.9 28.7 33.5 35.3 31.2

Au 56.4 71.2 65.7 64.1- 69.1
Total 100.3 99%.9 99.2 99.4 100.3

NAg 0.59 0.42 0.48 0.50 0.45
1-2: No.3 vein, 90m level, 3: No.3 vein
vein, 60m level, 4: No.l vein, 45m
level, 5: No.l vein, 90m level.

%

Wt

min (1964,1966) X AEBEFL L HKETH Vv I + T
2D Ny BB 7277 4 — (fs;) RUBIESAE D
FeS BE-RE-fs, BIGNK, XBLLUE=Vv 2 + 7
LD (Nyp=039~070) RUEELH D FeS &F
£ (0.4~1.3mole% FeS) &% ~eX Fig. 13 0 X
5THBH, Lil, REHLIUE=V 2 b 7 2 3ERE
The!, 7742 LME 0T, BEE+=1v 2 b
Fatkhofs, BV ETECECRAEELLRD
(BEARG, 1982), ik =12 v 74, 77
54 34, ARSI, BrERELZLRATD
b, RERILDOFERGBIERORER O s,
B 175 ~250C K otlog fs, (atm) : -155~-11.5
tEZHRDY, COREHBIAEFORGLEY
BBEAWBREOE RT3 240°C ~270C wwH LETEL,
FLEROBERV S BRXTHEELLAE?2 SE0
240°~300°C, log fs, (atm)=-11~-9 (UM « B,
1978) L, BERU fs, BE bEFEY,

BB AMRCYLIEATEDCIECEER
BREFUHIASHALLGINEERTRUXBRLENO
FaBEL BHBELEFS  EABEETIIZYD,
ERBOERER BV Wi BT ELr

V¥ BRhcEREYET DY, OHEO fs 13 Fig. 130 Ag FEICHET 5.

(.
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Fig. 13. Inferred range of temperatures and sulfur
fugacities of gold-silver mineralization in

the Koryu mine. arg: Argentite; hpo:
Hexagonal pyrrhotite ; mpo: Monoclinic
pyrrhotite ; py : Pyrite, N,;: Atomic
fraction of silver in electrum; mole %

FeS: Concentration of FeS in sphalerite.

Nos.1 to 5: Same specimenasin Tablell.
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