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QUE94201, A NEW MARTIAN METEORITE THAT MAY REPRESENT A BULK 
MELT RATHER THAN A CUMULATE FRACTION -- D.A. Kring, J.D. Gleason, D.H. Hill, 
A.J.T. Jull, and W.V. Boynton, Lunar and Planetary Laboratory, University of Arizona, 1629 E. University Blvd., 
Tucson, AZ 8572 1-0092. 

Abstract: QUE94201 is a new mafic achondrite dominated by pyroxene and plagioclase. Petrologic and 
geochemical analyses of a bulk chip (,1 6) and thin-section (,7) indicate the sample is a basaltic gabbro that is related 
to previously described basaltic and lherzolitic shergottites of suspected martian origin. However, unlike the 
cumulate fractions represented by other shergottites, QUE94201 is a plutonic rock that fractionally crystallized in 
what appears (petrographically) to be a closed system. QUE94201 contains more Fe-rich pyroxene and more bulk 
Al, Ti, and P than other shergottites, including lithology B of EETA7900 1, and thus appears to be more evolved. 
However, QUE9420 1 is also more LREE-depleted than other shergottites which suggests it has not assimilated as 
much of the LREE-enriched mantle component thought to have affected the compositions of other shergottites. 

cdherent crystal fabric in the iock. While not evident in 
thin-section, we observed a spherulitic growth of 
plagioclase or a radiating intergrowth of plagioclase and 
pyroxene in our bulk chip; crystals up to 0.5 mrn wide 
and 5 mrn long occur in this bundle. Maskelynite in 
QUE94201 is zoned fiom Ans7 to and contains 
magmatic melt inclusions (as opposed to shock-melted 
pockets) that partially crystallized after being trapped. 
Pyroxene is adjacent to and sometimes enclosed by 
plagioclase. It occurs as euhedral prisms and equant 
cross-sections, but is also anhedral in pockets adjacent 
to plagioclase laths. It is sometimes twinned and 
extensive zonal growth of the pyroxene has produced a 
texture that is transitional to consertal. The pyroxene 
consists of both pigeonite and augite (Fig. 2). Pigeonite 
is normally zoned and forms a continuous compositional 
range from Wo9En60Fs31 to an unusually Fe-rich 
Wo16EnlFsg3. In contrast, augite compositions are 
bimodal and average about Wo30En4sF~25 and, again, 
an unusually Fe-rich, Wo40En2F~58. 

The minor phases in QUE9420 1, particularly in 
regions where the last vestiges of melt were trapped, 
include whitlockite, ilmenite, ulvospinel, olivine, a 
sulfide, and apatite. The olivine is nearly pure fayalite 
(Fag7 to Fagg 7) and has a wt.% FeOIMnO ratio of 47 
which is characteristic of SNC samples. Ilrnenite has 
very little ~ e ~ '  and is uniformly 11mg8-100Hm2-~. The 
composition of ulvospinel is more variable and lnvolves 
several spinel group components. In terms of the 

Figure 1. Backscattered-electron image of QUE94201. Thzs portion 
of the meteorite contains. zoned maskelynite (Mask; AnJ7 to An6&), 
zonedpigeonite (Pig; W O ~ ~ E ~ ~ ~ F S ~ ~  to Wo14En13Fs7~, ilmenite 
(Ilm; Ilm9#mJ, ulvospinel (Usp; UspB,Mtl 3 ,  and whitlockite 
(Whit). The two areas of whitlockite in this field of view are part of a 
single crystal that is at least 2.2 mm long (it is truncated by the edge 
of the thin-section). 

ulvospinel-magnetite solid solution, the grains have 
compositions that range fiom Uspg3Mt17 to Uspg8Mt2, 
but are dominated by These compositions 
are more Ti-rich than those seen in other shergottites 
and seem to reflect lower oxygen hgacities at the same 
or lower temperatures. Whitlockite occurs throughout 
the thin-section, sometimes as 1 rnrn crystals (Fig. 1). 

Abundant melt inclusions in plagioclase, pyroxene, 
and ilmenite, in addition to larger melt pockets 
interstitial to plagioclase, contain moderately siliceous 
to nearly pure silica glass. The glass in the melt 
inclusions contains 54 to 73 wt. % SO2. In larger 
interstitial areas, the Si02 in the glass ranges from 6 1 to 
96 wt. %, although the glass composition is relatively 
homogeneous in any particular area of the thin-section. 
In contrast, the h i o n  crust has only 43.5 wt.% SO2, 
plus 1.8 1 wt. % Ti02, 7.46 wt. % A1203, 6.04 wt.% 
MgO, 24.2 wt.% FeO, 0.63 wt.% MnO, 0.08 wt. % 
Cr203, 0.03 wt.%, NiO, 10.9 wt.% CaO, 1.16 wt.% 
Na20, 0.04 wt.% K20 and 2.77 wt.% P205 (an average 
of 9 analyses of clear glass), which is a sihca-saturated 
basaltic composition. The molar Mgi(Mg+Fe) ratio of 
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the glass is 0.3 1. 
Plagioclase has been shocked-transformed to 

maskelynite and sometimes contains or is surrounded by 
impact melt. The melt pockets are often quite large (up 
to 1 mrn), contain schlieren (particularly of plagioclase- 
rich glass), are brown and sometimes felt- where they 
began to recrystallize. The melt pockets also contain 
rafts of unmelted plagioclase and pyroxene with 
resorbed margins and reaction coronas. The margins of 
pyroxene grains that are adjacent to these melt pockets 
are granulated. Elsewhere in the thin-section, pyroxene 
exhibits mottled extinction, mosaicism, and contains 
multiple sets of planar deformation features. 

Geochemistry: The bulk chip was split for three 
sets of analyses: -250 mg were prepared for major, 
minor, and trace element analyses using neutron 
activation techniques; -1 00 mg were prepared for 
cosmogenic nuclide analyses to determine the terrestrial 
age of the meteorite; and -100 mg was prepared for 
noble gas analyses. The cosmogenic nuclide analyses 
are not yet complete, so they will not be reported until 
the meeting. The results of the noble gas analyses are 
presented in a companion abstract [3]. Preliminary 
INAA results indicate that the bulk Fe/Mn, FeISc, 
AVGa, and K/La ratios are 4 1 , 4  1 10,2230, and 1240, 
respectively, consistent with the ratios measured in other 
shergottites. In addition, the absolute abundances of 
several major elements are grossly similar to those in 
other shergottites: 18.3 wt.% FeO, 0.44 wt.% MnO, 10.5 
wt.% CaO, 1 1.1 wt.% A1203 and 1.7 wt.% TiOZ The 
relative and absolute abundances of bulk REE in 
QUE94201 are clearly the product of some of the same 
processes that affected other shergottites, but the HREE 
are slightly more enriched than in other shergottites and 
the LREE are much more depleted (Fig. 3). 

Interpretations: The mineral assemblage, mineral 
compositions, textures, and bulk composition of 
QUE94201 indicate it is a basaltic gabbro with 
shergottite affinities. These data also indicate it is a 
plutonic rock that kactionally crystallized in what 
appears (petrographically) to be a closed system. The 
magma cooled slowly enough for the gabbroic texture to 
develop, yet fast enough to prevent pyroxene from 
equilibrating and interstitial glass fiom devitrifying. 
QUE94201 contains numerous melt inclusions and 
abundant interstitial melt pockets, suggesting that most 
interstitial melt was trapped in the rock rather than being 
removed during the crystallization process. 
Consequently, the bulk composition of QUE94201 
should represent a bulk melt rather than a cumulate 
fraction. It is not surprising, then, that QUE94201 is 
more aluminous than other shergottites and that many 
other elements which are incompatible during the 
earliest stages of crystallization are also enriched (Ti, P, 
and REE). For these reasons, we do not believe the 

higher alumina content of QUE9420 1 indicates it was 
derived fiom a source region that contained more 
alumina than the source region(s) of other shergottites. 
Indeed, despite having more A1203 than any other 
shergottite, QUE94201 still has less alumina than 
terrestrial basalts. This relative deficiency suggests that 
the melt represented by QUE9420 1, like other 
shergottites, was produced from a source region that 
was already depleted in garnet [4,5]. Similarly, the 
LEE/HREE kactionation in this and other shergottites 
suggests a garnet-depleted source region (see a 
companion abstract [5]). However, in contrast to other 
shergottites, the much larger LREEIHREE kactionation 
in QUE94201 indicates it was not as affected by the 
LEE-enriched mantle component that is thought to 
have affected the other shergottites. Consequently, the 
eNd of QUE9420 1 may be higher than that in any other 
shergottite. 
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Figure 2. Pyroxene cornpositrons in QUE94201 (169 analyses) and, 
for comparrson, the range ofpyroxene composrtions that we have 
measwed in LEW88516. 
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Figure 3. Prelimrnary REE abundcmces in QUE94201, normalized to 
CI chondrrfes. For comparison, analyses of hvo basallrc shergottites 
(EE779001B [6] andZagami [7]) and a Iherzolrtic shergottite 
(LEW88516 [8]) are shown. 
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