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Abstract — One hundred and forty five grains of laurite in polished sections of samples from one borehole through the
major chromitite layers and some chromite-bearing silicate rocks of the Lower and Critical Zones of the western Bushveld
Complex at Union Section have been located and analysed by scanning electron microscope. Ninety per cent by number of
laurite grains are included within chromite, with the remainder being located on chromite—silicate grain boundaries, and in
interstitial silicates and sulphides. The composition of laurite shows considerable variation within individual samples. Fur-
thermore, there is no apparent correlation between whole-rock Ru and Cr contents in our samples, arguing against a model
whereby laurite exsolved from the chromite lattice. Based on a well-defined correlation between whole-rock S, PPGE
(Rh+Pt+Pd), and IPGE (Os+Ir+Ru) contents, we favour a mechanism whereby laurite crystallized from segregating sul-
phide melt and was subsequently entrapped by growing chromite grains.

Introduction

In addition to the strongly chalcophile character of the PGE,
[Dyuiph meiusii mere etween 103 and 10° (Stone er al., 1990; Fleet
et al., 1991; Bezmen et al., 1994)], the enrichment of IPGE
(Os + Ir + Ru) over PPGE (Pd + Pt + Rh) in many sulphide-
poor mafic and ultramafic rocks suggests that the IPGE may
behave as compatible elements in the presence of chromite
and olivine (Barnes er al., 1988, and references therein).
Chromite in chromitite and silicate rocks from layered intru-
sions and ophiolites commonly contains inclusions of laurite
(RuOslrS,). Thus, the origin of laurite may bear directly on
the origin of the PGE mineralization. In spite of the fact that
laurite is an ubiquitous phase in chromite of the Lower and
Critical Zones of the Bushveld Complex, no systematic study
of laurite compositions throughout the Complex has been
attempted. Here, we present analyses of all laurite grains we
located in the Lower, Middle, and Upper Group (LG, MG,
and UG) Chromitites, chromitite stringers associated with the
Tarentaal, Merensky, and Bastard Reefs, and some chromite-
bearing silicate rocks from a borehole sequence through the
Lower and Critical Zones of the western Bushveld Complex
at Union Section. The reader is referred to Maier et al. (1996)
for a lithological description of the sequence analysed as well
as sampling localities and stratigraphic positions of the NG
samples (Table 1). The sampling locality, stratigraphic posi-
tion and lithology of the U-samples (Table 1) is described in
Eales and Reynolds (1986). By means of our database, we
evaluate the main models generally invoked in the origin of
laurite inclusions in chromite.

Analytical methods

The laurite grains were located using the 4QBSD on a Cam-
bridge Instruments S360 Scanning Electron Microscope at
the University of Cardiff. They were analysed using the
attached Oxford Instruments AN10 EDX analyser. Operating
conditions for quantitative analyses were an EHT of 20 kv, a
specimen calibration current of approximately 1 nA, and a
working distance of 25 mm. After every four analyses, the
cobalt standard was reanalysed, in order to check for any drift
in the analytical conditions.

Results

The compositions of the laurite grains are listed in Table 1.
Almost all the laurite grains identified in this study are
included in chromite grains (91% by number of 145 grains
analysed). Seven per cent of grains are located on chromite—
silicate grain boundaries, 1.5% are hosted by interstitial sili-
cates, and 1 laurite grain (<1% of grains analysed) by base-
metal sulphides. In the studied UG2 samples, 100% of laurite
grains are included in chromite. The results are in broad
accord with the data of Merkle (1992), who observed that
80% of laurites between the MG1 and the UGI1 occur as
inclusions in chromite. Approximately 50% of the laurite
inclusions in chromite occur in isolation, with the remainder
being associated with inclusions of silicates, rutile, BMS
(mainly chalcopyrite, pentlandite, and lesser millerite, pyr-
rhotite, and pyrite), and other PGM (Pt-Pd sulphides, Pt—Cu—
Rh sulphides, alloys, arsenides, and tellurides). Notably,
where laurite occurs together with other PGM, it is always the
largest grain.



S.Afr.J.Geol.,1999,102(3)

Table 1 Composition of laurites in the Lower and Critical Zones of the Bushveld Complex (in wt.%)
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Sample Rock type Mineral Size(muy) S Ru Os Ir Cr Fe Ni Cu Total Other Host phase
association cr gb.bms sil
U 235/2 Merensky top-chromitite Cpy PtS PtFe Sil  35.0x17.0 38.88 4974 210 357 015 257 102 nd 98.01 X
U 235/8E UG2-30cm above base Cr 45x3.6 3669 51.81 508 212 145 1.04 nd nd 9820 X
CrRut. 3.0x3.0 3716 5121 7.37 270 1.04 0.94 nd  nd 100.42 X
Cr Rut. 58x3.5 3716 53.08 555 280 122 087 nd  nd 100.69 X
Cr 7.0x3.2 3641 5201 486 234 156 0.96 nd nd 9813 X
Cr Sil. 56x4.0 3745 5259 558 227 126 0.80 nd nd 99.94 X
Cr Sil. Rut. 6.7x4.6 3699 5220 477 345 106 073 nd nd 99.20 X
CrRut. 3.3x26 3649 5066 596 274 169 1.30 nd nd 9883 X
CrRut. 31x2.4 3407 4826 573 272 171 0.94 nd nd 9343 Ti 3.85% X
Cr 56x4.8 3639 5044 719 337 157 092 nd nd 99.88 X
CrRut. 34x28 3543 50.28 512 281 163 1.18 nd nd 96.44 Ti 1.96% X
Cr Rut. Sil. 4.0x4.0 3643 5121 6.01 258 159 1.24 nd nd 99.06 X
Cr Rut. Sit. 47x46 3676 5057 802 275 158 1.11 nd  nd 100.79 X
Cr Cpy. 48x4.7 3706 5380 363 3.09 128 1.07 nd nd 99.93 X
Cr 45x2.3 3582 5197 548 314 171 109 nd nd 99.21 X
Cr Rut. Sil. 48x28 37.09 5434 542 247 138 0.98 nd nd 10167 X
Cr 47x3.8 3668 5124 616 236 145 0.97 nd 036 99.21 X
U 235/8D UG2-20cm above base  Cr Sil. Caphase?  6.4x5.9 37.35 5463 380 299 1.16 078 nd nd 100.71 X
Cr Rut. 24x2.3 3624 51.47 612 283 197 1.34 nd nd 9998 X
Cr 37x34 3736 5305 3.82 403 164 1.22 nd nd 101.12 X
Cr Rut. Sil. 40x36 3812 56.64 186 136 145 1.03 nd  nd 100.45 X
Cr Rut. Sil. 50x3.6 3751 5212 582 170 128 0.88 nd nd 9931 X
CrRut. 6.2x5.5 37.78 5485 423 298 125 0.86 nd nd 101.95 X
Cr 28x20 3573 5161 670 3.19 250 1.41 nd nd 101.13 X
Cr 5.8x3.6 3657 4827 1021 288 143 1.18 nd  nd 100.55 X
Cr Cpy. Rut. 46x3.5 37.85 5466 446 1.87 134 094 nd nd 101.12 X
cr 9.2x35 3721 53.98 445 135 130 0.94 nd nd 99.22 X
Cr Sil. 3.0x2.3 3598 4875 7.46 4.83 211 1.28 nd  nd 100.40 X
Cr Sil. 5.3x2.5 3640 51.88 475 082 15 1.10 nd nd 96.50 X
Cr Rut. Sil. 39x3.3 3717 5466 206 120 151 099 nd nd 97.58 X
U 21272 UG1 Cr Rut. Sil. 3.5x2.7 3668 5105 7.91 219 173 1.03 nd  nd 100.59 X
Cr 6.7x6.6 3655 5041 7.68 220 140 0.80 nd nd 99.04 X
Cr IrPtOsRhRu 7.2x6.5 3742 5530 166 325 1.03 053 nd nd 99.20 X
Cr 2.0x2.0 3651 5566 019 153 242 1.51 nd nd 97.82 X
CrRut. Sil. 3.0x20 3437 5174 315 171 410 233 nd nd 97.39 X
Cr IrOs Sit. 6.3x3.7 3810 5669 145 387 1.26 0.66 nd nd 102.03 X
Cr 2.8x2.2 3712 5734 175 116 215 1.1 nd nd 100.82 X
cr 24x2.0 37.04 5651 062 250 189 1.29 nd nd 99.85 X
Cr 22x21 3548 5058 6.67 251 194 1.13 nd nd 9831 X
Cr crack 32x29 3798 57.19 153 242 140 084 nd nd 101.36 X
Cr 27x2.3 3599 5258 514 202 254 158 nd nd 99.85 X
~
NG3 1526  MG4b Cr 47x41 3701 5150 7.05 3.38 139 0.94 nd nd 101.27 X
Cr 2.8x25 36.18 5006 576 3.95 167 1.29 nd nd 9891 X
Crcpy 5.5x4.4 3620 4801 7.87 3.80 153 1.1 nd nd 9852 X
Cr 35x2.8 3659 49.09 7.34 459 148 1.21 nd nd 100.30 X
NG3155.85 MG4a Cr PtS Rut. 3.0x27 3570 46.34 7.60 6.09 157 145 nd nd 9874 X
Cr Spin. Pent. 45x3.2 3465 4591 872 332 126 161 nd nd 9547 X
CrRut. 21x2.0 3460 4868 722 314 178 258 nd nd 9799 Ti13% X
CrIrAs? 31x3.0 3553 4556 11.71 425 154 119 nd nd 9977 X
NG3211.45b MG3 Cr Cpy. Rut. 32x3.0 36.38 46.06 7.30 443 205 162 nd nd 97.84 X
Cr 35x3.5 3595 4724 825 399 145 122 nd nd 9810 X
Cr 28x27 3535 4846 697 478 147 177 nd nd 9880 X
Cr PtPdS Cpy. 27x24 36.46 47.03 6.87 362 166 1.83 031 nd 97.77 Ti 1.55% X
Cr Pt? 42x40 3652 4792 984 390 123 157 nd  nd 100.98 X
NG3219.42 MG2 Cr 24x24 359 4862 7.11 386 222 159 nd nd 99.36 X
Cr PtPdS 20x1.7 3492 4429 844 328 221 213 056 nd 9584 X
Cr 31x3.0 3730 4966 658 317 178 162 028 nd 100.38 X
NG165.6 chromite in pyroxenite  Cr 2.8x2.2 3723 5255 555 471 233 140 nd nd 103.78 X
Cr Rut. Pt. 3.1x27 3636 4948 672 309 1.82 127 nd nd 9874 X
Cr 3.1x27 3637 4965 714 370 165 1.38 nd nd 99.90 X
Cr Rut. 42x36 3657 50.54 693 275 181 123 nd nd 99.82 X
Cr PtRhS Cpy. 11.0x9.3 36.99 48.78 1003 169 083 058 nd nd 9890 x
cr 29x2.4 3664 4960 7.66 4.92 202 1.23 nd  nd 102.07 X
Cr PtPdS 32x24 3665 4843 7.59 321 229 150 nd nd 99.66 X
Cr 34x28 3708 4627 581 471 197 116 032 nd 97.32 X
Cr PtS Rut 3.7x2.9 3745 5070 614 381 165 141 nd nd 101.15 X
cr 3.1x24 36.86 5049 675 391 177 135 nd nd 101.13 X
Cr CuS? Pt? 2.8x2.4 3647 4456 883 475 212 237 034 037 99.81 X
Cr RhirAs PtS 52x2.1 3672 4752 650 341 265 236 050 nd 99.66 X
Cr 21x21 3612 50.48 584 358 220 128 nd nd 99.49 X
Cr PtPdS Rut. 36x3.2 3679 46.97 6.09 443 177 150 nd nd 97.54 X
Cr PtRhIrS PtS 34x2.8 3572 4483 518 643 191 090 nd nd 94.98 P11.96% X
Cr 25x2.0 36.33 4949 648 380 222 145 nd nd 99.76 X
Cr PtPdS Rut. 42x4.0 3758 4717 678 389 172 1.28 nd nd 9842 X
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Table 1 (Continued) Composition of laurites in the Lower and Critical Zones of the Bushveld Complex (in wt. %)

Sample Rock type Mineral Size (mp) S Ru Os Ir Cr Fe Ni  Cu Total Other Host phase

association cr_gb:bms sil
NG180.33 chromite in pyroxenite  Cr 4.7x2.8 3660 5073 872 176 1.39 1.22 nd nd 100.42 X

Cr Pent. 5.2x4.2 37.25 49.38 7.70 4.89 1.23 1.41 0.60 nd 102.47 X

Cr Pent. PtPdS 7.6x6.8 3708 4741 561 648 096 1.14 nd nd 98.67 Pt 1% X

Cr Cpy? 2.1x2.2 3214 37.85 5.42 5.63 4.49 5.00 099 289 9440 Pt25% X

Cr 2.3x2.0 3536 4501 850 455 194 184 nd nd 9719 X

Cr 7.6x4.6 36.84 48.37 6.14 472 1.20 1.12 nd nd 9839 X

Cr 7.6x4.6 36.51 46.77 6.76 5.09 1.23 117 nd nd 97.53 X
NG1152.5 LG7 Cr 2.6x2.5 35.56 47.15 11.70 3.03 211 1.63 nd nd 101.18 X

Cr 4.1x2.7 34.50 47.82 8.40 235 2.92 2.31 nd nd 98.30 X

Cr 4.8x3.6 35.81 4558 12.09 3.37 1.25 0.99 nd nd 99.10 X
NG1242.43A LG6a Cr 5.0x3.7 3651 5165 6.10 310 144 082 nd nd 99.62 X

Cr Rut. 3.0x2.5 3664 50.38 9.03 332 206 142 nd nd 102.85 X

Cr 6.5x4.6 37.39 49.10 7.84 6.69 1.60 0.91 nd nd 103.52 X

Cr 5.7x2.0 34.71 47.90 7.54 4.44 270 1.54 nd nd 98.82 X

Cr 2.6x21 33.58 46.07 7.52 5.10 3.72 234 nd nd 9833 X

Cr 3.1x2.8 36.95 50.35 8.58 4.50 1.66 1.07 nd nd 103.11 X
NG12454A chromite in pyroxenite  Cr 27.0x18.0 36.12 48.40 7.20 3.14 0.66 0.54 nd nd 96.06 X

Cr PtPdS 7.2x6.0 36.17 47.98 6.27 5.21 1.44 1.01 nd nd 98.08 X

Cr Pent. PtS 12.4x8.0 36.62 48.30 6.70 4,62 1.14 0.68 nd nd 98.06 X

Cr 6.1x3.8 36.14 48.34 7.40 3.58 1.35 0.88 nd nd 97.68 X

CrIrOs 25x2.3 33.12 4232 10.80 6.00 243 119 nd nd 9585 X

Cr Sil. 5.6x5.2 36.79 49.18 7.12 4.69 1.33 1.01 nd nd 100.12 X

Cr 12.0x7.5 36.83 49.56 5.91 4.27 0.78 0.77 nd nd 9813 X

Cr 9.3x3.8 36.98 47.96 7.11 435 1.19 0.78 nd nd 98.37 X

Cr Sii. 7.0x4.3 37.06 49.90 7.42 4.82 1.32 0.98 nd nd 101.50 X

Cr 6.8x6.5 3670 50.92 6.08 435 125 0.50 nd nd 99.80 X

Cr 5.1x4.4 3666 4948 726 469 161 1.09 nd nd 100.80 X

Cr Sil. 3.9x2.1 34.81 48.86 6.82 3.52 1.81 1.24 nd nd 97.07 Ti0.23% X

Cr 5.7x4.2 3621 4846 776 413 127 072 nd nd 98.54 X

Cr 2.7x2.0 35.65 48.01 6.31 3.93 1.94 1.38 nd nd 97.21 X

Cr 6.6x6.4 3545 4756 693 500 234 155 nd nd 98.84 X
NG1257.10 LG6 Pyrite 5.0x1.2 39.55 31.68 5.81 4.70 0.80 11.80 148 1.38 9719 X

Cr PtS 4.3x2.1 36.10 4544 505 347 228 137 nd nd 93.41 Ti0.48% X

Cr 2.6x2.2 36.64 51.99 6.24 3.07 1.89 1.32 nd nd 101.15 X

Cr Cpy. 2.9x1.9 37.76 50.75 5.33 2.98 2.03 1.90 nd nd 100.74 X
NG1 331.13B LG5 Cr 2.8x2.1 35.60 49.30 8.09 4.23 3.09 1.56 nd nd 101.87 X

Cr Rut. 2.9x1.8 3571 49.52 8.07 4.21 3.10 1.57 nd nd 102.17 X
NG1 331.65A LGS Cr Rut. PtPdS? 3.2x2.4 36.57 46.63 7.1 3.35 2.06 1.85 0.50 nd 98.06 Ti0.25% X

Cr 4.6x3.7 3685 5214 3.89 3.58 1.92 1.01 nd nd 99.38 X

CrP1? 56x2.3 37.58 50.17 6.72 440 182 146 nd nd 102.15 X

Cr PtPdS 7.1x4.7 36.34 46.03 6.81 4.23 1.34 1.29 0.34 nd 96.38 X
NG1 4295588 LG4 Cr 2.8x2.0 3597 51.83 3.37 4.23 2.24 0.12 nd 0.44 98.19 Pt259% X

Cr 4.2x3.0 36.52 48.85 5.61 4.17 1.86 0.84 nd nd 97.84 X

Cr Mill. 2.7x2.6 3299 4704 503 338 543 223 nd nd  96.11 X

Cr 2.5x2.3 36.63 52.06 4.10 262 2.06 0.94 nd nd 9841 X

Cr Pent. Mill. 3.1x2.4 37.07 46.42 6.07 427 203 150 0.50 nd 97.85 X

Cr 2.5x2.2 36.88 50.68 6.72 3.74 1.85 117 0.33 nd 101.37 X

Cr 2.7x26 36.00 50.16 4.72 4.36 2.35 1.00 nd nd 9859 X

Cr 3.0x2.5 37.29 54.88 3.80 3.67 2.01 1.20 0.49 nd 103.45 X

Cr Mitt, 3.0x2.0 3627 5190 371 254 195 108 0380 nd -98.25 X

Cr 3.9x2.0 36.10 47.77 6.70 4.1 265 1.23 nd nd 9856 X

Cr Pent. 3.4x2.7 36.76 49.44 6.45 4.57 1.82 1.05 0.30 nd 100.38 X
NG1475.10A LG3 Cr PtPa? 3.3x1.6 36.01 4872 4.25 3.60 214 1.80 nd nd 96.51 X

Cr 3.6x2.0 35,57 46.35 4.56 4.79 273 2.06 0.34 nd 96.40 X
NG1 523.95B LG2a Cr 3.0x2.7 36.31 4574 1025 6.49 205 0.81 nd nd 101.65 X

Cr 2.1x2.0 3557 4975 494 475 312 142 nd nd 99.56 X

Sit. 3.4x3.0 36.32 4932 599 386 171 067 nd nd 97.87 X

Sit. 4.6x3.0 36.84 46.15 7.46 4.32 1.68 1.23 nd nd 97.68 X

Cr Sil. 2.6x2.2 36.84 47.45 7.84 6.64 1.94 1.21 nd nd 101.91 X
NG1 560.10A LG1 Cr 2.5x2.0 36.76 4548 7.72 298 229 180 0.35 nd 97.48 X

Cr 1.7x1.6 36.12 43.39 10.47 5.92 2.85 2.19 nd nd 100.93 X

Cr Rut. 2.4x1.6 33.82 4493 6.31 5.35 3.41 1.85 nd nd 9568 Ti0.26% X
NG1609.47 chromite in pyroxenite  Cr Rut. Sil. 6.1x4.1 36.56 48.33 6.68 3.75 1.58 0.68 nd nd 97.59 X

Cr 4.5x4.0 36.92 51.44 5.14 3.71 1.60 0.83 nd nd 99.63 X

Cr 2.7x2.3 35.49 47.48 6.97 275 262 1.62 nd nd 9693 X
NG1644.20 chromite in pyroxenite  Cr Rul. Sil. 2.4x2.0 33.38 44.56 8.58 447 2.41 1.35 nd nd 9444 Ti0.59% X
NG2 158.60 chromite in pyroxenite  Cr PtS 2.9x1.8 3267 36.27 13.51 6.62 3.02 2.01 nd nd 94.09 Pt784% X

Cr 1.4x11 23.73 2976 9.48 4.56 10.32 6.96 nd nd 8480 X
NG2 255.88 chromite in pyroxenite  Cr 7.0x5.7 37.77 52.24 7.16 4.14 1.04 0.75 nd nd 103.09 X

Cr 7.0x5.7 3719 5144 679 341 102 083 nd nd 100.67 X

Cr 2.0x1.1 33.19 47.43 5.98 3.82 3.51 2.07 nd nd 96.00 Ti0.37% X

Abbreviations: Cr=chromite; Cpy=chalcopyrite; Sil=silicate, Rul=rutile; Spin=spinel, Pent=pentlandite; Mill=millerite
gb=grain boundary; bms=base metal sulphide ; nd=not delected-
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Figure 1 Bivariant plot of grain size versws Ru/Ir of laurites.

The number of laurite grains observed varies strongly
between individual samples. In two of the samples investi-
gated, (Bastard and Tarentaal chromitite) no laurite was
found. Only one Jaurite grain was found in the top chromitite
stringer of the Merensky Reef. This grain is part of a compos-
ite inclusion in chromite, consisting of a large chalcopyrite
grain hosting the laurite, a Pt-sulphide, a Pt~Fe alloy, and sev-
eral silicates. No laurite was found in interstitial base-metal
sulphides of the Merensky Reef sample investigated, but in a
more comprehensive study, Kinloch (1982) observed that
34% by number of the PGM in the Merensky Reef at Union
Section is laurite. In four slides from the UG and UG2, 42
laurite grains were located (29 in two slides from the UG2
and 13 in two slides from the UG1). In four slides from the
MG chromitites, 17 laurite grains were found, and in seven
slides from the LG layers, 35 laurite grains were found. In
seven slides of chromite-bearing silicate rocks, 48 laurite
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grains were found. Thus, chromite in some of the silicate
rocks appears to be relatively enriched in laurite over chro-
mite in most chromitites, which is notable in view of the gen-
erally lower whole-rock Ru contents of the silicate rocks
(20 — 30 ppb, Maier and Barnes, unpubl. data) relative to the
chromitites (60— 1100 ppb, Scoon and Teigler, 1994; Von
Gruenewaldt and Merkle, 1995). Whether this is purely a
nugget effect cannot be assessed as whole-rock PGE contents
are not available for the two most laurite-enriched silicate
samples (NG 65.6, NG1245.4A). Of note is that the bulk Ru
content of the massive chromitites exceeds that accounted for
by the laurites in our samples by a factor of three to four. For
example, laurites observed within the UG2 samples account
for approximately 300 ppb Ru, assuming a broadly homoge-
nous distribution of the grains, whereas whole-rock Ru con-
tents of the UG2 are around 1100 ppb (Von Gruenewaldt and
Merkle, 1995).

There appears to be no systematic variation in shape or size
among laurites included in different hosts. Most grains are
euhedral or subhedral, less than Sum in diameter, and may be
hexagonal equant to tabular. In contrast, there is a weak posi-
tive correlation between the size and the Ru/Ir ratio of laurite
grains (Figure 1). As the size of the observed grains is partly
governed by the way they are cut, it cannot be excluded that
this pattern reflects compositional zonation of the laurites
towards more Ru-rich cores, as has been observed in some of
the analysed grains, and also in the Bird River Sill, Canada
(Ohnenstetter et al., 1986). Laurites display relatively minor
compositional variation with stratigraphic height, both in
terms of Ru/Ir and Os/(Os+]r) ratios (Figure 2). This is in
broad accord with the pattern observed in the Stillwater Com-
plex (Talkington and Lipin, 1986). Laurite is plotted within
the ternary diagram Ru—Os~Ir in Figure 3, showing that they
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Figure 2 Compositional variation and grain size of laurites as well as Cr/Fe, Mg®, and Cr/Al of chromite fosts plotted versus
stratigraphic height in a borehole through the Lower and Critical Zones of the Bushveld Complex al Union Section. (Height in
metres; Hz — harzburgite, Dun — dunite, Px — pyroxenite, No — norite, MR — Merensky Reefl, BR — bastard reef.)
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Figure 3 Projection of laurite compositions into the ternary dia-
gram Ru-Os-Ir (atomic per cent).

span a similar compositional range to those in the Stillwater
Complex and the Bird River sill. The highest Cr and Fe con-
tents in laurite tend to occur in the smallest grains (Table 1),
suggesting that these metal concentrations represent analyti-
cal interference from the host chromite. McLaren and De Vil-
liers (1982) found that laurite included in Bushveld chromite
is relatively Ru-rich compared to those hosted by silicates and
sulphides, but this could not be confirmed by us, possibly due
to our limited database.

Discussion

Partitioning of the IPGE into the chromite lattice has been a
widely invoked mechanism to explain the close association of
laurite with chromite (Grimaldi and Schnepfe, 1969;
Agiorgitis and Wolf, 1978; Oshin and Crocket, 1982; Capo-
bianco and Drake, 1990). For example, the relatively chro-
mite-poor Platreef, Merensky Reef, Bastard Reef, and
Tarentaal layers all contain little laurite in comparison to the
massive chromitites. However, the limited data presented
here do not support this mechanism. (i) The correlation
between IPGE and chromite contents in the analysed
sequence is poor, both within silicate rocks and chromitites
(Figure 4). (ii) Chromite within the silicate rocks appears to
have higher IPGE tenors than chromite in chromitite, imply-
ing that partition coefficients of the IPGE into disseminated
chromite would have had to be higher than those into massive
chromite, which appears to be unlikely. In fact, some isolated
chromite grains in silicate rocks may contain laurite inclu-
sions measuring up to 5% of the size of the chromite host. (iii)
The laurite displays considerable compositional variation
within individual samples. We consider it unlikely, at present,
that this is an alteration effect (i.e. Ir or Os loss), since there is
no apparent correlation between laurite composition and
locality within the chromite host.

It should be noted that the paucity of laurite in the few ana-
lysed samples of the chromitite stringers from the Merensky,
Bastard, and Tarentaal layers does not necessarily argue
against the exsolution model. Firstly, the data of Kinloch
(1982) suggest that other Merensky Reef chromite samples
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may contain significant numbers of laurite grains. Secondly,
Nicholson and Mathez (1991) suggested that the Merensky
(and Bastard) chromitite stringers are secondary crystalliza-
tion products of hydrous late-stage melt in which the stability
field of chromite is considerably enlarged. Ru (and Ir) would
not be able to partition significantly into such late-stage chro-
mite and thus it would not be expected to produce as many
exsolved laurites as in primary magmatic chromites.

Some authors have suggested that laurite and other PGM
may crystallize directly from the silicate magma to serve as
nucleation sites for later crystallizing chromite (Keays and
Campbell, 1981; Davies and Tredoux, 1985; Merkle, 1992).
However, most workers consider this unlikely, due to the
kinetic problems involved in crystallizing a phase that has
IPGE in the percentage range from a magma in which the
IPGE occur in the low ppb range (Barnes, 1993; Peach and
Mathez, 1996). Furthermore, the PGE generally have high
solubilities in silicate melts, up to 1000 ppb in the case of Ir
(Peach and Mathez, 1996), and thus PGM are unlikely to be
stable in silicate magmas.

Crystallization of PGM from sulphide melt in which the
PGE have been pre-concentrated, followed by entrainment of
the PGM by early crystallizing chromite, has been proposed
as a more viable model to crystallize primary PGM (Barnes,
1993). Chromite crystallization and sulphide segregation may
both be triggered by magma mixing (Irvine, 1975; 1977), and
thus one could perhaps expect chromitite to be enriched in
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Figure 4 Bivariant diagrams of whole-rock data showing plots of
(a) Ru, and (b) Ir versus Cr content. Cr data are corrected for Cr in
orthopyroxene, using microprobe analyses and modal data of Tei-
gler and Eales (1996) and De Klerk (1992).
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Figure 5 Whole-rock PPGE (Pr+Pd+Rh). IPGE (Os+Ir+Ru), and S contents of
rocks in the Upper Critical Zone at Union Section, plotted versus stratigraphic height
in metres (data from Scoon and Teigler, 1994, and vnpublished data of Maier and
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Barmes).

sulphides and PGE. Crystallization of the laurite grains from
sulphide melt may also be supported by the fact that their Ru/
Ir ratios are comparable to those of the postulated parental
magmas (Davies and Tredoux, 1985), in view of the broadly
similar D values of the PGE into sulphide melt. The PPGE
and S contents of silicate rocks and chromitites in the Critical
Zone show a well-defined positive correlation (Figure 3),
suggesting that the PPGE contents are controlled by sul-
phides. Whether the IPGE within the chromitites show a sim-
ilar correlation with S cannot be directly established, due to
the fact that S contents of most analysed chromitite layers
were below the detection limit of 0.01 wit.% (Scoon and Tei-
gler, 1994), However, the IPGE contents of the chromitites
show a distinct positive correlation with the PPGE contents,
implying that all PGE are governed by the same collector,
that is, sulphide melt. The low S contents of the rocks, in par-
ticular the chromitites, may be a result of extremely large R-
factors during sulphide segregation (Maier ef al., 1996) and/
or S- and Fe-loss of the sulphides during equilibration with
chromite (Naldrett and Lehmann, 1987).

Conclusions

The present study provides a database on the composition of
laurite within the Lower and Critical Zones of the western
Bushveld Complex at Union Section, We argue that sub-
solidus exsolution of laurite from the chromite lattice, as well
as direct erystallization of laurite from the silicate melt, are
unlikely processes in the analysed sequence. [nstead, we
favour crystallization of laurite from sulphide melt in which
the PGE have been preconcentrated, followed by entrapment
of the laurites by growing chromite grains. However, guanti-

tative modeling of this process must await experimental data
on PGE partitioning between sulphide melt and metal phases.
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