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Introduction: The Apollo and Luna rocks and re-
golith samples are coming from the known locations on
the Moon, but these rocks represent only small part of
the lunar surface. Samples from other unsampled parts
of the Moon are represented by increasing group of
lunar meteorites. These meteorites come from unknown
locations on the Moon and were ejected by meteoroid
impacts. Many of these meteorites have features differ-
ent from Apollo samples and they were probably de-
rived from so far unexplored areas of the Moon.

Northeast Africa 003 (NEA 003) is a mare basalt
and basaltic breccia [1]. The lithology we designate
Northeast Africa 003-A (NEA 003-A), which com-
prises the main portion (~75 vol.%) of the meteorite, is
an unbrecciated mare basalt. Adjacent part, Northeast
Africa 003-B (NEA 003-B), is a basaltic breccia (~25
vol%) [2].

Petrography, Mineral and Bulk Chemical Com-
position - Summary: NEA 003-A is a coarse-grained
low-Ti olivine-rich basalt. The rock is showing porphy-
ritic texture of olivine (Fo0+3.19), zoned pyroxene (Ens.
71W0g.38) and plagioclase (Angs.g,),. Undulatory to mo-
saic extinction of olivine and pyroxene crystals indicate
that these crystals have been deformed and presence of
the numerous crack and fractures indicate the intensive
shock processes. All plagioclase is totally converted to
maskelynite. High Mg# (52.6) together with low con-
centration of Al,O3;, CaO, Na,O and K,O of this sam-
ple can be an indicator of primitive character of the
source magma and presence of cumulate olivine. The
presence of cumulate olivine is in good agreement with
petrographic observation, olivine mineral chemistry
and modal composition of NEA 003-A with high abun-
dance of Mg-Fe enriched phases and low plagioclase
content.

NEA 003-A has the lowest and flattest chondrite-
normalized REE pattern among all known mare-basalt
meteorites. Concentrations of incompatible trace ele-
ments of NEA 003-A are very low in comparison with
majority of other lunar basalts. The only known lunar
basalts with comparably low ITE concentrations are the
VLT basalts of Apollo 17 and Luna 24.

Detail petrography, mineral and bulk chemistry
have been previously described in [1].

Microstructures: Microstructure relations among
NEA 003-A mineral phases can provide crucial infor-
mation for understanding the magma evolution and
crystallization with the purpose to define the mode of
magma flow and degree of shock metamorphism. For
this study we used the method of image analysis and
electron backscatter difraction (EBSD). EBSD data for
determining the crystallographic preffered orientation
(CPO) of olivine, pyroxene and ilmenite were col-
lected. The data were collected in manual mode for
quantification of inter-mineral angular relations and in
linescan automatic mode for specification of misorien-
tations of selected mineral grains.

Image processing collected with optical microscope
show a homogenous distribution of minerals within the
sample with no preferred orientation of grains. Misori-
entations of selected olivine, pyroxene and ilmenite
grains were studied in two orthogonal misorientation
profiles for each grain. Acquired misorientation data
(Fig. 1) reveal a small angular deviations within the
internal structure of grains which could be ascribed to
the shock process.

Figure 1.: (left) Orthogonal misorientation profiles for se-
lected grains of olivine and pyroxene. 3D plots show change
in misorientation along profile relative to the previous meas-
urement. (right) Distance (um) versus misorientation angle
(°) plot show change in misorientation along profile relative
to the first measurement.
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CPO data for olivine, pyroxene and ilmenite show no
significant preferred orientation typical for many vol-
canic rock from Earth. This fact together with coarse
grained texture of the sample could be an evidence for
relatively stable magma crystallization conditions and
obviously low influence of a magma flow. CPO data
for each phase are represented in stereographic projec-
tion of main crystalographic plains in Figure 2.

Figure 2.: CPO data for olivine (189 points), pyroxene (251
points) and ilmenite (124 points) are presented in stereo-
graphic projection of main crystalographic plains on lower
hemisphere.

Crystallization Modeling: For calculation of Fo
content of olivine in equilibrium with a whole rock
Mg# [3] we used the TiO, calibrated Kd [4], where
NEA 003-A has a Kd=0,33. Calculated Fo content of
olivine for NEA 003-A Mg#=52,6 is about Fo,;. How-
ever, the highest measured Fo content in the cores of
the earliest formed NEA 003-A olivines (Foy,) is lower
than the calculated Fo content. This fact together with
unusually high modal portion of olivine and some
above mentioned geochemical features indicate the
presence of cumulate olivine and his accumulation in
the parental magma.

Before crystallization modeling we had calculated
the portion of cumulate olivine (equiliblium Fo con-
tent=measured Fo content). This olivine portion (10%)
was removed and the bulk composition of NEA 003-A
was recalculated. The recalculated bulk-rock composi-
tion was modeled using the PELE software based on
the algorithms and database of [5,6]

The results of low-pressure (1bar) models of crys-
tallization sequence for equilibrium and fractional crys-
tallization provide good and consistent datasets. Mod-
eling started with a liquidus temperature of 1327 °C
and oxygen fugacity equivalent to Iron-Wustite buffer.
Comparing both models, fractional crystallization pro-
vides better results which with conspicuous agreement
between predicted and observed compositional ranges
of majority of mineral phases. The low-presure model
of fractional crystallization for recalculated NEA 003-
A bulk-composition predict that chromian-spinel crys-
tallized as a first phase from a cooling liquid at 1327
°C, followed by olivine (Fo;3) at 1241 °C, pigeonite
(En;1, Wog) at 1171 °C, clinopyroxene (Engs, W0y) at
1130 °C and plagioclase (Ang;) at 1148 °C.

Predicted and observed compositional ranges of
mineral phases are very similar, excluding the plagio-
clase where bigger difference can be registered (ob-
served Ang,.q,, predicted Angggg). This difference is
possible subsequence of the shock processes and com-
plete conversion of plagioclase to maskelynite.

Possible lunar source areas: Using global remote
sensing data from Lunar Prospector gamma ray spec-
trometer [7] and from Clementine spectral reflectance
[8], these data can indicate several possible source ar-
eas for NEA 003 A. Most recently determined Ar/Ar
age for NEA 003-A described in [9] is 2.377+0.04 Ga
(25). NEA 003-A thus represents a very young lunar
low-Ti olivine rich basalt. In respect to the young age
of the meteorite we can specify the possible source
areas: Oceanus Procellarum, Mare Imbrium and central
(younger) part of Mare Serenitatis, where the longer
active volcanic activity is considered [10].
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