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Introduction: The early differentiation history of Mars is 

relatively unknown [1].  Allan Hills (ALH) 84001 is the only 
available sample of the Martian Noachian crust.  Its ancient ori-
gin thus provides critical constraints on the earliest differentia-
tion history of Mars. ALH84001 has been found to have a very 
old age (∼4.5 to 4.0Gyr)[2], but it has suffered multiple shock 
events from impacts during its history [3], making age determina-
tions difficult to interpret. Our new Lu-Hf and Sm-Nd isotope 
data allow us to demonstrate a crystallization age of 4.086 ± 
0.030 Ga, which is much younger than some earlier age esti-
mates.  We can also demonstrate that the Sm-Nd isotope sys-
tematics are largely controlled by phosphate phases that have 
experienced post-crystallization alteration. 

Results and discussion: A 4-point Lu-Hf isochron defined 
by bulk rock, chromite, orthopyroxene, orthopyroxene-rich frac-
tions, yields an age of 4086 ± 30 Ma (MSWD =2.1), which is 
interpreted as the time of magmatic crystallization.  The initial 
176Hf/177Hf isotope ratio derived from the isochron is 0.279991 ± 
0.000029 (2σ).  Based on isochron initial 176Hf/177Hf isotope ra-
tio, the modeled source 176Lu/177Hf isotope ratio for ALH84001 
is 0.02358 ± 0.00494 (2σ), which is within error of the average 
source 176Lu/177Hf ratio of the enriched shergottites estimated to 
be 0.027 [4-8]. The development of this enriched reservoir in 
Mars is likely similar to processes that produced lunar KREEP 
compositions, which reflect late-stage, incompatible-element-rich 
residual liquids associated with late-stage crystallization of a 
magma ocean. 

The Sm-Nd data of the same sample aliquots analyzed for Lu 
and Hf yield an isochron ‘age’ of 4.262 ± 0.025 Ga (2σ; MSWD 
= 2.2) which is ~175 Ma older than the Lu-Hf age.  Based on the 
strong correlation between Nd concentration and measured 
143Nd/144Nd ratio, we interpret the correlation on the isochron 
diagram to reflect mixing between OPX and phosphate phases 
that dominate the Sm and Nd budgets. Since phosphate phases 
are easily altered and contain the majority of Sm and Nd in the 
rock budget, any alteration of the phosphate phases where Sm is 
fractionated from Nd may significantly change the slope of an 
isochron. At present, we cannot rule out this possibility and so 
we do not apply any chronologic significance of the Sm-Nd data. 

In order to assess the igneous ε143Nd(i) of ALH84001, we 
used the mixing correlation to project to the measured Sm/Nd 
ratio of pure OPX where ε143Nd(i) can range from -0.4 to +2.  It is 
presently unclear if isotope systematics between Sm-Nd and Lu-
Hf are decoupled such that source Sm/Nd ratios are superchon-
dritic and source Lu/Hf ratios are subchondritic. 
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