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Introduction: The 24 nakhlite (clinopyroxene-rich
cumulates) and chassignite (dunites) meteorites have
shared crystallization (1340 ± 40 Ma) and ejection (11
± 1.5 Ma) ages and are thought to comprise the largest
single-origin suite of rocks from Mars [1]. Early
research [2] found dissimilar rare earth element (REE)
profiles in the suite, suggesting unique sources despite
a shared provenance. However, recent studies have
found that nakhlites and chassignites originate from a
single source [1,3]. Previous work has also identified
K2O enrichments in several putative nakhlite parental
melts, possibly from metasomatism of the mantle source
[4-6]. If chassignites originate from the same source,
they will share similar enrichments. Furthermore, the
petrogenesis of the nakhlite cumulate phases are
debated. Some authors find that the olivine and augite
in nakhlites formed from the same magma [1,7], while
others have suggested that either pyroxene or olivine is
xenocrystic [e.g., 4].
No studies addressing the petrogenetic relationship
between the nakhlites and chassignites have offered a
comparison of their parental melt compositions using a
single set of analytical techniques. To resolve possible
petrogenetic relationships between the nakhlites and
chassignites, and to elucidate the formation history of
nakhlite cumulus phases, we are investigating their
parental melt compositions by analyzing the major and
minor element abundances present in melt inclusions in
nakhlites Northwest Africa (NWA) 10645, Caleta el
Cobre (CeC) 022, Governador Valadares, Miller Range
(MIL) 090030, and MIL 090032, and chassignites
Chassigny and NWA 2737. In evaluating each parental
trapped liquid using melt inclusion analyses, we aim to
model the relationship between the nakhlite and
chassignite sources.
Methods: We measured the major and minor
elements of studied melt inclusions with electron probe
microanalysis (EPMA) with the JEOL JXA-8200
Superprobe at Rutgers University, and the JEOL JXA8900 at the University of Nevada, Las Vegas using the
methods outlined in [8]. Glassy phase compositions,
including those containing microlytic minerals, were
averaged using a broad beam (5 μm) to avoid
volatilization. We collected backscattered electron
images and X-ray maps (Ca, K, Fe, Si, Mg) for each
inclusion. Modal abundances were calculated using the
ImageJ software. The parental bulk composition (PBC)
was calculated by averaging the composition by modal
contribution and density of each phase.

Governador Valadares, MIL 090030, MIL 090032,
NWA 2737, and Chassigny contain melt inclusions
hosted in olivine. Rehomogenization effects (the
exchange of cations between inclusion and host) in
olivine-hosted melt inclusions were corrected using the
Petrolog3 software, which requires an estimate for the
initial iron of the melt inclusion (FeOT) that is
representative of the parental trapped liquid (PTL) [9].
We selected high- and low-end literature FeOT estimates
of 28.9 wt.% [4] and 22.2 wt.% [5] for nakhlites. For the
Chassigny FeOT, we selected 20.3 wt.% [10], and 19
wt.% for NWA 2737 [11].
Pyroxene-hosted melt inclusions were found in CeC
022, MIL 090030, and NWA 10645. Reequilibration
between a pyroxene host and its melt inclusion was
corrected with the Rhyolite-MELTS software [12]. We
adjusted the modal abundance of each element present
in the PBC until a pyroxene of the host’s composition
was in equilibrium. The PTL corresponds to the
resultant corrected composition.

Fig. 1: (Right) BSE image of melt inclusion in chassignite NWA 2737.
Phases and modal abundances: Lo. Ca Px = low calcium pyroxene,
47%; Aug. = augite, 5%; Gl. = glass, 48%; Ap. = apatite, 1%. (Left)
BSE image of nakhlite MIL 090030. Gl. = glass, Mic. Px = microlytic
pyroxene.

Melt inclusion petrography: Average nakhlite
melt inclusions are smaller (average 45 μm) than those
found in the chassignites (~100 μm), and are typically
less mineralogically complex (Fig. 1). Nakhlite melt
inclusions usually contain glass, microlytic pyroxene,
and occasionally Fe-Ti oxides. Melt inclusions in
chassignites contain phase assemblages with glass,
orthopyroxene, augite, and frequently kaersutite (Narich amphibole), phosphates, and Fe-Ti oxides.
Parental trapped liquid compositions (PTL): The
chassignite PTL compositions are significantly elevated
with respect to MgO relative to the nakhlite PTL
compositions (Fig. 2). Nakhlite PTLs range from 1.3 to
5.8 wt.% MgO for each inclusion. The PTL of
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chassignite NWA 2737 contains 12.8–13.5 wt.% MgO,
and Chassigny has 8.0–8.8 wt.% MgO. Nakhlite PTL
compositions have more Al2O3 than do chassignite PTL
compositions. The nakhlite MIL 090030 PTL
composition contains 10.2 wt.% Al2O3, while the
Chassigny and NWA 2373 PTLs contain 5.0–7.6 wt.%
Al2O3 (Fig. 2). Nakhlite and chassignite PTL
compositions overlap in MnO and CaO abundances.

Fig. 2: MgO versus Al2O3 diagram containing calculated PTL
compositions for nakhlite and chassignite melt inclusions. MI = melt
inclusion, Ol = olivine, Px = pyroxene. Error bars indicate
compositional range from varying FeOT estimates.

Fig. 3: Total alkali (Na2O+K2O) versus silica diagram for nakhlite and
chassignite PTL compositions. Error bars indicate compositional
range from varying FeOT estimates. Please see the legend in Fig. 2.

The combined amount of Na2O and K2O is usually
lower in the chassignite PTL compositions than in those
of the nakhlites (Fig. 3). The Chassigny PTL
composition contains as little as 0.17 wt.% Na2O and
0.03 wt.% K2O. The NWA 2737 PTL composition
contains as much as 1.8 wt.% Na2O and 0.7 wt.% K2O.
Both nakhlite and chassignite PTL compositions share
similar silica concentrations, with the suite ranging from
basaltic to andesitic in composition (Fig. 2).
Fractional crystallization modeling of an olivinehosted melt inclusion in MIL 090030 revealed the
formation of orthopyroxene and pigeonite, but failed to
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produce the augite cores of MIL 090030 pyroxene.
Fractional crystallization models of one NWA 2737
PTL also failed to produce any clinopyroxene.
Discussion: Chassignite PTL compositions are
typically more primitive (higher MgO) and contain less
Al2O3 and alkali elements than the nakhlite PTL
compositions. Melt inclusions in chassignites contain
amphibole and apatite, which are volatile-bearing
phases, also reported in [3] and [11]. As the chassignite
PTL compositions are more primitive than that of the
nakhlites, but they are otherwise similar in major
element chemistry, they possibly originate from the
same source.
Although all PTLs are chemically similar, the
olivine-hosted PTLs in the nakhlites fail to crystallize
the clinopyroxene that comprises the majority of any
nakhlite. It is therefore likely that nakhlite olivine is
antecrystic, having formed from an earlier magma to be
later entrained in the augite-rich nakhlite magma.
Furthermore, nakhlite and chassignite PTLs share
similar chemistry, but chassignite PTLs cannot
crystallize mineralogy found in the nakhlites. Thus, the
nakhlites and chassignites likely originate from distinct
parental melts from the same source.
While Chassigny contains the most K2O-depleted
melt inclusion, the NWA 2737-hosted melt inclusions
have PTL compositions that largely overlap the nakhlite
PTL compositions in terms of K2O abundances. Alkali
elements can be enriched in melt inclusions due to
boundary layer effects, especially in small melt
inclusions [4,8]. However, melt inclusions in
chassignites are large on average (~100 μm) and should
be
less
subject
to
boundary
layer
enrichments. Chassignite PTL K2O-depletion could
signify that K2O enrichment in chassignites and
nakhlites occurred during crystallization, thus
suggesting that their source is not metasomatized as
K2O enrichment would have occurred after source
melting. It is also possible that the one Chassigny K2Odepleted PTL is not representative of the true parental
melt of Chassigny.
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