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Xummyeckui n Os-U30TOMHLINM COCTAaB MUMHEPAABLHLIX accouMaumii
MAQTMHOMAOB KOHIAOMEpAaTHoM dpopmamm Kumbepan

(ButBarepcpaHackuii 6acceiH, KOxkHast Adppuka)
. 10. baaanmHa, K. H. Maanuy, A. B. AntoHos, M. H. KanutoHos, B. B. Xuarep, C. M. TyraHosa, P. K. B. Mepkae

KomrirekcHoie Os—Au-U nareopoccuiny ButsatepcpaHackoro 6acceiiHa, M3BecTHble kak ButBatepcpaHackue pucbl, paspabatbiBaiorcst yxke 6oaee cra Aet. C ueabio
YTOUHEHMSI UICTOYHMUKOB PYAHOTO BELIECTBA, MPOAOAKUTEALHOCTH 1 YCAOBMIA 0OPa30BaHMsi MAATMHOMAHOM MMHEPaAv3aumm ButsarepcpaHackoro 6acceiiHa B crathe obcy-
JKAQIOTCSl OPUTVIHAABHDIE AAHHBIE MO XMMUUYECKOMY M Os-U30TOMHOMY COCTaBy B MVMHEpPaAax MAATMHOBOV rpymrbl (MIT) 13 30A0TOHOCHOM KOHIAOMEpPATHOV chopmaumu
Kumbepan, pacriorokeHHOM B BepXHeM otaere LleHtpaabHoro PaHaa (Turffontein Subgroup of the Central Rand Group). AAsi MICCAEAOBAHMSI MAQTUHOVMAHOW MUHEpa-
AVBaLMM MPUMEHEH KOMIMAEKC METOAOB, BKAIOHAIOWIMI PEHTTEHOCTIEKTPAALHLI MAKPOAHAAMS, AA3EPHYIO ABASILIMIO M MACC-CMIEKTPOMETPUIO C MOHM3ALIMEN B MHAYKTVB-
HO-CBsI3aHHOW MAasme. BeanunHa '#Os/'#0s B eanHMuHbIX 3epHax MIIT pasAMyHOro cocraBa (PyTeHWsi, OCMUsI, UPUAMSI, PYTEHUPUAOCMMHA, AQyPUTa, SPAMKMAHUTA,
MOAVIKOMIIOHEHTHBIX TBEPABIX PACTBOPOB cucreMbl Ru—Os—Ir-Pt + Fe) BapbupyeT B npeaeaax ot 0,10481 + 0,00006 ao 0,10895 + 0,00006; '®’Re/'®0s meree 0,0004.
U3yyeHHas Boibopka MIT o6pasoBaHa AByMsl OCHOBHLIMYM FPYMMamy, KOTOPbIE XapaKTEPU3YIOTCsl CPeAHUMM 3HadeHnsmm '’Os/'#80s, pasHbimm 0,10510 + 0,00026
(n =11) n 0,10682 + 0,00046 (n = 23) C MOAYMHEHHLIM KAACTEPOM 3HaueHuit '8’Os/'®80s 0,10871 + 0,00034 (n = 2). Aas cocyumectBytloumx Os-coaepkawmx MIIT
B COCTaBE MOAVMMHEPAALHLIX ArperartoB BLISIBAEH OAVHAKOBbIN OS-M3OTOMHDLI COCTaB AAsl Ir-coaepykawiero ocmust M apankmanmTa ('#Os/'#0s = 0,10482 + 0,00002 u
0,10483 + 0,00002 cootserctBeHHO), Os—Ru—Ir-Pt criaasa u Aaypmra ('#Os/'#80s = 0,10528 + 0,00002 1 0,10533 + 0,00003 cootBeTcTBEHHO). '#7Os/!880s Bo3pacTnl
MITI, paccumTaHHbIE C UCMOAL3OBaHMEM MoAeAM XOHApUTOBoro pesepsyapa CHUR (Chen et al., 1998), Bapuupytot B npeaeAax 2,73-3,33 MApA AeT. CpeaHne MOAGALHbIE
Bo3pactbl T, " ans AByx ocHoBHLIX rpynn MIT okazaanch pasHbimu 3,250+0.035 1 3,018 + 0,062 mapa Aet. TpeTuii Bo3pacTHoW kaactep 2,762 + 0,046 MApA AeT
o6paszoBaH MOAYMHEHHOM MO PacrpoCcTpaHeHHocTn rpymnoi MIT. HoBble pesyAbTathi CBUAETEALCTBYIOT B MOAL3Y: 1) BLICOKOTEMMEPATYPHOM MPUPOALI OO6PA30BaHMsI
Ru—Os—Ir-Pt crAaBoB, MOAMKOMIMOHEHTHBIX TBEPALIX PACTBOPOB cucTeMbl Ru—Os—Ir—Pt (+ Fe) n RuOs cyAbchrAaOB, 2) CXOACTBA HAYaALHOTO M3OTOMHOIO COCTaBa OCMMsI B
cocywecTByoumx Os-coaepskammx crnaaBax M Ru-Os cyabthuaax, 3) cyBXOHAPUTOBOTO apXeNCKOrO UCTOYHMKA PYAHOTO BewecTBa U 4) 06AOMOYHOTO MPOUCXOKAEHMSI
m3y4eHHbIx MITT.

KatodeBbie croBa: Os—Ru—Ir-Pt cnaasbl; Ru-Os cyAbthmabt; Os-M30TOMHLIN COCTaB; yCAOBUsl 06pa3oBaHus; KOHIAOMeparHas chopmaumst Kumbepan; ButsarepcpaHackuii

Gacceiin; IOxHast Adppuka.

Complex Os—Au-U paleoplacers of the Witwatersrand basin, known as the Witwa-
tersrand reefs, have been mined for more than a hundred years. In order to clarify the
sources of ore matter, the duration and conditions for formation of platinum-group
element (PGE) mineralization this study presents the original data on chemical and
Os-isotopic composition in platinum-group minerals (PGM) derived from the Kim-
berley gold-bearing conglomerate formation located in the upper section of the
Central Rand (Turffontein Subgroup of The Central Rand Group). The study em-
ployed a number of analytical techniques including electron microprobe analysis,
laser ablation and mass spectrometry with ionization in inductively coupled plasma.
The '®¥Os/'®80s value in individual PGM grains of various compositions (ruthenium,
osmium, iridium, rutheniridosmine, laurite, erlichmanite, unnamed polycomponent
solid solutions of the Ru-Os—Ir-Pt + Fe system) was found to range from 0.10481
+ 0.00006 to 0.10895 + 0.00006, and '#’Re/'®#0s lower than 0.0004. The studied
PGM assemblage is represented by two main groups with mean '#Os/'®QOs values of
0.10510+0.00026 (n = 11) and 0.10682+0.00046 (n = 23), and a subordinate '¥’Os
/'®0s cluster of 0.10871 + 0.00034 (n = 2). The Os-isotope results identify similar
'87Qs/'#80s values for coexisting Os-bearing PGM pairs including Os-rich alloy and
erlichmanite (i. e., 0.10482 + 0.00002 and 0.10483 + 0.00002, respectively), Os—
Ru-Ir-Pt alloy and laurite (0.10528 + 0.00002 and 0.10533 + 0.00003, respective-
ly). '87Os/'®80s ages of the PGM, calculated relative to a chondrite universal reservoir
(CHUR) model (Chen et al., 1998), vary between 2.73 and 3.33 Ga. Two main PGM
groups have mean model T, “** ages of 3.250 + 0.035 and 3.018 = 0.062 Ga.
Subordinate-PGM group is characterized by the third age cluster (2.762 + 0.046
Ga). The obtained results are consistent with: (i) high-temperature formation of the
studied Ru—-Os-Ir-Pt alloys, polycomponent solid solutions of the Ru-Os-Ir—Pt (+
Fe) system and Ru-Os sulfides, (ii) similarity of the initial Os-isotope composition in
coexisting Os-rich alloys and Ru-Os sulfides, (iii) subhondritic Archaean source of
platinum-group elements (PGE), and (iv) clastic origin of the studied PGM.

Keywords: Os—Ru-Ir-Pt alloys; Ru-Os sulfides; Os-isotopic composition; formation
conditions; Kimberley conglomerate formation; Witwatersrand basin; South Africa.

M3BECTUA YPA/IbCKOI0 roCYJAPCTBEHHOIO rOPHOIMO YHUBEPCUTETA

ntroduction
The complex Os-Au-U paleoplacers of the Witwa-
tersrand Basin, known as the Witwatersrand reefs [1], have
been mined for more than 100 years. They are one of the main sup-
pliers of gold and osmium to the world market. Osmium-rich plat-
inum-group minerals (PGMs) are obtained as a co-product during
gold mining within the goldfields of the Witwatersrand Basin. PGMs
described in situ in the Witwatersrand lithified formations or in pro-
duction concentrates have typical sizes ranging from ~ 70um to ~ 150
um. The characteristics of their material composition and the condi-
tions for the formation of PGM assemblages are given in a number of
publications [2-4 etc.]. First Os-isotopic data on Ru-Os-Ir alloys from
the Witwatersrand basin revealed significant variations of '¥’Os/'*Os
values (0.0987 to 0.1649 [3, 5, 6]).

In order to clarify the source of the ore material, the duration and
conditions of formation of Os-bearing PGMs at Witwatersrand we
discuss the original data on the chemical and isotopic composition of
Os-bearing alloys and sulfides from the Kimberley conglomerate for-
mation (Fig. 1). The information on genetic features of the formation
of PGM data is given taking into account the revealed composition
of rarely occurring unnamed polycomponent solid solutions of the
Ru-Os-Ir-Pt (+ Fe) system. The new results are consistent with: (i)
high-temperature formation of Ru-Os-Ir-Pt alloys, unnamed poly-
component solid solutions of the Ru-Os-Ir-Pt (+ Fe) system and Ru-
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Figure 1. Schematic map of the Witwatersrand basin and location of the main goldfields (1 — Evander, 2 — East Rand, 3 — Central Rand, 4 — West Rand,
5 — Carletonville, 6 — Klerksdorp, 7 — Welkom) after [7]. The stratigraphic column shows the position of the Kimberley gold-bearing conglomerate formation

(Kimberley Reef), from which the PGMs were taken for our study.

Os sulfides, (ii) the subhondritic Archaean source of platinum-group
elements (PGE), and (iii) the clastic origin of the studied PGMs.

Subject of research and geological characteristics

The Witwatersrand Basin is an erosional remnant of a much larg-
er basin, formed over a long period of time (3074-2714 Ma ago) in the
central and southern parts of the Kaapval Craton [8, 9]. It extends in
the northeast — southwest direction for 300 km, with a width of about
100 km, and consists of a thick (> 7 km) succession of quartzites, slates,
and conglomerates that have a distinctive rhythmic structure [1]. In
the section of sedimentary strata, the conglomerates make up less
than 0.2% of the total thickness, forming 16 separate horizons (reefs)
bearing gold and uranium mineralization accompanied by PGMs. The
main resources of gold and PGE are restricted to conglomerates of
the Central Rand Group; their mining is carried out by a mine meth-
od within seven goldfields: Evander, East Rand, Central Rand, West
Rand, Carletonville, Klerksdorp and Welkom (Fig. 1).

A representative selection of 450 PGM grains in the range from
60 to 150 micrometers is derived from a production concentrate from
the Kimberley gold-bearing conglomerate formation (or the Kimber-
ley Reef) located in the upper part of the Central Rand Group (Turf-
fontein Subgroup of The Central Rand Group) [10]. The time interval
of deposition of the Central Rand sediments did not exceed 230 Ma
and is constrained by the overlying volcanic rocks of the Ventersdorp
Supergroup dated at ~ 2710 Ma [8, 11].

Analytical methods

Chemical composition of PGMs was studied using electron mi-
croprobe analysis (ARL-SEMQ, University of Leoben, Austria; Cam-
Scan MX2500, VSEGEI, St. Petersburg; CAMECA SX 100, IGG UB
RAS, Ekaterinburg). For quantitative analyses, an accelerating voltage
of 15 kV, a beam current of 20 nA, and a beam diameter of approxi-
mately 1-2 pm was used. The following X-ray spectral lines and stan-
dards were employed: OsMa, IrLa, RuLa, RhLa, PtLa, PALB, NiKa
(all native element standards), FeKa, CuKa, SKa (all chalcopyrite),
AsLa (InAs alloy). Corrections were performed for the interferenc-

es involving Ru-As, Ru-Rh and Ir-Cu (RuLa for AsLa, RuLf for Rh
La, IrLI for CuKa). In total, 550 analyses were performed. The initial
Os-isotope compositions in individual PGMs were determined using
laser ablation attached to a multicollector inductively coupled plasma
mass spectrometry (MC ICP-MS, mass spectrometer Neptune at the
All-Russian Geological Research Institute, St. Petersburg). Ablation
was carried out with a spot size ranging from 30 to 80 um, a pulse fre-
quency of 8-20 Hz, and typical run duration of 40-72 s. Measured iso-
tope ratios were normalized by taking into account mass-fractionation
effects. The mass-bias correction was performed using '¥Os/'"®Os =
1.21978 [12]. In total, 36 analyses were carried out. A detailed descrip-
tion of analytical methods is given in a number of papers [13-17].

Results of the study

Chemical composition of Os-containing alloys and Ru-Os sulfides.
Ru-Os-Ir (+ Pt) alloys in monomineralic grains or polymineralic as-
semblages (Fig. 2) form the main population of the PGMs studied.
For Ru-Os-Ir (+ Pt) alloys, significant intra-grain compositional
variations have been observed. According to the nomenclature of D.
Harris and L. Cabri [18], minerals of ruthenium predominate over
the minerals of osmium, iridium and rutheniridosmine (Fig. 3, Table
1, an. 1, 12). Ru-Os sulfides found in polymineralic grains (Fig. 2, f)
correspond to laurite and erlichmanite, which form a continuous se-
ries of solid solutions (Ru# varies from 100 to 24, Table 1, an. 13, 14).
The uncommon polycomponent solid solutions of the Ru-Os-Ir-Pt
(+Fe) system have been determined to be present both as monomi-
neralic and polymineralic grains (Fig. 2, a-e). Polyphase aggregates
commonly contain a core formed by unnamed polycomponent solid
solutions of the Ru-Os-Ir-Pt (+ Fe) system enveloped by sperrylite
(PtAs,), and rarely by Ru-Os sulfides or Ru-Os-Ir-Rh sulfoarsenides.
Among the polycomponent solid solutions of the Ru-Os-Ir-Pt (+Fe)
system the following varieties have been identified in the order of their
prevalence: (Ru, Os, Ir, Pt), (Ru, Pt, Os, Ir), (Ru, Os, Pt, Ir), (Ru, Ir, Os,
Pt, Fe), (Ru, Pt, Ir), (Ru, Pt, Fe), (Os, Ru, Ir, Pt), (Os, Ru, Ir, Pt), (Ir, Os,
Ru, Pt), (Ru, Pt), (Pt, Ru, Fe), (Pt, Ru, Os, Fe), (Pt, Fe, Ru), (Pt, Ru) and
others (Fig. 2, a-e, Table 1, an. 2-11).

8 bapganuHa U. 10. v gp. Xummueckuit u OS-M30TOMHbIV COCTaB MUHEpPaIbHbIX aCCOLMaLMA MNAaTUHOMA0B KOHIIOMepaTHOM dpopMaLmm
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Figure 2. Back-scattered electron images showing the internal textures of the PGM assemblages from the Kimberley conglomerate formation. Numbers
1-13 denote areas of electron microprobe analyses corresponding to the same numbers in Table 1. Circles indicate the location of Os-isotope analyses;
numbers in the numerator and denominator correspond to the '*’0Os/'®*0Os value and the measurement error, respectively.

The initial Os isotopic composition of Os-bearing alloys and Ru-
Os sulfides. The 'Os/'*80s value in individual PGM grains of different
compositions (ruthenium, osmium, iridium, laurite, erlichmanite and
other minerals of the Ru-Os-Ir-Pt-Fe system) varies from 0.10481
+ 0.00006 to 0.10895 + 0.00006 (Table 2), and *”Re/'*Os less than
0.0004. According to the calculations carried out with ISOPLOT pro-
gram [19], two main groups of PGMs can be identified (Table 3, Fig. 4,
a), with the mean Os/"*¥Qs values of 0.10510 £ 0.00026 (n = 11) and
0.10682 £ 0.00046 (n = 23), respectively (calculated errors are within
95% confidence level). The third subordinate cluster is characterized
by a mean "Os/**Os of 0.10871 + 0.00034 (n = 2). No correlation
between chemical composition and isotope content of the samples
was discovered within the limits of the experimental precision. Os-
mium-isotope compositions of optically homogeneous PGM crystals
range, as a rule, over the same interval as those of PGM associations
consisting of a core and a rim (Table 2). The Os-isotope results iden-
tify similar *Os/"¥Os values for coexisting Os-bearing PGM pairs
including Os-rich alloy and erlichmanite (i. e., 0.10482 £ 0.00002 and
0.10483 + 0.00002, respectively, Fig. 2, f; Table 2, an. 5, 6), Os-Ru-Ir-

Pt alloy and laurite (0.10528 + 0.00002 and 0.10533 £ 0.00003, respec-
tively, Table 2, an. 12, 13). Model ages of PGMs, calculated relative to
a chondrite universal reservoir (CHUR) model [20], vary within 2.73-
3.33 Ga (Table 2). Two main PGM groups have mean model T, ,“"*
ages of 3.250 + 0.035 and 3.018 £ 0.062 Ga, whereas subordinate PGM
group is characterized by the third age cluster (2.762 * 0.046 Ga, Table
3, Fig. 4, b).

Discussion of results

To explain the origin of more than 96,000 tons of gold contained
in the basin [22], the three models / hypotheses have been proposed.

1. Placer model assumes that noble metal mineralization is a de-
trital material from an older granite-greenstone source area, which
has been mechanically transported into the basin and concentrated by
fluvial/deltaic processes [23-27 etc.].

2. The modified placer model assigns a significant role to hydro-
thermal processes for most of the gold/PGM. In this model, alluvial
gold and associated PGMs should have been mobilized by hydrother-
mal or metamorphic fluids, and locally re-precipitated together with
other minerals [9, 28, 29 etc.].

Table 1. Chemical compositions of platinum-group minerals from the Kimberley conglomerate formation.

Analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sample 1 1 5 5 253 253 353 253 253 253 253 6 6 101
Figure 2 b, c b, c d d e e e e e e e f f —
Wt. %
Fe 0.00 1.39 0.25 0.54 2.72 2.43 2.56 0.48 0.34 0.24 2.99 0.16 0.00 0.00
Ni 0.00 0.00 0.00 0.58 0.23 0.00 0.17 0.30 0.00 0.18 0.19 0.00 0.00 0.00
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ru 40.46 32.97 35.76 28.38 16.98 17.10 16.56 17.76 18.05 16.78 13.87 0.00 8.23 57.90
Rh 0.00 0.00 2.00 2.19 0.17 0.14 0.25 0.16 0.14 0.14 0.14 0.00 0.00 2.19
Os 28.00 23.36 34.21 19.50 28.42 30.48 29.41 46.06 45.94 45.98 29.04 64.63 49.07 0.44
Ir 25.97 18.28 16.77 14.15 30.68 30.13 30.90 26.21 27.03 27.58 30.05 34.34 16.17 0.64
Pt 451 24.00 11.02 34.66 20.31 18.95 19.73 9.03 8.41 8.84 23.14 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.49 38.29
Total 98.94 100.00 100.01  100.00 99.51 99.23 99.58 100.00 99.91 99.74 99.42 99.13 99.96 99.46
Atom %
Fe 0.00 3.60 0.64 1.43 7.67 6.93 7.21 1.40 1.00 0.71 8.59 0.55 0.00 0.00
Ni 0.00 0.00 0.00 1.46 0.62 0.00 0.46 0.83 0.00 0.51 0.52 0.00 0.00 0.00
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ru 56.72 47.13 50.45 41.58 26.44 26.94 26.41 28.53 29.21 27.43 22.03 0.00 6.52 31.93
Rh 0.00 0.00 2.77 3.15 0.26 0.21 0.37 0.25 0.23 0.22 0.21 0.00 0.00 1.19
Os 20.86 17.75 25.64 15.18 23.51 25.51 24.33 39.33 39.51 39.94 24,51 65.18 20.64 0.13
Ir 19.14 13.74 12.44 10.90 25.12 24.95 25.30 22.14 23.00 23.70 25.10 34.27 6.73 0.18
Pt 3.28 17.78 8.05 26.30 16.38 15.46 15.92 7.52 7.05 7.49 19.04 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 66.11 66.57
Ru# - - - - - - - — - - - - 24 100

Note. Concentrations of Pd, Cu, and As are below the detection limit of EMPA; Ru# of Ru—Os of sulfides is equal to 100 * Ru at. % / (Ru + Os) at. %.
1-(Ru, Os, Ir), 2and 4 — (Ru, Pt, Os, Ir), 3 and 6 — (Ru, Os, Ir, Pt), 4 and 7 — (Ru, Ir, Os, Pt), 8-10 — (Os, Ru, Ir), 11 — (Ir, Os, Ru, Pt), an. 12 — Ir-bearing

osmium, an. 13 — erlichmanite, an. 14 — laurite.
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Table 2. Initial Os-isotope composition and model T, ,°"'® age of PGMs from the Kimberley conglomerate formation.

an::;zlsis S;g]up:: :;nTS::’ Mineral assemblages #70s/*880s 1o TSR, Ga 10
1 W1-1, fig. 2, a—c (Ru, Pt, Os, Ir) + (Ru, Os, Ir) + SP 0.10648 0.00029 3.064 0.039
2 W1-2 (Ru, Ir, Os, Pt) + SP 0.10651 0.00010 3.060 0.014
3 W1-3 (Os, Ru, Ir, Pt) + SP 0.10657 0.00008 3.051 0.011
4 W1-5, fig. 2, d (Ru, Os, Pt, Ir) + (Ru, Pt, Os, Ir) + SP 0.10613 0.00006 3.111 0.008
5 W1-6_1, fig. 2, f (Os, Ir) + ERL 0.10482 0.00002 3.287 0.002
6 W1-6_2, fig. 2, f ERL + (Os, Ir) 0.10483 0.00002 3.286 0.002
7 W1-7 (Ru, Os, Ir, Pt) + SP 0.10565 0.00004 3.175 0.006
8 W1-9 (Ru, Os, Pt, Ir) + SP 0.10500 0.00006 3.263 0.008
9 W1-12 (Ru, Ir, Pt, Os) + SP 0.10595 0.00012 3.135 0.016
10 W1-15 (Ru, Ir, Pt, Os) + SP 0.10481 0.00006 3.288 0.008
1 W1-17 (Ru, Os, Ir, Pt) + SP 0.10749 0.00006 2.927 0.007
12 W1-20_1 (Os, Ru, Ir, Pt) + LR + SP 0.10528 0.00002 3.225 0.002
13 W1-20_2 LR +(Os, Ry, Ir, Pt) + SP 0.10533 0.00003 3.218 0.004
14 W1-24 (Ru, Pt, Os, Ir) + LR + SP 0.10512 0.00013 3.247 0.017
15 W1-25 (Ru, Pt, Ir, Os) + SP 0.10694 0.00020 3.002 0.027
16 W1-26 (Ru, Os, Ir, Pt) + (Ru, Ir, Pt, Os) + SP 0.10678 0.00011 3.023 0.015
17 W1-27 (Ru, Os, Ir, Pt) + SP 0.10732 0.00015 2.950 0.020
18 W1-28 (Ru, Pt, Os, Ir) + SP 0.10774 0.00031 2.893 0.042
19 W1-33 (Ru, Os, Ir) + (Ru, Os, Ir, Pt) + SP 0.10685 0.00010 3.014 0.014
20 W1-37 (Ru, Pt, Ir, Os) + SP 0.10619 0.00017 3.103 0.022
21 W1-51 (Os, Ru, Ir) + PTS-IRS 0.10736 0.00003 2.945 0.005
22 W1-52 (Ru, Pt, Os, Ir) + SP 0.10691 0.00005 3.006 0.006
23 W1-57 (Ru, Os, Ir, Pt) + SP 0.10504 0.00005 3.257 0.006
24 W1-58 (Ru, Os, Ir, Pt) + SP 0.10641 0.00006 3.073 0.008
25 W1-62 (Ru, Os, Pt, Ir) + SP 0.10713 0.00006 2.976 0.008
26 W1-63 (Ru, Pt, Os, Ir) + (Pt, Ru, Os, Fe) + SP 0.10521 0.00002 3.235 0.003
27 W1-68 LR 0.10496 0.00005 3.268 0.007
28 W1-69 (Ru, Pt, Ir, Os) + SP 0.10704 0.00063 2.988 0.085
29 W1-71 (Pt, Ru, Os, Fe) 0.10847 0.00013 2.795 0.017
30 W1-75 (Ru, Pt, Os, Ir) 0.10710 0.00006 2.980 0.008
31 W1-80 (Ru, Os, I, Pt) + LR 0.10691 0.00005 3.006 0.006
32 W1-82 (Ru, Pt, Ir, Os) + SP 0.10679 0.00006 3.022 0.008
33 W1-84 (Ru, Pt, Os, Ir) + SP 0.10895 0.00006 2.730 0.009
34 W1-85 (Ru, Pt, Ir) + SP 0.10713 0.00012 2.976 0.016
35 W1-89 (Os, Ru, Ir) + SP 0.10626 0.00005 3.093 0.006
36 W1-91 (Ru, Ir, Pt, Os) + SP 0.10684 0.00011 3.015 0.015

Note. T,,,°"® is the model age calculated taking into account the isotopic composition of osmium in CHUR after [20] and the decay constant of '*’Re, A = 1.666*10~**
year* according to [21]. (Ru, Os, Ir) — ruthenium; (Ru, Os, Pt, Ir), (Ru, Pt, Os, Ir), (Ru, Os, Ir, Pt), (Ru, Ir, Os, Pt), (Ru, Ir, Pt, Os), (Ru, Pt, Ir), (Ru, Pt), (Pt, Ru, Os, Fe)
— polycomponent solid solutions of the Ru—Os—Ir—Pt (+ Fe) system; (Os, Ir), (Os, Ir, Ru) — osmium; LR — laurite; ERL — erlichmanite; SP — sperrylite; PTS-IRS — Pt-Ir

sulfoarsenides of the platarsite-irarsite series.

Ruthenium

Osmium Iridium

n
Figure 3. Chemical composition of PGMs from the Kimberley conglomerate

formation in the diagram (at. %) Ru-Os-Ir(+Pt). 1 and 2 denote areas
of rutheniridosmine and miscibility gap, respectively [18].

3. The metamorphic / hydrothermal model proposes that noble
metal mineralization was transported in solutions from outside the
basin by metamorphic or hydrothermal fluids after the formation of
the basin [30-33 etc.].

The possibility of determining the time of formation of different
ore minerals allowed testing these hypotheses [3, 6, 34-37]. During
the studying of the Re-Os isotope system of gold and pyrite, sever-
al studies established [34, 35] that the isochronal age of ore minerals
turned out to be older than the age of the basin deposits, consistent
with their clastic origin. Pilot studies of Ru-Os-Ir alloys from the
Evander goldfield came to similar conclusions [3, 5]. Studies aiming
on pyrite dating [36, 37] established that this mineral is younger than
the age of the basin deposits and interpreted the results in the frame-
work of the modified placer model, which is consistent with some re-
sults of the study of Os-Ir Witwatersrand alloys [6].

In contrast to the previously obtained results on mineralogical
characteristics of the PGE mineralization of Witwatersrand [2, 38
etc.], we documented a considerable occurrence of ruthenium-rich
alloys, which predominate over osmium minerals [(Os, Ru, Ir), (Os,
Ir) and Os], iridium [(Ir, Os), (Ir, Ru, Os) and Ir], rutheniridosmine
(Ir, Os, Ru), Ru-Os sulfides and other PGMs. Ru-Os-Ir (+ Pt) alloys
of the Kimberley conglomerate formation are characterized by lower
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Table 3. Os-isotopic statistics for the PGM groups of the Kimberley conglomerate formation.
#70s/*850s Model T, "R age
PGM group
Mean Starjdgrd Minimum Maximum Average Stahdgrd Minimum Maximum
deviation deviation

1,n=1 0.10510 0.00026 0.10481 0.10565 3.250 0.035 3.175 3.288

2,n=23 0.10682 0.00046 0.10595 0.10774 3.018 0.062 2.893 3.135

3,n=2 0.10871 0.00034 0.10847 0.10895 2.762 0.046 2.730 2.795

than typical bulk (Os + Ir)/(Ru + Pt + Rh) value, mainly due to the
elevated contents of Ru and Pt in Ru-Os-Ir-Pt alloys.

According to J. Bird and W. Basset [39], the presence of a ru-
thenium trend for chemical compositions of the Ru-Os-Ir (+ Pt) al-
loys of the Witwatersrand Basin (Fig. 3) indicates the formation of
these minerals under high pressures within mantle-deep interiors. The
high-temperature nature of the formation of Ru-Os sulfides has been
confirmed experimentally [40]. The upper thermal stability of laurite
was estimated at 1200-1250 °C and logfS, = -1; whereas the upper
thermal stability of laurite in equilibrium with Os-rich alloys was esti-
mated at 1200-1250 °C and log f(S,) ranging from -0.39 to -0.07 [40].

Since the ¥"Re/'®0s value in all the studied samples was less
than 0.0004, the isotopic effects caused by in situ radioactive decay of
'%Re is negligible. Variations in the isotopic composition of osmium
in individual PGM grains from the Kimberley gold-bearing conglom-
erate formation (*’Os/"*¥QOs from 0.10481 to 0.10895) turned out to
be close to Os-isotope compositions of the PGM of the Evander and
Welkom goldfields located respectively in the eastern and southern
parts of the Witwatersrand basin [3, 5, 6]. However, the PGMs of the
Welkom goldfield are characterized by a wider range of ’Os/**Os,
including the suprachondritic '"Os/**Os values (0.1056-0.1649 [3,
6]). Platinum-group minerals from the Evander goldfield mainly have
subchondritic *’Qs/"**Os values (0.1052-0.1091, n = 22 [3, 5]), with a
subset of least ‘radiogenic’ subchondritic '¥’Os/"**Os values found for
the three PGM grains within the Witwatersrand basin (0.0987-0.1024,
n =3 [3]). The mean '¥Os/'**Os values and T, , """ ages of the main
PGM groups of the Kimberley conglomerate formation (Table 3), ob-
tained using the LA MC-ICP MS method, within the error match the
Os-isotopic parameters of PGMs from the Evander goldfield charac-
terized by the N-TIMS method (*Os/"*Os = 0.1053 + 0.0001, T, "%
=3.222 Ga, n = 11 and '"7Os/**Os = 0.1065 + 0.0003, T, ,“"* = 3.060
Ga, n = 8, respectively [3, 5]).

Presence of the age-varying PGMs in placers, the formation of
which occurred at various tectonomagmatic stages of the geological
history of the Earth, is characteristic for many placer deposits [16, 17,
41-46 etc.]. The revealed variability of T, ,“""® ages is consistent with
the presence of global stages for PGE mineralization formation con-
trolled by deep geodynamic processes in the mantle [47, 48 etc.]. The
coincidence of the Archaean datings for the Witwatersrand goldfields
argue for repeated ore-forming processes in the early history of the

a

Frequency

Earth. The identified Os-isotopic ages of Ru-Os-Ir-Pt alloys, Ru-Os
sulfides and unnamed polycomponent solid solutions of the Ru-Os-
Ir-Pt-Fe system from the Kimberley conglomerate formation are the
evidence of the clastic (placer) origin of PGE mineralization, confirm-
ing the high stability of the Os-isotopic system of PGM to secondary
processes, widely manifested within the Witwatersrand Basin.

Conclusions

The compositional and isotopic characteristics of the studied PGM
assemblages are consistent with: (i) high-temperature formation of Ru-
Os-Ir-Pt alloys, unnamed polycomponent solid solutions of the Ru-Os-
Ir-Pt (+ Fe) and Ru-Os sulfides, (ii) similarity of the initial Os-isotope
composition in coexisting Os-bearing alloys and Ru-Os sulfides, (iii) sub-
hondritic Archaean source of platinum-group elements and (iv) possibil-
ity of using '¥Os/'"**Os ages of PGMs to discriminate between models of
formation of noble metal mineralization from the Witwatersrand basin.
Thus, the identified mineral assemblages containing refractory PGE are a
unique source of information on mantle processes in the early history of
the Earth.
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