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Introduction:  Light lithophile element abun-
dances have previously been analyzed in the Martian
shergottites with an aim towards establishing whether
the basaltic parent magmas contained any water [1].
Measured depletions in B and Li between pyroxene
cores and rims in both Shergotty and Zagami were
interpreted as marking a loss of magmatic water be-
tween the time of core crystallization at depth and rim
formation at the surface, post-eruption [1].  Here we
present data that 1) verifies our previous results and 2)
tests our original interpretation further using B isotopic
analyses.

Boron isotopic ratios are affected by the presence
of water because of a link between the coordination
state of B and its phase state.  B bound in silicate min-
erals is tetrahedrally coordinated, while in hydrous
fluids, B favors the trigonal state, particularly under
conditions of increased acidity.  Furthermore, 11B fa-
vors the trigonal state [2].  Therefore, when a melt is in
contact with a hydrous fluid, B will preferentially
move from the melt into the fluid [e.g. 3] and be iso-
topically fractionated in the process.  The fluid be-
comes isotopically heavy while the melt becomes B-
depleted and isotopically lighter.  Thus, we propose to
establish whether there is any shift in isotopic compo-
sition from the cores to rims of the shergottite pyrox-
enes which would be expected from water interaction.

Samples and Methods: To confirm our previous
results, we acquired a different sample of Shergotty
(UNM 409) to measure Li, Be, and B abundances in
more pyroxene cores and rims.  In addition, we ana-
lyzed a section of QUE 94201 (,46) for comparison of
bulk abundances.  QUE has been interpreted as the
most mantle-like (or unenriched) martian meteorite in
the collection, so we were curious to see what its litho-
phile abundance would suggest about the mantle
source contents.  All samples and standards were
cleaned in a 1% mannitol solution before carbon coat-
ing to remove surface B contamination [1].

All measurements were performed on the Cameca-
ims 4f ion probe at Oak Ridge National Lab.  Element
abundances were measured using a 12.5V, 3 nA pri-
mary beam of O- ions with a mass resolution of ~500.
Preliminary B isotopic measurements were made with
a  12.5 V, 15 nA O- primary beam with a mass resolu-
tion of ~1500.  Natural minerals and glasses were used
for standards.

Results:  Lithophile element abundances in the
new Shergotty sample show the same behaviors as we
found previously (Fig. 1).  Core-rim pairs show in-
creases in Be abundance, but decreases in B and Li
abundances towards the rims.  Amount of depletion
varies between grains, but is typically 60-75% for B
and 55-80% for Li.  QUE 94201 displays quite differ-
ent results for lithophile abundances (Fig. 2).  What
difference there is between cores and rims is essen-
tially in the noise of the data.  More striking, though, is
the fact that the abundances of all three lithophile ele-
ments is substantially less than in Shergotty (Figs 1, 2).

Preliminary B isotopic analyses show that pyrox-
ene rims are isotopically lighter than the cores by about
5 per mil.  In addition, maskelynite is about 12 per mil
lighter than the pyroxene rims.  These results compare
well to d11B measurements reported by [4] for pyrox-
ene and maskelynite in Shergotty and Zagami.  We
plan to conduct more analyses on this sample of Sher-
gotty (UNM 409) as well as on our original Shergotty
sample (USNM 321-2) to verify these trends.

Discussion:  The depletion in B and Li concentra-
tions in pyroxenes from the new section of Shergotty
agree with previous results.  In fact, some grains ex-
hibit even greater depletions than we originally found,
particularly in Li.  The variability in the amount of
depletion is most likely an artifact of analyzing closer
or further from the true core of a grain, depending on
where the thin section surface cuts the grain.  But de-
spite the variability, there is a substantial depletion in
the soluble elements concurrent with magma evolution.

The preliminary isotopic measurements support our
original hypothesis.  A hydrous component gradually
exsolved from the magma, incorporating 11B and Li in
the process, and becoming isotopically heavier than the
melt.  The melt then became increasingly depleted, but
isotopically lighter, in B.  Later growth of pyroxene
rims and interstitial plagioclase reflect these changes in
the source magma composition.  Without a hydrous
component involved, it would be difficult to explain
such substantial fractionation of the B isotopes.

An interesting addition to the story comes from the
low and homogeneous concentrations of Li, Be, and B
in QUE 94201.  Previous studies [e.g. 5-7] have shown
that QUE and Shergotty define two ends of a mixing
line for several characteristics (ƒO2, eNd, initial Sr ra-
tios, light REE and trace element abundances, etc.),
with Shergotty's enrichment reflecting either an en-
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riched mantle source or a component of crustal con-
tamination.  Our results suggest a relative abundance
of the light lithophiles is another characteristic of the
"enriched component".  [5] suggested that the higher
oxidation state of Shergotty and Zagami may be attrib-
utable to a hydrous component.  Linking a hydrous
component to the other enriched characteristics agrees
will with our interpretations.  The parent magma of
QUE, then, was never enriched with light lithophiles
nor this hydrous component, resulting in a relatively
depleted and drier magma.  Further insight might be
gained on water in other Martian magmas by analysis
of the light lithophiles in other shergottite meteorites.

Figure 1: Light lithophiles in Shergotty. Graphs
show beryllium vs. boron (A) and lithium (B) in py-
roxene cores (solid symbols) and rims (open symbols)
for our first study (circles) and the current analyses
(squares).  Note clear depletions in Li and B with con-
current increase in Be.
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Figure 2: Light lithophiles in QUE 94201, the most
primitive shergottite.  Both B (circles) and Li (squares)
show minimal depletions from cores (solid symbols) to
rims (open symbols). Overall, all three elements have
remarkably low abundances.
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