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Siderophile element abundances in spinel lherzolite xenoliths from the upper 
mantle a re  now reasonably well known (1-3). Of the highly siderophile elements, 
the  platinum group elements (PGE) Os, Ir, Pd have uniform abundances and 
average 0.008 C 1  chondrite abundances. Abundances of Au and Re a re  more 
variable. The Au/Re ratios a r e  close t o  chondritic and the highest values of Au 
and Re a r e  in chondritic proportions relative t o  PGE, suggesting an originally 
chondritic distribution in undepleted mantle. Abundances of such moderately 
siderophile elements as Ni, Co, and Ge a re  extremely uniform, averaging 0.2 Ni, 
0.22 Co and 0.027 Ge  relative t o  C1  chondrite abundances. 

The following accretionary history has been proposed (3): The bulk of the  
Earth formed from volatile-poor chondritic material, sufficiently reduced for Ni, 
Co, and Ge t o  be  in the  metallic phase. During accretion, oxidation allowed some 
Ni, Co, and Ge t o  enter  the silicate phase; the low Ge/Ni rat io reflects the  
generally volatile-poor nature of the  bulk ear th  material. The highly siderophile 
elements remained in residual metal  and, together with S, Se and Te, were 
removed from the  mantle by core formation. The abundances of highly siderophile 
and highly chalcophile elements presently in the mantle were subsequently added 
by the  la ter  influx. Although i t  is generally agreed tha t  the  Earth suffered a late- 
s tage bombardment, no consensus indicates that  the siderophile content of the  
mantle is attr ibutable t o  this event. In particular, a major role for S in retaining 
in the  mantle those siderophile elements with strong chalcophile proclivities has 
been severally proposed (2,6,7). These proposals will be reviewed in the light of 
new experimental measurements. 

Fifteen sulfide particles were extracted by A.J. Irving (University of 
Washington, Seattle) from spinel lherzolite UM6, Kilbourne Hole (8) and analyzed 
individually by instrumental neutron activation (INAA) (Table 1). Particle #4 is 
clearly an ar t i fact  of common carbon steel (9). Our results agree  reasonably with 
the  analysis of another Kilbourne Hole sulfide particle (1). Particles #7, 8, and 9 
are anomalously enriched in Ir and Os, possibly because of the  sporadic presence 
of an alloy (2). Excluding these three particles, 15 elemental  pairs show 
significant positive correlations. Spinel lherzolite UM6 contains 134 ppm S (81, 
which corresponds t o  3.7 x wt  % of sulfide calculated from the mean 
abundance of the  11 correlated particles. The small amount of sulfide can 
account for the  following percentages of the  to ta l  abundance in spinel lherzolite; 
Fe, 0.23; Ni, 4.5; Cu, 81; Co, 0.84; Ir, 56; Os, 80; Au, 81. These values nicely 
complement percentages of the to ta l  abundance of each element found in the 
major silicates of a different spinel lherzolite xenolith (2): Cu, 30; Ir, 32; Au, 19. 

Although the sulfide phases presently contain large proportions of the  
siderophile elements in a given xenolith, the bulk abundances of most of the  
siderophile elements in the Basaltic Volcanism Study Project (BVSP) ultramafic 
suite do not appear t o  depend on the  bulk sulfide content. In 7 BVSP' Kilbourne 
Hole xenoliths, only R e  is significantly correlated with S and Se. Clearly, the  bulk 
abundances of most siderophile elements have not been influenced by 
redistribution of sulfides. It has been suggested that  exsolution of an immiscible 
sulfide phase from a basaltic magma rising through the  upper mantle may enrich 
Pd and Au in spinel lherzolites tha t  have previously been depleted in these 
elements (2). Sulfur solubility in basalt has a negative pressure coefficient (101, 
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however, and S will become more soluble as a basaltic magma ascends through the 
mantle along or close to the adiabat. In addition, in the Kilbourne Hole xenoliths 
Ir and Au are strongly correlated with each other, and not with S and Se. 

High abundances of Ni and Co in the mantle have been attributed to retention 
as sulfides during core formation (7). In this case, sulfidelmetal partition 
coefficients (K 's) would dictate that Au (Kd=l.l) be more abundant in the mantle 
than Ni (K~=o.$) instead of being as abundant as b (K -0.02) (11). Additionally, a 
low-melting sulfide-rich metal would remove S very e e fectively from tRe mantle. 
The S, Se, and Te present in the mantle now probably were introduced by the late 
stage bombardment (12). 

The Kilbourne Hole lherzolites are richer in S than most of the BVSP 
xenoliths because, as the high CaO content suggests, a smaller amount of basaltic 
liquid, in which S dissolves, has been removed by partial melting. The Te content 
of the ultramafic xenoliths is in approximate cosmic proportions to the PGE. In 
UM6, the La/Yb ratio suggests that 11.5% basaltic liquid was removed a t  a time 
when the roek was in the garnet stability field ( ZOkb). An original S content in 
fertile mantle precursor of UM6 in cosmic proportions to the observed Te content 
of lOppb yields a basaltic liquid containing 1100 ppm S by partial melting a t  a 
temperature of between 1240 and 1 3 5 0 ' ~  and 20 kb pressure. The abundances of 
PGE and perhaps Au (but probably not Re) in mantle material appear to be 
buffered by their very high Kdts so long as sulfide is present and are apparently 
determined by the three component partition between sulfide melt, basaltic liquid, 
and residual peridotite. Clearly sulfide buffering has maintained the absolute 
abundance and chondritic proportions of PGE in spinel lherzolites over a very wide 
range of S and basaltic liquid depletion. Complete removal of S by as much as 20 
to 25% partial melting may be a necessary precondition for marked depletion of 
PGE in the mantle. 
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Table 1: I n s t n ~ m e n t a l  Neutron h c t i v a t l o n  A ~ ~ o l y s e a  of S u l f i ~ l e n  n61d other  Fe-N1-rich Parttcle-i  
i n  Spincl  U c r z o l i t e  UH6, Kilbourne llole (abundances in pprn except  where marked) 
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