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Stannite from the Janggun Mine, Republic of Korea

—Contributions to the Knowledge of Ore-Forming
Minerals in the Janggun Lead-Zinc-Silver (3)*¥*—

Hyun Koo Lee and Naoya Imai

Abstract; In the Janggun mine, stannite occurs as anhedral grains, up to 500 micrometer in long
dimension, closely associated with sphalerite, chalcopyrite, arsenopyrite, pyrrhotite, galena and rho-
dochrosite in the periphery of the South ore body.

In reflected light, stannite is grayish yellow green in color and exhibits moderate bireflectance
and strong anisotropism without any intenal reflections. Reflection; Rmax.=29.0, Rmin.=27. 8 per-
cent at a wavelength of 560nm, and VHN; 219~244kg/mm at a 50g load. The chemical composition
on the average from 35 spot analyses by electron microprobe is, Cu 28.0, Fe 12.7, Zn 2.9, Mn
0.2, Sn 25.8, S 30.3, sum 99.9 (all in weight percent); the corresponding chemical formula as
calculated on the basis of total atoms=8 is, Cu 1.88 Fe 0.97 Zn 0.19 Mn 0.02 Sn 0.93 S 4. 01,
which fulfills approximately the ideal formula of Cu,FeSnS,.

The strongest reflections on the X-ray diffraction patterns are; 3. 10A (10) (112), 2.72A (5) (020,
004), 1.922A (5) (024), 1.642A (3) (132), 1.244A (3) (143, 136, 235), 1. 111A(3) (244), 0.958A
(1) (048, 422), the patterns are identical with those of literature.

From the textural evidence of the microscopic observation, the mineral is considered to have been

formed at the middle stage of hydrothermal lead-zinc-silver mineralization.
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29 (1) p.62 (Imai et al., 1979).

Bl dhs A o FEE Aol HolgdA @t o]
9} 7o) o] kol &at= HRM 8t HgE(Harris, D.C.
and D.R. Owens, 1972; Imai, H. et al., 1975; Kato,
A. and Y. Fujiki, 1969; Kissin, S.A. et al., 1978;
Kissin, S.A. and D.R. Owens, 1979; Kato, A., 1974;
Lee, M.S. et al,, 1974; Markham, N.L. and L.J. Lo-
wrence, 1965; Owen, LS., 1970; Petruk, W., 1973;



122 ZEHE - SHER

Springer, G., 1968; Yajima, J., 19775)% &RER
9% A@ie EHA(Bernhardt, H., 1972; Lee, J.
Y., 1972; Lee, M.S. et al., 1975; Moh, G.H., 1969;
Springer, G., 1972)} # &g 2 SH3LEMRl &
3 Frge (Hall, S.R. et al., 1975; Hall, S.R. et al., 1978;
Lee, M.S. et al., 1974)50] Qleor} ofd @& EAA
o] o} et

HEAL dantgolE KA BEMEARHK 2
xenothermal 57 o= HHES KA ZED
ERRe vEie, 53 EEUKESY 55 - ¥ 2w EKe
o] veEhE Aoz A Atk BEAAL o R
7o 4ol A8 REE ETHEBERGFEHET HRER
1986)3 kFE 2 WUER, Z2dBRGIEEMN
1985)e] A9 Eol Tz, WEHUAA &
H-e olm] Kim, S.J. (1969, 1977)¢l <& #HEH
gort AT SFEMEBHHES ol Fold AA Hoh
wetA AW A EARERE, X-REHESE, EP-
MA%Zo| 93 BYWBH PR SRS #&st2 g

WHE H AR

YRS MRS BIRHEY et & &FEHF(1962)
o o3, = FILFEEY HE 9 K A E
KEZ(1967), FH{-H1(1968), W A.J. Reedman
(1975) % Imai, N. et al.(1980a, 1982a)%o] g #
AR et Qoezmz g7AE 23 2 REEE
g7 2 g

HEPE

AL g wES ERu oMt iR #Hit
HE EEEE FAaRd HihEs EEER, fHEE~
S—xv| Affd git=Ee HUEES, EEE 2 B
HERER, AR~ZBRY FABES TR, =8
Z ol ¥ WEUERAES #1 AR FHTREEL
Az Qv = EEE QUEH, Elkel EHi
HBES AUt 9= FEFEEolE granophyrest
3 Z HEE 29 s

AHES WEBEE Bt BiEds A% &
Zd WY FFL e FLEES LEERC FT
A P gtk FILEEL EERES REEH,
HARE 2 FUESS ERE olFH, LEEE
EEES WHEBHY L¥EAY BRAE ¥t =
N-St:, E-Wik, NE-SW:, NW-SE#: /NEifgel
Bgste Yov, 9 3E KAkl EAS Y 4+
KEMEEEE FIWE RRfd E-Wie @ Ze
el A9 Earel 7S Fiakte: A#l el
FHEERY BZd NNW-SEE#:9 #hst drez fHE

B WES A B SREHEET B2l A
o2 A= h(Imai, N. et al., 1982).
AR E

WESL-S RS & - BESR - SBERe 2 KA
At AAHKS W WETHHEKT o2l EK
#E (L iER) O 98 Eikd BMedagiRes 74
o) 5 wHER et E B dTAAN BWE
He] Qe d7AE FFerz FdKim, ST,
1968, 1975, 1978; Imai, N. et al., 1980; Lee, H.K,,
1985; Kim, K.H., 1986).

WESLY SR - BESR - BERE AR TEREE
(133m.y. &EHE, 19718 BEAEBREMNITY BERK
B e 2okt SRERe2A Z BRE
HES e HERE EREE BERKER S #ES
= 45% EBTEEE pluton 2 oA o2 FH H4d
EHe} S (aphophyses) o RHEAISH BAERE WF
o $ERel MHE A Aok AFEKRA = BEEAA dbF
o2 [Fete A2 A, B, C,D 2 LU 400m
el F-Z=50 glvh SHEEY ERE 295 e%3t
H, A#BE /M EEd MihEe #lEEA B
# 30m, THIER] # 150me] 3} sho] Zike] B
% st EW-NSH 959 mRigel A =4
BERERTB = 9ok BB CHEBE Ea
= ool kel BelAel KEY BREY WS L
e 2cfRete] R B slod, DEEgS It
HHe TTREY BEY BREY BARAKRY AKEE
et BRE BRk~d =Re EBEA THER]
150mo} 4 Felsle] gl

A 85 - THER - SREEIRE & - 68 - SR - 80 - HEER - HEER
$-deE -4 2 B LEBEHRAERC A3 &
e Bt - BB Ao E #IRE . FRIHE
B2 EEA - REEE - BRES - aEhh - A8
B2 ESAAC MR A EREES AR M
e #brt Asln EES EYHEES A Yo
LR FRGEY Lt BEAA 2949 BIRSHEY
2 EAR - SENERA~Z ol Ao ER H -
HEH « B92A eto] E (boulangerite), BIIEA, B
#o - Febve] E (cubanite), #ABE, <ehulrhe] E(ala-
bandite), ¥l#) %] v}o] = (betekhtinite) & PbS-Ag,S-
SboSsh KPrEHE S ol UrHImai et al.,, 1980; Imai
et al., 1982b; ZgLH - fHZERE, 1983).

LEEY #HES LHE W, =8 3 EERAdA
BREWES B BEREE AZ 2 BROHE
Bol& Aol EFAT. o FEW, BE AHKEAA
deskiE = 7ol ot BRRLECR, - BEEEG. HHA K



BE MEHILY BB Welol —SE & T - B BMEEWY Mol o FHE— 123

A, afl—E 28y R E9AY Fad HEE
f, WNEESRAES Binvt dA%td i X & EE
B A 2 AR R FAH Yk @1 A,
B, CHgcl A& HFHE EFA L= 7Hd vt
WA, S GE 28 9 E92R0 F4asH A
PRl A = sho] ZHIRFEES RO A Gl 2ol
et Biffic] e Sipel A il RS Y 3,
BEGO - RELEE - RS B A - BERG - Kih
A-HA, GG EHY, ED0E HoR ¥
MBS Bolz Yk

Bibkst o] ABHRY HEL HES SpEES 2
2 97 9 Fe FEREARE 8o A9 colloform
AR, fFER, FREE, EHRTEER € pEal
Fo] FiFelA FAH

LEe Ry Ut REHE = REEEY (5
BE, B FEAR, $27A, E2uolE, 497
REulolE, mtavlg FEUZEES), AR 2 Kt
FTol e

REES BEET #oki: 37 SRIEAH, &k =
Zolol EALfER, #IBAILIERA, BEMMULIER, H/blE
H, BBAER £ M bfERSe 9=

B H HERR

RESLS REHES BUNEWZA Bk - TREESK
e A e ofiE Bolz AAul, 53 A
B Lifel A wlad FHA Emdc. 2y
ol gipgs THE wdd #ek AR FaEd, = Co
D—egfg = 2ol w2l agol v AFWEs A3
Fado. o FWe At BT ERE dE 2
A 6AAZ FFE & It (@) NIRRT BEg
FEMEE b= 2. (b)) BREEAE Y mhEo
REA. (o) HRAHT BhEA Jded. (d) H#F
ol EH JEA. (o) EULALAM(BEREE
) el SPYRT BRAELE A2H=AE D
WS RTEA EUZY £585d #EiE 9=
Az ol EF EMEES AR 3, = By
E U AL @9 ERE vl Aol

(@l &3t HHE ERES A4 @bt Fsot
2EF & WEHA KFdd B¢ pm~100gmo] 2
e AHAE BRE 3] dEvte A (Fig. 1-0), B
BB HmEe ERAE wek Wik MERES
FIGS ubstel WReo 2 BiESE A, BREEA
Bobe UEHAS R 500pmel] 2ete vz KA
B HAAEE Zaste &R A, WHBE, X
wn, ¥eE 4 PEMES est A (Fig. 2), [

BEE 9z wgste Al A5 Ak WEEEa
9 ZUpACl el FWEHAES BMEAKe] #EFE £ 3
). PIEAAHY A AR E el filmik
o2 gl A, WEAA+SY EHAAAALE K
A B4 ilmK(ET pm) o2 B e A 5
o] #AAwc}

(b) BEtEAT @ERD Ade K& 100gmelA
200pme] o] =& Wl mA K#Ee LAY HHE oFE
A FHAFT 2 WA RS oJFE Aoz EH
Aok e AA S KA HRtad Mgl
AAERBS YErd Aoz AeEy, #EE TRER
< Y Aoz Az = b e AT
o = WA EHAC BEez EHsEE A
PIEESAE 2 AL wmEshA sl EldE A
o] 9lv}(Fig.1-a,e, 2 h, a).

(©)¢ EHAS ahdte HRAY EBE I9 3
AT AezA, wiad kH# FHAES TF AT
EBRZ #3le BHGHAE R 50um(+)d HF
WA FHEAS ok HeRC BRAR

(D)9 KEF G s BFEEE A4z FAHA
wh, o Aoy &K 100xmil T EQ fHRTEA,
B98uU A FHEAGE 2do g EHAd G (Fig.1-g). =
FmRd PAmmAE kit EHEE EHAS
#39A,

()l F3te ¥HRS MNEHAS FRTEZE 2ol
+ A(Fig. 1-D), FE@AFd BRAA THHATE =&
oz JehveA (Fig 1-d), #hi#Eadkhd #HEasd +
kst A& s =R, HEHAE—HNA—SHRNESAT—
HhA - FE—FEA, AT E ringiRe =
Feidm et A Fel drh

Dol &8t FHEPHLS 2F 100~200pme] F 3ol
Ad REAG Jel 2 B

Y2 - MEHEE

APl HEBHEE WEHol RiFsz, 2 WEBEE
Ee PMEfirad vz, Fidaed o KEHae
grayish yellow greenfa-& ==, K&tk 43 A
ol v RJjHE @A ste] grayish yellow greenfaol A
greenish grayfao2 @ ksl Astd. WER
A E BRRN 2 KHSak 4 BRAme ud =
A x KHHEE  grayish olivefad, Rgtpmpke
grayish yellow greenol| ] pale tartle greenfs o 2 ##1l
o R light bluish grayo] 4] pale blue greenfs
o7 #{bdct. RFERHE F2AHA gk K
gl = OlympusY:E T ¥4 multi-photometric micr-
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Fig. 1 Photomicrographs of polished section of the Janggun ores, showing the mode of occurrence of stannites.
Specimen numbers; a:7608019, b:7808327, ¢:780822~3, d:780822~4, e:78083~26, £:7705161, g:7808327,
h:780822~12-C, One polar in air system. The bar scale indicates 100pm in length. Abbreviations; As:ar-
senopyrite, Py:pyrite, Po:pyrrhotite, Sp:sphalerite, Gn:galena, Cp:chalcopyrite, St:stannite, At:argentian

tetrahedrite. Dark area represents gangue minerals, almost all of which include rhodochrosite or magne-
sian kutnahorite.
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Table 1 Reflectivities (%) of stannites.
Wavelength (nm)
400 420 440 460 480 500 520 540 560 580 600 620 640 660 680
(1) Rp 22.2 23.0 24.4 25.5 26.6 27.3 27.9 28.3 28.4 27.8 27.7 27.6 27.3 27.3 28.0
Rg 22.6 23.4 24.7 26.0 27.1 27.8 28.3 28.8 28.9 20.5 28.2 28.1 27.8 27.8 28.4
(2 Rp 22.1 23.1 24.5 25.6 26.7 27.5 28.0 28.6 23.5 28.6 28.5 28.4 27.9 2.77 27.6
Rg 22.7 23.8 25.0 26.0 27.3 28.1 28.7 29.0 29.1 29.0 28.9 28.9 28.4 28.3 28.2
3 Rp 20.9 22.7 23.7 24.8 25.7 26.5 27.1 27.4 27.6 27.3 27.4 27.1 26.9 26.9 27.0
Rg 22.9 24.0 24.9 26.2 27.0 27.5 28.0 28.4 28.6 28.4 28.4 28.1 27.9 27.9 28.0
4) Rp 9.3 10.1 11.0 11.8 12.0 12.7 13.0 13.2 13.3 13.1 12.9 12.7 12.6 12.6 12.6
Rg 10.9 11.6 12.3 13.1 13.5 13.9 14.0 14.1 14.2 13.9 13.7 13.7 13.6 13.5 13.6
&) Rp 7.9 87 9.4 10.3 11.0 11.6 12.6 12.6 12.5 12.5 12.3 12.2 12.2 12.1 12.1
Rg 9.8 10.9 11.5 12.2 12.8 13.4 13.7 14.0 14.0 13.9 13.8 13.8 13.7 13.6 13.7
(6) Rp 22. 3%
Rg 23. 2%
@ Rp | 23, 3*
Rg 25. 2%
@) Ro 24.4~25,2%% 27, 4~028, 2¥FF 27 Q~o28, BFFXR D7 Qo2 BRAERE
Re 25, 7rv26. T¥ 27, 4~29, 3¥¥* 29, 0~29, 4¥¥¥% 28 (~v20, g¥FE*E
(1)~ (3) Janggun mine, sample No. 7808389(in air).
(4) Janggun mine, sample No. 708389 (in oil).
(5) Janggun mine, sample No. 7808327 (in oil). *
(6) Toyoha mine(Yajima, 1977) »
(7) Kutosan mine and Suttu mine(Yajima, 1977). 28
(8) After Uytenbogaardt and Burke(1971). 27
* b46nm. ** 480nm. **% 540nm. 26
BHRE 50MM, R G40nm, o
The reflectivity measurements in air and oil were per- al
formed with an Olympus multi-photometric micro- 2 /‘/" samplie no.
scope(Model MNSP-RR). %" «: 7808389
All measurements were made against WTiC, standard. = .
Beam spot 14u¢ 24

Magnification of the objective 40x

Numerical aperture 0. 65

oscope(MMSP-PK#) ¢ A& o ZEFRKE Carl
Zeiss Jena#ie] WTIiCE o &d k. HlEA &3 #
el =9 beam spotd] F AL pm¢, FES 40659 =2
£h #yd =% AEd . Fig. 20 deEve K5
RS BMMR-S 560nm Tl ek THELE 2
o RS F vt Table 12 KFEHRHEHERT. =
RSB o RS Uytenbogaardt, W. and E.A.J.
Burke(1971)7F 3338 # vl zd] EEREIAE &
7t 2xn, REREAALE 4 & 3¢ vehide =
Hz BA duisEe] BsAgLS] #EHA 2 Kutosans
Sutter$filie] HBHE(REER, 19709 RHZBHEE
2y}t %7 =2 kg veld of. Vickers hardness num-
ber(VHN) &= BEHIERTHY #/EEF (MVK-CED)
2 @i BEHD FKHR VHNE 50gif&E Tol

-
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Fig. 2 Reflectivity curves for stannites.
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A 219~24dkg/cm?e] & vERel, HA& JtiEEe
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e AT &R S AL BEREE
&3 2+ S, Sn; ALY SnS, Zn; ALY
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CuFeS,9} &5Ht{t4 FeS 2 Mn; §i&BE Mng A&
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o] FIES background#iES A A A QoA AR
Bl ik - 5 ERES oA EERERRY
B Al4t= gieh. Castingd] 5 1EEE ZAF BES
AR EH, o WEHEAE HEKAE EXftl
9§t FHiE programs(FRHHER=, ERHE, 1976) % o] &
At o] HE programsel =, BERMK, EFER &
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ou, EREXBEARY He &R Atk 294
KT 3585 EEAFERE Table 29 vk o] &
o ZRTHE 82 #&H (LB FAAY

Table 2 Electron microprobe analyses of stannites.

W@ [@[wle e [m]e]olaw|a|aw|aw|aw|aw

Cu 29.56 27. 4! 27. 75 27.6; 28.0] 29. 2i 28.3 30.0f 29.7 27. 7' 28.6| 29.3 26.4] 26. 0| 28.0
Fe 12.99| 12. 9! 13. 8: 13.7/ 13.0] 12. 4“ 12.6] 9.8 12.2 12 6‘ 12.5 10.7, 12.8) 13.4 12.7
Zn 1. 4! 1. lE 3.5 3.4 2. 7! 3.2 4.5 1.9 3.4 2.8 28 37 39 29
Mn 0.6 0. 4 0.3 00 00 00 01 0.00 0.4 0.0 0.3 0.2 02 0.2
Sn 27.61| 27. 4! 26. 9; 24.7) 25.5 25. 71 25.6] 24.9; 25.9| 25.5] 25.3/ 26.0] 26.8 26.6 25.8
S 29.83| 29. 8i 30. l: 30.8] 30.2| 30. 6] 30.0; 30.3] 29.9 30.4 30.4 30.6 30.7/ 31.1] 30.3

Total | 99.99) 99.5] 100.0] 100.6] 100. 1] 100. 6 9.7 9.6 9. 6| 100.0) 9.6 9.7 100. 6 1012 9.9

Atomic ratio to a total 8 atoms

Cu | 2 Lse Lsg L szi 1.87 1. 94} Lol 207 2 00 185 1.9 197 1.76 1.72 1.88
Fe ‘E 1 0.99 1.05 1. 03‘ 0.99 0. 943 0.97 0.75 0.94] 0.96/ 0.95 0.82 0.97| 1.01| 0.97
Zn " l 0.09; 0.07] 0. 23'\ 0.22| 0. 183 0.21] o. 29‘ 0.12) 0.22| 0.18 0.18 0.24 0.25 0.19
Mn i ! 0.05/ 0.03 0.02 0.00] 0.00, 0.00i 0.01] 0.00 0.03 0.00 0.02 0.01 0.02| 0.02
Sn | 1‘ 1.00, 0.97; 0. 87} 0.91; 0.91 0. 92' 0.90/ 0. 93} 0.91) 0.91] 0.94/ 0.96 0.94] 0.93
S ! 4' 4.01| 4.02] 4. 03}‘ 4.01] 4. 03} 3. 99} 4. 03J 4. OlJ 4.03) 4.05 4.07) 4.06] 4.05 4.01
(1) : Stoichiometric stannite(CusFeSnS,) (2)~(4) : Stannite from the Janggun mine
(2) : Specimen No. J78083-1-1(Sp-St) (8) : Specimen No. J78083-1-7(in gangue)
(4) : Specimen No. J7608008(Sp-Cp-St) (5) : Specimen No. J780822-12-C(As-St-Cp)
(6) : Specimen No. J7808327-1-B(Py-St-Sp) (7) : Specimen No. J7808389-1-B(Sp-St)
(8) : Specimen No. J7705110-6(Sp-St) (9) : Specimen No. J7608014-1(Cp-St)

(10) : Specimen No. J7608009-1(Sp-St) (11) : Specimen No. J7808327-2(Sp-St-Gn)

(12) : Specimen No. J7808330-2(Gn-St) (13) : Specimen No. J7908422-2(Sp-St)

(14) : Specimen No. J7908441-1(Cp-St) (15) : Mean value from the 35 spot anayses.
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20 22 2 Sn

Sn atom. /s
Fig. 3 Enlarged parallerogram in the triangle dia-
gram of the Cu-Fe-Sn system showing the
chemical compositions of stannites.
Fe=Fe+4Zn+Mn
eStannite from the Janggun mine.
oStoichiometric stannite(CusFeSnS,).

o FellA & F gxo] IMetal/S(RTFH)I=1, Cu/
Sn=20]:, z FHEWL %)0A FHEd LBRE
Cui.ss Feo.or Zno,1s Mno,o2 Sno.es SpaE A FHFHS
LB, Cus(Fe, Zn) SnSeoll A9 —xstel. ST
fEol A &BIET9 atomic %5 T3], °] AL Cu-Fe-
Sné =g #AN 2 Fig. 3% 2tk =, Fe=

Fe/+Zn’+Mn’o]c}, o] zdojA] & F QSo], = @
RN BAND WEHE A 80 7 FeEd
93, Cu-Feiist A9 Ffreted A Mo afiRol

3
49% Bt dee ¢ 4+ Aok

X [

X Edre = g3 o] 114.59mme] ¥ % Debye-Sch-
errer7tel] 2+ Aot [EIFSHTO AFEE REe &
WA T A Eetez AHAS L&Y BHER K 50umd
glass fiber¥dl] wWiFelz A7 AL AL
AH43 X5 Mn filters o] 83 FeKakit (1=1.93734)
o 24 e ke A5 #EEEE Alme] HH ) 9T
/el Z)el et s HEE Felr] 8] Straumanise] FEE
BEs A, BiRe BEY #iECd £ micropho-
tometer ¥ B#lEEHS 27k4 A& W&o o
o} 2 #¥F data® Berry, L.G. and R.M. Thompson
(1962)°] #Fat Bolivia®] San Jose $iILIE 5 AY
2735 RIFS —3H% 2 (Table. 3).

AP gsbd BEHFILY KHAEL HHAFESA
7l Egsstz Table 29+

P
-«
it

E—

o O P
AEE & F Ik

Table 3 X-ray powder diffraction data on stannites.

. San Jose mine
Janggun mine Oruro, Bolivia*
hk1 1/Io d(A) meas. | I/I, d(A)meas.

002 1/2  5.37
011 1/2 4.85
112 10 3.10 10 3.12
020, 004 5 2.72 3 2.71
022 1/2 2.46
121 1/2 2.38
114 1/2 2.21
024 5 1.922 7 1.922
132 3 1.642 4 1.642
033, 116 3 1.626
224 1 1.570
040 2 1. 368
008 2 1. 347
143, 136, 235 3 1.244 3 1.245
244 3 1.111 3 1.114
228 1 1.105
343, 053, 336 2 1.048
1.1.10 1 1. 037
440 1/2 0. 967
048, 422 1 0.958 1 0. 958
156, 255 2 0.921
1.3.10, 060 2 0.914
064 3 0. 863
446, 0.2.12 3 0. 852
453 2 0. 831

* After Berry and Thompson (1962).
Standard camera(¢=114. 59mm), Mn-filtered
FeKa radiation, 25Kv, 8mA.
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Fig. 4 Variation diagrams of Fe and (Fe+Zn+Mn)
versus Cu in stannite (atomic percent).
. Janggun mine(present work).
w:after Petruk(1973).
a:after Springer (1968).
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Fig. 5 Variation diagrams of Sn versus (Cu+Fe+
Zn+Mn) in stannite (atomic percent).
o Janggun mine(present work).
u:after Petruk(1973).
o: after Springer(1968).
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