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Introduction: QUE 94201 (QUE) is a basaltic 

shergottite containing subequal amounts of pyroxene 
and plagioclase, the latter having been converted to 
maskelynite by shock (Fig. 1) [e.g., 1-3]. Pyroxene 
occurs as elongate subhedral to euhedral grains up to 
several mm in length. It has extensive and complex 
zoning (Fig 1). Typical grains have Mg-rich pigeonite 
cores mantled by Mg-rich augite, which is in turn 
rimmed by Fe-rich pigeonite that is sometimes rimmed 
by a thin discontinuous layer of hedenbergite.  Grains 
often display sector zoning and complex interlayering 
of augite and pigeonite. This zoning provides a rich 
record of the crystallization of this meteorite, a point to 
which we shall return below. 

 
QUE has special significance among the basaltic 

shergottites because (1) it appears to represent a Mar-
tian magma composition [e.g., 1,2], and thus can pro-
vide valuable clues to magma petrogenesis on Mars; 
(2) it is probably the most reduced of all the basaltic 
shergottites [e.g., 4,5]; and  (3) its isotopic characteris-
tics are the most primitive among the basaltic shergot-
tites [e.g., 6]. Variation in oxidation state among the 
Martian meteorites, combined with systematic isotopic 
variations, may have important implications for the 
redox state of the Martian crust and mantle and the 
overall differentiation of Mars. Thus it is important to 
use multiple means to corroborate the evidence that 
QUE is reduced. In this abstract we use results of crys-

tallization experiments on a synthetic QUE composi-
tion to address specific issues raised above: (1) is QUE 
a magma composition? and (2) how reduced is QUE?  

Experiments: Pre-homogenized beads of synthetic 
starting glass were placed in gas mixing furnaces at 
desired T and fO2, and either held at constant T for 48 
hours or cooled at a specific rate to a desired T, and 
then quenched. Resulting charges were analyzed by 
EPMA to determine the nature, composition, and tex-
ture of the phases present. 

 Discussion: Is QUE a Martian magma? Based on 
the absence of obvious cumulate textures and on the 
subequal amounts of pyroxene and plagioclase, QUE 
has been interpreted as a crystallized melt, whereas 
most other Martian meteorites are enriched in cumulus 
pyroxene [e.g., 1]. 

  
 

The bottom portion of Fig. 2 compares the compo-
sitions of pyroxenes produced during our controlled 
cooling runs with natural QUE pyroxenes. The close 
agreement of most magnesian synthetic pyroxenes 
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Fig. 2. Top: Natural Shergotty pyroxenes (+) compared with 
liquidus pyroxenes from Shergotty crystallization experiments of 
[9] (filled circles). Bottom: Natural QUE pyroxenes (+) compared 
with synthetic pyroxenes from our controlled cooling experiments 
(filled circles). 
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Fig. 1. a) Al map of QUE 94201. Orange areas - plagioclase; 
light blue areas - impact melt pockets; purple areas - pyroxene.  
Field of view ~1 cm. b)-d) Element maps of px grain with C 
axis normal to image. Field of view ~1 mm. Warmer colors 
indicate higher concentrations. 
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with those in QUE is a strong indication that QUE is a 
melt composition. In contrast, the top portion of Fig. 2 
shows that the liquidus synthetic pyroxenes from a 
melt of Shergotty bulk composition are more mag-
nesian than the most magnesian natural Shergotty py-
roxenes [9], thus supporting the idea that Shergotty is a 
cumulate. 

Recently, Kring questioned the evidence for QUE 
being a melt [7]. He noted that the QUE bulk composi-
tion plots in the olivine plotted in the OL-PL-WO-
QTZ system of [8], despite the fact that no early-
crystallizing olivine is observed in the sample. One 
possible explanation for this  seeming conundrum 
could be that the sample was actually be in equilibrium 
with olivine but that mineral was not sampled. Thus, 
QUE would represent a magma minus its olivine. 

Delaney and Dyar [10] presented evidence in the 
form of Fe-Mn-Mg systematics that they interpreted as 
supporting this idea. They showed that QUE pyrox-
enes show increasing Fe/Mn during the early part of 
their growth, and interpreted this as indicating olivine 
resorption.  

Evidence from our crystallization experiments 
shows this interpretation is incorrect. Fig. 3 shows Fe-
Mn-Mg systematics for natural QUE pyroxenes, syn-
thetic pyroxenes from one of our controlled cooling 
experiments, and a model of pyroxene  crystallization 
that uses PX/L partition coefficients for Fe, Mn, and 
Mg from our experiments. Results show, counter to the 
predictions of [10], that Fe/Mn increases significantly 
in the early stages of crystallization and nearly stops 
increasing at high Fe/Mg. Thus, the Fe-Mn-Mg sys-
tematics of QUE pyroxenes do not support resorption 
of early olivine.  

 
Oxidation state of QUE. Another important feature 

of QUE is that it may be more reduced than other Mar-
tian meteorites. Fe-Ti oxide compositions and the 
magnitude of Eu anomalies in QUE plagioclase and 

pyroxene led [1] and [5] to propose that QUE formed 
under lower oxygen fugacities than other Martian me-
teorites [e.g., 1,4]. [4] and [11] suggested oxygen fu-
gacities slightly more than one log unit below IW.  

In a controlled cooling experiment that was at or 
above 0.9 log units below IW at temperatures down to 
900ºC, pure metallic iron crystallized. Because no iron 
is found in QUE, this experiment sets a lower limit of 
IW-1 on the oxygen fugacity under which QUE crys-
tallized.  
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Fig. 3. Fe-Mn-Mg systematics for synthetic and natural QUE 
pyroxenes, and for a model crystallization sequence based on 
Fe, Mn, and Mg partition coefficients from our experiments.
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