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Palladium Isotopic Composition of the Earth: Late Veneer vs. Magma Oceans
Mayer, B. (FSU, NHMFL) and Humayun, M. (FSU, NHMFL & EOAS)

Introduction 

The abundances of highly siderophile (metal-loving) elements (HSEs, e.g., Ru, Pd, Au) in the Earth’s mantle are too high to be explained by formation of the Earth’s core. Two distinct hypotheses exist: (1) the mantle was initially devoid of HSEs but was re-supplied by late accretion of a chondritic veneer; (2) a largely molten mantle (a.k.a. magma ocean) equilibrated with the core under physical conditions more extreme in P and T than those of the experiments used to understand core formation [1]. The distinct Ru and Pd isotopic compositions of the Earth and various chondritic meteorites provide an important clue to investigate late accretion. Because of the low abundances of Ru and Pd in mantle rocks, the Earth’s isotopic composition has been approximated in previous studies by reagent grade Ru and Pd of unknown provenance. Here, we analyzed Pd from ores to better constrain if isotopic variability exists within the Earth driven by core-mantle interaction or late accretion.
Experimental


The global Pd supply is dominated by ores, principally from the Noril’sk intrusion of the Siberian Traps, a body previously shown to have experienced later core-mantle interaction. Accordingly, we analyzed samples from Noril’sk, Russia: taimyrite, (Pd, Cu, Pt)3Sn; arsenopalladinite, Pd8(As, Sb)3; cabriite, Pd2SnCu; and massive sulfide ore, WMS-1, from the Wellgreen intrusion, Canada; Hollingworthite, (Rh, Pt, Pd)AsS, Fox Gulch, Alaska, to represent the mantle not known to be affected by core-mantle interaction. Palladium isotopic compositions were determined at the NHMFL [2].
Results and Discussion
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New Pd isotopic compositions for terrestrial minerals are shown in Fig. 1. A few initial analyses of cabriite appeared to deviate from the terrestrial mean Pd, and were repeated with a brighter Pd ion beam that did not confirm the presence of any deviations (Fig. 1). The two different sources of the HSEs sampled in this study (Noril’sk vs. others) do not exhibit resolvable isotopic differences (Fig. 1). Core formation models without a magma ocean imply that 99% or more of today’s Pd in the mantle would originate from the late veneer. Such an input would translate to 110Pd in the mantle of +0.59, a factor of ten higher than allowed by the error bars. This establishes a limit of <0.001% by mass of CV-like chondritic material to the mantle, an order of magnitude lower than expected from the late veneer. Our new data support recent models [3] that found much less siderophile Pd (Kd ~<103) behavior, which would explain the observed Pd concentration without the need of a late veneer.
Conclusions

The new Pd isotopic composition for terrestrial ores from sources with contrasting relationships to the core and mantle exhibit isotopic homogeneity, inconsistent with late exogenous chondritic veneer.
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Fig.1 Palladium isotopic composition (104Pd vs. 110Pd) of terrestrial ores (this study), C chondrites (Allende, CV3 and metal of Gujba, CBa) and the IVB iron meteorites [2]. Small symbols are Pd isotopic compositions run at 300 ng/ml, and large symbols are replicates performed at 500 ng/ml. Gray APS is a reagent standard for internal reference. The epsilon notation is the deviation of the isotopic ratio of the isotope (110Pd or 104Pd) to 105Pd, in parts per 10,000.












