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     Introduction: Martian basaltic meteorites (shergottites) 

are clearly derived from the martian mantle.  Nevertheless, it 

is likely that they have had some interaction with crustal 

materials on their ascent to the surface.  Therefore, in order 

to investigate the geochemical evolution of the martian man-

tle, parameters that are minimally affected by crustal interac-

tions must be considered.  Below we discuss some of the 

characteristics of the shergottites that can be used to con-

strain reservoirs and processes in the mantle.  We will focus 

on incompatible-element ratios and isotopic compositions of 

samples with high Mg/Fe ratios.  These element ratios and 

isotopic compositions are not strongly influenced by interac-

tions with the crust, and samples with elevated Mg/Fe ratios 

are likely to be in equilibrium or near equilibrium with the 

mantle. 

     Relevant characteristics of basaltic meteorites: The 

compositional variability of the shergottite suite has been 

well documented [e.g. 1-2].  In summary, the shergottites 

have a range of compositions defined by two end-members 

with intermediate compositions falling on simple mixing 

lines between the end-members.  The first end-member, 

usually termed “depleted” is characterized by low 

LREE/HREE ratios (light REE element depleted patterns), 

unradiogenic initial Sr isotopic compositions, and very radi-

ogenic Nd isotopic compositions.  These samples are charac-

terized by large positive 142Nd isotopic anomalies of +0.8 to 

+0.9 epsilon units.  The REE and isotopic systematics indi-

cate that these samples are derived from an ancient source 

that is highly depleted in incompatible elements.  The other 

end-member is characterized by higher LREE/HREE ratios 

(flat to slightly enriched REE element patterns), highly radi-

ogenic initial Sr isotopic compositions, and moderately un-

radiogenic Nd isotopic compositions.  These samples are 

characterized by small negative 142Nd isotopic anomalies of -

0.2 epsilon units.  The REE and isotopic systematics indicate 

that these samples are also derived from an ancient source, 

but one that is moderately to highly enriched in incompatible 

elements.  It is important to note that several individual sam-

ples from each end-member have high Mg/Fe ratios, and in 

some cases, have been argued to represent near primary man-

tle melts [3].  This indicates that the REE and isotopic sys-

tematics of the shergottites originates in the martian mantle.  

There are no correlations between these parameters and 

Mg/Fe of the bulk rock, minerals, or other crystallization 

indices, indicating that differences in REE, Sr, and Nd iso-

topic compositions in the shergottite suite are not produced 

by differentiation of primary magmas in the crust [4].  Thus, 

these parameters likely constrain the composition, geochemi-

cal variability, and age of martian mantle source regions. 

     Age of mantle source regions: The Rb-Sr and Sm-Nd 

isotopic systematics of the martian basalts define mixing 

lines.  Interestingly, the ages derived from both isotopic sys-

tems are concordant, suggesting these ages record a geologic 

event.  Using the Rb-Sr systematics alone, [5] argued that 

this event was differentiation of the silicate portion of Mars 

at ~4.5 Ga.  The 142Nd-143Nd mixing line refines this age to 

4525±24 Ma [2].  However, the fact that the clinopyroxene 

cumulates (nakhlites) do not lie on the 142Nd-143Nd mixing 

line makes interpretation of the Sr and Nd isotopic systemat-

ics in a global context more difficult.  Interpretation of the 

isotopic systematics of the martian meteorites is further com-

plicated by the observation that the nakhlites and shergottites 

have vastly different 182W isotopic anomalies ranging from 

approximately +0.6 in the shergottites to +3.0 in the nak-

hlites [6].  This clearly demonstrates that the two groups of 

meteorites are derived from ancient, but separate sources.  

The most conservative interpretation of the 142Nd-143Nd mix-

ing line is therefore that it represents the age of source for-

mation of the shergottites.  It is not unreasonable to expect 

these samples to be closely related given the similarity in 

their crystallization ages and the simple mixing relationships 

they demonstrate [1-2, 4,5].   

Interpretation of the 182W data is less certain.  Be-

cause Hf-W are partitioned most efficiently between metals 

(W) and silicates (Hf), one possible explanation is that varia-

tion in 182W reflects temporally distinct interactions of the 

shergottite and nakhlite mantle source regions with the core.  

If so, it implies that martian mantle is isotopically heteroge-

neous and that core formation extracted W unevenly from the 

primordial mantle.  In any case, core formation was very 

early in solar system history occurring around 4550 Ma [6]. 

     Scenario of shergottite genesis:  Symes [4] proposed a 

scenario for the origin and evolution of the depleted shergot-

tites.  Preliminary investigations completed on the enriched 

shergottites appear to demonstrate that this model is consis-

tent with their petrogenisis as well [7-8].  In this scenario, 

the basic isotopic and REE systematics of the shergottites are 

inherited from depleted and highly enriched mantle sources.  

The enriched source is envisioned to be similar to lunar ur-

KREEP and formed as the last crystallization product of the 

martian magma ocean.  Enriched shergottites with high 

Mg/Fe ratios (e.g., NWA 1068) are prime examples of a 

product of this type of interaction.  Variable bulk rock 

Mg/Fe, mineral compositions, and mineral types observed in 

the samples reflect fractional crystallization of mantle de-

rived melts as they traverse the mantle or within magma 

chambers in the crust.  It is important to keep in mind that 

the models will a tolerate small amount of open system be-

havior provided the fundamental REE and isotopic systemat-

ics of the shergottites remain intact.  Thus, crystallization 

may be accompanied by small amounts of assimilation.  This 

may be particularly relevant for highly volatile components 

(e.g. water) in the martian magmas. 
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