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THE DEPLETION OF W IN THE EARTH'S PRIMITIVE MANTLE, A 
STUMBLING BLOCK FOR HIGH TEMPERATURE EQUILIBRIUM CORE 
FORMATION?; H.E. Newsom, P.D. Noll, Jr., and, S.A. Maehr, Institute of Meteoritics, Dept. 
of Earth and Planetary Sciences, University of New Mexico, Albuquerque NM 87 13 1, K.W.W. 
Sims, Dept. of Geology and Geophysics, Berkeley CA. 

Murthy [I], suggested that high temperature equilibrium between metal and silicate in the Earth could 
explain the siderophile element depletion pattern in the Earth. Although some of the detailed thermodynamic 
calculations have been shown to be flawed, the concept has prompted several experimental efforts to test the 
hypothesis [2,3]. Walker et al. [2] confirmed that some elements have decreasing metal partition coefficients 
with increasing temperature, but the work of Hilgren and Drake [3] has provided contrary evidence for the 
element W. The key question is whether the measured partition coefficient is consistent with the observed 
depletion of W in the Earth's primitive mantle. We have more than doubled the amount of data for terrestrial 
samples, with the addition of data for lower crustal xenoliths [4], island arc volcanics [5] and continental arc 
samples [5]. The new data con fm earlier results for the depletion of W in the Earth's primitive mantle, but 
provide much greater confidence in the observed depletions. 

The available data for W in terrestrial samples is plotted in Figure 1, using Ba (barium) as a normalizing 
element. The constant ratios of W and Ba in oceanic mantle derived samples strongly suggest that these 
elements have the same highly incompatible geochemical behavior during igneous fractionation. The 
determination of the W depletion in the Earth by Newsom and Palme [6] was based only on the data for the 
oceanic mantle derived samples and mantle nodules. A major question remaining was the abundance of W in 
the continental crust, which is a major reservoir for incompatible elements. Initial work on the ancient 
continental crust [7], suggested that the ancient continental crust was somewhat enriched in W relative to Ba, 
causing us to increase estimates for the abundance of W in the primitive mantle. Our recent data on the 
youngest continental crust, including intracontinental volcanics, however, indicates that this reservoir is more 
depleted in the WDa ratio. We have combined this data using the following procedure: 1. The average value 
and the standard error in log space was determined for the WDa ratios in the ancient continental crust, the 
young continental crust, and the depleted mantle. 2. The biggest uncertainty in obtaining a total continental 
crust composition is the amount of ancient crust compared to the total crust, for which estimates range from 90% 
down to 70%. 3. The continental crust is then combined with the data for the depleted mantle, taking into 
account the possibility that the depleted mantle could be either the entire mantle, or just the upper mantle. Our 
final range for the W/Ba ratio in the Earth is from 0.00157 to 0.00268. 

In order to calculate the depletion relative to chondrites we have evaluated the W/Ba ratio in chondrites. 
The data is quite limited, as seen in Fig. 1. The W/Ba ratios for the chondrites are normalized to the MgfFe ratio 
of the chondrites compared to CI chondrite abundance's. In addition, a correction for the MgFe ratio for the 
Earth has been added to the chondrite W/Ba ratios to account for the slightly greater Fe content of the Earth. 
The resulting range of possible depletion factors for the Earth is then calculated to be from 0.032 to 0.066, or a 
range of depletion factors from 31 to 15. This result is in close agreement with the earlier estimate of Newsom 
and Palme, [6]. Therefore, the discrepancy between the trend of the experimental partition coefficients for W 
and the observed depletion of W in the Earth is unlikely to be explained by an error in the observed depletion. 

Conclusions The depletion of W in the Earth is now well established based on data for the major 
reservoirs accessible to study. The depletion of W is also consistent with the stepped depletion pattern for the 
primitive mantle which provides evidence against a simple explanation for the siderophile element depletion 
pattern in the Earth by equilibrium metal-silicate partitioning [8]. Additional improvements to the depletion 
factors for W can be made, with more data for samples derived from the depleted mantle, and with a better 
understanding of the relative amounts of ancient and young continental crust. Additional data for different 
chondrite groups will also be desirable. 
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W/Ba ratio versus Ba for chondrites and terrestrial samples 
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Figure 1 
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