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Abstract. We report here thereliminary results of an

SEM study of mineralassemblages within vesicles in thevesicles are also not uniform, as previously thought [2].

Ibitira eucrite. The goal of thiswork was toobtain better
constraints orthe origin andrelative timing offormation
of these vapor deposited minerals and thereby to learn ab

by processesuch as flowsegregation. The sizes of the

In
fact, macroscopic examination tfe slab reveals that the
largest vesicle is an ellipsoidane that is ~1.5 cw 0.5
o in size, while the smallest ones approach résolution

the role of volatiles in volcanic processes on asteroids. Oaf the naked eye (~0.01 cm across).

main finding was that thereere essentially four composi-
tional types of vapor deposited minerals in Ibitira vesicle
i.e., Ti-chromites, ilmenites, whitlockites and pure ¢tgs-
tals. These mineral assemblagae most similar tothose
found in the vugs of sombighly recrystallizedlunar brec-
cias. This suggests that the vapor deposited minerals
Ibitira may also have been deposited duringensivether-

Ibitira vesicles in thearea scanned with the SEM
sanged in size from ~200m up to ~2 mm acrosslthough
the majority of themwere~300-500 um in diameter. As
also noted by [2], the vesicle walise mostly lined with
the terminal faces of pyroxene and plagioclase crystals. The
pfagioclase crystalfaces lining vesicle walls appear
smoothly faceted(Fig. 2), whereas thepyroxene crystal

mal metamorphism, which was also responsible for produéaces have distinctly “scalloped”appearance (Figsl-4).

ing the coarse exsolution lamellae in Ibitira pyroxenes.

Introduction. The unbrecciated,
Ibitira is unique inthat it is the only knownvesicular
achondrite [1]. Vesicles in Ibitira comprise ~5-7 vol. % o
the rock [2,3], and their relatively uniform sizes aswheri-
cal to ellipsoidal shapes suggest that thegreformed by
the exsolution of volatilesfrom the parent magma of
Ibitira, and arenot the result ofshrinkage during cooling
[2,3].

Previous studies have noted the presence of vapor
posited minerals (mainly ilmenite, chromitand whit-
lockite) in some of these vesiclgg,3,4]. It is recognized
that studies of the abundancasd chemical compositions
of such minerals may be able to offgossible unique in-
sights intothe role ofvolatiles during volcanic processes
on asteroids. However, there hasfapbnot been anyom-
prehensive effort to systematically characterize rtiineral
assemblages within these vesicles. We hawerefore,
begun an extensivestudy of these minerahssemblages
within vesicles in a slab of Ibitira (dimensions ~9 sn®
cmx 1 cm)that wasrecently acquired bythe FieldMuseum
of Natural History.

Experimental.In this preliminary work, we report on
the initial characterization of these vapor deposit@der-
als by backscattered electron imaging with theiversity
of Chicago low-vacuum scanning electronmicroscope
(JEOL JEM-5800LV) and x-ray microanalysisand digital
chemical mapping with an attachédxford Link ISIS-300
system. The entire Ibitira slalvasplaced in theSEM sam-
ple chamber.The instrument was operated in thelow-
vacuum mode t@void the necessity afarbon-coating the
specimen. We have so far characterized a total ofvE32-
cles in aportion ofthe Ibitira slab(area ~ 9 cA) by sys-
tematically scanning along uniformly spaced line profiles.

Results and discussioithe distribution of vesicles in
the Ibitira slab that we analyzed is nobmogenouswith a
portion of the slab being almostevoid ofvesicles. Addi-
tionally, the boundaries between regions wéhdwithout
vesiclesare quitesharp, indicating that vesiclesay have
been concentrated into certain regions of meggmabody

The coarser low-Capyroxene lamellae appear tbhave

noncumulate eucritesomewhat greater relief than the relatively fine augite la-

mellae. These features of the vesicle walls may Haeen
fcontributed, to some extent, by vapor phase transport and
crystallization of plagioclase and pyroxene components.

Of the 102 vesicles observed with tiEM, only 43
appeared taontain wholly vapor depositedrystals. Fur-
ther, we noted that the majority of these 43 vesides-
tained a single euhedral crystal of one of tokowing: (i)
diganian chromite (Fig. 1), (i) ilmenite (Fig. 2), (iiyhit-
lockite (Fig. 3), and (iv) pure F& (Fig. 4). Titanian
chromite and ilmenite are by far the most commoodtgur-
ring crystals,with chromite occurring in 20and ilmenite
in 14, of the 43 vesicles. Whitlockite was founddocur in
9 of the observed vesicles, while native iron grains are rela-
tively rare(only 3 wereobserved; we note that this is the
first reported occurrence of vapor deposited chgstals in
Ibitira vesicles). Although onlyone compositional type
occurs in mostvesicles thatwere found to contain vapor
deposited minerals, few contained either chromitend
ilmenite or ilmeniteand whitlockite.

X-ray mapping of an ilmenite grairevealed thepres-
ence of atiny zircon crystal growing on thdlmenite
(indicated by arrow irFig. 2), as well adiny whitlockite
and chromite crystals. Only faw vesicles have beex-ray
mapped, so other minerals may occur.

The mineral assemblages in Ibitira appear torbest
analogous to vapor deposited minerals in sdamar sam-
ples (e.g., [5,6]). In particular, we note that vapor deposited
Fe crystals having similar crystal habits to thadeserved
here have been found in recrystallized Apollo 14,ahf 16
breccias [6]. This lendsredence toprevious suggestions
that these mineral assemblages in Ibitira vesicles hzase
been deposited duringecystallization and thermal meta-
morphism [4]. Additionally, textural features suchth®se
evident in Fig. 3 (i.e., the base of the Fe crystal appears to
follow the “scalloped” outline of the vesicle watbmprised
of the exsolved pyroxene crystal), indicate that tagpor
phase deposition in Ibitira vesiclexcurredsubsequent to
pyroxene exsolutionwhich most likely took place during
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subsolidus metamorphic equilibration at ~98D [4]. This been suggested that this vapor phase may be CO gas [2], but
episode of thermal metamorphism most likébflowed an no strict constraintsare asyet available. We hope to ex-
initial period of rapidcooling from magmatictemperatures plore this issudurther by analyzing minorand trace ele-
(required by the presence wésiclesandthe relativelyfine  ment abundances in selected vapor deposited crystals
grain size of <0.2 mm in Ibitira [2,4])andmay havebeen are large enough to be picked from the vesicles.
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ilmenite in the Ibitira matrix are the same tasse reported McKay D. S. et al. (1972PLSC 3rd 739-752.[6] Clanton
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the composition ofthe dominant “carrier” vapomphase Acknowledgments:We wouldlike to thank Fred An-
(i.e., which was responsiblefor transporting the various derson for his helpfuuggestionsand stimulating discus-
elements noted above) ®ill largely unresolved. It has sions.

Figure 1. BSE image of a nest of Ti-chromiterystals Figure 3. BSE image of whitlockite grain (indicated by
within a vesicle. Note the euhedrathapesand growth arrow) in avesicle. The vesicle walls are lined with
lines which are evident on the crystal faces of some of the smoothly facetedplagioclase(darker gray)and exsolved
chromites. The vesicle walls in this regiarecomposed pyroxenes (lighter gray). The scale bar (lower right) is 50
mainly of exsolved pyroxenesyhich have adistinctive pm.

“scalloped” appearance. The scale bar (lower right) is 50

pm.

image of afmenite crystal within avesi- Figure 4. BSE image of apure Fecrystal in avesicle.
cle. The arrow indicates a small bright patch composed of Note that the base of the crystal (at tight-handend in
zircon. The vesicle walls in this regiomre composed of the image) follows the “scalloped” outline of tlexsolved

smoothly faceted plagioclase (dark gray in this image) and pyroxene which constitutes a portion tbe vesiclewall.
exsolved pyroxenes. The scale bar (lower right) igtB0 The scale bar (lower right) is §0m.



