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INTRODUCTION

Basaltic volcanism is a fundamental process that has oc-
curred on planetary bodies from the beginning of the solar sys-
tem 4.56 Ga ago, to the present time. Samples of basaltic
systems from numerous planetary bodies (Earth, Moon, Mars,
and asteroids, especially 4 Vesta), and spanning the age of the
solar system, have been identified. As partial melts of plan-
etary interiors, basalts have compositions that are the product
of many physical and chemical factors including the thermal-
dynamic history of a planet, composition and mineralogy of
the planet’s interior, and post-extraction processes (Bence et
al. 1980, 1981). Ultimately, many of these factors are related
to the early origin and evolution of the planetary body. Several
comparative planetology studies have concentrated on the bulk-
rock major-, minor-, and trace-element chemistry of basalts to
understand differences among basaltic systems, the influences
of a planetary environment on a basalt system, and chemical
fingerprints of planetary mantles (Consolmagno and Drake
1977; Stolper 1979; Bence et al. 1980, 1981; Drake et al. 1989;
Goodrich and Delaney 2000). This method works well when
the basalts represent liquids erupted onto a planetary surface
with little loss or gain of material (assimilation and/or cumu-
late processes), when the samples are large enough to be repre-
sentative, and when they are not badly weathered. Other studies
have recognized that the compositions of the silicate phases in
basalts reflect differing chemical and physical conditions of
the melts from which they crystallized, and therefore they are
recorders of the chemical and physical processes of basaltic
magmatism. These studies have demonstrated the usefulness
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ABSTRACT

Many basaltic meteorites are being discovered in old and new meteorite suites including those
from cold- deserts (e.g., Antarctica) and hot-desert environments. It is important to establish the
specific planetary body source. Proven techniques for establishing planetary parentage include stable-
isotopic signatures (especially oxygen), certain elemental ratios in bulk samples, and certain el-
emental ratios in specific minerals. Some of these techniques are expensive, require considerable
sample preparation, and are adversely affected by weathering processes on the parent body or on
Earth. We have been seeking key major and minor elemental ratios (in pyroxene, olivine, and feld-
spar) that can be measured by the electron microprobe on standard thin sections. These ratios may be
preserved in unweathered portions of mineral grains and thus “see through” weathering processes.
In addition, if the sample is too small to provide a representative bulk composition, it may still have
key information recorded in individual minerals. We have found that some of the most useful chemi-
cal parameters are Fe/Mn (atomic) in olivine or pyroxene and the percent anorthite (%An) in plagio-
clase solid solutions. A plot of Fe/Mn in pyroxene and/or olivine verses %An defines compositional
fields that are significantly different for Earth, Mars, Moon, 4 Vesta, and the angrite parent body.
This method may be especially powerful when combined with oxygen isotope data.

of major and minor elements in the silicate phases of planetary
basalts for understanding similarities and differences in a com-
parative planetology context (e.g., Papike 1981, 1996, 1998).

ANALYTICAL TECHNIQUES

Data for this paper were derived in two ways. First, all the
pyroxene data were taken from previously published analyses
of pyroxene grains from planetary basalts (see Papike et al.
2001 for exact references). The second source of data, which
includes all the olivine and feldspar analyses, represent new
data, all collected at the Institute of Meteoritics’ microbeam
facilities using the electron microprobe (EMP). We believe by
collecting all the data under the same conditions by one labo-
ratory, we can ensure consistency of analyses. This approach
allows us to confirm and better define known chemical trends
from comparative planetary mineralogy studies (Papike 1981,
1998), and also to seek out others that will help define plan-
etary signatures of basaltic volcanism.

Olivine and feldspar grains in thin sections were analyzed
to determine their major- and minor-element compositions.
Analyses were made using a JEOL 733 Superprobe equipped
with a back-scattered electron detector, a thin-window energy
dispersive spectrometer, and five wavelength-dispersive spec-
trometers, all controlled by an Oxford eXL II analyzer system.
Olivine analyses were made using an accelerating voltage of
15 kV, a beam current of 20 nA, and a beam diameter of 1 mm.
Feldspar analysis conditions were the same as those for olivine
except that a beam size of 10 mm was used. A beam diameter of
10 mm minimized loss of volatile elements such as Na and K
during feldspar analyses. For olivine, the analytical routine in-
cluded Si and Mg measured on olivine, Cr on chromite, Mn on
spessartine, and Ca on diopside, all from the C.M. Taylor Corp.;


