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Introduction: Lentz et al. [1] argued that zoning
trends in light lithophile elements (LLE) in pyroxene
in Shergotty and Zagami are evidence for the de-
gassing of magmatic water. We tested this inference by
obtaining: additional LLE analyses of Shergotty and
Zagami pyroxene; analyses of Pasamonte pyroxene;
and silicate and phosphate partition coefficients for B
and Li for martian magma and mineral compositions.

Analytical Details: Phases in natural samples and
experimental charges were analyzed by electron mi-
croprobe for major and minor elements, and by ion
probe for the LLE, using the Cameca SX-100 electron
microprobe at the Johnson Space Center (JSC) and the
Cameca IMS 4f ion probe at the University of New
Mexico (UNM), respectively. Ion probe analyses of
experimental charges included 7B, 11Li and 30Si.
Analyses of natural phases also included 9Be for Za-
gami and Pasamonte, and 9Be, 42Ca, 48Ti and 140Ce for
Shergotty. Other analytical details are as described in
[2]. LLE standards for ion probe analyses were assem-
bled from several sources, including Dr. Jeff Ryan
(USF); many of these are the same as used by [1]. A
homogeneous apatite grain from the Richardson (Fis-
sion) Mine in Wilberforce, Ontario, Canada, was de-
veloped as a Li and B standard for the analysis of
phosphates.

Experimental Details: Experiments were carried
out in order to determine whether the observed de-
crease in Li and B in pyroxene could be explained by
the uptake of these elements by other minerals. One-
atmosphere, Re-loop gas-mixing experiments were
performed in Deltech furnaces at JSC. A starting com-
position approximating that of QUE 94201 was doped
with lithium tetraborate (Li2B4O7), yielding ~500 ppm
Li and 1600 ppm B. By varying run temperatures, we
were able to grow olivine, pyroxene and plagioclase.
Adding P2O5 enabled the crystallization of merrillite, a
phosphate mineral. Other experimental details follow
[2].

Diffusion of Li and B from melt to furnace gas was
observed, and we quantified this effect through an ad-
ditional series of experiments. Losses of B and Li be-
low the liquidus (~1170°C) are not significant, and the
use of Re loops enabled the homogenization time (at
1300°C), where loss is greatest, to be minimized.

LLE in Shergotty and Zagami: Pyroxene grains
in Shergotty (UNM 411) and Zagami (UNM 991) were
characterized by EMP prior to SIMS analysis. The
Shergotty pyroxenes that we analyzed cover the entire
range of previously reported Fs contents [3]. The Za-
gami pyroxenes that we analyzed cover most of the
previously reported range [3], and appear to include
more Mg-rich (lower Ti) compositions than those
analyzed by [1].

Our results for Li and B in Shergotty and Zagami
pyroxene are compared to those of [1] in Figure 1. Be
(not shown) correlates with Ti in both samples [1] as
expected from its incompatible behavior in pyroxene.
Our results for Shergotty show a slight negative cor-
relation between B and Ti, although the scatter in the
data precludes definitive interpretation. The data of [1]
show a much stronger negative correlation between B
and Ti in Shergotty. Our results from Zagami show a
slight positive correlation between B and Ti, whereas
B from [1], although scattered, is relatively flat relative
to Ti when all points are considered.

The greatest agreement between the two datasets is
in Li vs. Ti.  Both Zagami datasets show a decrease in
Li with Ti, and in Shergotty, the slope of the line-of-
best-fit for our data is nearly identical to that for the
data of [1].  Therefore, our results corroborate those of
[1]: Li in pyroxene undergoes a decrease from early
pyroxene to late pyroxene.

LLE in Pasamonte: Pasamonte is an unequili-
brated eucrite, an asteroidal basalt formed from a
magma derived from shallow depths. No water was
involved in its igneous petrogenesis.

Our results from the analysis of Pasamonte pyrox-
ene show a positive correlation between each of the
LLE and Ti, demonstrating that, under anhydrous con-
ditions, Li, Be and B behave incompatibly with respect
to pyroxene.

Results of partitioning experiments:  D values
for Li and B in pyroxene, plagioclase, olivine, and
merrillite, along with ranges in composition, are given
in Table 1, with results of previous (terrestrial) work
[4,5] for comparison.

The results demonstrate that Li and B are incom-
patible in all of the phases investigated.  Therefore, the
crystallization of these phases cannot account for a
core-to-rim decrease in Li and B in the pyroxene.  This
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is confirmed by the results of the experiments in which
pyroxene major-element zoning reflects the onset of
plagioclase crystallization [2]; in such cases, Li and B
increase or remain unchanged from core to rim.

Implications for magmatic water in martian ba-
salts: We modeled the crystallization of Shergotty and
Zagami and the partitioning of Li and B into the
phases using the D values derived from the experi-
ments (Table 1), and calculate that the pyroxene rims
in both basalts should have 3 times more Li and B than
the pyroxene cores. It should be noted that the scatter
in our data for B in pyroxene for both Zagami and
Shergotty is approximately a factor of three. Modeling
also shows that in order to explain the observed de-
crease (~70%) in Li from core to rim, the DLi for py-
roxene would have to be at least 1.2, a value not sup-
ported by our experimental results, or those of others
(Table 1).

The results of our analyses of natural and experi-
mental samples and modeling of Li partitioning are
consistent with the hypothesis of [1] that degassing of
magmatic water removed Li from Shergotty and Za-
gami as they were crystallizing. Further experimental
work to determine whether Li partitions readily into
hydrous fluids in equilibrium with basaltic melt is re-
quired to prove the validity of this hypothesis.

Boron partitioning has been examined experimen-
tally by Hervig et al. [6]. These authors demonstrated
that D(fluid-melt) for B in basaltic melt (MORB) is
less than one, demonstrating that B is not always
strongly extracted from melts into hydrous fluids at
magmatic temperatures. This result helps to explain the
observed B zoning trends in Shergotty and Zagami
pyroxene: if magmatic degassing occurred, as appears
to be indicated by Li zoning, then B may have been
incompatible with respect to the fluid (i.e. remained in
the melt) and also incompatible with respect the crys-
tallizing phases.
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Figure 1. Li and B versus TiO2 in Shergotty and Zagami
pyroxene.  Cores are denoted by filled symbols.

Table 1. D values from experiments compared with litera-
ture values. The composition of experimental merrillite is
Ca9Na0.1(Fe0.4Mg0.8)(PO4)7.

Mineral Composition DLi DB
Pyroxene Wo19-44Fs17-39 0.20(3) 0.024(9)
Pyroxene[4] Wo52En48 0.20(3) 0.016(2)
Olivine Fo57-51 0.27(1) 0.007(1)
Olivine[4] Fo100 0.15(2) 0.006(2)
Plagioclase Ab15

Ab30-34

0.48(4)
0.37(4)

0.024(5)

Plagioclase[5] Not given 0.23 0.05
Merrillite -- 0.70(1) 0.03(1)
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