
CORE FORMATION IN THE SHERGOTITE PARENT BODY (SPB). Allan 
H. Treiman*, John H. Jones**, and Michael J. Drake*", *Geology Department, Boston 
University, Boston, MA 02215; **Lunar and Planetary Laboratory, University of Arizona, 
Tucson, AZ 85721. 

Abundances of siderophile and chalcophile elements in the mantles of terrestrial planets 
permit construction of models of chemical processes occurring during planetary accretion and 
core formation (e.g. [I]), although such models for the Earth have been unsuccessful in detail 
[2]. It is unclear if estimated elemental abundances and/or distribution behavior are 
inadequately known, or if unrecognized processes occurred in the Earth, However, estimates 
of the composition of the SPB mantle ([3,4], Fig. 1) provide another relatively oxidized body 
on which to test models of accretion and core formation. 

Abundances of siderophile and chalcophile elements in the Earth's mantle and the SPB 
mantle differ, particularly after adjustment for bulk planet composition. Compared to the 
Earth's mantle, the SPB mantle has lower abundances of strongly siderophile and chalcophile 
elements, has non-chondritic Co/Ni and WIMo ratios, and is not significantly depleted in P. 

As a first approach, we model core formation in terms of equilibrium among solid silicate, 
liquid silicate, solid metal and S-rich metallic liquid, using the self-consistent data set of [2,5] 
for element partitioning. Temperature at 1 bar is taken as 1275"C, above the Fe-FeS eutectic. 
Because the SPB mantle is more oxidizing than the Earth's mantle (no depletion of P, and 
higher Fe/(Fe+Mg) ratio in shergottite basalts than in terrestrial basalts [5]), the partition 
coefficients of [2] must be extrapolated to higher K12. Extrapolation depends on the oxidation 
state of the element in question in the silicates. We use the following oxidation states, based on 
the experiments of 161 and common knowledge: Ag+, A U ~ + ,  co2+, ~ a ~ + ,  $+, M O ~ + ,  ~ i ~ + ,  
p5+, ~ e ~ + ,  and w6+. 

For core formation during homogeneous accretion (no late veneer added), the free 
parameters are: oxygen fugacity (f02); mass fraction of the core (X,); mass fraction of the 
planet that separates as solid metal to the core (X,; the remainder of the core is metallic liquid); 
degree of silicate partial melting (F). For th;moment, let us assume perfectly efficient 
separation of metal from silicate. The mantle abundance of Co is essentially independent of F 
and X,, and constrains the permissible ranges of fD2 and X, (Fig. 2). The mantle abundance 
of P is essentially independent of X, and X,, and defines permissible ranges of f02 and F 
(Fig. 2). X, is inferred from the planetary abundance of S [4]. Interaction of these 
permissible ranges gives a volume in F-X,-f02 space of possible core formation models (Fig. 
3\ 
&I' 

Three such models (Fig. 1; Table) yield good fits to elemental abundances, except for Re, 
Au, and Mo which are predicted at lower abundances than observed. Three possible 
modifcations to the models will match Re and Au abundances: modified partition coefficients; 
inefficient separation of metal from the mantle; or a chondritic veneer. Partition coefficients for 
Re and Au are known to within no better than an order of magnitude [5]; values for silicate 
liquid/S-rich metallic liquid partition coefficients near their upper permissible limits give good 
fits to Au and Re. Trapped solid metal and metallic liquid in the SPB mantle (inefficient core 
formation - see [5]) will also increase the mantle abundances of Re and Au; approximately 
0.75% trapped metallic liquid and 0.005% trapped solid metal are needed. Finally, a chondritic 
veneer of about 0.1% of the mantle's mass could yield an adequate fit to Re and Au, but only if 
the ReIAu ratio is chondritic. A chondritic Re/Au ratio is barely possible (Fig. 1; [4]). 

These modifications do not improve the prediction of the abundance of Mo, and any 
modification along the above lines to fit the Mo abundance produces unacceptable results for 
most other elements. Partition coefficients for Mo are poorly constrained [2,5], and the SPB 
abundance of Mo derives from only one recent analysis (see [4]). Additional analyses of Mo in 
SNC meteorites are needed 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



902 CORE FORMATION - SPB 
Treiman et al. 

The above considerations lead us to conclude that core formation in the SPB may 
approximate mefasilicate equilibrium. The inability of similar models to account for core 
formation in the Earth [2, 51 is now more puzzling, and may indicate differences in either 
accretion andfor core formation on different planets. 
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TABLE 
Values of Parameters of Model 
Calculations shown in Figure 1 

Symbol 1 2 3 

Xc 0.3 0.3 0.35 
Xm/(Xc-X,) 1 .  1. 1.33 
F 0.3 0.4 0.3 
log f 0 2  -12.25 -12.313 -12.125 

Figure 1 .  Abundances of siderophile and chalcophile 
elements in the SPB mantle (horizontal 
scale is elemental volatility). Bars are 
ranges of permissible abundances, based on 
element-element correlations 141. Numbers 
correspond to the models in the Table, and 
are located at the-abundance level predicted 
by the model. 
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Figure 2. Constraints on models of core formation: 

log f02, X, (mass fraction of core); and F 
(degree of partial melting of silicates). 
Unshaded side of each line represents 
conditions for which the mantle abundances 
of that element (Fig. 1 )  are modelled 
adequately. Acceptable models of core 
formation (Table) satisfy constraints from 
compatible elements (Co, Ni) and 
incompatible elements (P, W). Abundance 
of Co is more restrictive than that of Ni; 
model abundances for both elements are 
essentially independent of F. Abundance of 
P is much more restrictive than that of W 
(compare at F=0.3); model abundances of 
both elements are essentially independent of 
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