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Summary. The martian meteorite, QUE94201, contains substantial deposits of sulfate 
minerals at the scales of tens of micrometers and smaller. On the fbsion crust, vugs contain 
mixtures of separate Ca- and Fe-sulfate phases as well as aluminosilicate clays and secondary silica. 
In the interior, Ca- and Fe-sulfates occur together along with gel-textured Fe-sulfate/phosphate; 
carbonates are rare or absent. The salt textures suggest origin from low-temperature, oxidizing 
solutions, perhaps transitional to colloidal suspensions, that were strongly dominated by sulfate 
with relatively little carbonate. Distinction of Antarctic from martian alteration effects requires 
further analysis of textural relationships among fbsion crust, mineralized vugs and veins. 

Introduction. The Antarctic meteorite, Queen Alexandra Range 94201 (QUE94201), is a 
recently recognized shergottite that was reported, from macroscopic observations, to contain 
oxidation and evaporite products [I]. We performed a reconnaissance study of QUE94201 to 
determine the state of weathering of the rock and to assess prospects for distinguishing Antarctic 
from martian alteration effects. 
Samples and Methods. Our investigation followed the strategy previously developed for 
secondary minerals in other martian meteorites (see review in [2]). Both interior and exterior 
(fbsion-crusted) pristine chips, as well as a polished thin section, were studied by scanning electron 
microscopy (SEM) and energy-dispersive X-ray spectrometry (EDXS), including direct analysis of 
carbon and oxygen using a thin-window detector. 
Results. QUE94201 contains a variety of different secondary phases and textures that are 
summarized in Table 1 and Fig. 1. The aluminosilicates and silica found on top of hsion crust 
resemble products of Antarctic weathering that have been documented previously in non-martian 
meteorites [3]. (The secondary silica is distinct from primary silica-fayalite intergrowths elsewhere 
in the meteorite.) Both Ca- and Fe-sulfates also are known as Antarctic weathering products of 
stony meteorites [3] but the Fe-sulfates are particularly copious in QUE94201 and seem to be more 
abundant in the interior rather than the exterior. Fe-sulfates occur both as an apparent oxidation 
product in contact relationship with primary pyrrhotite and as more isolated precipitates, especially 
as vein filling in maskelynite. Intergrowths of different sulfates feature consistently euhedral Ca 
sulfate (probably gypsum) in association with Fe-sulfates that vary in morphology and elemental 
composition. One variety of Fe-sulfate is massive and highly fractured (suggesting desiccation of a 
hydrated phase) and typically contains P but not K; a second variety is generally fine-grained and 
contains K, but less often P. The more P-rich sulfates might actually represent a gel-like, mixed 
sulfate-phosphate. Globules of Fe-sulfate trapped within Ca-sulfate (Fig. 1, point H) indicate 
crystallization of the latter phase from a colloidal suspension of Fe-sulfate. The concentric-ring 
morphology of some of the Fe-sulfates (Fig. 1, points LIJ/K) hrther supports a colloid model of 
relatively rapid precipitation at low temperatures where ripening and crystallization was highly 
constrained. Among the various sulfate assemblages, carbonates are conspicuously absent. 

Table 1. Secondary (alteration-product) phases in QUIZ9420 1. 

Phase 
Fe,K sulfate 
Fe sulfate 
Ca sulfate 
Mg phosphate (7) 
Fe sulfate/phosphate (7) 
Aluminosilicate clay 
Silica 

Fusion crust 
(exterior chip 1 1) 

J (incl. P) 

J 
J 

J (incl. S, C1) 
J 

Fusion crust PC)  + Interior 
(polished thin section 8) 

J (w/ Ca-sulfate in vugs in FC) 

J (veins through FC) 

Interior 
(interior chip 24) 

J (with P) 
J (spherules) 

J 

J (incl. Na, C1) 
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Figure 1. Electron micrographs of water-precipitated minerals in QUE9420 1. Top d e :  Back-scattered electron 
image of polished thin section (sample 8) cut through fusion crust (FC). Bottom frame: Secondary- 
electron image of interior, untreated, whole-rock chip (sample 24). Each scale bar is 10 micrometers. 
Separate phases (marked by letters and arrows) are tentatively identified from EDXS data as follows: 
A Silica F Fe sulfatdphosphate J Fe sulfate/phosphate,P>> S 
B Aluminosilicate clay G Ca sulfate K Fe sulfatdphosphate, P *: S 
C Fe,K sulfate, high P H Fe sulfatdphosphate L Fe sulfatdphosphate 
D Ca sulfate I Fe sulfatdphosphate, trace Cl M Maskelynite 
E Silica 
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