W OR ¥ IR
1988 4E ACTA GEOLOGICA SINICA %2 8

http://www.geojournals.cn/dzxb/ch/index.aspx

Fe—Sn—Sb-S {& % Py T HETCE0 45
Ry TR ST Rk #F 77 i
Y HISLIS BT
A% KRN AT K

(rp BT R F Bl PRALRIT 58 AT » J650)

VEEEE ST - B LT -potosiite. DI FREST HABEBERTIHLRHITE
B, AREREREZMGRRERNER R A —THESSRT NEREESEY .
BE— 1 Fe-Sn-Sb-S KRN TR =ZME— Q% BRI REF RERENEE. X
EESHRTNEHEESY EAGRARESRT AR, HEMTRGFERKE T
£ 600°C BARK,ETE 500C PLIT, EEET ZHEENFE. XE LY REITHH SnS-SoS,-
FeSb,S, [R=TCRMIRIRX R, Rl 600°C I FT VL ZIROHE FU 4 4538 D MR 30 AR B AR A3
H,

YeZ T 1983—1985 S HiA), Uiz A XE S RBMMUIT W EATEFRHFESH
EEARGTE, BETESSNT -MEEH%AT -potosiite MEEBT WNEBERFIN
BFIE, U ROES B AT MBS 1 (LR 7 b Bl b Ve Sk R TS 950°
MEESY RFIH PO 2 Sn™ RBFIERNLHEERAE—LTHRESSE T ML
SEEERT , B EETE Fe-Sn-Sb-S kAN, FEEEXMEARANRA T HE=ZARE
PUTH —— &%, BT REY EE K. AXREX=THTHENEXARTUEEX
TR,

Fe-Sn-Sb-S{k &, BRETIMAEM I MRS LA H R & B X 30k [3] 51,
EHBRIBES ZAERRPETAEWFRNEL, HRE, Fe-Sn-Sb-S MAN_TTR
ZLASMETRBLERF M, R Sn-Sb-S Z Ui WA R = B4R 4B D e E &
FEHREI, BE, SRNDHERAHLERMEREEE AT UIAWTEEURK, @S
B

LRRALHROTERBMUADLRER—HZAEE T, XRTEEERS
SETTHE AN SnS, SnS, 1l FeSb,S,, KA ENIAMAREHTRR. LRIBEEE
600°C, {7 T 500°C Lk, SKEMEHERX HEMRGTHERES/I R B HEE
MEBITEE. MRS T MB HHX HERTHEFTRFFHTESES R, Bt
ZHh, e A RAT R B S R FTREROAEES , ST EATTHAT T RS 5 &

A3 1987 £ 2 FugHi, 10 BiE A5G



1988 4

icd

132

(ampuiaq) BB LN c1ag $(anBraqusziay)
AW 1oH ((nregouesy sa1j-qd) EBEVHWEL 33 {(AwpuNbe s915-qd) SBHEHYL Ay {(onquewono Funiraq-qs ‘ag) MEUL Y <10,

(susoned sapmod fei-y wipyy 4q paygnuopr 0,005 e s1onpord oq3) A IYEFIATZNCC T BN B X B T € LB IABRU L =/ TE3E 0,00¢ «

«M024D | N0x4D 1 b $tb | TT'sMage tug | e-zg
«M0» 4D 1 b b 's*qga4fus | q-gI1
£0¢.105 1 01 01 | '**qgag®us 6058 £0°4110» | £0%104 I b ¢'e |[f'g%yse g ug 9058
£3€,0n 1 S b figiqge 4tusg £058 £ I 8¢ L'y | FUgTqg0 4  fug 0¥1
19g¢, 10y 1 Ly €€ “"gtqsagtug 1~8058 £3¢ 10y 1444 1 (94 Sy FUs%ygagtug 121
0» | L | s9p | gete | U's'gsegtus $-0158 <105 4o 1 '€ € | ¥ sfugo " ug :m.ﬁ_mw:

£3€ M0 1 9% bg "otgtqgagtus €158 £04a1100 | 10240 I s b “I§*qgeg° tug 0z1
£5¢10, | 1 v | g5 | “Ustasedtus obes £310» | 110440 1 s | ¢re | stagegius | e-prr
19g€, N0y 1 < ¢g | ¥"s*qsa4% tug L158 «M0n | «10»°40 1 1483 ¢ | "'s*qs94"ug A
«10» T osvy | oces REMEICEEE GRS 0zs8 £3¢.10x 1444 ! £ b *'$*qgag‘ug 0S8
£3€, 105 R R p'e | ¥°'s*qsagt tus 6158 JaHg g I z $*9 |F*'s%qgag  tug 1
19g€, 10, 1 Sk ¢ | *'sfasegtus 411 1 i 4 9 ''§*qgagtug 611

T 1394, N0, 1 by 1'¢ |*'"'s*qs04° fug v1s8 «N0» 14 I 4 8*¢ | ¥fg*qgeg* tug 121 -
19g€,N0n J - sep | <1t [F's’qsegfilug s158 14 I 4 9°¢ [*'F'g*qge " fug o€t
£D¢10» 1 £ e | ¥'s*agegtiug 9158 «M0» eE 1 z §°¢ {'f'g*qaga g tug 821
I%_o“a:o“. 1 ST stvg [T's'qsegttug 1-£058 «M0» £nc1g 1 7 S s1g7qgaqtug <058
134D 1 b z°s | ¥'¥'s’qsagtéug 1-8¢€1 £0¢410n I 4 z ®'g*qga'ug 2058
156) 1 b 4 1g*ysa géug €T «M0» 1 4 I ‘g*qgatug e-8p

£000s| 0.0 S| sus | sus soiEeames | e wnl #0500¢ %009 | 'sased | ‘suS | SUS | imes | rou uns

s1onpoid sjersolew Junaess & X SUTHXE s1onpoid s[ef1alew Juniels ¥ 4w LIRS

G ThE (row) YIS BT (low) {kox(s

wWeLs g-qG-ug-9 Y3 u! syMsax [vjuswixadxy [ oqe]

EBHREEY s-q95-us-°3 1%



$1L¥“% Fe-Sn-sb-S A RN U TIBEHESBED ERBES
28 RSB HE I LRI 133

inS

SnS

Bl 1 SnS-SnS,-Fesh,S, R=LRAMZ MR HMB = TCRTE Fe-Sb-Sn-S (K ZANHIALE
Fig. 1 The three quarternary phases in the pseudoternary system SnS-SaS,-FeSb,S, |
at 600°C and its location in system Fe-Sb-Sn-§

AP RASRERS BERBSRERE (minerals and synthetic phases, melting or the

highest stability temperature)*

Ber. SnS, XHBEBH" (berndtite) 867+2°G; Ott. Sn,S; &1 HHEF (ottemannite) 760+42°C; Her.
SnS EifHH~ (herzenbergite) 879°+2°G; Stib. Sb,S, ¥gEEH- (stibnite) 556°C; Py. FeS, g5
(pyrite) 743+2°C; Po. Fe,_,S @545 (pyrrhotite) 1192°C; Bet. FeSb,S, &40 (berthierite)
532°C; Gud. FeSbS Hi%k#i9 (gudmundite) 280°C; ARAI=5H 1 (synthetic ternary phase 1).
SnSb,S, 501°C; GBEEEYZ=JC1E 2 (synthetic ternary phase 2). Sn,Sb,S, 516°C; AR =TT 3 (syn-
thetic ternary phase 3). SnySb,S, 528°C; A&RMI=IL4E 4 (synthetic ternary phase 4). (Sn, Sb),S,
597—615°C
b600°C FRARLL LR (experimental result at 600°C)

@ Cy ARUTHABEEST (synthetic Pb-free cylindrite); ®Fr &RMTEIESEELH- (synthetic Pb-

free franckeite); Fe, Sb-Ott SRS EA F S F Es{k (synthetic Fe, Sb-Ottemannite S. S. s

AGHMETHA (Fe, Sb-ottemannite) + NFFIEH" (berndtite); XTHERLEG (Pb-free cylin-

drite) + ENERMAT (Po-free franckeite); OKBIAIHHIBH (Fe, Sb-ottmannite) + T4 EHL

@ (Pb-free cylindrite); & E4BIEEHEH (Pb-free franckeite) + FisEp- (herzenbergite) * L&
NS, 5SAXEEEXA B (literature omitted),
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BROTHES DR ERESHESSEY A RER, REEHAS% (B2, 3),
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B2 AREERESHET (x300) B3 ARIIESHEET (x300)

Fig. 2 Synthetic Pb-free franckeite Fig. 3 Synthetic tranckeite
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Fig. 4 X-ray powder pattern of Synthetic franckeites (4, in 107'nm)

No. 1 synthetic franckeite, composition Pb,Sn,FeSb,S;35 No. 2 synthetic franckeite,
composition Pb, ;,Sn, FeSb,S,; ;45 No. 3 synthetic Pb-free franckeite, composition
Sn, sFeSb,S8,3 3
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Fig. 5 X-ray powder pattcin of experimental products of the sample Sm, ,FeSb,S,.,
at 500°C and 600°C
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B 6 AROTHELESD (x300) A7 ARNEEED (x300)
Fig. 6 Synthetic Pb-free cylindrite Fig. 7 Synthetic cylindrite
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KIS REESE s No. 3 BN Sn, sFeSb,S,, s MLEHBEREEHT

Fig. 8 X-ray powder pattern of synthetic cylindrite (4, in 107 'nm)
No. 1 synthetic cylindrite, composition Pb; ,Sn,FeSb,S,;; No. 2 synthetic
cylindrite, composition Pb,Sn, ;FeSb,S,,; No. 3 synthetic Pb-free cyli-
) ndrite, comPosition Sn, sFeSb,S,.3
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TAEEET X HRBRTHEE 8) IR, HIXETLm s &REE



138 bz 5 = {53 1988 4E

S RRAEERT H, AL BB, {ER, 4% 0.2320 nm BUFT SRR
B AT & $4 18, AT gk th 2 1L BT B

£ 600°C, L SnS, SnS, F1 FeSb,S, MK HEAR, RAC GRN LM ESE BT
PR (B ANER 43 25 Sny.sFeSb,Sys FITHES BB/ &AM +1.58), R HRAE, #BH]
RELEHEEERT 4H, FEHR TRE. HE2,7 600C CARNELBERLGL siEE
500°C i#—RGHE A BRI RBEL ", BE 600°C INA)E, MEEALTHRERESF X
T BB T T EMRDIT, £ 500 F1 600°C Z AR BB AR, R7E 500C £AHH
—ZME BAHBHTM, ZA0W CEBRL LH#E, EROIE 709°C MR —
MRRPRAL, PREEBEAN 709°C, BAHRTHEREST, RAHRESTBA
A 717°C, GRS REERTBRN 7200C, THREEHTERLERER, RERD
3 Sny sFeSb,S,, , I A RBAR BT M7 500°C MH—REREHFEE, EELHERTE
PR EREEROERT S00C HTBNEEHAE&THIA, ERNEERZL 600°C £
BB B MEREHPEREEERERE, HE#E—F PR,

EERR, DRANEESH SRS S P EEREER R, CREERTEA
—ABRARAE, EBRFRHREL I,

=, BRI BT

M B R N — T W, BRI SnS ARAAMEER 1812 £, /5
KX HY ST EFHREE, S Mosburg A (1961) #E™ Sn;S, WM HER, AR
Pnam, a = 0.879+0.003nm, &6 = 1.402+0.050m, ¢ = 0.37440.001nm, D. Mootz #
R. Kunzmann (1962) B\ TiX R, 1964 4 G. Moh Al F. Berndt ZEIFFI4E WL
Cerro Rico de Potosi G AHRKIT Sn.S: 44, FE I DL W X 55 1 BRI 2 T
Ve TRk J. Ottemann 4 2Za 2, # G. Moh™ F1 P. Ramdohr™ #j
R, A HET — BRI EEEE, BB T RHGARE, BRASaH, BIFY
BN R, B, XM EERMEE I, MITZROMTREB Y LFER
ARES GRS EET MERET EROT B LESTER, KPR BOBENRE
W T EST , M BT A TR A 1 o 53 BS H T 3 X ST oy R IRAR A
SR BRE A, R R HERERS, R el 4 (&% 0.701 nm, 0.413nm,0.2797nm
F10.2252 nm 48, §75TRERAE MRS, HBHT ST RIIARREM T b RIF s B A1 kP,
(LR, 5 4 (EF A RE S8 MEIER —Bo ESH N1k, ASTM £ EBRAFE B SnSs,
il G RRB T RGBT R, Bk, SRS Y —HELNT WL EEEIFM
DI R BRI 4 Huari, Maria Teresa §"IIfg—SIRA R EEH K RAK BRE-

T S S A N R B T 7E 500°C I, #ERENESRTHBE AR
B KL P4 , B i 35 5] Fe-Sn-Sb-S UL A& RBHMIM TR B MHo  SKBRIER, 8%
2621 AR RAEZE 500°C, B MR SR EHE—E, € ZRNRSBEAHE, miE
600°C LR BE T B4, MEE 600°C KRR, %BMTmBs BRkRyhe
EEEFHERAE TR EIBET 2/3c SFRABEN SnaFeShsS s, HH
=015, HlE I SngFeSb;S .. RRAYHsEAE, i« = 0.15, B ARAIRIR A Sni%se
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Pig. 9 X-ray powder patterns of Fe,Sb-ottemannite and its assemblages formed
with the fine difference of sulpher coatent

FeSb,5n15:Su., RAXMBREBEBRBEL RV TR SEHBH BT REREBF —
R, FRIBERE RO RSB RN NS AR — /M E R e,
BREM DBV ARPROS BAARBERER, I NERLRRVEBEHR
ERTROBATREBY 5HEE, MH, EERERP, REEBPERIRGET I
B, R AMBRERNAME TR EWER™ Y. MR 1TE 1HRIEH, RN S
FeSb;Sy. IR AR =R, HRONOTHREESGT SHREM T RGBT HikE, MRk
53 SnsFeSbS., i, MIERAT B SHILE, B o RRHBmES RO/ NERIFTE
BRIV B T mBT REEAAHNX PR RTHE, %SRSy BEkE
SnS-SnS;-FeSh,S¢ B=TTRMBEWN, EF A TH%EM T HMBT - THREBT Nekssl 5
WBH - R TP WX Z R
BRSBTS EAF, BIRE, BEBNTE. SROMMEBELEE,
PR A REAE, E—RREM T RBY ML B LSBT LERXA P, MABE, T
PIM e T HE; SHEE SEAREERT WEEREME R FHEBMET EE
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R, Rt e BER, TEAEESrEERE, SRasakE , FHR, EXMETRE
—HRE, MEERT KGFREaaE)—BKE,
* A RSB M T MBI A AT ER AT RES BT, FRAITR 2, Al
SHAR/DZREBHEREEEBHONRERIE), XE ¢ = 0.8924nm, & = 1.3787
nm, ¢ = 0.3752nm, kSR T MBI HRTHMBT WL, BAEZH—B, RRER, &
ESHMEELE K. N, ZRIXE—LRER, BeRNWRERTRET 54KN
Sn,S;, BAH LW EE, B HEESAEE P, 500°C LI, —KG, 7 ILAT 5 &M 3
RELE,MEBRZE, BRMERHARELET &M, BMERMS—NEEAETIAR
—NESEEER R, WIERE T XS, BRI BREEA T RSB & B Ko

Table 2 X-ray powder diffraction data of the synthetic Fe Sb-ottemannite

K2 SEBSSHMITRBE M X HEABRGTHHE

symgrapory  SRHIRET HHTREE (S HO" BERARDY
%‘;;i;z:il;)e Fe‘Sb-ottemaﬁn%te T;;g‘tiz:il;)e Fe,Sb—ottemanqite
(600°C, synthesis) (600°C ,synthesis)
1L, [acam)| ARL |11, (dob: e | iy || 11, | dCam) | skt |11, Pobs dear ki
nm)| (om) (nm) (nm)
40 | 0.700] 020 20 10.6905] 0.6894 | 020 5 0.233 060 10 0.2298 0.2299 311
75 | 0.550 120 65 (0.5458| 0.5454 | 120 {0.2298 060
10 | 0.443 200 10 |0.4459] 0.4462 | 200 25 0.226 160 90 0.2222 0.2231 400
2 10.4246] 0.4246 | 210 0.2225 160
100{ 0.413 130 [100 j0.4088] 0.4086 | 130 10 0.224 | 340,051 0.2222 051
0.3753 | 001 5 0.222 241 5 0.2201 0.2209 321
35| 0.374 220 15 {0.3742 {0.3746 220 0.2206 241
5 (0.3619]{ 0.3620 | 011 0.2202 410
15 | 0.335 111 10 [0.3355] 0.3355 | 111 10 0.211 420 20 0.2122 0.2123 420
30 ] 0.326 140 10 0.207 | 331,260 5 0.2078 0.2079 331
0.3215 | 140 10 0.2042 0.2043 260
251 0.322 230 30 0.3201{0.3201 230 10 0.2006 0.2007 430
51{0.310 121 30 10.3091| 0.3091 { 121 10 0.200 251 5 0.1989 0.1989 251
2510.289 031 10 |0.2907|¢0.2907 | 031 10 0.195 170
{0.2908 310 10 0.193 161,341} 70 0.1929 0.1931 341
51 0.286{ 310,201} 25 |0.2869| 0.2872 | 201 50 0.1914 {0.1918 401
15 | 0.280 211 65 [0.2810] 0.2811 | 211 0.1914 161
35| 0.275 240 60 [0.2726]¢0.2728 | 240 S 0.187 | 411,002| 15 0.1898 0.1899 411
{0.2731 320 25 0.1875 0.1876 002
45 1 0.267 150 20 0.1872 0.1873 440
51 0.265 221 40 10.2650{ 0.2651 | 221 20 0.1846 0.1848 421
50 [0.2634] 0.2634 | 150
s|o.25 330 | 5 |0.2496 0.2497 | 330 #15 (rhombic) #1%5 (rhombic)
5] 0.246 141 10 |0.2442] 0.2442 | 141 @a=0.879nm a = 0.8924nm
10 |0.2436| 0.2435 | 231 b=1.402nm b=1.3787nm
0§ 0.237 250 40 [0.2345] 0.2346 | 250 ¢ = 0,374nm ¢ = 0.3752nm
dear AITHH.

e doss ARIBUME;
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SEBRS> % SnsFeSb;Si.qs BILHAHIETT T 2 M0, EMHAEE 1, T 698°C H--581K
R, TR O WARISRNEEE , 698°C L LEH BR M, ERHME £, 7€ 703°C LI
Bt H R RS RE TS SRV B, LRAABNREEE 5°C, NGB B RS —RE/NGE
1 X3, R — 3 B PR AR B, 698°C—703°C IR BE X ] 7 #: 0 4 SLE vtk 4
B RIREEE,

9. HHEYIEA SE R

ME 1 R 1 FUEH, B Sos,(Sn*) BN HRKHATEESLHET, A
RRTHAEEST SESSET HERS, B LS SHAX N, RERETHE
B o Sn*" BELAKSIEINGT, £ IR R EEBT TS TmB HE, REER &
BRMTHBY . Sn'* BELEREEIN, WHAANTRBT S48 TMEBT- H4,

BRBMITMBT ELBRERNERER. EMER, EEARNEIAKEMTHS
T ETHREEST RERKEMTRET 5XTRET L4, HRSHATHEEST
EXRTWMBEE L,

EEHERAN, HEASERERREL TN BEELBER, Y& EH
W, kSR TR BT PRRERFE, F ESHA%SEM T RET SEEST AT RS-
EHFAERE. SHRENERRN, REMATRET BAEEN, 4 So"” B ETHE
By Sn'* BELE, RSB A BERESR Y HESATREBT HED, '

LR, ZREIE AR SN EELE, BRA%EMTRET TLIZE 600°C e
R B RSB MR B A S48 7E 500°C W 2528 X M HBE "1, BT gaat
TERBE E S00°C UTHE ENEENEE, Rit, REBRFMIRET E—HRE
B, MEM &GN IRBEDNE I REERAR"H, R ESLREANEEREH
FEFERRE B BT R PERI R, KRR ERERU~EREST /AN
B AR E.

A LR TERDEEBEERETR, #8583 G. H. Moh #HZRMEHH
WLESHBREEREES QI THERRAREST WRA bR Bk 8 ) %
T RPIRITR P. Ramdohr WM, EHEKRTBIXER. K. X148
2 ERESRER Y. BB RNAEE BRI X EL B BRE. BK
FEEHEHERT ER—HFRRE LK,

2 #F X MW
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AN EXPERIMENTAL STUDY ON THREE QUATERNARY
PHASES IN THE Fe~Sn-Sb-S SYSTEM: Pb-FREE
FRANCKEITE, Pb~-FREE CYLINDRITE AND
(Fe, Sb)~-OTTEMANNITE 8S. S.

Li Jiuling, Huang Jiashan, Zhou Kezi, and Zhang Guilan

(Instirute of Mineral Deposits, Chinese Academy of Geological Sciences, Beijing)

Abstract

Experimental studies on the two solid solutions franckeite s. s. and cylindrite s.s. yielded
among others the Pb-free endmembers of franckeite and cylindrite respectively. In these
endmembers the lead content of the two mineral phases are completely substituted by bivalent
tin. A third phase, ottemanvite s. s. with (Fe, Sb)-bearing compositions, was further identi-
fied in the Pb-free 4-component system Fe-Sn-Sb-S. Pb-free franckieite and cylidrite could only
be synthesized as homogeneous phases at high temperatures. The ottemannite s. s. was obtained
at 600°C but an extensive existing range was alsc confirmed at temperatures below S500C.

The phase relations are discussed in the pseudoternary subsystem SnS-SnS:-FeSh:S:. The
following sequence of Pb-free phases and phase assemblages were observed under increasing
Sn*" content at 600°C: herzenbergite (SnS)+franckeite, franckeite, franckeite +cylindrite,
cylindrite, cylindrite+ (Fe, Sb)-ottemannite, (Fe, Sb)-ottemannite, (Fe, Sb)-ottemannite+ be-
rndtite (SnS2).  The assemblage cylindrite+berndtite was identified in synthetic systems in-
volving Ph. The phase Fe, Sh-ottemannite s. s. appears to be stable only under Pb-deficient
and high sulfur fugacity conditions.
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