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Introduction:  Given the existence of 65 unpaired 

Martian meteorites, we are now in a much better posi-
tion to more meaningfully assess the ranges in bulk 
composition of the major groups.  Since all of these 
specimens are igneous rocks, it should be possible to 
constrain some aspects of the composition and miner-
alogy of their source regions (assuming that the effects 
of crystal accumulation, fractional crystallization and 
assimilation can be taken into account).  This in turn 
should lead to improved models of evolution of the 
Martian mantle, at least for those regions producing the 
magmas represented by the meteorite specimens. 

Magmatic Groups:  At this writing the Martian 
specimens comprise 8 nakhlites, 2 chassignites, 54 
unpaired shergottites and 1 orthopyroxenite (with sher-
gottite affinities).  Among the shergottites there are at 
least three distinct groups based on lithophile trace 
element character (E = enriched, D = depleted and I = 
intermediate), and within each of these there are varia-
tions in indices of fractionation from more primitive to 
more evolved.  The textures of shergottites in each 
category range from aphyric (intersertal, subophitic, 
diabasic, microgabbroic or gabbroic) to poikilitic (P) to 
olivine/orthopyroxene-phyric (OP), which signify dif-
ferences in cooling rate and probably depth (possibly 
ranging from volcanic to plutonic hypabyssal). 

Bulk Compositions:  Determination of representa-
tive bulk compositions of shergottites is fraught with 
difficulties because of heterogeneities in grain size and 
grain distribution.  Aphyric specimens present fewer 
problems, but since those evidently have experienced 
magmatic evolution they are unsuitable for inversion to 
constrain primary mantle souce region characteristics.  
The majority of olivine-phyric shergottites have been 
shown to contain excess early cumulus olivine crystals 
(e.g., [1]), so that bulk compositions of most are more 
magnesian than their parent liquids.  Poikilitic shergot-
tites do not show evidence for such crystal accumula-
tion and may well represent magmatic liquids. 

From a plot of bulk mg versus CaO (Figure 1) for 
shergottites whose compositions have been well-
analyzed from sufficiently representative sample 
masses or clean cutting dust, it can be seen that each of 
the three major trace element groups exhibit a trend 
from very magnesian compositions to more ferroan 
compositions.  In Table 1 the most magnesian (i.e., 
most primitive) liquids for each group have been se-
lected, and the liquidus olivine in equilibrium with 
them calculated using a KD

olivine-melt of 0.355 [2]. 
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Specimen     Group  Texture   mg    CaO  Fa in olivine 
NWA 6342      E           P      0.683  4.06  14.2 [obs 31] 
ALHA 77005   I            P      0.712  3.35  12.5 [obs 25] 
NWA 5789      D         OP     0.661  6.55  15.4 [obs 14] 
 

For depleted shergottite NWA 5789 (and also for 
Yamato 980459) the predicted equilibrium olivine 
compositions are very close to those observed in the 
most magnesian macrocryst cores [3], so that these 
specimens may well be primary magmas from the de-
pleted mantle source.  For both the intermediate and 
enriched shergottites the predicted equilibrium olivine 
compositions are significantly more magnesian than the 
most magnesian olivine chadacrysts [4].  However, 
since ALHA 77005, GRV 99027 and NWA 6342 have 
poikilitic textures (signifying more prolonged and vari-
able cooling histories), it would not be unexpected for 
early-formed olivine crystals to become more ferroan 
by progressive reaction with surrounding melts. 

If the selected shergottites do indeed represent the 
most primitive magmatic liquids for each of the trace 
element groups, then the olivines in their mantle 
sources are predicted have compositions of Fa13-15.  
This range is very similar to that inferred for olivine in 
terrestrial mantle sources of primitive basalts; however, 
the pyroxene in the shallow Martian mantle must be 
much lower in Ca and Al than deduced for Earth. 
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