
LPS XXVII 559 

ACCRETION AND EARLY HISTORY OF THE EARTH: CONSTRAINTS IMPOSED BY 
NI AND CO ABUNDANCES IN THE EARTH'S MANTLE. A. Holzheid and H .  Palme, Universiat 
zu Koln, Mineralogisch-Petrographsches Institut, Ziilpicherstr. 49b, 50674 Koln, Germany. 

The distribution of siderophile elements between the Earth's metal core and its silicate mantle provides 
information on the core forming process and thus on the early hstory of the Earth. Here we examine the 
behavior of Ni and Co during core formation. The Ni/Co-ratio is useful because both elements have similar 
cosmochemical volatility and occur in the same oxidation state (+2) in silicate melts. A major difference is their 
affinity to metallic iron leading to ten times higher metal-silicate partition coefficients for Ni compared to CO at 
around 1400°C and a pressure of one atmosphere. Recent determinations of metauliquid-silicate partition 
coefficients at high pressures show that separation of metal from liquid silicates withn the pressure range of the 
upper and probably also lower mantle cannot produce the observed chondritic Ni/Co-ratio in the Earth's mantle. 
This favours inhomogeneous accretion models. In addition, late Earth forming planetesimals must have been 
undifferentiated, differntiated objects have low Ni, Co mantles. 
In Fig. 1 NiICo-ratios of various terrestrial rock types and of chondritic meteorites are plotted against their Ni 
contents. Upper mantle rocks are depleted in Ni and in Co by a factor of five relative to chondrites, but have 
essentially chondritic Ni/Co-ratios. The two major planetary fractionation processes (i) metal separation and (ii) 
silicate partial melting will disturb chondritic Ni/Co-ratios. Partial melts from the mantle have, with increasing 
degree of fractionation, increasingly lower Ni contents and lower Ni/Co-ratios (Fig. 1). The comparatively high 
Ni and Co contents of the upper mantle and their chondritic ratio reflect the primitive nature of upper mantle 
rocks with respect to silicate partial melting. The lower than chondritic abundances reflect metallsilicate 
fractionation. Core formation models include: (i) Models with global core/mantle equilibrium. Identical metal- 
silicate partition coefficients for Ni and Co are required for these models. However, core formation may have 
occured at P,T-conditions where partition coefficients are very different from those at one atmosphere, e.g. [1,2]. 
(ii) Inhomogeneous accretion models where Ni and Co were added with a late chondntic component after core 
formation had occurred [3,4,5]. Other models, e.g., inefficient core formation [6] or models with metal-silicate 
equilibration contemporaneous with accretion [7] have difficulties in satisfying the Ni/Co-constraints. 
In the past several years new experimental data on the pressure and temperature dependence of Ni and Co 
metallsilicate partition coefficients were obtained [8,9,10,11,12,13,14]. Result of various experimental 
determinations were recalculated to a common temperature of 1500" C and an oxygen fugacity of IW-2.3 1141. 
These recalculated Ni metallsilicate partition coefficients vary, in the pressure range of the upper mantle, from 
200 to 7000 whle  the corresponding partition coefficients for Co range from 70 to 1000. Results of experiments 
where both. Ni and Co partition coefficients, were simultaneously determined are shown in Fig. 2. To establish a 
chondritic Ni/Co-ratio in the upper mantle requires a ratio of one, as indicated in Fig. 2. 
Thus equilibrium between metal and liquid silicate within the pressure range of the upper mantle and probably at 
greater depths will not produce a chondritic Ni/Co signature in the Earth's mantle. These results exclude metal 
separation from a shallow (and probably also deep) magma ocen. They are particularily relevant for models 
where accretion occurs through successive capture of small planetesimals. The last 20% of these planetesimals in 
the accretion sequence of the Earth must have been undifferentiated, contrary to suggestions of, e.g., 1151. 
Differentiated planetesimals, reflecting low P and low T equilibria, would inevitably contain low Ni and Co, and 
much lower than chondritic Ni/Co ratios in their silicates. Numerical calculations show that the metal cores of 
these planetesimals will, on entering the Earth, not equilibrate with the silicate fraction of the Earth 1161. The 
Earth's mantle will thus carry the signature of the low-Ni, low-Co and low-Ni/Co mantles of the individual 
planetesimals that contributed to the growth of the last 20% of the Earth. 
Undifferentiated, oxidized planetesimals as late accreting components to the Earth are not unreasonable. 
According to Wetherill's model [17] the later accreting planetesimals are more likely to be derived from the 
asteroidal belt than from the local feeding zone. These late accreting bodies should have had enough time for 
heating and core formation. If, however, " ~ 1  is the predominant heat source for planetary differentiation, 
accretion of planetesimals in the asteroidal belt may not be fast enough to allow heating by "~1. According to 
Grimm and McSween [IS] the accretion time is proportional to the &stance from the Sun. This last 
undifferentiated, asteroidal accretion component is probably also oxidized and volatile rich, assuming some 
stratification of the asteroidal belt, where volatile element contents increase with increasing distance. 
There are indications that Ni and Co partition coefficients between metal and lower mantle minerals are lower 
than those involving metal and silicate liquid. Equilibria between liquid metal and lower mantle minerals could 
conceivably produce the observed upper mantle Ni and Co contents and the chondritic Ni/Co-ratio. It is, 
however, difficult to envision core formation models where high pressure equilibria dominate. 
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Figure 1: NiICo vs. Ni in terrestrial rocks and in chondrites (data [19]). 
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Figure 2: Pressure dependence of NiJCo metal-silicate partition coefficients 
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