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Introduction: Martian basalts can be classified in
at least two geochemically different families: enriched
and depleted shergottites. Enriched shergottites are
characterized by higher incompatible element concen-
trations and initial *Sr/%Sr and lower initial
Nd/*Nd and °Hf/*""Hf than depleted shergottites
[e.g. 1, 2]. It is now generally admitted that shergottites
result from the melting of at least two distinct mantle
reservoirs [e.g. 2, 3]. Some of the olivine-phyric sher-
gottites (either depleted or enriched), the most magne-
sian Martian basalts, could represent primitive melts,
which are of considerable interest to constrain mantle
sources. Two depleted olivine-phyric shergottites,
Yamato (Y) 980459 and Nothwest Africa (NWA)
5789, are in equilibrium with their most magnesian
olivine (Fig. 1) and their bulk rock compositions are
inferred to represent primitive melts [4, 5]. Larkman
Nunatak (LAR) 06319 [3, 6, 7] and NWA 1068 [8], the
most magnesian enriched basalts, have bulk Mg# that
are too high to be in equilibrium with their olivine
megacryst cores. Parental melt compositions have been
estimated by subtracting the most magnesian olivine
from the bulk rock composition, assuming that olivine
megacrysts have partially accumulated [3, 9].

However, because this technique does not account
for the actual petrography of these meteorites, we used
image analysis to study these rocks history, reconstruct
their parent magma and understand the nature of oli-
vine megacrysts.

Our image analysis results are supported by a series
of high-pressure experiments performed on LAR
06319 bulk rock composition to test if it could
represent a primitive melt, and understand its crystalli-
zation history.

Methodology: Element maps (Si, Ti, Al, Cr, Fe,
Mn, Mg, Ca and Na) were acquired with a Cameca
SX100 electron microprobe on thin-sections of LAR
06319 and NWA 1068. Classified images in which
pixels of similar composition are grouped into homo-
geneous classes were created using the MultiSpec and
ImageJ softwares. Pixels counts from each class pro-
vides a modal composition that can be transformed
into a bulk rock composition if composition and densi-
ty of mineral phases are known. Phase composition for
each class were determined either with microprobe
point analysis or by averaging pixels from quantified
element maps. Mg# maps and major element profiles
of megacrysts were also created from quantified maps.

On classified images, olivine crystals were sepa-
rated into four compositional classes. Classes were
progressively subtracted from the modal composition
(starting with the class corresponding to megacryst
cores) to eliminate the effect of crystal accumulation
(Fig. 1).

High-pressure experiments were carried out on a
synthetic bulk LAR 06319 composition [6] with a
piston cylinder apparatus using Pt-Graphite double

capsules.
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Fig. 1. Comparison of bulk rocks and olivine mega-
cryst Mg#. Data from [9] and references inside.

Results and discussion: Our bulk rock composi-
tions are identical within error to those determined by
classical destructive methods [6, 8]. Image analysis can
thus provide accurate chemical compositions repre-
sentative of the bulk rocks. In NWA 1068, terrestrial
carbonate that could not be cleaned before destructive
analysis [8] can be isolated and excluded by image
analysis. Our recalculated NWA 1068 bulk rock com-
position (free from terrestrial carbonate) has a
CaO/Al,O3 ratio of 1.1 identical to the one of LAR
06319 [6] that contrast with destructive analysis results
(CaO/Al,0O3 = 1.4 [8]). This indicates a relatively ho-
mogeneous supra-chondritic ratio of ~ 1.1 for parental
magmas of enriched shergottites (compared to ~ 1.2
for depleted shergottites [5]).

To reach a melt composition in equilibrium (Mg# =
54.6) with the most magnesian olivine (Fo;;) from
LAR 06319 composition, the whole megacryst olivine
has to be subtracted (Fig. 1). However, the most mag-
nesian remaining olivine is Fog, instead of Fos;, indi-
cating that simple accumulation is not a viable process.
For NWA 1068, subtraction of megacrysts is not even
sufficient to reach the equilibrium (Mg# = 50.6) with
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the most magnesian olivine (Fo;4). Hence, it clearly
appears that olivine accumulation cannot account alone
for the observed disequilibrium. The high Mg# of LAR
06319 and NWA 1068 bulk rocks also result from the
high pyroxene Mg#. Previous calculations [3, 9] over-
estimated significantly the quantity of accumulated
Mg-rich olivine present in these rocks, and thus pro-
posed parental melts are probably inaccurate.

Furthermore, megacryst cores of olivine-phyric
shergottites are only slightly zoned (Fig. 2). This ob-
servation is also not consistent with simple Rayleigh
fractional crystallization. Some Fe-Mg re-equilibration
has to be considered, indicating that the most Mg-rich
olivine does not necessarily represent the first crystal-
lized olivine.
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Fig. 2. Forsterite content profiles in megacrysts of
olivine-phyric shergottites Y 980459 [10], NWA 5789
[5], LAR 06319 and NWA 1068 (from Mg# maps).

Analysis of trace elements in megacrysts melt in-
clusions [6, 11] make a xenocrystic origin unlikely.
These results, together with a crystal size distribution
analysis [6] suggest that megacrysts cores crystallized
slowly and continuously re-equilibrate with the melt,
probably in a magma conduit or chamber, while mega-
crysts rims and groundmass olivine crystallized faster
during the eruption. Olivine accumulation cannot be
completely ruled out but our results suggest that mega-
crysts re-equilibration is the dominant process respon-
sible for the observed disequilibrium. LAR 06319 and
NWA 1068 parental melts are probably close to the
bulk rock compositions.

As already discussed, liquidus olivine in experi-
mental run products is slightly more magnesian (Fog,
at 0.5 GPa) than megacryst cores in LAR 06319 (Fo;7).
The first pyroxene to crystallize is an orthopyroxene
with a low CaO content varying from 1 to 1.5 wt %. A
preliminary phase diagram is presented in Fig. 3. The
bulk composition is multiply saturated with olivine and
orthopyroxene, which represent likely residual mantle
minerals at 1.0 + 0.2 GPa and 1445 + 20 °C. A magma
of LAR 06319 composition could have last equili-
brated with the Martian mantle under those conditions.
It is interesting that ol-opx multiple saturation points
were reported at similar pressures for magma composi-

tions of Y 980459 [4] and Gusev basalts [12] inferred
to represent primitive melts. LAR 06319 composition
could also be close to a primitive melt equilibrated at a
depth of 80 to 100 km in the Martian mantle.
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Fig. 3. Preliminary experimental P-T phase diagram.
MSP: ol-opx multiple saturation point.
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