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ABSTRACT : Crystallization behavior of platinum minerals within Pt-Sb-Bi bearing ore
magmas and mineralogical properties of the existing minerals were investigated at 1,000 by
synthetic experiment. High purity reagents were used as starting materials and silica tubings as
containers. Reaction products were analysed by reflecting microscopy. X-ray diffraction. electron
probe microanalysis. and micro-hardness test. Stable minerals at 1.000C are platinum. stump-
flite (PtSh) and geversite (PtSh.). They are in equilibrium with liquid (ore magma). Platinum
contains considerable amount of Sb of 7.5 at.%, whereas Bi only up to 0.9 at.%. Pure stumpflite
is hexagonal with space group P6:;/mmc. and unit cell parameters are a=4.1318(6). ¢=5.483(1)
A VHN.. =417 (296~473). Geversite has cubic structure with space group Pa3. Cell parameters
are a=6.4373(2)A and Vicker hardness values VHNs=663.5 (566~766). Both stumpflite and
geversite show solid solution and their end-members are PtissSbiyi:Biins. and Ptss SbsysBlss,
respectively. Although stumpflite (m.p. 1,0437) and unnamed PtBi (m.p. 765T) do not form a
complete solid solution at 1,000, they are known. at 600T. to form a continuous solid solution.
Geversite (m.p. 1.226C) also forms complete solid solution with insizwaite (m.p. 660T). Unit
cell dimensions of the minerals above increases with the amount of Bi substituting for Sb.

—117-



Moo
W (Pt)S w3 Y4 (platinum-group ele-

ments) ol £3He Yao] shtEA @) E= 2

A7 GA N wesle a3 E vy AFHA
3 2 IRER l—“%Oi WMO%W A2 3
Ry OME} QhE] XL HFe]% (Te), Hl
£o2 (Bi). ¥4 (As) %—ﬁr 457 3% g
24 A& El“ Wlo| dubdolrt Wiy} otelRY
9 oEFege AnA 2 o] MARAN EAde
Zgo] el oln A ugE uprh glo
(Kim, 1990. 1997). o] Q3o M = o747 o
F¢ w7} ge WEF-tElRY-dla A E A
ato) @714 wlauke] AEEAN ARG 2EQ
1,000Co Mol AaAS FANES T AL
i, o] T orgE WA FEFATE U
o], QHAEA EAste 2o tis] AR S uwh
& 1834 7y R old B2 AAGH d+E
F&stuat skt

Y712 ALE Pt-Sh-BiA F=& stumpflite
(PtSb) (Stumpfl, 1961 Johan and Picot. 1972)
geversite (PtShy) (Stumpfl, 1961). insizwaite
(PtBis) (Cabri and Harris. 1972) Soj9. =2

VT BFEE HEEA 22 PtBi (Rudashevsky
et al., 1992). (Pt, Pd)(Bi, Sb) (Tarkian and

Stumpfl. 1974). Pt3(Sb. Sn. Bi)s. (Pt, Pd):Sb:
(Stumpfl, 1961), Pt2(Sb, Bi)s (Shcheka et al.,
1991). Pt(Sb. Bi) (Stumpfl. 1961), Pt{Bi. Pb)
(Bhatt. Y. C. and Schubert, 1980) Go} 2

LA A

Ay} 9ot EHv‘%—‘rj— g8 A e B3AA U‘H*'
of w2kl Fefel g

Ay
SRS ALH ABE 14w WA

(99.99%). kel
Az e Al o,
ol &stol HAl FAL

a2l v A2 (spec. puxe)

o) Uri HUHHALE

500~800mgel = &=

z7439) } Z4E AR BREE &R 49D
of Y3 AEE|A YEslg on A7) Hof] o

- 118~

Ab

L000TAA Agsteiet, Fstn T4 sepd
g9 0% e AY AR VIFE obiolE
298 olgslo] wAstA PUsd dg AYS
Rl Alesr Wl 9uE NRE 48
ol @] Fushart

e ARE R BAAN BBL A Aok
A AR AgRgon. £ 1 Qe AYTLE
592 B8 0 B2 Sope 98 X499
of ALgaiginh X-AE AR AgE WS
CuKaolgleh, gl e el Edsh 4425
2 AEH) R ALAFYS 08T xR
AgSGT G4 SRS 2] s
of AT R AN o], *}%—%1 EE ]
= Pt. PtSb. PtSby. Sb. PtBi.. Bi 5% AH&8}

0]

itk vAEEA7E Abgete] HEo) AE

w38 2gsq

ol

My #7 Y 0%

, HiE-H[ANA | HAHA-QE[Z L

uusl_o E% ] \,]41] }\xﬂ A 316!}1_');” o]
Hal7) Slafxle 3 LA 7127t He Hg
P P N
HHAS #lste Aol Fasich

15 UAe] Azt el kel A
w3lo] v vpvh lom (Friedrich
and Leroux. 1909: Nemilow and Woronow,
1936: Bhan et al., 1969. Kim, 1988. 1990) #
oA ke 4 Ed=¢ Pt PtsSbh. PtaSh,
PtsSba. PtSb. PtShy. Shelth. 1,000CoIA oA
Hd S22 PtShet PtSheolw o5 il

A ZF7t stumpflite®} geversite® A& ¥ThH

Al o b))

JULO
o
o2
o

& 3

Wg-njamaAle] g dctololi el st
{Hansen and Andetrko. 1958: Moffatt. 1979)

Pt. PtBi. PtBi», Bi7b &t4%h st@E i Eafein,
o]% PtBi= insizwaite® 4HEE 3 PtBi%E Bu-
shveld Complex?l Zgratiol A &7 vh7p Q)

1992).

t} (Rudashevsky et al., of eltel 417



-t 2] A o) H4 A

17

2
‘]H
o
4o
g
2
HE
ot
o
2
2
1o
1o

Table 1. Experimental data for the system Pt-Sb-Bi at 1,000C.

Run Bulk Compositions (at.%) Phases Compositions (probe analysis) (at.%)

5001 85.0 6.0 9.0 Pt b
L a

5002 85.0 10.0 5.0 Pt 93.4 6.0 0.6
L a

5003 80.0 20.0 0.0 Pt 99.9 0.1 0.0
L 57.0 0.0 43.0

5004 80.0 3.0 17.0 Pt 96.7 2.4 0.9
L a

5005 80.0 17.0 3.0 Pt 92.5 7.2 0.3
L a

5006 51.0 43.0 6.0 St 48.2 44 2 7.6
L a

5007 45.0 51.0 4.0 St 48.7 46.6 4.7
Gv 33.9 63.8 2.3

5008 45.0 47.0 8.0 St 48.2 43.3 8.5
Gv 33.5 62.4 4.1
L a

5009 35.0 55.0 10.0 St 48.2 43.3 8.5
Gv 34.0 62.4 3.6
L a

5010 30.0 60.0 10.0 Gv 33.2 66.1 0.7
L 3.6 8.0 88.4

5011 25.0 70.0 5.0 Gv 33.1 66.9 0.0
L a

5012 40.0 55.0 5.0 St 48.8 45.3 5.9
Gv 33.7 63.5 2.8

5013 55.0 35.0 10.0 L 54.1 36.0 9.9

5014 50.0 30.0 20.0 L 50.7 29.6 19.7

5015 45.0 35.0 20.0 St 48.8 40.7 10.5
L a

5016 45.0 25.0 30.0 L a

5017 40.0 35.0 25.0 St 48.2 42.2 9.6
Gv 34.0 60.2 5.8
L a

5018 30.0 45.0 25.0 Gv 34.0 60.8 5.2
L
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Table 1.

Run Bulk Compositions (at.%) Phases Compositions{probe analysis) (at.%)

no. Pt 3b Bi identified Pt Sh Bi

5019 30.0 35.0 35.0 Gv 33.7 59.8 6.5
L a

5020 20.0 45.0 35.0 Gv 33.3 66.0 0.7
L a

5021 15.0 55.0 30.0 Gv 33.3 66.4
L a

5022 10.0 65.0 25.0 Gv 33.2 66.6 0.2
L a

5023 5.0 75.0 20.0 Gv 33.2 66.6 0.2
L a

5024 55.0 20.0 25.0 L a

5025 50.0 15.0 35.0 L a

5026 40.0 20.0 40.0 L a

5027 30.0 20.0 50.0 L a

5028 15.0 35.0 50.0 Gv 33.3 66.3 0.4
L a

5029 45.0 10.0 45.0 L a

5030 30.0 10.0 60.0 L a

5031 15.0 20.0 65.0 Gv b
L a

5032 10.0 30.0 60.0 Gv 33.3 66.6 0.1
L a

5034 5.0 55.0 40.0 Gv b
L a

a ' No precise analyses analyses possible due to exsolution during quenching.
b © Phases identified by optical and X-ray diffraction methods.
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T (a=4.130(4), c=5.472(5)A) st 2 A A5k
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o] & M geversite®] a=6.440A (Tarkian
and Stumpfl, 19752} 2 g} W HE 53
e A geversiteZt VHN5s0=663.5 (566-766)
©2A, Tarkian and Stumpfl (1975)¢] VHNsg
=726~7663c # Y&t ey Johan and
Picot (1972)9 VHNs=4353= & 2o} g}
W,

Geversite™ QHE|EU7} n]An| 9] X3l o|s)
AEAE o|FH ©Fe HEE Pty SbessBis 0]
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A stumpflite®} oF2 FE=Z wWHHA 4L
A2 9l PtBi (Rudashevsky et al.. 1992)
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Table 2. X—Ray‘ powder diffraction data for

Table 3. X-ray powder diffraction data for

stumpflite. geversite.
1 2 1 2
hkl  d(A) (A VI, dld) UL bkl d(Ad) d(A) VL d(A)
100 3578 3576 60 362 60 L1376 3714 18
101 299 2995 36 303 100 200 3218 3215 6l 326 30
102 2176 2174 100 2192 100 210 2878 2876 66 2.92 40
10 2065 2065 66 2088 80 2112628 2626 46 265 40
200 1789 789 11 220 2275 2275 32 229 40
201 1.700 700 12 1790 40 311 1940 1.941 100 1.94 100
103 1697 627 7 1653 30 222 1858 1858 10 1.86 30
202 1498 1497 23 1512 &0 320 1985 1784 21 L7840
004, 113 1370 1.370 10 321 1720 1.720 29 172 60
210 135 1359 9 331 1476 1477 8 1.48 30
211 1313 1313 10 1328 20 420 1439 1439 20 L4440
9 421 1404 1404 14 1.40 40
? 8 j iéég; S 332 1372 1372 6 1.37 40
212 12129 1.2130 21 1224 40 4292 1314 1314 14 1.31 60
300 L1927 11929 10 1205 20 511,333 12388 1.2391 31 124 120
114 11422 1.1419 22 1.149 50 432 11953 11956 12 1.19 70
213 10881 10872 7 521 11753 11753 10 117 60
220 10329 10329 5 440 11379 1.0379 16 114 100
1. Stumpflite (PtSb) synthesized in this study at 531 1.0881 1.0879 5 1.09 30
1.000T. CuKe; radiation (4=1.54059A) used. 442 10798 10798 3
a=4.1318(6). ¢=5.483(1) A
2. Stumpflite (Pto 19sSbo 36:Big 134) from Driekop mine, 611, 532 1.0442  1.044 7
South Africa (Johan and Picot. 1972). 620 1.0178 1.0179 7
533 009816 0.9816 8
& AU BB LA T Y] Wl oj5o 1
EAH P4 AR} o Zojzy Wrg Ads 1. Geversite synthesized in this study at
o} Stumpflite®] &§XHL 1.043Co]7 PtRi- 1.000C. CuKe, radiation (4 =1540594)
T65Co|BR ol g]-aH 600TC Z7A0NAM wzstd used. a=6.4373(2) A
o WbS-Bo N FAS shutel WEulo] st 2. PDF 14-141.
Ao Hol ghiln ﬂ]? Aot oS A
T Qb Blavizo] gako] wolde] w X-A SRE W2 A7)7F AxE Ao Bl (Fig,
o] 297} DolAs Wato g o) Talis AbA 2). ol AAZ &8 PtShE a=4.1318(6),
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Fig. 2. X-ray diffraction patterns for stumpflite
(A)-unnamed PtBi (F) solid solutions. X-ray reflec-
tion lines shift systematically towards low 26 posi-
tion with increasing amount of Bi in substitution for
Sb (A—F).
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Fig. 3. X-ray diffraction pattemns for geversite
(A)-insizwaite (E) solid solutions. X-ray reflection
lines shift systematically towards low 26 position
with increasing amount of Bi in substitution for Sb
(A—E).

¢=5.483(1) Aol PtBi+ a=4.324(1). ¢=5.501(2)
A (Shunk. 1969)9) Az} 2 A=},

Geversite - insizwaite 12|

Geversite®} insizwaite A& 2% 33
Aol pxo) Pa3e] +2& 3l L2 o)
A4 g ngAE #A4T fmAo] wrp rhu
insizwaite (@~PtBi.)7} 420C 2} 640°Co) A A4

o) =
AA L

A} A)

O 8 1

—123—

6424 ?:]_ e A )\l

@A % BEH o)

ks

JA (B-PtBin)st #+2 1]
2 sl BAlHe] it
A o E 420T ols}
iE‘)ﬂ* L= 4‘3] 7V OPE}

o Ao} gfshit
gdog —,——,—EP PtBi, A &2l
oA #EEYT vk
49 Ay
oloiA (Fig. 3) ©]
740F gH{HSL 2= ]
site (PtSby)Ql A+ a=6.4373(2) Aoln,
insizwaite (PtBi2)¢! 2 ¢

1972)E Rl ESL S

l__‘
T I

=]
=

)\/L

'\LT
T a=6.691(2) A (Cabn
Harris, Z7hak

o9

and
2

=1

A}

&

o

7 WA 2974 ehaeh el

o] B2 vivle] Hlsl WL Ao

C Bahgo] et oo} s
7} Ashelo] 2 ahy

=N
=
2

L o] =

Az gl ofsf) of= A= Rt 9=
A€t} (Naldrett and Duke. 1980).
Noril'sk 4ol that o+ ZAao] ostd (Gen-
kin et al., 1980) #atvl1v} o 3 ole] 1],
I1Fe]%, glans vld 5o 947 &24% 7

dae dad dioe] 248S

]
% /(o = 0}7”

A

w3

Bz e |r ¥ v a4z ez

_E‘imE

=z
=
T
5
[<)

=g W

ofd
m{n mlw

T [e] <.
g HEs @

E| 28] v Ao
§}U}—1UP Uil O}H
A5E sk @
&}, lZ’“’ﬂ wet wpoiobE R ¢
stumpflite. geversite7} 2%

ganzye & 5 gn. 53

thn

1E
DU

=

—\r

¢t
%

"‘i

2
&}

U?«‘
m

Li
o

;:L}-Klﬁ_ﬂ\l.l‘rﬂvioi

2

2
AzEse vhavkes stumpflite®t geversite®
AEA7NE ohavte] sla vl 2o ek ok e



= et 2 ‘o

W3 stumpflite’t A AEE
geversitew A& 71 §lch. 2y
o geversite® Y vlartzRE A4
Al A 7b ok Tk M stumpflite.
geversiteZt FAIst Qlupyl ol AL Wl Am Aot
QtE} L] o] dheko] ] R vlanlz e =
BA02 HZd AU ¢ F gon, BEs
&t 2vh (immiscible ore magma)7}t L o7} =
4 Qlth. Johan and Picot (1972)& woliigls}
8% Bushveld Complexol 9 Driekop
mineol A PtousSbo 36 Bio 1318l AESE A&
stumpfliteE B st Ed] o] m&A A ] v~
2 ABAE7E 1.000CoA 28R 2 8akA])
PtissSbioBis ©EET} vlA 29 23H L7}
o gt olgjel AbaE o] oA LAE stump-
flite?] AAET7F Aojx 1.000C njgtolgl A}
A& At} Tarkian and Stumpfl (1974)0]
B1g (Pt. Pd)(Bi. Sb)9} Rudashevsky (1992)
9] Pt(Bi. Sb)<= unnamed PtBi-stumpflite 94
ZEA9 3 member24 Bi)ShbolZ& unnamed
PtBi (Bi-analogue of stumpflite)7} v <o
2 oo FEo gt X-Mg ARG A A)Ehe] A
FEHE Fold dart qlvh @ Stumpfl (1961)
o] ¥318 Pt(Sh.Bi) 94l stumpflite-unnamed
PtBi 3&4¢] stz A ShyBiojuz Fujav s
stumpflite (bismuthian stumpflite)gt 8 & <l
o},

Stumpfl (1961)0] #2& Pty(Sb.Sn.Bi),2t
(Pt. Pd)sShow= 1.000CelA Exjata] o] vt
3k wela, o] FEe A L%E 1.000TH
o oke-g hAlsha 2lr}h. Bhatt and Schubert
(1980)e] ®i1gk Pt(Bi. Pb)iz e o#é
insizwaiteebar & 4 2t}

Fapol Ak =9 F el vhavizry BE

AL A

of wEL 19969E BHFENEADE AfE

RapAl Ayvje ofste] g on odyn) A

— 124

e

ol AL} Ay a) 2ty Aeld] B4 &
Fastn A Aty Fes AFAe] AlEs o
e AT 2ALE #2300 =8RS 9
oFAL AL 3 T4l FFAAATE FIdg
SRAb A T Al

Fngd
Bhan, S.. Godecke. T. and Schubert. K.

(1969) Konstitution einiger Mischungen
(B=Sn.
J Less-Common Metals, 19,

des Platins mit B-Elementen
Sb. Te).
121-140.

Bhatt, Y. C. and Schubert. K. (1980) Kris-
tallstruktur von PtPbg;Biis. J Less-
Common Metals, 70, 39-45.

Cabri. L. J. and Harris. D. C. (1972) The
new mineral insizwaite (PtBi:) and new
data on niggliite (PtSn). Mineral. Mag..
38, 794-800.

Cabri. L. J.. Stewart. J M.. Laflamme, J.
H. G., and Szymanski. J. M. (1977) Pla-
tinum-group minerals from Onverwacht.
. Genkinite, {(Pt.Pd}4Shs. a new mineral.
Can. Mineral., 17. 389-394.

Genkin, A. D.. Zhuravlev, N. N. and Smir-
nova (1980) Moncheite and kotulskite -
new minerals - and the composition of
michenerite. Zap. Vses. Miner. Obsh-
chest. 92, 33-50.

Hansen. M. and Anderko. K. (1958} Consti-
tution of Binary Alloys. Metallurgical
Engineering Series, McGraw-Hill Book
Co., New York, p. 1305.

Johan. Z. and Picot. P. (1972) La stumpflite.
Pt(Sb.Bi). un nouveau mineral. Bull.
Soc. fr. Mineral. Cristallogr.. 95. 610~
613.

Kim. W. S. (1988) New data on the synthetic
Pt31Sb; and Pt;Sb phases. J. Miner. Soc.



R At P P EI E R S

Korea. 1. 1. 15-19.

Kim. W. S. (1990) Phase relations in the
system Pt-Sb-Te. Can. Miner.. 28, 675-
685.

Kim. W. S. (1997) Solid state phase equili-
bria in the Pt-Sb-Te system. J. Alloys
and Compounds. 252. 166-171.

Moffatt. W. G. (1979) The Handbook of Binary
Phase Diagrams. General Electric Com-
pany. New York.

Naldrett. A. J. and Duke. J. M. (1980) Pla-
tinum metals in magmatic sulfide ores.
Science, 208. 1417-1428.

Nemilow. W. A, and Woronow. N. M. (1936)
Uber Platins mit Antimon. Z. Anorg.
Chem.. 226. 177-184.

Rucklidge. J. C. and Gasparrini. E. L. (1969)
Electron microprobe analytical data re-
duction EMPADR VI. Dept. Geol. Univ.
Toronto.

Rudashevsky. N. S.. Ardontesev. S. N and
Dneprovskaya, M. B. (1992) Evolution
of PGE mineralization in hortonolitic
dunites of the Mooihoek and Onverwacht
pipes. Bushveld Complex. Miner. Petro-
logy, 47. 37-54.

$5

A

o] el

Shcheka. S. A.. Vrzhosek. A. A., Sapiu. V. I.
and Kiryukhina, N. I. (1991) Transfor-
mation of platinum-group minerals from
Primorye placers. Mineral. Zhurnal, 13.
1. 31-40.

Shunk, F. A (1969) Constitution of Binary
Alloys. Materials Science and Engineer-
ing Series, McGraw-Hill Book Co.. New
York. p. 720.

Stumpfl. E. F. (1961) Some new platinoid-
rich minerals. identified with the elec-
tron microanalyser. Mineral. Mag.. 32.
833-847.

Tarkian. M. and Stumpfl. E. F. (1974) (Pt.
Pd)(Bi. Sb). a new mineral. N. Jb.
Mineral. Mh.. 11, 514-517.

Tarkian. M. and Stumpfl. E. F. (1975) Pla-
tinum mineralogy of the Driekop mine,
South Africa. Mineralium Deposita. 10,
71-85.

Wallbaum, H. J. (1943) Die Kristallstruk-
turen von Bi:Pt und Sn:Pt. Zeits. Me-
tallkunde. 35. 200-201.



