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Introduction: Two models are presently favored to 

explain the highly siderophile element abundances 
(HSE: including Os, Ir, Ru, Pt, Pd, Re) in terrestrial 
planet mantles during their formation and early evolu-
tion.  In the first model, HSE are extracted into iron-
rich cores leaving the silicate mantles strongly depleted 
in these elements.  In this model, the mantle HSE 
abundances are controlled by the partitioning behavior 
between metal and silicate at variable pressures and 
temperatures within the terrestrial bodies during core 
extraction.  This model has been questioned because 
the generally chondritic HSE ratios and higher than 
expected relative HSE abundances in the Earth’s man-
tle are not consistent with being derived solely from 
equilibrium core extraction [1,2,3].  In the second 
model, after core extraction sequesters more than 99% 
of the HSE present in terrestrial planets, their silicate 
mantles are then reseeded with HSE via late accretion 
of up to 1% by mass of chronditic material [1,2,3].  
This model has been questioned because the timing of 
late accretion and the mechanism that will homoge-
nously mix in the accreted material are not well under-
stood.  To examine this issue further, a suite of 23 
Mars shergottite meteorites, spanning their known 
range in bulk composition, Rb-Sr, Sm-Nd, and Lu-Hf 
isotope variations were measured for 187Re-187Os iso-
topic systematics and HSE abundances [4].  The ad-
vantage of examining Mars for this issue is twofold.  
First, Mars is 10.7% in mass relative to the mass of 
Earth.  Because HSE metal/silicate partitioning 
strongly changes with pressure [2,5], the lower pres-
sures in the Mars mantle relative to the Earth’s mantle 
during core extraction should have resulted in disctinct 
HSE abundances in their respective mantle and hence a 
direct comparison of the estimates of the HSE budget 
for each is a test for the core extraction model.  Sec-
ond, the martian mantle did not completely remix and 
homogenize after early differentation (e.g. [6]), and 
hence, a record of the timing of when the HSE budget 
was set in Mars is likely preserved. 

Results and Discussion: The shergottites show a 
strong correlation between the initial ε143Nd and γ187Os 
in shergottites from approximately +40 and 0 to -7 and 
+15, respectively [4].  These relationships can be 
assessed in models for mixing depleted mantle-derived 
melts with ancient crust, and with assimilation-
fractional crystallization.  These models show that the 
correlation is unlikely to be the result of the 
participation of martian crust. More likely, the Os-Nd 

isotope correlation relates to mixing between depleted 
and enriched reservoirs that formed from a martian 
magma ocean at ca. 4.5 Ga. These models indicate that 
the shergottite endmember sources were generated by 
mixing between residual melts and cumulates that 
formed at variable stages during solidification of a 
magma ocean [4,7].  If so, then the HSE budget for the 
martian mantle was set between the time of Mars 
formation by ≤10 Ma after the onset of solar system 
condesation and the solidification of a global magma 
ocean in the first 100 Ma of planet history [4]. 

The expanded database for the HSE abundances in 
shergottites suggests that their martian mantle sources 
have indistinguishable HSE abundances to the Earth’s 
mantle, consistent with other studies [3,8,9]. The rela-
tively high HSE abundances in both planetary mantles 
likely cannot be accounted for by high pressure-
temperature metal-silicate partitioning at the bases of 
their magma oceans, as has been suggested for Earth. 
This is particulary poignant given the strong differ-
ences in metal/silicate parition coefficients versus 
pressure for HSE and the fact that Earth and Mars must 
have had integrated core extraction at strongly differ-
ent pressures given their strong differences in size.  
This relationship would instead predict strongly differ-
ent estimated HSE abundances for their two respective 
mantles which is not observed. 

Conclusions: The new and comprehensive HSE 
database for shergottites do not support core extraction 
as an explantion for their estimated abundances in the 
martian mantle as they are too large.  Hence an alterna-
tive explanation is that HSE were instead supplied by 
late accretion.  The late accretion must have occurred 
prior to the crystallization of the last martian magma 
ocean and thus within the first 100 Ma of solar system 
history in order to lock in the systematics between 
lithophile and Os isotopes observed for shergottites 
[4].  If heavy bombardment of material continued past 
this time onto Mars, it was not mixed into the interior.  
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