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The apparent overabundance and chondritic proportions of the highly siderophile elements 

(the platinum group elements, Au and Re) in the Earth's mantle have been explained by a model 

of heterogeneous accretion of the Earth involving the late-stage addition of a veneer of chondritic 

material [I]. It is proposed that these observations can also be explained by limited mass transfer 

from core to mantle after core formation and early in the evolution of the Silicate Earth (crust 

and mantle). This model provides an alternative to the late-stage veneer hypothesis which can be 

criticized on the basis that there is no evidence for a contemporaneous veneer addition to the 

Moon. 

The highly siderophile elements appear to be in chondritic relative abundances in the 

Silicate Earth [I]. The Re-0s isotope systematics of peridotites and basalts from the mid-ocean- 

ridges also indicate that the upper mantle has chondritic proportions of these elements [2]. When 

compared to the CI chondrites, the abundances of the highly siderophile elements in the Earth's 

mantle appear to be -300 times depleted relative to Mg. Significantly, even at these abundance 

levels these elements are considered to be overabundant in the mantle, given the conditions of 

accretion and core formation [I]. Simple metal-silicate equilibrium cannot be invoked to explain 

the high concentration of these elements in the Earth's mantle [3]. In addition, Rarna Murthy's 

recent model [4], invoking very high temperature processes, also fails to produce the necessary 

conditions to explain the mantle signature of the highly siderophile elements [5]. Consequently, 

the addition of a late-stage veneer of chondritic material [ l ]  has been widely accepted to account 

for the overabundance and chondritic proportions of these elements. 

Recently, there has been considerable speculation that chemical exchange between the core 

and mantle may have occurred throughout geologic time. Such interactions may have also 

contributed to the development of the D" layer at the base of the mantle. Recent numerical 

models [6], developed to explain the origin of the D" layer, show that it is possible to entrain 

limited amounts of core material in upwelling thermal instabilities. Most of the dense core 

material is left behind by the rising convection cells, however small amounts (51%) of material 

can be entrained from above a stagnant level. These processes may have occurred in the early 

Earth after core formation and during the early evolution of the Silicate Earth and provide a 

mechanism for the transfer of mass from the core to the mantle. Moreover, this process is 

considered to be restricted to the early Earth, when mantle convection was most vigorous, and 

not to have occurred to any significant extent during the Archean and Post-Archean. 
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The core is the dominant repository of the siderophile and chalcophile elements, and the 

Silicate Earth is the dominant repository of the lithophile elements in the Earth. The core is 

considered to have high concentrations and chondritic proportions of the highly siderophile 

elements; it is also considered to have virtually no lithophile elements. Thus, ratios of 

siderophile and chalcophile elements to lithophile elements in mantle-derived samples can be 

used to detect the degree to which there has been material exchange between the core and 

mantle. Basalts and komatiites of Archean to modern age have relatively constant ratios of TilPd 

(-30,000), P/Nd (-70), Mo/Ce (-0.03) and SdSm (0.32); fertile peridotites also have constant 

SdSm and TdPd (there is not sufficient data on the other 2 element pairs). The values of these 

ratios are used to establish the abundance of these siderophile elements in the Silicate Earth. 

The constancy of these ratios demonstrate that throughout the geological record (last 3.5 Ga) 

there is no evidence for significant ( 9 . 1 %  by mass) material exchange between the core and the 

mantle. Ocean island basalts (plume samples) also have similar values of these ratios and 

demonstrate that the sources of these lavas also have not been contaminated by a core 

component. Thus, within the resolution of the geologic record, there is no evidence for 

significant mass transfer from core to mantle. 

It is therefore likely that entrainment of core material in upwelling mantle plumes may 
have introduced the highly siderophile elements back into the mantle in Hadean times. This 

model does not provide a satisfactory explanation for the observed mantle abundances of some of 

the moderately siderophile elements (e.g., Ni, Co, Mo, W). Although their abundances would be 

affected by this addition, their absolute and relative proportions in the Silicate Earth are 

insensitive to the testing of the validity of this model. This entrainment model can account for 

the observed overabundance and chondritic proportions of the highly siderophile elements 

without invoking the addition of a late-stage addition to the Earth. 
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