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Introduction:  Y980459 and QUE94201 (denoted 

Y98 and QUE respectively) are amongst the few mar-
tian meteorites thought to represent bona fide liquid 
compositions [1-4] rather than having formed as a re-
sult of crystal accumulation. They represent potential 
end member compositions for martian basaltic mag-
mas:  Y98 is the most mafic of the shergottites [4], and 
QUE the most evolved [5]. They also share geochemi-
cal characteristics that suggest that they sample a simi-
lar highly depleted mantle reservoir [6,7].   

As examples of liquid compositions, Y98 and QUE 
hold the most potential for providing information on 
martian mantle source regions, magma generation and 
evolution. Although they are of different ages, and 
therefore not cogenetic, they may reflect the range of 
petrogenetic processes and evolution for martian ba-
salts, and thus provide some insight into magma 
production within the martian mantle.  

Attempts to determine the relationship between the 
two types of magmas include petrogenetic models con-
structed using MELTS [8], which suggest that a Y98 
starting liquid can crystallize to a QUE-like  assem-
blage at 1 bar. However, 1 bar experiments have been 
somewhat unsuccessful at replicating this result [9]. 
Previous experimental crystallization studies of Y98 
by our group [10] at 0.5 GPa have produced melt com-
positions approaching that of QUE, although these 
results were complicated by the presence of small, 
variable amounts of H2O in some of the runs owing to 
the use of talc/pyrex experimental assemblies. There-
fore we have repeated the four experiments reported by 
[10], augmented with additional runs, all using BaCO3 
cell assemblies, which are devoid of water, and these 
new experiments supersede those reported earlier.  
Here we report results of piston-cylinder experiments 
at 0.5 GPa simulating equilibrium crystallization, and 
some preliminary fractional crystallization experi-
ments. Equilibrium experiments are carried out using 
the same bulk composition, whereas fractional experi-
ments are performed using a starting material having 
the composition of the liquid from the previous ex-
periment.  

Results: Equilibrium experiments produce a melt 
that is similar to the QUE bulk composition in both 
major and trace elements, although TiO2 and P2O5 are 
less enriched than in QUE. In contrast, the crystallizing 
assemblages differ from QUE’s near-liquidus assem-
blage. Olivine is present in all experiments, whereas 
QUE is olivine-free. Plagioclase is present only in the 

lowest temperature run, and only in small quantities. 
Although pyroxene compositions trend towards the 
ferroan pyroxenes in QUE observed by [5], they are 
not a good match.  Preliminary fractional experiments, 
on the other hand, produce pyroxenes that match more 
closely with those in QUE than with those in Y98 (fig. 
1), but there is no coexisting plagioclase in this pre-
liminary run, and the melt composition is much more 
evolved than QUE, with an Mg# of 27. 

Implications for the martian mantle and basalt 
petrogenesis: Although Y98 and QUE appear to sam-
ple a similar mantle source region, neither equilibrium 
nor fractional crystallization seems to derive a QUE-
like magma from Y98, despite MELTS models sug-
gesting the contrary. Although the crystal cores in 
QUE reflect equilibration with a melt of the QUE bulk 
composition, the sample is a mere 7g and relatively 
coarse grained, possibly biasing estimates of its bulk 
composition.  Additional fractional experiments are 
ongoing, and may yet yield a closer match.  If the 
mismatch in preliminary fractional results holds, how-
ever, QUE may be the result of a lower degree of melt-
ing in the mantle, rather than an anhydrous differenti-
ate of Y98-like melt. Alternatively, since previous ex-
periments containing H2O yielded a better match, H2O 
may play an important role in the evolution of martian 
magmas. 

 
Figure 1: Pyroxene compositions from equilibrium (small 
symbols) and fractional (large open squares) experiments 
compared to literature data for pyroxenes in Y98 (outlined) 
and QUE (gray outline) [1,5]. Equilibrium pyroxenes evolve 
towards ferrous compositions in QUE but are not a match for 
QUE. Preliminary fractional experiments appear to produce a 
better match for QUE pyroxene compositions. 
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