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ABSTRACT : Phase relations and cystallization behavior of platinum minerals within Pt-Sb-Bi bearing ore
magmas existing at 600C were investigated by synthetic experiment. Geversite has a cubic structure with
space group Pa3. Cell parameters are a=6.4415 A. Unit cell dimensions of the minerals above increases
with the amount of Bi substituting for Sb, for example, a=6.4361, a=6.5204, a=6.5411, a=6.6261, a=
6.6540, a=6.728 A for the phases containing Bi of 15 at.%, 30 at.%, 51 at.%, 70 at.%, 85 at.%, and 100
at.%, respectively for the geversite-insizwaite solid solution. Pure stumpflite is hexagonal with space group
P63/mme, and unit cell parameters are a=4.1388, ¢=5.4902 A. However, for the stumpflite-unnamed PtBi
series, cell parameter a increases with Bi amount, but parameter ¢ varies irregularly. The isothermal
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section is characterized by the presence of mineral antimony and geversite-insizwaite solid solution and
stumpflite-unnamed PtBi solid solution. The former of the two solid solutions is always in equilibrium
with liquid (ore magma) with Bi content higher than that of the co-existing solid solution phase. Careful
examination of the mineral composition and unit cell parameters may indicate chemical and crystallo-
graphical data and thus may be used as a geothermometry.
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Table 1. Experimental data of the system Pt-Sb-Bi at 600°C.

Initial Composition (at%)

EPMA data (at%)

Run no. Phases identified
Pt Sb Bi Pt Sh Bi
4001 50.0 50.0 - St 50.0 50.0 -
4002 50.0 40.0 10.0 Pt(Sb, Bi) 50.0 40.0 10.0
4003 50.0 30.0 20.0 Pt(Sb, Bi) 50.0 30.0 20.0
4004 50.0 20.0 30.0 Pt(Bi, Sb) 50.0 20.0 30.0
4006 50.0 - 50.0 PtBi 50.0 - 50.0
4007 33.1 66.9 - Gv 33.1 66.9 -
4008 333 60.4 6.30 Pt(Sb, Bi): 333 60.4 6.30
4009 334 46.6 20.0 P1(Sb, Bi); 33.4 46.6 20.0
4010 329 33.7 33.4 Pt(Sb, Bi). 32.9 33.7 334
4011 33.1 20.2 46.7 Pt(Sb, Bi), 33.1 20.2 46.7
4012 33.2 10.1 56.7 Pt(Sb, Bi) 332 10.1 56.7
4013 33.2 - 66.8 in 33.2 - 66.8
4015 25.0 10.0 65.0 Pt(Sb,Bi), 33.7 17.5 48.8
L - - -
4016 25.0 21.0 54.0 Pt(Sb, Bi), 33.6 34.0 324
L - - -
4017 25.0 31.0 44.0 Pt(Sb, Bi). 33.4 39.1 27.5
L - - .
4019 24.0 55.0 21.0 Gv 32.9 66.9 0.10
L - - -
4020 10.0 85.0 5.00 Gv 33.1 66.8 0.10
Sb - 97.9 2.10
L - . -

St: stumpflite, Gv: geversite, In: insizwaite, L:
Pt(Sb,Bi)2: geversite-insizwaite solid solution.

liquid, Pt(Sb,Bi): stumflite-unnamed PtBi solid solution,
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Fig. 1. Phase diagram of Pt-Sb-Bj system at 600°C.
Thick lines indicate formation of complete solid
solution between two end-members. Phases relations
in the region 50~100 at.% Pt not determined.
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Tarkian and Stumpfl (1975)2] VHN3=726~766
H= 2 dx)8k1 ¢Jou) Johan and Picot (1972)
9] VHNs=4353%= & 2olE Jgith
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S wy, iy g ool glrh o] FEof
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9] Pa3 X E stn D EXASEE a=6.7022(6)
Aolal, 2% (B-PBi)2 LA ACIHA
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ojibA o] FEI3HA FHEHEG. ol AFoAM =
ZH XA FLEARE AHEste ALte o
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B2 91+ PtBi (Rudashevsky et al., 1992)7} <t
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Table 2. X-ray diffraction data of synthetic PtBi,
quenched from 6007C.

hk ! /10 d(A)
100 100 6.17
210 48 3.08
311 45 2.055
4290 37 1.543

- 9 1.232

Ni-filtered CuK, radiation used. Reflections except
for 1.232 A can be indexable based on a cubic cell
with a=6.728 A

Table 3. X-ray diffraction data of synthetic PtBi
quenched from 6007C.

] 2

hkl /10 d (A) 1710 d (A)
100 28 3.74 60 3.62
101 81 3.10 100 3.03
102 53 2219 100 2,192
110 100 2.162 80 2.088
200 14 1.875

201 20 1.771 40 1.720
103 9 1.642 30 1.635
202 10 1.543 50 1.512
211 16 1.367 20 1.328
203 11 1.311 30 1.289
212 33 1.259 40 1.224
114 11 1.161 50 1.149
213 B 1.120

Ni-filtered, CuK, radiation used.

1. Synthetic PtBi. Hexagonal symmetry, a=4.3243,
¢=5.5045A (4006)

2: Stumpflite JCPDS-Card 25-1482. Hexagonal sym-
metry, a=4.175, ¢=5.504 A

= 7HAE WHEE

M AR shuel gdsdvte] Ajska XA 3
A e WMk oAl Ao Hol F
T Ateldle fduEAE FAEHT US
€ A & Uk I, W22 ko) @
obgel et X-A A Ho] 29 7F Hopal= W
Fog olFsle AMEE FH ©eixe 277}
AA = Aol AAE (Table 4). =, =%
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Table 4. X-ray powder diffraction data of synthetic
stumpflite-unnamed PtBi solid solutions.

o QhE] - 2 pi 2] AEE B 2 BEEH ool

Table 5. X-ray powder diffraction data of synthetic
stumpflite-insizwaite solid solutions.

d (A)
h ki

4001 4002 4003 4004

100 3.59 3.65 3.67 3.68 3.74
318 322 3.23 - -
101 3.00 3.03 3.05 3.06 3.10
- 2.88 - - -
274 2.74 - - -
2.69 2.67 - - -
- 2.63 2.63 - -
- 2276 2277 - -
102 2,179 2191 2.199 2203  2.219
110 2069 2106 2106 2124 2162
- 1942 1947 - -
- 1858 - - -
200 1795 - 1.834 1.837 1.875
- - 1.786 - -
- - 1.741 - -
201 1704 1.723  1.721  1.744  1.771
103 1.630  1.638 1.636 1.640 1.642
202 1.497 1520 1520 1.526 1.543
- 1.440 1444 - -
004, 113 1370 1.373 1405 - -
210 - 1336 1349 1348  1.367
211 1313 1.328 1323 1.311
212 1213 1.229 1239 1238 {.259
300 1.194 1214 1221 1225 1.249
114 1.144 1147 1152 1152 1.16]

Ni-filtered CuK , radiation used.
4001 : PtosBips, 4002, : PtosBigSbos, 4003 :
Sbos, 4004 : PtysBig3Sbez, 4006 : PtysBiys,

stumpflite?] T F AF7F a=4.1388, ¢=5.4902
Aolil, SbE %3} Bi9] ghaFo] 20 at.%<!
AL a=4.2118, ¢=5.4799, 40 at.%<l A$ a=
42118, c=5.508 A, 80 at.%% 7§ a=4.2485,
c=5.4817A, #=4% PtBM A9 a=4.3243, =
5.5045A So2 Wt Z, Big FHo) 7}
gholl wpel a A E *J‘F‘; 7%94 d&H02 F
e W, ¢ BHIE 5ol AU B
HtE HolTh oleigt Ay Ade £
stumpflite7}  a=4.1318(6), ¢=5.4318(6)A ]H,
PtBi<= a=4.324, ¢=5.501 A o]& Shunk (1969)¢]

4006

d (A)

h k

4007 4008 4009 4010 4011 4012 4013
100 - - - - - - 6.17
LL1 372 372 374 379 383 - -
200 322 322 322 328 332 333 -
210 288 288 287 293 297 299 308
201 263 263 266 267 270 272 -
220 2276 2275 2310 2311 234 2354 -
3001 1942 1940 1966 1.971 1.999 2.006 2.055
222 1.859 1.858 1.878 1.887 1914 1922 -
302 1.787 1785 1811 1815 1.830 1844 -
320 1722 1721 1739 1748 1771 1778 -
220 - - - 1.636 - - -
331 1476 1477 - - . - -
420 1442 1440 1457 1.462 1483 1.487 -
421 1406 1402 1.422 1427 1448 1452 1.537
332 - - - 1.403 - 1418 -
422 - - - - 1352 1.358 -
332 1372 1370 1389 - - - -
422 1315 1315 1331 1.334 - - -
500 - - - 1301 - - -
511,333 1.240 1239 1255 1259 1275 1.279 -
432 1196 1196 1211 1215 1232 1.236 -
520 1177 1175 1191 1192 1208 1214 1.232
440 1.139 1139 1151 1157 L1701 1176 -
442 - - - - - 1108 -

Ni-filtered CuK ,-radiation used.

4007 : Pt533Sbasr, 4008 : Pty33SbusiBiogs,
4009 : Ptu338by.a7Bioao, 4010 @ Pto33Sby3aBioss,
4011 : Pto33Bins7Sbaesg, 4012 : Ptos:Bips7Sby o,
4013 @ Pto33:Bipses
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el Ao R AT & QY. B ¥Edes A7 WA 29714 vlavl Yole 24
98k geversite (PtSba)Ql S a=6.4415A 0]  wulmjo u|3] WEE QAo o] THFN,
H,

SbE A g3l Bigl gako] 15 at%yd w  FI}Eo] EAEE vl

a=6.4361 A, 30 at%Yy W a=6.5204 A, 51 at% A7} A3tEo] & 3B EU o 787 He 2
A ) a=6.5411A, 70 at.%d ) a=6.6261 A, 7 A X &34 "o} 28] 33228 §83t0
2 85 at%Y w a=6.6540A, 28] 100 ¥ vlamtyel e WEEH 949 Adge
at.%<l mWE a=6.728 A0|TF (Table 5). o]¥s o= Axol WE Y HelTelo|Es} vl
AVZRE Bio §FFo] F718d we} 9 x wmlo] BE £8FHAEX, 28 FALEFES
Y 27 FUME T AMEE ¥ AR FeEo] REAEE 9 o= Hx B
of. o] 8¢ g2 T3 geversite] ‘;Hit“* 7b HeAd ot A Er (Naldrett and
7} a=6.4373(2)A o]H, =58 insizwaite?] 729~  Duke, 1980). %3+ Noril'sk 34o] 3t o4
a=6.691(2) A g} Cabri and Harris (1972)2] A A 3}ol] 9)3}8 (Genkin er al., 1980) 33 =1
2ot% 2 oA Aok 2}, insizwaite  PRllo] 3 HE|RY, HIFE S, BlAHA, H2
(a-PBix)7} 420 S} 640T oA ZHolE do T diart EA4F BS- oE dave ¥WEE
A 42 A A (B-PBi)e} & vy 3 Y4 AFS B T FES FEIA
FE (7-PBiZE Wele TAHC] vz Ro de 9L don RuEQoh WI-gtg Ry
gof 2o, oyl Aol P 600TMe -H2H2AE YA wFo] X¢FH e B3
insizwaite®] X4 223 HA (Fig 2, 4013)2> 55  viavldlo] <tE]lRY9} HlAvAyl T EE] o]
A 22 AXAS3 & 5 9 (Table 5). Ae Z9E2 @58 & 5 3loy, 257} 3474
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Fig. 2. X-ray powder patterns of geversite-insizwaite solid solutions. Peak positions of given members of
the series move gradually towards low 2 £ value with increasing amount of Bi substituting Sb.

4007 : Pto33Sbosr, 4008 : Pto33SbogiBings, 4009 : Ptgs3SboarBigan, 4010 : Pty33SbesaBinsa, 4011 1 Ptoss
Bio47Sbo2o, 4012 : Ptos:BlassSbaie, 4013 1 PtossBigess
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o] me} viavtERE dAFEQ Had
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