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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-hearing silicate rocks of the Lower and Critical Zones of the western Hushveld 
Complex at Union Section have heen located and analysed by scanning electron microscope. Ninety per cent by number of 
laarile grains are included within chromite, wHh the remainder being located on chromite-silicate grnin boundaries, nnd in 
ir;terstitial silicates and sulphides. The composition of lauritc shows considerable variation within individual samples. Fur­
thenrmre, there is no apparent corrdaliun between whole-rock Ru and Cr contents in our samples, arguing against a model 
wherehy lanrite exsolved from the chromite lattice. Based on a well-defined correlation between whole-rock S, PPGE 
(Rh+Pt+Pd), and JPGE (Os+Ir+Ru) contents, we favour " mechanism whereby laurite crystallized from segregating sul­
phide melt and was subsequently entrapped hy growing chromite grains. 

Introduction 

In addition to the strongly chalcophile character of the PGE, 

",,. 11 '""""between 103 and IO'' (Stone et al., 1990; Fleet 
et al., 1991; Bezmen et al., 1994}], the enrichment of IPGE 

(Os 1 Ir+ Ru) over PPGE (Pd + Pt + Rh) in many suiphide­

poor mafic and ultramafic rocks suggests that the IPGE may 

behave as compatible clements in the presence of chromite 

and olivine (Barnes et al" 1988, and references therein). 
Chromite in chromitite and silicate rocks from layered intru­

sions and ophiolites commonly contains inclusions of laurite 
(RuOs!rS, ). 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 Bushvcld Complex, no systematic study 

of laurite compositions throughout the Complex has been 

attempted. Here, we present analyses of all la11rite grains we 
located in the Lower, Middle, and Upper Group (LG, MG, 

and UG) Chromitites, chromilite stringers associated with the 
Tarcntaal. Merensky, and Bastard Reefs, and some chromite­
bearing silicate rocks from a borehok 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 I). The sampling locality, stratigraphic posi­

tion and lithology of the U-samples (Table 1) is described in 
Eaks and Reynolds ( 1986). By means of our database, we 
evaluate the main models generally invoked in !he origin of 

laurite inclusions in chromite. 

Analytical methods 

The laurite grains were located using the 4QBSD 011 a Cam­
bridge fnstruments S360 Scanning Electron Microscope at 
the University of Cardiff They were analysed using the 
attached Oxford lnstrnments AN 1 0 EDX analyser. Operating 
conditions for quantitative analyses were an EHT of 20 kv, a 
specimen calibration current of approximately l nA, and a 
working distance of 25 mm. Aller 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 arc listed in Table I. 
Almost all the iaurite 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 l laurite grain ( < l % of grams analysed) by base­
metal sulphides. In the studied UG2 samples, 100% oflaurite 
grains are included in chromite. Tbe results are in broad 
accord with the data of Merkle (1992), who observed that 
80% of laurites between the MG l and the UGI 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, pent!andite, and lesser miHerite, 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. 

Copyright © 1999. All rights reserved.
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Table 1 Composition of laurites in the Lower and Critical Zones of the Bushveld Complex (in wt.%) 

Sample Rock type Mineral 
association 

Size (mµ) s Ru Os Ir Fe Ni Cu Total Other Host phase 
er gb. bms sil 

u 23512 Merensky top~chmmitite Cpy PtS PtFe Sil 35.0x17.0 JB.88 49.74 2, 10 3.57 0.15 2.57 1.02 r1ci 98.(.11 x 

U 235/SE UG2D30cm above base Cr 
Cr Rut. 
Cr Rut 
Cr 
Cr Sil. 
Cr S11. Rut. 
Cr Rut 
Cr Rut. 
Cr 
Cr Rut. 
Cr Rut. Sil. 
Cr Rut. Sil. 
CrCpy. 
Cr 
Cr Rut. Sil. 
Cr 

U 235/BD UG2-20cm above ba:.e Cr SiL Ca phasiS? 

u 21212 UG1 

NG3 152 6 MG4b 

NG3 155.B5 MG4a 

NG3 211 45b MG3 

NG3 219.42 MG2 

NG1 65.S chromite in pyroxenite 

Cr Rut 
Cr 
Cr Rut. Sil. 
Cr Rut. Sil. 
Cr Rut. 
Cr 
Cr 
CrCpy. Rut 
Cr 
Cr Sil. 
Cr Sil 
Cr Rut SH. 

Cr Rut Sil 
Cr 
Cr lrPtOsRhRu 
Cr 
Cr Rut Sit 
CrlrOsSil. 
Cr 
Cr 
Cr 
Cr crack 
Cr 

Cr 
Cr 
Cr cpy 
Cr 

Cr PtS Rut. 
Cr Spin. Petit 
Cr Rut 
CrlrAa? 

Cr Cpy Rut 
Cr 
Cr 
Cr PtPdS Cpy. 
Ct Pl? 

Cr 
Cr PIPdS 
Cr 

Cr 
Cr Rut Pt 
Cr 
Cr ~ut 
Cr P<RhS Cpy. 
Cr 
Cr P£PdS 
Cr 
Cr P~S Rut 
Cr 
Cr CuS? Pt? 
Cr RhlrAs PtS 
Cr 
Cr PtPdS Rut 
Cr PiRhlrS PtS 
Cr 
Cr P~PdS Rut 

4.5xJ.6 36.6~ 51.81 5.09 2.12 1A5 1.04 
3.0x3.0 37.16 51 21 7.37 2.70 1.04 0.94 
5.8x3.5 37.16 5308 555 2.BO 1.22 0.87 
7.0x3.2 36.41 52.01 4.00 2.34 1.58 0.96 
5.6x4.0 37.45 52.59 5.58 2.27 1.26 0.00 
6.7x4.6 36.99 s2.20 4.77 HS 1.06 o.n 
3.3x2.6 36.4S so se s sa 2.74 1.ss 1.30 
3.1x2.4 34.07 48.26 .~i73 2-72 1.71 0.94 
5.6x4.8 36.39 50.44 7 19 3,37 1.57 0.92 
3.4x2.8 35.43 50.28 5Xl 2:.B1 '1.63 1 1B 
4.-0x4.0 36.43 51.21 6.01 2.56 1.59 1.24 
4.7x4.6 35.75 50 57 8.02 2.75 1.50 1.11 
4.8x4.7 37.06 53.60 3.63 3.09 1.26 1.07 
4.5x2.3 35.82 51.97 5.48 3.14 1 7i 1.09 
4.8x2 s 37.09 54 34 5.42 2.47 1.38 o.sa 
4.7xM 3MB 51 24 6. 18 2.36 1.45 0.97 

6.4x5.9 37.35 54.63 
2.4x2.3 36.24 51.47 
3.7x3.4 3?'.30 53.05 
4.0x3.6 38. 12 56.64 
5.0x3.6 37.51 52 12 
6.2x5.5 37.78 54.85 
2.6"2.0 35.73 51 61 
5.8x3.6 36.57 48.27 
4.6x3.S 37.85 54.66 
g 2x3.5 37.21 53.98 
3 Ox2.3 35.98 48.75 
5 3x2.S 36.40 51 as 
3.9x3.3 37.17 M.56 

3.BO 
6.12 
3.82 
1.86 
5.82 
4.23 
6.70 

10.21 
4.45 
445 
HS 
4.75 
2.06 

2.99 
2.83 
4.03 
1.)6 
110 
2.98 
3.19 
2.68 
1.87 
1.35 
4.63 
0.82 
1.20 

1.16 
i.9? 
1.64 
1.45 
1.28 
1.25 
2.50 
1.43 
1.34 
130 
2.11 
1.56 
1.51 

0.76 
1.34 
1.22 
1.03 
0.88 
0.66 
1.41 
1.HI 
094 
0.94 
1.28 
1.10 
0.99 

35x2..7 36.68 5105 7.91 2.1'1 1.73 i.03 
S 7x6J; 38 55 50 41 7.66 2.20 1.40 0.80 
72x6 5 3742 55.30 1.68 3.25 1.03 0.53 
2.0x2.0 3651 5566 0.19 1.53 2.42 1.51 
30x2.0 3437 5174 3.15 1.71 4.10 2.33 
6.3x3.7 38.10: 56.69 1.45 J.87 1.26 0.66 
2.8x2.2 37.12 57.34 1.75 1.16 2.15 1.31 
2.4x2.0 37.04 56.51 0.62 2.50 1.89 1.29 
2.2x2.1 35.48 50.58 6.67 2.51 1.94 113 
32x2.9 37 98 57.1B 1.53 2.42 140 a 84 
27x2.3 35.99 52.58 5. 14 2.02 2.54 1.58 

47x4.1 3701 51.50 
2 6x2.9 38 18 50.06 
5.5x4.4 36 20 48.01 
:Htx2.8 35.59 49.09 

3 Dx2.7 35.70 46.34 
4 5x3.2 34.65 45.91 
2.1x2.0 34.60 48.68 
3 i:t:3.0: 35.53 45.56 

7.05 
5.76 
7.67 
7.34 

7.60 
8.72 
7.22 

11.71 

3 2x3.0 36.38 4606 7.30 
3.5x3.5 35 95 47.24 6.25 
2.Bx2.1· 35.35 48.46 6.97 
2.7x2.4 3646 47.03 6.87 
4.2)(4.0 36.52 47.92 9.84 

3.38 
3.95 
HO 
4.§9 

6.09 
3,32 
3.14 
4.25 

1.39 
167 
1 53 
1.48 

1.57 
1 26 
1.76 
1.54 

4.43 2.05 
3.99 1 45 
4.76 1.47 
3.62 H6 
3.90 1.23 

0.94 
1.29 
111 
1 21 

1.45 
1.61 
2.SS 
119 

1.62 
1.22 
1.77 
1.83 
1.57 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

nd 96.20 X 
nd 100.42 X 
r,d 100.69 x 
net 96.13 X 
nd 99.94 X 
nd 99.20 X 
nd 98.83 X 
nd 93.43 Tl 3.B5% X 
nd 99.SB X 
nd 98.44 Ti i.96% X 
nd 99.06 X 
nd 100.79 x 
nd tr9.93 X 
nd 99.21 
nd 1fl1.87 

nd 0.36 "9.21 

nd 
nd 

)( 

x 
x 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

nd 100.71 
nd 99.98 
nd 101.12 
nd HIOAS 
nd El9.31 
11d 101.95 
nd 101.13 
nd 100.55 
nd i01.12 
nd 99.22 
nd 100.40 
nd E!G.50 
nd 517.55 

nd nd 100.59 
nd nd S9.04 
nd nd S9.20 
nd nd 97.82 
nd nd 97.39 
nd nd 1Cl.2.03 
nd nd rno.a2 
nd nd 99.85 
nd nd 98.31 
nd nd 10i.3S 
nd nd 99.55 

nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 

nd 101.27 
nd S8.91 
nd 96.52 
nd 100.30 

nd s.?8.14 
nd 95.47 
nd ~7.99 T! 1.3 % 
nd 99.77 

x 
x 
x 
x 
x 
x 
)( 

)( 

x 
x 
x 
x 
x 

x 
x 
)( 

x 
x 
x 
x 
x 
x 

x 

x 
x 
x 
)( 

x 
x 
x 
x 

nd 
nd 
nd 

nd 97.64 X 

0.31 
nd 

ml SS.10 X 
nd'. SB.SO X 
nd 87 .71 Ti 1.55% X 
nd 100 Q8 X 

2.4x2.4 35.9S 48 6.2 7.11 3.86 2.22 1.59 nd ml SS.JS 
nd S•5.84 
nd 1~10.38 

x 
x 
x 

2.0x1.7 34.92 44.29 8.44 
3.ix3.0 37.30 49.66 0.58 

2.81<2.2 37.23 52.55 
3.1x2.7 36.36 '1-9.48 
3. i x2.7 36.37 49.65 
4.2xJ.6 36.57 50.54 

1 UJx9.3 36.9$ 46.78 
2.9x2.4 36.64 49.60 
3.2)(2.4 3€Ul5 48.43 
3.4x2 a 3708 46.27 
3.7:<2.9 37.45 50.70 
3.1 x2.4 36.BS 50.49 
2.13x2."4 36A7 44.56 
5.2.>':2 i 36.72 47.52 
2.'i)(2.1 36Xl 50.48 
3.6"3.2 36.79 46.97 
3.4"2.8 35.72 o\4.63 
2.5)1:2,0 3(t33 49.49 
4.2x4.0 37.58 47.17 

5.55 
6.72 
7.14 
6,93 

10.03 
7.66 
7.59 
5.91 
6:14 
6.75 
UJ 
6.50 
5.1:!4 
6.09 
5.18 
S.48 
6.78 

3.26 2.21 2.13 0.56 
3.17 178 1.62 0.28 

4.71 
3.09 
3.70 
2.75 
1.89 
4.92 
3.21 
4.71 
3.81 
3.91 
4.75 
3.4i 
3.58 
4.43 
6.43 
3.80 
3.89 

2.33 
182 
155 
1,81 
0.83 
202 
2.29 
1.97 
1.65 
1 77 
2.12 
2 S5 
2.20 
177 
1.91 
222 
1 72 

1.40 
1.27 
1.36 
1.23 
0.58 
1 23 
1.50 
1.16 
1.4~ 

1.35 
2.37 
2.36 
1.26 
1.50 
0.90 
1.45 
'28 

nd 
nd 
nd 
nd 
nd 
nd 
nd 

0.32 
nd 

nd 103.78 
nd ~8.74 

nd 99.90 
rid S9.82 
nd Si!S.~O 

1in.01 
S•9.S6 
9'7 32 

mus 

nd 
rnl 
nd 
nd 

rid nd HA13 

x 
x 
)( 

x 
x 
x 
x 
x 
x 
x 
x 
x 

0.34 0.37 5•9.81 
0.50 nd S.9 66 

nd 
nd 
nd 
no 
nd 

nd S9.49 X 
nd 87.54 x 
00 94.98 Pt 1.96% X 
flld S-9.76 x 
nd '2'8.42 x 

)( 
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Table 1 (Continued} Composition ol laurites in the Lower and Critical Zones of the Bushveld Complex (in wt.%) 

Sample Rock type Min era! 
association 

Size (mµ) S Ru Os Ir Cr Fe Ni Cu Total Other Host phase 
er gb bms sil 

NG1 90.33 chromi!e ir. pyroxenite Cr 

NG11525 LG7 

NG1 242 43A LG5a 

NG1 245.4A cf'\romite ir: pyroxenite 

NG1257.10 LG6 

NG1 331 139 LG5 

NG1 331 BSA LG5 

NG1 429.558 LG4 

NG 1 475 iDA LG3 

NG 1 523 858 LG2a 

NG~ 560 10A LG1 

NG1 609 4-7 chromite in pyroxenite 

Cr Pent 
Cr Pent. PtPdS 
C::rCpy? 
Cr 
Gr 
Cr 

Cr 
Cr 
Cr 

Cr 
c~ Ru~ 

Cr 
Cr 
Cr 
Cr 

Cr 
Cr PtPdS 
Cr Pent PtS 
Cr 
Cr lrOs 
CrSii. 
Cr 
Cr 
Cr Sil 
Cr 
Cr 
Cr S~ 
Cr 
Cr 
Cr 

Pyrite 
CrPtS 
Cr 
CrCpy. 

Cr 
Cr Rut 

Cr Rut F1PdS? 
Cr 
Cr Pt? 
Cr PtPdS 

Cr 
Cr 
CrM:ll. 
Cr 
Cr Pent Mill. 
Cr 
Cr 
Cr 
Cr Mill 
Cr 
Cr Penf 

Cr PtPD? 
Cr 

Cr 
Cr 
Sil 
Sil 
CrS1L 

Cr 
Cr 
Cr R•J~ 

Cr Rut Sil. 
Cr 
Cr 

NG~ 644.20 chromite in pyroxenf;e Cr Ru'l: Sil 

NG2 158 60 chromite in pyroxen!te Cr PtS 
Cr 

4.7x2.8 
5.2x4.2 
7.6x6.8 
2.1x2.2 
2.3x2.0 
1.ei::~.s 

7.6x4.6 

2.6x2.5 
4.1x2.7 
4.Bx3.6 

5.0x3 7 
3.0x2 5 
6.5x4.6 
5.7x2 0 
2.6x2.t 
3.1x2.8 

27.0x18.0 
7.2x6.0 

12.4xB.O 
6 'i:x3.B 
2.5x2.3 
5.6x5.2 

12.0x7.5 
9.3x3.B 
7.0x4.3 
6.Bx6.5 
5.1x4.4 
3.9'1:2.I 
5 7x4.2 
2 7x2.0 
6 6x6-4 

5.0x1.2 
4.3x2.1 
2.6x2.2 
2.9~1.9 

2.Bx2.1 
2.9:<1.S 

3.2x2.4 
4.6x3.7 
5.6x2.3 
7.1x4.7 

2.8x2.0 
4.2;i:3.0 
2.7x2.S 
2.5x2.3 
~.1x2.4 

2.5x2.2 
2.7x2.6 
3.Cx2.5 
3.Cx2 0 
3.9x2.0 
3.4x2.7 

3.3x1 8 
3.6x2.D 

3.0x2.7 
2.ix2.D 
3.4x3.!J 
4.6x3.0 
2.6x:2.2 

2.5x2.0 
1.?x:1.6 
2.4x1.6 

6.1x4 i 
4.5x4.0 
2.7x2.3 

2.4ll'.2 a 

2.9x1.8 
1.4x1 I 

36.60 50.73 
37.25 49.39 
37.08 47.4i 
32. 14 37.85 
35.36 45.01 
36J)4 48.37 
36.51 46.77 

8.72 1 76 1.39 1.22 
1.41 
1 14 
5.00 
1.84 
1.12 
1 17 

7.70 4.89 1.23 
5.61 6 48 0.96 
5.42 5.63 4.49 
8.50 4 55 1 94 
6.14 4.72 1.20 
6.76 5 OS 1.23 

35.56 47 15 
34.50 47.82 
35.81 45.58 

11 70 
8.40 

12 09 

3 03 
2.35 
3.37 

36.51 Si.65 6.10 3.10 
36.64 50.38 9.03 3.32 
37.39' 49.iO 7.84 6.69 
34.71 47.90 7 54 4.44 
33.58 46.07 7 52 5.10 
36.95 50 35 8.53 4.50 

36.12 48.40 
36.17 47 98 
36.62 4S.3-0 
36.14 4!3.34 
33.12 42.32 
36.79 4-9 18 
36.83 49.56 
36.98 47 96 
37.06 49.90 
36.70 50.92 
36.66 49'.48 
34.81 46.06 
36 21 48.46 
35.65 48.01 
35.45 47.56 

7.20 
6.27 
6.70 
7.40 

10.SD 
7_·1:2: 
5.9'! 
7.11 
7.42 
6.08 
7.26 
6.82 
7.76 
6.31 
6.93 

3.14 
5 21 
4.62 
3.58 
6.00 
4 69 
4.27 
4.35 
4.82 
4 35 
4.69 
3.52 
4.13 
3.93 
5.00 

39.55 31.68 5.81 4.70 
3s rn 45.44 s.os 3 11 
38 64 51.99 6.24 3.07 
37.76 50.75 5.33 2 ~8 

2 11 
2,92 
1.25 

1 63 
2 31 
0 99 

1.44 0 82 
2.06 1.42 
1 60 0 51 
2.70 1.54 
3 72 2.34 
1.55 1.07 

0.66 
144 
1.14 
1.3.5 
2.43 
1 33 
0.78 
1.19 
1.32 
1.25 
1.61 
1.81 
1.27 
1.94 
2.34 

0.54 
1.01 
0.68 
O.SB 
1.19 
1.01 
0.77 
D.78 
0.98 
0.50 
1.09 
1.24 
0.72 
1 38 
1.55 

0.80 11.80 
2.28 1 37 
1.89 1.32 
2.03 1 90 

nd nd :oo 42 
060 ~d ~0247 

nd nd 98.67 Pt:% 
0.99 2.89 94 40 Pt 2.5% 

nd :-td 97 19 
!1d nd 98 39 
rid nd 97.53 

nd 
nci 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

nd 101.18 
nd 98.30 
nd 99.10 

nd 99.62 
nd 102<8!5 
nd 103.52 
nd 98.82 
lid 98.33 
11d 103. 11 

nd 96.06 
nd 9B.08 
nd 98.06 
nd 97 68 
nd 95.85 
nd 100 12 
nd 98.13 
nd 98 37 
nd 101 bO 
nd 99 BO 
nd 100BO 
nd 97.07 Ti 0 23% 
nd 98.54 
ndl 97 21 
nd 98.84 

1.48 1 38 97.19 

x 

x 
x 
x 
x 
x 

x 

x 

)( 

x 
x 
x 
x 
x 

x 
x 
x 
x 

x 
x 

x 
x 

nd rid 93.41 Ti 0 413% X 
nd nd 101.15 X 
nd nd 100.74 X 

35.so 49.30 a os 4 23 3.os 1 56 rid nd 101.87 X 
35.71 49.52 8.07 4.21 3.10 

36.57 46.63 7 11 3.35 2 05 
36.85 52.14 J 99 3.58 1.92 
37 58 50.17 6 72 4.40 1.82 
36 34 45.03 G 81 4.23 1 34 

35 97 51.83 
36.52 46.85 
32.99 47.04 
36.63 52.C6 
37.07 46.42 
36.B8 50.68 
36.00 50.16 
37.28 54.BS 
36.27 51 90 
36.10 47.77 
36.76 49.44 

3.~7 4.23 
5.61 4,17 
5.03 3.38 
4.1D 2.62 
6.07 4.27 
6.72 3.74 
4.72 4.36 
3.90 3.67 
3 .,.., 2.54 

6.7V 4.11 
S.45 4.57 

2.24 
1.B6 
5.43 
2.06 
2.03 
1.85 
2 35 
2 01 
1 95 
2 65 
1 62 

1 57 nd nd 102.17 X 

185 050 nd 98 06 T1 0 25% X 
1.01 r:d nd 99.36 X 
1.46 nd nd 102.15 X 
f.29 0.34 nd 96.3B X 

0.12 
0.84-
2.23 
0 94 
1.50 
1.17 
1.00 
1.20 
1.0B 
1.23 
1.05 

nd 0.44 98.19 pt 2.59% X 
nd nd 97.84 X 
nd nd 95.~1 X 
nd nd 9041 X 

0.50 nd 97.85 X 
0.33 nd 101.37 X 

nd nd 9~.59 X 
0.49 nd 103.45 X 
0.80 nd 98.25 X 

nd nd 9856 X 
0.30 nd 100.3.S X 

36 0·1 48 72 4.25 3.60 2.14 1.80 nd nd 96.51 
nd 96 40 

x 
x 35.57 46.35 4.55 4.79 2 73 2 06 0 34 

36.31 45.74 
35.57 49.75 
36.32 49.32 
36.64 46.15 
3684 47.45 

36 76 45.48 
36 12 43.39 
33 82 44.93 

36 56 48.33 
36.92 51.44 
35.49 "17.4!! 

'10.25 
• 94 
5.99 
7.46 
7.84 

7.72 
10.47 
6.31 

6 68 
5 14 
6 97 

6.49 
4.75 
3.86 
4.32 
6.64 

2 98 
5.92 
5 35 

3 75 
3.71 
2.75 

2 GS 
3.12 
171 
1.68 
1 94 

2.2S 
2.85 
341 

1 58 
1.60 
2.62 

0.81 
1.42 
0.67 
1.23 
1.21 

1.90 
2.19 
1.85 

0.68 
0 83 
1.62 

nd 
nd 
nd 
nd 
nd 

0.35 
nd 
nd 

nd 
r·d 
r.d 

nd 101 65 
nd 99.56 
nd 97 97 
nd 97.68 
rid 101.91 

nd 97.48 
nd 100.93 
nd 95.e.s Ti 0.:26% 

nd 97.59 
nd 99 83 
tld 96 93 

x 
x 

x 

x 
x 
x 

x 
x 
x 

33 38 44.56 1158 4 ~7 2.41 1 35 nd nd %.44 T1 o 69% X 

32.67 36<27 ~J.51 6 62 3.02 2 01 nd nd 94 09 Pt 7.94''.>/a X 
23.73 29.76 9.48 4 56 iO 32 6 96 nd nd 84.80 X 

NG2 255 88 chromite 1n pyroxen1te Cf 7.0x5 7 37 77 52.24 7.16 4.14 1.04 0.75 nci nd !03.09 X 
Cr 7.Dx5.7 37.19 51.44 6.79 3.4~ 1.02 083 
Cr 2.0x1.1 33 i9 47.43 5.98 3.82 3.51 2.07 

Abbreviat;cres: Cr-chromite; Cpy-chalcopyrite, Stt-slihcate. Rut-rut1le; Spin-spmet Pent-pentla.nd1te; M~ll-millerite 
gb=gr.ain boundary: hms=base meta! sulphide; ml=rtot detected 

nd r.d ~00.67 X 
nd r.d 96.00 T1 0.37% X 

x 

x 

x 

x 
x 
x 
x 

x 

x 

x 

x 
x 
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Figure l Bivariant plot of grain size versus Ru/Ir of lauri!cs. 

The number of laurite grains observed varies strongly 
between individual samples. In two of the samples investi­
gated, (Bastard and Tarentaal chromitite) no lauritc was 
found. Only one laurite grain was found in the top chromitite 
stringer of the Merensky Reef. This grain is part ofa compos­
ite inclusion [n chromite, consisting of a large chakopyrite 
grain hosting the laurite, a Pt-sulphide. a Pt Fe alloy, and sev­
eral silicates. No lauritc was found in interstitial base-metal 
sulphides of the :'v1erensky Reef sample investigated, but in n 
morn 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 UGI and UG2, 42 
lauritc grains were located (29 in two slides from the UG2 
and 13 in two slides from the UG !). In four slides from the 
Mn chromitites, 17 lauritc 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 - l 100 ppb, Scoon and Teigler, 1994; Von 
Gruenewaldt and Merkle, \ 995). 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 (NGl 65.6, MJ l 245.4A). Of note is that the bulk Ru 
content of the massive chromititcs exceeds that accounted for 
by the laurites in our samples by a factor of three to four. For 
example, laurites observed within the !JG2 samples account 
for approximately 300 ppb Ru, assuming a broadly homoge­
nous distribution of the grains, wh.:reas whole-rock Ru con­
tents of the UG2 are around 1100 ppb (Von Grnenewaldt and 
Merkle, 1995). 

There appears to be no systematic variation in shape or size 
among laurites included in different hosts. Most grains arc 
euhedral or subhedral, less than 511m in diameter, and may ho 
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 I). As the size of the observed grains is partly 
governed by the way they are cut, 't 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., l 986 ). Lauritcs display relatively minor 
compositional variation with stratigraphic height, both in 
tenns of Ru/Ir and Os/( Ost lr) ratios (Ftgurn 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·-lr in Figure 3, showing that they 

2 0,3 0.5 2 3 10 100 10 20 

Rw11 (btaile) O&Os+lr (laurile) Cr/f'e (chromite) Mg# [chromi!e) Cl/PJ (chromilel Grain ~e (um'I 
F;gure 2 Compositional variation and grain size of lauritcs as well as Cr/Fe, Mg", and Cr/Al of chromite hosts plo!ted 1·er.1us 

slrntigrnphic height in a borehole through the Lower and Critkal Zones of the Bushveld Complex at Union Section. (Height in 
metres: Hz ·- harzhurgite, Dun~ Junitc, Px - pyroxenite, No - norite, MR - Merensky Reef. BR - baslard wef.j 
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Figure 3 Projection of laurite compositions into the ternary dia­

gram Ru-Os-Ir (atomic per cent). 

span a simila.r 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 l ), 
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 !PGE into the chromite lattice has been a 
widely invoked mechanism to explain the close association of 
laurile 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 Pl~treef, Merensky Reef, Bastard Reef~ and 
Tarcntaal 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 
se.quence 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 !he !PGE into disseminated 
chromite would have had to he 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) 
Th~ 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 tho paucity of laurite in the few ana­
lysed samples of the chrom1tite stringers from the Mercnsky, 
Bastard, and Tarcntaal !ayers does not necessarily argue 
against the exsolution model. Firstly, the data of Kinloch 
(I. 982) suggest that other Me"ensky Reef chromite samples 

may contain significant numbers of laurite grains. Secondly. 
Nicholson and Mathcz (1991) suggested that the Merensky 
(and Bastard) chrornitite stringers arc secondary crystalliza­
tion products of hydrous late-stage melt in which the stahiliry 
field of chromite is considerably enlarged. Ru (aml lr) would 
not be able to paitilion significantly into such late-stage chro­
mite and thus it would not be expected to produce as many 
exsolved laurites as in primary magmatic chrnmites. 

Some authors have suggested that !aurile and other PG M 
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, dw: lo !he 
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, I 993: Peach and 
Mathez, 1996). furthermore, the PC!E generally have high 
solubilities in silicate mdts, up lo I 000 ppb in the case of !r 
(Peach and Mathcz. 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-concemrated, followed by entrainment of 

the PGM by early crystallizing chmmik, has been prnpnsed 
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 chrnmitite !o be enriched in 
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">D""Xo ~ ~) 
x co h. ~ £ 

X 0 0 A W o,,. 
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Cr [ppm) 
Figur" 4 Bivariant diagrams of whole-rock da:a showing plots of 

{a) Ru, ;;_~nd (h) Ir versus Cr cont(·nt. Cr dat21 an: coffc .. :kd for Cr in 

orthopyroxene, using microprobe analyses and modal Uata u( Tei­

gler and Bales ( 1996) and De Klerk ( 1992). 
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Figure 5 Whok·rock PPGE (Pt+Pd+Rh), IPGE (Os+lr+Ru), an<l S contents of 

rocks in the Upper Critical Zone at Union Section, plotted versus stratigraphic height 

in metres (data from Scoon and Teigkr, 1994, and unpublished data of Maier and 
Barnes). 

sulphides and PGE. Crystallization of the laurite grains from 
sulphide mdt may also be supported by the fact that their Ru/ 
lr ratios are comparable to those of the postulated parental 
magmas (Davies and Tredoux, l 985), in view of the broadly 
similar 0 va!ut'S 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 5}, 
suggestin;; that the PPGE contents are controlled by sul­
phides. Whether the !PGE within the chromitites show a sim­
ilar correlation with S cannot be directly established, due to 
the fact that S contents of most analysed chromititc layers 
were below the detection limit of 0.0 I wt.% (Scoon and Tei­
f!ler, 19'14 ). However, the !PGE contents of the chromitites 
show n dhtinct positive co1Telatio11 with the PPGE contents, 
implying that ail PGE are governed by the same col.lector, 
that is, sulphide melt. Tbe low S contents ufthe rocks, in par­
ticular the chromitil~s. may be a result of extremely large R .. 
factors dut·ing sulphide segregation (Y!aier et al., 1996) and/ 
or S· and Fe-loss of the sulphides during equilibrntion with 
chromite (i\aldrett mid Lehmann, 1987}. 

Conclusions 

l'he present study provides a database on the composition of 
laurite within the Lower and O·itical Zones of the western 
Bushveld Complex at Union Section. We argue that sub­
solidus exsolulion of !auritc from the chromite lattice, as well 
as direct crystallization of laurite from the silicate melt, are 
unlike!y processes iri the analysed sequence. Instead, we 
favour crystallization of !aurite from sulphide melt in which 
the PG!:. have been prcconcentrated, follow~d by cn!rnpmcnt 
of the laurites by growing chromite grains. However, quanti-

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