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Silver minerals from the Sanru mine, Hokkaido, Japan
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Silver minerals from the Sanru mine, which is gold-silver quartz veins of epithermal
type, were studied. Veins are consist mainly of banding chalcedonic quartz with small
amounts of silver minerals, pyrite, chalcopyrite, sphalerite, arsenopyrite, adularia, kaolinite,
sericite and carbonates. As silver minerals in the ore from Honpi and Juji-hi, electrum,
aguilarite, naumannite, stephanite, pyrargyrite, miargyrite, polybasite and silver bearing
tetrahedrite (freibergite) were determined by ore microscope, electron probe microanalyser
and X-ray powder camera.

Electrum is closely associated with naumannite or aguilarite and has chemical
compositions from 60.7 to 82.5 atomic 96 Ag (Table 1). Pyrargyrite occurs as small single
grain in quartz vein or aggregate with tetrahedrite and chalcopyrite in veinlets along the
crack in quartz vein. Pyrargyrite contains small amounts of Se and As (Table 2}, and its
chemical composition is very close to ideal formula. Stephanite, miargyrite and polybasite
are accompanied by pyrargyrite in quartz vein and their chemical compositions (Table 2)
are also very close to their ideal formulae. Tetrahedrite is mainly found in the pyrargyrite-
chalcopyrite veinlets cutting quartz vein. It has silver contents from 24.8 to 29.7 wt %
(Table 4). Aguilarite and naumannite have chemical compositions from Ag,5e; ,6Ss.56t0

Ag,Seq.7150.25 (Table 5), and form Ag,Seq 905010 10 AgyS€q.9650.04 (Table 6), respectively.
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Fig. 1. Distribution of veins in the Sanru mine.
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Fig. 2. Photographs of ore veins from the Sanru mine.
A. Crustified banding quartz vein (-30 ml, Honpi). B. Brecciated quartz vein
with fragments of black shale and sand stone (0 ml, Honpi).
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G: silver rich band (Ginguro), Q: quartz.

A. Crustified banding chalcedonic quartz with silver rich bands (~180 ml, E2,
Honpi).
B and C. Banded chalcedonic quartz with fragments of silicified black shale
and sand stone ( —150 ml, E2, Honpi).

D. Banded quartz (-180 ml, N8, Juji-hi).
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Microphotographs for ore minerals from the Sanru mine.

ag: aguilarite, cp: chalcopyrite, el: electrum, mia: miargyrite, na: naumannite, py: pyrite,

pyr: pyrargyrite. tet: tetrahedrite.

HEHY oW

Electrum, naumannite and pyrite in quartz from —180 ml, W5, Honpi.
Electrum and aguilarite from —-90 ml, E8, Honpi.

Electrum, aguilarite and pyrite from —120 ml, N8, Juji-hi.

Electrum, naumannite, pyrite and chalcopyrite from —180 ml, W3, Honpi.
Electrum, pyrargyrite and tetrahedrite from —120 ml, N8, Juji-hi.
Miargyrite in pyrarygyrite grain from -120 ml, N8, Juji-hi.



70 BA BE-WE H-dR R

Table 1. Analytical data of electrum from the Sanru mine

1 2 3 4 5 6 7 8 9 10 11
® Ag 61.5 60.4 45.2 49.9 52.6 71.4 58.8 52.3 53.1 50.3 57.2
p Au 38.8 39.2 53.5 49.1 46.6 27.6 41.7 48.2 47.4 49.4 43.0
® fotal 100.3 99.6 98.7 99.0 99.2 99.0 100.5 100.5 100.5 99.7 100.2
* Ag 74.3 73.8 60.7 65.0 67.3 82.5 72.0 66.5 67.2 65.0 70.8
® Au 25.7 26.2 39.3 35.0 32.7 17.5 28.0 33.5 32.8 35.0 29.2
12 13 14 15 16 17 18 19 20 21 22
® Ag 48.3 58.3 52.3 53.9 56.4 52.3 57.3 53.6 52.4 51.8 52.7
¥ au 50.9 42.6 47.3 45.5 44.3 47.6 42.3 46.7 47.8 48.1 47.9
Total 99.2 100.9 99.6 99.4 100.7 99.9 99.6 100.3 100.2 99.9 100.6
* ag 63.4 70.5 66.9 68.4 69.9 66.7 71.2 67.7 66.7 66.3 66.8
% Au 36.6 29.5 33.1 31.6 30.1 33.3 28.8 32.3 33.3 33.7 33.2
1,2,3,4: -180 ml, W5, Honpi, 5,6,7,8,9: -150 ml, E2, Honpi,
10,11,12,13,14: -90 ml, E8, Honpi, 15,16,17,18: -120 ml, N8, Juji-hi,
19,20: -50 ml, N10, Juji-hi, 21,22: -90 ml, N8, Juji-hi.
REPCFRRIC DD TREL 12, LT % DFEREICOL Table 2. Chemical compositions for ste-

phanite, pyrargyrite, miargyrite

T3, .
ILY ML e 150 AT OBEE U CHET 5. ziliiilepolybaslte from the Sanru
% I ERBERREES R EMIC R RARR, SR
LTaLN, UIELIET 74 582D Ag-Se-S %k B S G o
Y, B XOBLERILE BT 5. —HHEkEL HeAsL, M cn 0.1 0.1 0.2 0.0 o1
HEID 3 MR - b4 5 (Fig.4. A, B, C By  65.7 59.0 59.6 60.6 59.8
bro, DR oMl anan
EPMA X b3k 72 2L 7 b 5 4 DMK Table 1 ¥ e 3.1 2.2 2.5 2.7 2.7
ORT &5 T, AfB L OHFRICET 3508 132 Total 99,3 100.4 9.3 log-e 10002
CALFMRR T, K5 50~60wt % Ag DRI D 3, cu 0.1 0.1 0.2 0.0 0.1
BATIRAL SATHEIT THRRAEE 2L, Bl “ o 102 1as a1 4
8 RORAB~FEIRABOTHE 2 RT, BITEDNE % As 0.3 0.3 0.1 0.2 0.2
RH2HT 5, BRIRGOEREIA S 1 5 b DI s 36 406 a0n i
50u BBED 2 X ZNLLT O AHBIRLRS 2 Wi A ESRL PYr pyr mia mia pc;ly
%z FRIML 72 ZEAEREL, BEOEH, Lo+ 5 § 7 8 9
n BRGNS X O - B cu 0.2 0.2 0.0 0.0 3.1
5 Fig AT 10D, R O S
EPMA (2% % ATSREE O SMTRERIZ Table 2, 2~7 % o3 o o2 b0 0u
métﬁ;—gy; 5 iz, Ag, SbBIS @$¥i$@43b>’9 S 17.4 17.5 21:3 21:1 14:9
B Cu As 455 0F Se % B4 5. AgtCu: St Ass & Total 100.1 99.9 99.2 98.8 99.8
+Se D JFFHI 2,98~3,12 0,93~1,07 : 2,92~3, 00 g; a2 4 251 290 siig
LZOBEE 3: 1 3 IZEVERET 5, Se DB b oo 182 243 246 6.2
&I 0,3~2, 7 atomic % DI H h, Se PERT N Se 0:3 0:4 0:5 cl):g g::
BATHETH 5, ¥ =25 % 51 5 524 —180m H S 42,1 42.3 49.2 49.1 36.6
WEERATERIE  (Cuo.o1Ag2.08) 2.00 (Sbo.09.AS0.02) 1.01 (S2.54 :itzfzm::i{;};?;i:?}g{;: gﬁ;;g)s’ﬁ:'
Seo.16)2.90 DX #¥ K B 47 4 B % Table 3 2 SR 1:2,3,4,5: -180 ml, WS, Honpi,

y 6,7,8,9,10: ~120 ml, , S ihi.
(AgsSbSs) DR} (Sugaki er al., 1978) & & izl ml, N8, Juji-hi

T3, MEE dEBSLOMEE: § & —FKL T3, (1), ¢=8.705(1)A (Sugaki et al., 1978) ITiF W5,
COBREFRER & b R & 7 BFEHIT a=11,0338 HEFk2 WERET B,
(7), ¢=8.7075(19) AT, ARLIATERGLDIE, a=11, 030 BRBM PHTHRE, UELERG I & O eRg E i
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Table 8. X-ray powder diffraction data for
pyrargyrite, (Cug.01483.48) 2.99 (Sba.ses
AS0.03)2.01(S3.84,5€0.15)2.00 from the Sanru
mine (-180 ml, W5, Honpi)

Pyrargyrite Pyrargyrite

___(Sanru mine) {Synthetic)
hkl I d{abs) d{(calc) I d(obs) d(calc)
110 4 5.53 5.52 3 5.52 5.51
012 30 3.563 3.962 35 3.960 3.961
211 80 3.339 3.336 75 3.327 3.335
202 70 3.221 3.218 80 3.217 3.217
300 75 3.185 3.185 75 3.184 3.184
122 100 2.781 2.780 100 2.778 2.779
220 18 2.759 2.759 20 2.757 2.757
113 75 2.568 2.569 90 2.572 2.568
131 70 2.536 2.535 80 2.534 2.535
312 35 2.2635 2.2638 35 2.2635 2.2631
321 35 2.1250 2.1259 25 2.1247 2.1251
042 8 2.0942 2.0943 6 2.0951 2.0937
410 19 2.0850 2.0852 15 2.0850 2.0845
223 11 2.0012 1.9995 8 1.9997 1.9989
024 5 1.9799 1.9810 5 1.9819 1.9804
232 40 1.9580 1.9580 35 1.9576 1.9573
214 35 1.8650 1.8644 50 1.8638 1.8638
330 18 1.8388 1.8390 10 1.8384 1.8383
241 16 1.7684 1.7682 9 1.7672 1.7676
502 30 1.7504 1.7499 30 1.7493 1.7494
413 8 1.6238 1.6935 7 1.6929 1.6929
134 20 1.6823 1.6822 25 1.6814 1.6816
422 25 1.6678 1.6680 15 1.6676 1.6675
404 10 1.6088 1.6090 15 1.6086 1.6086
152 17 1.5971 1.5967 10 1.5961 1.5961
600 11 1.5928 1.5928 15 1.5918 1.5920
125 8 1.5688 1.5687 8 1.5686 1.5682
333 - - - 3 1.5527 1.5529
431 8 1.5450 1.5460 5 1.5450 1.5454
520 20 1.5298 1.5301 20 1.5294 1.5296
342 3 1.4770 1.4777 5 1.4773 1.4772
315 8 1.4557 1.4552 8 1.4550 1.4550
006 4 1.4513 1.4513 8 1.4509 1.4509
le6l 2 1.4373 1.4372 5 1.4365 1.4367
116 10 1.4034 1.4035 10 1.4031 1.4032
244 11 1.3892 1.3899 15 1.3895 1.3894
612 6 1.3815 1.3819 8 1.3817 1.3814
235 7 1.3624 1.3636 3 1.3630 1.3632
523 17 1.3525 1.3536 10 1.3527 1.3531
514 17 1.3477 1.3478 10 1.3474 1.3473
306 3 1.3195 1.3206 4 1.3201 1.3202
621 2 1.3104 1.3100 4 1.3096 1.3096
532 2 1.3033 1.3026 3 1.3022 1.3021
226 3 1.2851 11,2844 4 1,2838 11,2840
434 1 1.2741 1.2739 3 1.2741 1.2735
262 - - - 2 1.2674 1.2673
710 5 1.2666 1.2657 10 1.2654 1.2652
425 2 1.2536 1.2536 8 1.2529 1.2532
164 8 1.2115 1.2109 10 1.2104 1.2106
416 7 1.1914 1.1912 10 1.1906 1.1908
452 12 1.1783 1.1778 15 1.1773 1.1774

a=11.0338(7) a a=11.,030(1) A

c= 8.7075(19) A c= 8.705(1) a

Hebh, BEHET CHRERPHITIKAGDRES
T RESEMHITEVY, BHEIIEE CREKEA~
ReaoTFHasr B3 %, #30p Kb 20z ZRLTO
THRAISAFORIRE U TEL, BLEgicfzbhs
BE, 2ONHICAFTaN%, EPMA X5 RLRE

DILZFERRIE Table2 D 1ITRTE 5T, S #BHRL T
DPEDSePEITN, Ag+Cu:Sh:S+Se i3 4.94:
105:401 2o h 3IZBEERZHEI Y 3,

BRIV BB FIRBLEGIC S > THES
DRFB/CA LN, GREME TSSO THRREARHT
HAT RESAMHE, A~ RRkEa~%kEaaLr %
1t 3, TREMRIKAGB~BEE L, LEET
SRITE L D TR, 3 20p B B3 VIEZNLLTOABR
b H5VIREREES S U TR hAE 3 (Fig. 4.
F), ARIROBEBICAONSE Y, Z20EHIIINTD
%o EPMA 1 & b 3R 1o SBERGE DAL 4R I2 Table 2
DO3BIFIDIST, BB & FRIEAs BX
USe BT 5, Ag:Sb+As:S+Se DHiZ 1,00
1,00~1,02:1,98~1,99 & zOEERIC—KT 3,

RYIKRE GREHET CREGZE2HIKEE
2EL, EHSAEIHV, EHFHRELETC, 20T
BITHRIRE~BEE BT 5, FHEBEHEOMIRES
&, B 10p LITF,  ThiC 20p KOFHALABER
ELUTAHLN, BEGHLETS, shikrov < 80
FEASEE A D, L DEMITONTD EPMA 4
TEDS Table 2 D WOBITRINT 3, {LHHERDOHA
TIRBEYVNRGELT o FEL ET7 XGELOOTRL2E
ETHLEETEROY, CaBFED /HMIVELLE
YRNRRGLEHEEL 12,

MERETE BHIHRL E ASARIRPCEET 258
CRAHNSABRR 2 23 —F, AEROENE, &
SV ETREPIC 1mm BEONEGEHR&EE L TET 5,
DSBS EBEASEE 5 L O B L miEciteET
5o SREBPICA LN IEAITIITEME T T 50~80p X
OTRBRASAIARLRE U T, BLGEHEDIED, =L o b
5 n, EESL EBGHR IO T U< LSRG EAEL
TH b3, 547 MPV-II BICRIFEL 7246 —180m
M EE D & SR UE LSS, (Cus.as Ags.se)0.04 (Fer.pa
Zno.15) 2.09Sbs.06S12.00 DRFR% Fig, 5 iZhhif T
%, CZODfHIZ Uytenbogaadt and Burke (1971) ®DiRL
12 freibergite DIEL b DD E L, EPMA & L 51
LRI D (L HTE% Table 4 ILRL T3, [FIE
SRINTVA L D ICERENEL, 24.8~29,7wt %
DOEZEEL T 5, —F As BL O Se BF RIS
Ve &L IT Se BEERIZ RO EEHEEINC L /NS
Vo FHR 29,7 wt 96 DESBEIIRM U < L EM
TSRS R b ST E {rfE 23. 8wt 9% (Shimada and Hiro-
watari, 1972) X b B, BESLLERFIOE 32,0
wt 96 (LU - 4REE, 1978) X b DT/, SR
Cu+tAg:Fe+Zn:Sbh+As:S+Se @ FF L 9,95~
10,12 : 2,03~2.06 : 3,94~4, 06 : 12,93~13,02 & 2D
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Fig. 5. Reflectivity curves in air for tetra-
hedrite.
A. Tetrahedrite with composition
of (Cuts.q5) ABs.46)0.94 (F€1.00.Z10,15)2 0
Sby.06S12.00 from the Sanru mine
(-180 ml, W5, Honpi).
B. Freibergite after Uytenbogaadt
and Burke (1971).

Table 4. Chemical compositions of tetra-
hedrite from the Sanru mine

1 2 3 4 5

Cu 19.8 19.0 18.7 15.9 17.2
Ag 24.8 25.4 25.8 29.7 29.1
Fe 5.6 5.6 5.8 5.7 5.7

# Zn 0.6 0.6 0.5 0.5 0.4
» Sb 26.8 26.5 26.6 23.9 24.3
As 0.0 0.0 0.0 0.9 0.8
Se 0.0 0.2 0.0 0.1 0.1

s 22.6 22.2 22.2 22.0 22.1
Total 100.2 99.5 99.6 98.7 99.7
Cu 19.8 19.2 18.9 16.3 17.5
Ag 14.6 15.1 15.4 18.0 17.4
Fe 6.4 6.4 6.7 6.7 6.6

* Zn 0.6 0.6 0.5 0.5 0.4
+ sb 13.9 14.0 14.0 12.8 12.9
As 0.0 0.0 0.0 0.8 0.7
Se 6.0 0.2 0.0 0.1 0.1

s 44.7 44.6 44.5 44.8 44.5

1,2,3: =180 ml, W5, Honpi,
4,5: -120 ml N8, Juji-hi.

BERXEBI—ET5, In BIN As DSHELIEL,
BB LFGELHEREEE T 5, 2543 X 28,8
wt % Ag DEHEREHE T 5 50O XBRKETEE X
h RO IEFERE 20 Fh 10,520 (2) 33 X 0* 10, 550
(3)A T, Thb5ODfEIX Shimada and Hirowatari (1972)
3L Riley (1974) 5 235 A - PUTEERGLD 4 4RE & ¥
FERE ORBREHRE IR 3,
TIRABEECTIATE GRFEBET CHEE
PHOIKGEREEL, SEMSIPERFELE b 125
Vo MPRHIRIAZERIC BT 10 AT O4HE 72 A3 RIskE
REVTET S, 79U flhe7 158 D2BHE

®-JEE R

TET 505, FHEMEE & DY TEET 57208 T
TEDHZBATENL L, MER=V I P2 ELIELYE
e (Fig.4, A/B.C), & MWIINENIL, s
T OEGREL s & R e D (Fig. 4. D)o TN
BLOBALEG s & & ST B0 —KIT 105 LUT DRk
EEd B30I FOEAERTH Y, X in,z_ 0. 5mm
BEOEAKREUTET . LOREOLFERRB LS
WS EHC DO TR KB TR~ 3,

E (1960) IXIMBFLILDET 2 BREHIZ L »
oA LESFTH B E BEL TV BA, EPMA Th
U IR TR, AL b SIS BULHL T
QAN

5. Ag,S-Ag,Se R

LED X 51 EPMA STORER, WEHEU»L 7y
RUERBIN T IGD 2D Ag.S-Ag:Se ZM
PEMT ST &b o i, MHEIZZEORFHEENE
PLTWED, ETFTOBBNISEETEI L, O
2%, £& LT EPMA IR X 39WER L Y EEORE
BITR olze TOVLEHBINT T4 58 E BETE
FEEEEZBRT 2 E¥BmMoN TS (Petruk et al,
1974, JbE - EOK, 1971) %, ZOBEBEEGEEICo0T
IREIERSBHS B TIZZVDT, TOAIRDNT bR
Uze

FEPET 74 SHB X+ U <L 85D EPMA 4447
HRZ2ZNFN Table 5 BL6ILRL T3, Lhb
DO53HTE% Ag-Se-S ZAK Lic KRdhif Fig. 6 O
5ThH%, MFIIIEAM REXK) OHEEERLY

Table 5. Analytical data for aguilarite
from the Sanru mine
1 2 3 4 5
« A9 76.9 77.1 76.4 76.3 76.7
o Se 19.4 19.0 19.2 19.6 19.8
* 8 3.4 3.5 3.5 3.2 3.3
Total 99.7 99.6 99.1 99.1 99.8
« Ag 67.0 67.1 66.8 67.0 66.8
o Se 23.1 22.6 22.9 23.5 23.5
L 10.0 10.3 10.3 9.5 9.7
6 7 8 3 10
» A9 76.7 76.9 78.7 79.6 78.2
o Se 18.8 18.7 16.8 12.9 16.7
& 8 3.6 3.8 4.9 6.8 4.8
Total 99.1 99.4 100.4 99.3 99.7
» B9 67.0 66.7 66.6 66.3 66.7
n Se 22.4 22.2 19.4 14.7 19.5
@ g 10.6 11.1 14.0 19.0 13.8
1,2,3: -150 ml, E2, Honpi,
4,5,6,7: =90 ml, N8, Juji-hi,
8,9,10: -120 ml, N8, Juji-hi.
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Table 6. The data of chemical analyses
for naumannite from the Sanru

73

BEE»A LN, ThBEBETHESL, 727458 —
F U2 CERBICRBRIERE AL TV 3, ZORER

mine
FIRIZIs X % 31~21mole % Ag.S DHFHICH 5, WE
1 2 3 4
o B9 737 74.0 736 74.0 73.4
o Se 25.0 24.9 25.0 25.2 25.7 900 Liquid 88923
E s 0.8 0.6 1.1 1.2 0.5
Total 99.5 99.5 99.7 100.4 99.6
® Ag  66.7 67.2 66.0 65.8 66.6 800
» Se  30.9 30.9 30.6 30.6 31.9 e
® 5 2.4 1.8 3.3 3.6 1.5 ©
6 7 8 9 10 3 700
» B9 72.9 74.0 73.9 73.9 73.5 g
» Se  25.4 25.6 25.7 25.0 25.7 g 600
R 0.4 0.5 0.4 0.6 0.3 2 593:3 2
Total 98.7 100.1 100.0 99.5 99.5 H
500}, g
Ag 66.9 66.9 67.0 67.1 66.8 2 i 3
: Se  31.9 31.6 31.8 31.0 32.3 z mgen":::;zl)gh noumonnile <3 :
o -
s 1.2 1.5 1.2 1.8 0.9 400L° £
1,2,3,4: -90 ml, E8, Honpi,
5,6,7: ~180 ml, W5, Honpi,
8,9,10: -120 ml, N8, Juji-hi. 300}
RKDI7 4GB IO F U 2 L GLOEVEAEE b RL 200(17s.,
TWbe 774 7D MARIE Agi.eeSeo.4650.56~Agz2.00 °
Seo.710.20 DEPHIL D 5, —F F U < UL Ag1,97Seo,92 100 % acanthite - agullarite
So.11~Agz.018€0.0550.00 DEFIH b, FiREzr o< o ° = agullarite® "
i 1 1
FhidH bz, AgeSen.7150.20~AgeSen.4051.10 DHEFA Ag.s 80 60 40 20 AgaSe
DM EET 3 b DRBAELTOL € 3 ALHINTL Mole % Ag.S
20, Fig. 7. Phase diagram of. Ag,S-Ag,Se jbinary
—%, EAf GRAR) 1 Ag:S-AgSe 2 RAFDH ;ysterfn after Sugalzl et ull)- (ungubhshgd)-
e . _ . cc: face centered cubic phase, bcc:
i 7 < 7 )
%iﬁ%ﬁ Lu> Fig, 7( KE[’T T5&5 i TR % body centered cubic phase, ac ss:
ATWV3, LHI X3 EH200°C LLED BRERK B acanthite solid solution, na ss: naum-
WT AgsS-AgsSe BT HETF (bec) 28T % Hife annite solid solution.
Ag
Atomic % S
S Se
25 20 15 >
~ Ay N
£
aguilarite °
Ag,S ‘acanthite s o Ag.Se
v N N/ N V.
o 5 10 15 20 25 40

Atomic % Se

Fig. 6. Composition of aguilarite and naumannite from the Sanru mine. Solid
lines show solid solution ranges for acanthite-aguilarite solid solution
and naumannite as after Sugaki ef al. (unpublished).
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SHUPET & 4 SO B b Se IWE {r 88012 Age.coSeo.n1
So.20 (29 mole % AgsS) T, _LIMETAHER T A 2{E
AgsSe0.6650.31 (31 mole % AgeS) & 31T—ET 5, —F
Fu e gD b SKELMHRIE AgSe.0050.10 T, 8
SEMF TR 6 1 fE AgeSeo.sS0.21 & D /N3 b‘iﬁ, EE
KERAOHRE 2 R T b, MEITOEL S, TR
GRS T7 V4 SEB LT v v L EREVET
3 bDIRENHINTORNIID, TEOEEEDRO
HRERD bR, 7T 48D EL Se LELE
FARTEE TR b ERGOMOERE —B&L, Ch
W7 54 SEERE D Se CEUHMO MK & #HEI N
%,

AR ET 3 ERO7 S4B LT v v o Fik
— BB T B, T FhT 0.5mm KOEAEE
LCETECE b, ThZ2ACTXBBRER 21T
2olt. EBRICHEL M REHIAM —90m HIWED LD
T, AgsSe.95S0.07 HARRD F Vv G TH 5, X#BBE
EIF ORI Table7 D& 5T, BRF Vv HB I
Silve City 7 v <> 8 (Petruck et al,, 1974) DZh
& HEEL TRU T 5, BEOHVEFRERE, =&
I —BL T3, Tho DR LRDIBTFER
it a=4,339(4), b=7,073(8), ¢=7.757(10A T, &
R v 28 (AgSe) DIE a=4,3377, b=7,0679,c=
7.7657A 3 X UF Silver City EEDIE a=4, 333, b=7. 062,
c=T7.764A (Petruk et al., 1974) & 4 L —FL T W
%o

5. £ & &

bR E MMERSL i EEH Y B RN 0 W T SRAREM
8%, EPMA 9473 LU XHIRERTC X b BRdL, =
VI NI A FHATE FULE BREHHE BT
Gk BREE, RV NAEBICEENELGFEEZR
WHU Tz,

TV 2 b5 A 60, 7~T1, 4 atomic % Ag D D
ReAEL, ZOMEBRELRTIRBIVEERELES &
7+ 5 A DAL (LR - RE 1978) iHL/MS
B, ZOBRBIPLIL T B, —F, T EHPT
AN TESIYTH ABER LR BPILED
TV 2 bT A0/ (87~100 atomic 9% 33 X U 70~100
atomic % Ag, AL -« EK; 1971) &L, ZDE4E
ZE=1AN

MEZ2 B85, IRALERELIS & OV BRI D ED As B X
USe B HRTH5, ChbOHEMDAgEEER
(atomic 96) %Z#Edhic, As/(Sb+As) H. (atomic %) %
Wilhe UTRbRSIE Fig. 8 DL 5T, FE=4mE

#-JeE M

Table 7. The data of X-ray powder diffraction
for naumannite, Ag,Se€q.0350.07 from
the Sanru mine (90 ml, E8, Honpi)

(1) (2) (3)
hkl I d(obs) d(cale) I d(obs) I d(obs)
002 1 3.91 3.88 - =~ 12 3.887
01 - - - 4 3.787
110 - - - - 4 3.698
020 - - - - 2 3.537
111 2 3.336 3.338 2 3.29 20 3.339
102 3 2.887 2.892 3 2.87 35 2.894
120 3 2.737 2.741 - - 45 2,740
112 10 2.670 2.677 10 2.65 90 2.678
121 10 2.580 2.585 10 2.56 100 2.584
013 3 2.431 2.428 4 2.42 35 2.432

2.256 55 2,2550
g;;} 6 2.245 {2.233} 6 2.23 { o 2. 2388
200 1 2.163 2.169 - - 8 2.1688
113 3 2.119 2.119 2 2.10 40 2.1203

2.088 50 2.0887
iié} 3 2,073 {37} 2.08 { 50 50705
032 2.015 40 2.0143
211} 4 2.007 {2'004} 4 2.00 { 35 2.00%
004 1 1.938 1.939 - - 7 1.9425
202 - - - - - 4 1.8927
123 1.881 20 1.8814
014} 2 1.878 {{g;0 3 1.87 {14 1.8728
220 -~ - - - 11 1.8483
;‘i;} 1 1.822 {i‘ggg} 12 1.81 20 1.8276
221 - - - - 9 1.7979
040 1 1.772 1.768 4/, 1.74 8 1.7674
114 1 1.711 1.717 1 1.71 8 1.7189
222 1 1.670 1.669 1,2 1.65 8 1.6695
2133 5 1.620 {1-628) 12 1.6179
133 1.617°y o) e
042y, 1o (1-609; 7 12 l.eos3
230 b 1.596 14 1.5952
231 1 1.559 1.564 1 1.55 15 1.5629
42 1.508 .50
223} 1 1.505 {; g0} 172 1.50 1 ss, i.soig
232 - - - - 9 1.4754
105 - - - - 4 1.4622
208 - - - - 6 1.4459

5 .

2 1.422 } 18 1.4210
301} 5 5420 {1422 3 1.41
24 ’ 1.417 T} 14 1.
310 1.417 -
051 - - - - 9 1.3909
143 1.383 .3838
240} 1 1.376 {1.371} - - Z ;.ggg-/
125 1.350 8 1.3508
150} 1 1.348 {1.340} - - { g 1310
224
320 " - - g 1.3383
312 = - - - 5 1.3313
151 1 1.323 1.325 - - 15 1.3239

(1) Naumannite from the Sanru mine,
(2) Naumannite from Silver City,
(3) synthetic naumannite.

b Sb REUHRTH %, Toulmin (1963) DARRERIC
SN SR SR — AL SRR BN R e T E 3N
TW 3R, ARELUEREHS 2 ODEYED Sh i iR
SMTIEW, Se i3 LEEEGY R B D b SHEINTE
h, BEL I OFFEURBNTZZASEERTED
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Fig. 8. Relation between silver contents and ratio
of As/(Sb+-As) for stephanite (step), pyrar-
gyrite (pyr) and miargyrite (mia).

Ag:S-Ag:Se R AT B HEFIEEM Se 2B
AT (U - B 1978) D& RERSEMICH 5,

PR ZZERSNI 24, 8~29, Twt %6 DERZEWT 5 v b
W37 54~V FERHEL, As BHERM/HIIETL
A & L GISE DR MT T o ST ES U R GRS D
—H, (Cu, Ag)10(Fe, Zn)2(Sh, As)4(S, Se)1s 23T
WRT 2, BHAKEOEESAIEN I b Feitlhl
In SHEME O I 8~ MEGLILED b Di3 Zn i
WU Fe E4% <, Fe/Zn Wb 10HIHDEE 72 » T
B, SRR RTEEDBEIL Riley (1974) ORLI
BRic < —%T 5,

Ag:S-Ag:Se RIME L TFo R ERBIFT T4
EHRVHINT, BEBERAD Shv, Affick
WTHESSIR KGR (PEh, 1970; dLE - ER, 1971),
BAE (Al - FHR, 1964; B - @F,  1970), Bl
(#MH, 1968, 1970), ¥ (LM - #RE 1978), ®™=E
(LLFg - B, 1978) B L OPEE (LR - BEOR, 1971)
senU e & Il & FIKIE RV & BAARILR B
TEEED S BIZIN TB b COBMDFRDRE &
oTib, BEILET ¥4 580131312 AgeSeo.4450.67
~Ag;Ses 710,00 DHRBEICH H, HBEIR T I 456
BREOR D Se CBELMERTH 2, FTlor v v il
1312 AgsSeo.00S0.10~AgsSe0.0650.0¢ DR ZHL, S%
S¥nF o IR RVHIN TV,

Table 8. Analytical data for sphalerite
and electrum associated with

each other
1 2 3 4 5
Sphalerite
Cu 0.0 0.1 0.1 0.1 0.1
Fe 4.3 1.4 2.9 0.9 3.5
Zn 61.8 65.1 63.7 65.4 62.8
Mn 0.1 0.2 0.1 0.1 0.1
s 33.0 32.9 32.9 33.0 33.2
Total 99.2 99.7 99.7 99.5 99.7
Cu 0.0 0.1 0.1 0.1 0.1
Fe 3.8 1.2 2.5 0.8 3.0
Zn 46.0 48.5 47.4 48.8 46.5
H Mn 0.1 0.2 0.1 0.1 0.1
s 50.1 50.0 49.9 50.2 50.2
Mole %
Fos 7.5 2.4 5.1 1.6 6.1
Electrum

Ag  56.4 60.4 51.8 58.3 52.3
£ Au 44.3 39.2 48.1 42.6 47.3
Total 100.7 99.6 99.9 100.9 99.6
N 0.699 0.738 0.663 0.705 0.669

Ag

1: -120 ml, N8, Juji-hi,
2: =180 ml, W5, Honpi,
3: -90 ml, N8, Jiji-hi,
4,5: =90 ml, E8, Honpi.

LEU 1 SR D AR DV TIRANT 5 12 =L
ST ABIVTIATEEIRF O GREHETS
BIERSRSE % EPMA THHTL 12, FiR% Table 8 T3tk
THxL o5 ADMRE & BICRL T3, RRESREL
thD FeS S Ki2 1.6~7. 5mole 9% O MWHEHILH 5, F
T B vy b5 ADHAR (Nag atomic fraction
of silver) 2 Nag=0.67~0,74 T » 53, HLIREMHH
12id Nag=0,61~0,82 DIEE: 25, HRGLL AT S
2L 2 b T AD Nag-BE-FIE7 2 A>T 14— (fso) O
B{%iz Barton and Toulmin (1964) i€ X b KD HNT
Wh, L LENE 7 F 45850 ES2EL U=
SEREET B 2L 2 5 A Nag-BE-fs. DERIZE
LRTVE, UL, AgeS-AgeSe RiCBVTIRFLIHE
SHEDEMTL 25T fs BRIBLZ3V 0T, =
VORI AFT AT ED s iz =V I P T AHE
SROESLAED fo L WIEWVEE 25, LIt - THRED
$LAED Nag-foo BEBES  DROD fs; DRKEZTRT
L ritin B, TIDOEERYLE MEEDHAET AHE, K
HEEERHED FeS B4 & (Nres) & IREE fso OEHRDS Barton
and Toulmin (1966) L X b RD SN T3, IR
RBWTIZV I PSS aid7 T A58Ery v o fie
AL, ZOMMRIE Nag=0,61~0.82 Th 5, TR
THORGL DRI 1,6~7.5 mole % FeS Th 5, TNbH D

1) HASE+AgS-Ag:Se REBS (bec) AR FVTH fss T T, BEOEBBHIT AgS REUM, MK

fss TCIL AgsSe REUEBRGNREL 55,
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Fig. 9. Range of temperature and sulfur fugacity in ore from the Sanru mine.

asp: arsenopyrite, hpo: hexagonal pyrrhotite,

mpo: monoclinic pyrrhotite,

py: pytite, pyr: pyrargyrite, pyro: pyrostilpnite.
Njg: atomic fraction of silver in electrum, Npeg: mole fraction of FeS in

sphalerite (mole %),

TE2BEE - log foo BIICERTHIE Fig. 9 DX 5T, X
T RERIEREL + ROk T O BREBLERAN - BG4 As
DIREE fse BFE (Scott and Barnes, 1971; Barton, 1969)
BHERLTVE, SRPICIZZV 2 v 54, 72458
TR F YT EB I BRI A oN3 L %E
B, Th 6 O GmdsEm T s afiEE: L TR
BE : 180°~260°C, logfsp: —17~—11 (R F B TR
U o) DARFHB—IREA NS, TR DR
SOV TRASEI S IBRNT 2 UEND 3,

| -
FERGEN B 12 b B & RN 12770 10 & R IR e 2k

REHAMFLIEER s X O MBILEFOBMBDFS & i
B BiLmL ki 5,

E AR EL RO SRR R i
Lote, TTRHARBLHEERZERT S,

51 A X
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