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abstraCt

Lherzolitic shergottite ALH 77005 is one of the most primitive martian meteorites. To characterize 
the parental melt of this primitive meteorite, olivine and chromite-hosted melt inclusions have been 
experimentally rehomogenized. The rehomogenization was performed with hydrostatic pressures 
(800–1000 bars) of CO2 + CO gas along with finely powdered graphite at temperatures of 1150–1185 
°C. Equilibrium between the host and inclusion melt was determined based on the lack of zonation 
in the host surrounding the melt inclusion, equilibrium KD values of host and melt inclusions, and 
textures of the melt inclusion. Chromite-hosted melt inclusions, where chromite is poikilitically en-
closed by olivine, contain ~7.5 wt% MgO. This composition most closely reflects the parental melt of 
ALH 77005. The melts trapped in Fo75 olivine contain ~7.1 wt% MgO when brought to equilibrium 
with the host. This olivine-hosted melt inclusion composition has lower SiO2 (~50 vs. 53.9 wt%) and 
higher Cr2O3 (~1.2 vs. 0.2 wt%) and P2O5 (~1.2 vs. 0.5 wt%) than previous estimates for ALH 77005. 
In addition, compared with the chromite-hosted inclusions, the olivine-hosted ones have higher Al2O3 
and lower CaO than can be explained through crystallization of phases known to be on the liquidus. 
This finding suggests that magma mixing occurred between chromite and olivine crystallization or 
olivine-hosted inclusions were contaminated by secondary minerals such as phosphate. Both olivine- 
and chromite-hosted melt inclusions in ALH 77005 have slightly higher Al2O3 than olivine inclusions 
in Chassigny but significantly higher Al2O3 than nakhlites such as MIL 03346 and Nakhla at similar 
values of MgO. 
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introduCtion

The Martian meteorite collection (SNC) has been studied 
extensively for clues to the nature and petrogenesis of igneous 
rocks on Mars (e.g., McSween 1985; Longhi and Pan 1989; Ja-
goutz 1991; Treiman 2003). One way these studies can provide 
information about martian magmatism is by characterizing the 
parental melts of the SNC meteorites. Defining the chemical 
characteristics of these magmas has the potential to provide 
important clues about the interior of Mars, processes involved 
in magma generation, the timing of these processes, and the re-
lationship among the meteorites. However, the SNC meteorites 
comprise both mafic cumulate and basaltic igneous rocks, and the 
methods for determining the parental melt for cumulate and ba-
saltic meteorites differ. For fine-grained basaltic shergottites such 
as Shergotty and Zagami, the quenched glass and phenocrysts are 
believed to have cooled in a closed system (e.g., Treiman 1986; 
McCoy et al. 1992; Wadhwa et al. 1994). Therefore, the bulk-rock 
compositions may represent the composition of the magma that 
erupted. In contrast, minerals present in cumulate meteorites, 
such as lherzolitic shergottite ALH 77005, have separated from 
the parental melt through processes such as crystal settling. The 
bulk rock of cumulate igneous rocks is not generally equal to the 
composition of the parent magma. 

In the quest for parental magma compositions in cumulate 
meteorites, melt inclusions provide an alternative to studying 
interstitial melts, which are not preserved in these rocks. Melt 
inclusions form when melt is trapped by a growing crystal and 
is eventually cut off from the bulk of the magma (Roedder 1984 
and references therein). Therefore, melt inclusions in cumulus 
minerals may provide a window into the crystallization history 
of a cumulate rock by trapping magma at various stages of parent 
magma evolution. If the crystal cools rapidly after entrapment, 
the trapped melt will quench to a glass. However, if the rock 
cools slowly, daughter crystals may begin to form within the 
melt inclusion and material may be added to or removed from 
the host phenocryst. To determine the parental melt compositions 
for cumulate SNC meteorites, several investigators have analyzed 
melt inclusions (e.g., Johnson et al. 1991; Ikeda 1998; Varela et 
al. 2000; Stockstill et al. 2002) through modal analysis of melt 
inclusion phases, defocused beam analysis, or rehomogenization 
using a heating stage. As will be discussed later, these methods 
present problems for slowly cooled igneous rocks and we have 
developed an alternative method for reestablishing crystal-melt 
equilibrium between a crystalline melt inclusion and the host 
phenocryst.

The focus of this study is on melt inclusions in lherzolitic 
shergottite ALH 77005. Based on the Fo content of olivines and 
the Mg number of melts found in the SNC meteorite collection, 
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