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Introduction: The origin of the magnesian-suite
(or Mg-suite) of lunar highlands rocks has been
debated since they were first discovered in the early
1970s, and although they have been thoroughly
studied ever since, questions remain regarding their
origin. The Mg-suite is a group of plutonic crustal
rocks defined by its very high Mg# in mafic minerals,
interpreted to be a result of early magmatism during
or after the lunar magma ocean solidification. Several
studies have focused on the composition, origin,
evolution and dating of these samples, however, there
are still gaps in the data collected from these samples
that could be used to further address their origin.

The largest and most pristine Mg-suite samples
were retrieved by the Apollo 17 mission from the
Taurus-Littrow valley and present many textural
similarities among themselves, such as grain sizes,
late entrapment phases, and disequilibrium textures.
Some of these similarities are suggestive that there
might be a co-magmatic origin for many samples
which means that some bias might be present within
the sample collection and research. Most of the
samples have been studied individually and
interpreted individually[1–4]. Therefore, if a
co-magmatic origin exists for some of these samples,
a certain degree of bias may be present in
interpretations. To find whether this is the case, we
are currently revisiting a large subset of Mg-suite thin
section samples from Apollo 17 to obtain new
chemical data of major, minor, and trace element
compositions with focus on inter-sample
relationships. With these data, it will be possible to
perform inversions that will shed light over the nature
of the source melt that formed these rocks, such as it
has been previously done ([1,5]), and together with a
detailed comparison of the textures and chemistry of
the rocks we will be able to identify shared primary
and secondary processes that will allow us to assess
whether these samples share a co-magmatic origin.

Methods: The work will be carried out using
different thin sections from 20 samples of Apollo 17,
encompassing the whole range of Mg-suite rocks that
include dunites, troctolites, norites, and
gabbronorites. Textural analysis is performed via
optical microscope and back scattered electron (BSE)
imaging in both scanning electron microscopy and

electron-probe microanalysis (EPMA). Analysis of
major and minor elements in minerals is done using a
Cameca SXFive FE EMP at the University of Florida
at 15 kV and 20 nA. Trace elements will be obtained
through laser ablation inductively coupled plasma
mass spectrometry, mainly on pyroxene and
plagioclase in the larger samples. Compositional
inversions to calculate parental melt compositions
will be carried out using trace element partition
coefficients that are appropriate for a lunar
environment [6–9].

Mineralogy and textures: There is a very wide
range of textures in all samples and distinguishing the
primary textures from shock and metamorphic
textures can be difficult. Almost all samples are
finely brecciated clasts within lunar breccias.
Exceptions to these are well known samples like
dunite 72415, troctolite 76535, and norites 78235 and
72255. All samples have various degrees of shock,
except for 76535. One of the textural features that are
common to many samples are chromite/two-pyroxene
symplectites, appearing in dunite 72415, troctolites
73146, 73235, 76535, and in norite 78527. The
formation of these symplectites has been largely
debated, with the most current theory being a reaction
between olivine and plagioclase where melt is
involved [3]. Another common occurrence among the
samples is that of evolved phases trapped within
crystallographic edges of the main crystals, usually
entrapments of silica with phosphates, troilite, Fe-Ni
metal, and/or chromite, but similar entrapments of
clinopyroxene and K-feldspar + K-rich melt have
been found in norites. Apatite has been found filling
cracks in dunite 72415 and troilite has been found the
same way in troctolite 73535 and norite 72225.
Clinopyroxene often contains exsolution lamellae of
orthopyroxene in troctolite 73235, and can be found
in disequilibrium as crystalline remnants within
orthopyroxene in troctolites and norites. Exsolution
lamellae of chromite in orthopyroxene can be found
abundantly in norite 72225 and can be found on the
orthopyroxene lamellae of troctolite 73235. Both of
these samples also present an assemblage of
armalcolite ± chromite ± rutile ± ilmenite ±
loveringite ± baddeleyite ± zircon. Apatite is the
dominant phosphate phase for dunite 72415,
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troctolites 73235 and 73416, and norite 78535,
whereas merrilite is the dominant phase in most other
samples where it is present.

Figure 1: BSE images showing A) clinopyroxene in
troctolite 73235 with orthopyroxene lamellae, which in turn
have chromite exsolution lamellae. B) Plagioclase crystal
and chromite symplectite from troctolite 73235. C) Apatite
filling breccia cracks on dunite 72415.

Initial chemical results: Most of our results so
far agree with previous reports, (i.e. [1, 5], [10–12]).
Measurements are consistent along most minerals
within a sample, with only very slight zonations in
plagioclase and olivine in a few samples. An
interesting observation is in the difference between

the Mg# of clinopyroxene and other mafic minerals.
We have also identified common evolutionary trends
such as an increase in the Ti contents of chromites
towards more evolved samples, besides the mol An%
in plagioclase vs Mg# in mafic minerals that is one of
the main features of the Mg-suite. We have also
identified the mineral loveringite as part of the
armalcolite + rutile + ilmenite assemblages, a mineral
that has previously been recognized as a
Ca-Zr-armalcolite [14].

Discussion: We can find some similarities
between some samples that might suggest that they
might have shared some processes in their formation.
The occurrence of chromite symplectites in samples
of dunite, troctolite, and norite not only indicates the
common presence of the phases involved in their
formation, but might also indicate that the physical
conditions at which they occur are the same or very
similar for all of them. The presence of silicate-rich
entrapments and the presence of phosphates is
common in norites, and similar assemblages have
been seen in troctolite 76535 and dunite 72415,
suggesting similarities in their parental melts. The
presence of chromite exsolution lamellae in
orthopyroxene suggest that troctolite 73235 and
norite 72225 might have had similar
temperature-pressure conditions, including a similar
cooling rate. All of these could be similarities found
between different stages of a mafic layered intrusion.
The complete chemical analysis of all samples and its
compositional inversion will provide new data that
could further evidence this co-magmatic origin In
addition, findings based on trace phases in these
rocks might provide new information about the
evolution of these rocks.
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