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COMPLEX ZONED PYROXENES IN SHERGOTTITE QUE 94201: EVIDENCE FOR A 
TWO-STAGE CRYSTALLIZATION HISTORY. G. McKay (SN4, NASA-JSC, Houston, TX,77058) 
S.-R. Yang, and J. Wagstaff (Lockheed ESCO, 2400 NASA Rd. 1, Houston, TX 77058) 

Introduction. QUE 94201 (Q) is a new Antarctic shergottite [I] that is petrographically similar to 
other basaltic shergottites [e.g., 2,3]. As with them, clinopyroxene was the first mineral to crystallize, and 
thus likely contains clues to the composition of the parent melt and details of the crystallization history. 
We have used the elemental mapping capability of our new Cameca SXlOO electron microprobe to study 
details of the pyroxene zoning patterns in this sample, and have inferred from them that Q underwent a 

dramatic change in growth regime during pyroxene crystallization, 
possibly through migration from a magma chamber to a shallow 
intrusion or lava flow, as suggested for Zagami by [4] . 

Petro~raphv. Q is a coarse-grained basalt composed mainly of 
strongly zoned clinopyroxene and slightly zoned, maskelynitized pla 
gioclase (Fig 1). It also contains abundant whitlockite, less abundant il- 
menite, and mesostasis consisting of fayalite, silica, and feldspar. Other 
accessory minerals include ulvospinel, Fe oxide and pyrrhotite. Some 
pyroxene grains are highly elongate, reaching almost 3 mm in length 
with widths of less than 500 pm. Plagioclase is generally anhedral and 
equant, although some grains are elongate. We infer that Q is a loose 

areas are plagioclase; medium network of (randomly oriented?) generally elongate crystals of Mg-rich 
areas are impact melt pockets; and clinopyroxene, like a framework of jackstraws, whose interstices are 
dark gray areas are pyroxene. filled by Fe-rich clinopyroxene, plagioclase, whitlockite, and mesosta- 

sis. A more complete petrographic description is given by [5], and 
chemical characteristics are discussed by [6]. 

Q contains 1-2mm patches of Al-, Ti-, and P-rich impact glass. One 
such patch, (center, Fig. I), contains a large vesicle. By analogy with 
EETA 79001, the impact glass may. contain trapped Martian atmos 
pheric gases [e.g., 71. Elemental maps reveal that some patches contain 
complex, swirling regions of heterogeneous glass that is incorporating 
melted plagioclase. Enrichments in P and Ti suggest that opaque-rich 
mesostasis is preferentially melted during shock, so that the glass 
probably carries large enrichments of incompatible elements such as Rb 
and REE, relative to the major minerals. Thus, it has great potential for 
complicating the isotopic systematics of this sample. Moreover, the 
glass fills many fine fractures in pyroxene and other minerals through- 
out the section, and thus must be taken into account when investigating 
the chronology of this sample. 

Pvroxene Zoninp. Pyroxene in Q displays very complex zoning, 
which appears to be a combination of normal zoning due to magmatic 
differentiation, sector zoning, and an abrupt change in composition that 
we interpret as evidence for a dramatic change in physical conditions 
during crystallization. This zoning is graphically displayed in elemental 
maps, e.g., Fig 2. The grain in these maps is almost perfectly oriented 
with its long axis (probably c) perpendicular to the plane of the section, 
and shows a series of concentric zones that are very regular near the 

Fig. 2. Al and maps of pyroxene center of the grain, but become more irregular near the rim, where they grain in lower left of Fig. 1 .  Arrows 
indicate traverses plotted in Fig 4. are influenced by sector zoning. The arrows show the locations of three 
Left arrow indicates traverse in Fig 5 .  microprobe traverses. Data from these traverses are plotted in Figs. 4 
Light areas in Al map are plagioclase, and 5. and those in Ca map are whitlockite. 
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The center of the grain (where the traverses start in Fig. 
2) is a small dark square in the A1 map. This pyroxene is 
WO&Q~, and has low A1203 (4.7%, Fig. 4). Systematic 
analysis of Mg-rich pyroxenes located from the elemental 
map revealed no pyroxenes more Mg-rich than this core. 
The square region just outside the dark central core (40- 
100 pn in Fig. 4) is Wo16En55, and has of -1.5%. 

En Fs Then, in the bright band in the A1 map (100-140 pm), the 
Fig. 3. Analyses from traverses along arrows in Fig 2, Wo content jumps to 35 and jumps to -2.4%. The 
plotted in Pyroxene quadrilateral. Open circles are from inside of this band is also the inside of the high-Ca zone 
traverse along middle arrow, which crosses different 
erowth sector than other two traverses. in the Ca map. From the center of the grain to the outside - 

I a of the bright Al-rich band, fe ' remains constant at 33. 
Then, at the outside of the Al-rich band (140 pm), the na- 
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ture of the zoning undergoes a fundamental change. The 

3 fe ', which had been constant to this point, begins to 
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climb. A1 drops sharply back to 1.5%, although Wo does 
not change at this point. Moreover, the nature of the 

- * zoning pattern changes. Inside the outer edge of the Al- 
l'' rich band, zoning is very symmetrical about the center of 
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the grain, and there are few irregularities. Outside the Al- 
rich band, many irregularities develop, e.g., the stringers 
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of Ca-poor pyroxene in the Ca-rich band (Fig 2). More 

lo ls 26 over, new growth sectors develop from the comers of the 
D~stancs ptn 

Fig. 4. Wo, fe '(molar FelFe+Mg), and minor element 
Al-rich band (these are probably the 110 forms). These 

along left traverse in Fig. 2 plotted against sectors (especially the one towards the top of the crystal) 
distance along the traverse. are lower in Ca than the sectors encompassing the faces 
of the band (100 and 010). Analyses along the traverse through the 1 10 sector plot at lower Wo content 
for intermediate Fe/Mg than analyses from the other two traverses (Fig. 3). Moreover, as fe ' increases 
towards the outside of the Ca-rich band, the Cr203 content drops to practically nothing. Finally, the 
pyroxene switches back to a low Ca variety at 240 pm, and continues to evolve to very Fe-rich rim 
compositions. 

Discussion and Conclusions. It is clear from elemental maps, and the quantitative analyses whose 
locations were chosen based on information in the maps, that the pyroxenes in Q developed in two 
distinctly different growth regimes. The cores, out to the outside edge of the Al-rich band, grew in an, 
orderly fashion. Although there are abrupt changes in Wo and minor elements (the latter probably in 
response to the former), fe ' remains essentially constant, and it is clear that these cores had plenty of 
opportunity to interact with the melt, and were probably in a regime with a high melt/crystal ratio. 
Outside the Al-rich band, growth was much more chaotic, possibly more rapid, and a limited volume of  
melt was available, leading to extensive fractionation of Cr and fe '. We see two possible explanations for 
the dramatic change in conditions. Most likely, it represents a change in the phyiical location of the 
magma from which the crystals were growing, such as migrstion from a magma chamber to a shallow 
depth or eruption into a lava flow, as suggested for Zagami pvoxenes by [4]. However, nucleation of a 
second phase, such as plagioclase, from a supersaturated melt could also lead to sudden A1 depletion, 
rapid acceleration of crystallization and a rapid reduction of the melt/crystal ratio, leading to strong 
fractional crystallization zoning. On balance, we favor the first hypothesis because the texture of the 
feldspars is not suggestive of supersaturation and rapid growth. 
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