50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)

Analysis of Plagioclase-Pyroxene Partition Coefficients in Ferroan Anorthosites: Determining Cogenetic Re-
lationships. M. A. Torcivia! and C. R. Neal?, “2University of Notre Dame Department of Civil and Environmental
Engineering and Earth Sciences (*mtorcivi@nd.edu; 2cneal@nd.edu).

Introduction: The ferroan anorthosites (FANS)
are a suite of lunar material that is believed to have
been originally derived from the crystallization of the
lunar magma ocean (LMO) [1,2]. As such, the FANs
represent the only direct sampling of the LMO availa-
ble for study. They are distinct because of their high
anorthite plagioclase content coupled with lower Mg
content in companion mafic minerals (Fig. 1). Addi-
tionally, the FANSs are some of the oldest lunar samples
to have been radiometrically dated (Fig. 2). However,
there exists some overlap in the crystallization ages of
some FAN samples with the Mg-suite, which suppos-
edly intruded the FAN samples. This presents an unre-
solved issue for the LMO model, which has led to the
rise of alternative hypotheses for lunar differentiation
and formation of the FANS, such as through a process
of serial magmatism [3]. The plagioclase-rich nature of
the FANs have presented a significant challenge for
geochronologic studies to overcome, but this problem
has been abated by identifying and analyzing mafic
mineral-rich portions of the host sample in a quest to
obtain a well-constrained isochron [e.g., 4]. However,
the general paucity of mafic material in FANs coupled
with their cataclastic and brecciated nature has led to
speculation regarding the relationship between the pla-
gioclase and companion pyroxenes in FAN samples
[5]. Here we describe a method in which we have cal-
culated partition coefficients to determine equilibrium
liquids to examine whether pyroxenes and plagioclase
are cogenetic in a number of FAN samples.
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Figure 1: Relationship between FANs (or FAS), Mg-Suite,
and Alkali Suite regarding Anorthite and Mg# modified
from [16]
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Figure 2: Sm-Nd ages of a group of FANs and Mg-
suite samples compiled from [6] and references
therein

Methods: Four FAN samples in the form of nine
sub-sample thin sections were analyzed at the Universi-
ty of Notre Dame. Major element data were collected
via electron microprobe analysis using a Cameca SX-
50 electron microprobe. Partition coefficients for pla-
gioclase were calculated using the method described in
[7] that uses the relationship RTInDi=A*An%-+B where
A and B are experimentally determined coefficients.
The temperature of calculation was determined using
Equation 3 from [8] which yielded a temperature of
1000°C assuming an initial 1000 km deep magma
ocean and plagioclase crystallizing at between 70-80%
solidification of the LMO [8,9]. Pyroxene partition
coefficients were calculated using the methods de-
scribed in [10-12] that use a lattice strain model. Py-
roxene partition coefficients also were calculated as-
suming 1000°C in order to maintain consistency in
calculations. Plagioclase and low-Ca pyroxene parti-
tion coefficients were then compared to one another
using the method outlined in [13] to determine whether
plagioclase and low-Ca pyroxenes in each thin section
are cogenetic.

Results and Discussion: Figure 3 displays the re-
sults of the partition coefficient calculations and analy-
sis applying the method described in [13]. The oxygen
fugacity conditions on the Moon are at or below the
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Iron-Waustite buffer, therefore any cogenetic plagio-
clase and low-Ca pyroxene grains in these samples
should plot at or above the intersection of the buffer
with the experimentally determined trend line at the I-
W fO, if they represent an equilibrium assemblage.
The majority of samples analyzed in this manner pro-
duce plagioclase/pyroxene partition coefficient ratios
that are consistent with cogenetic plagioclase and py-
roxene crystallizing under lunar conditions (i.e., low
oxygen fugacity). However, thin section 60025,21 has
a markedly lower ratio that is inconsistent with crystal-
lizing out of an environment with an oxygen fugacity at
or below the Iron-Wastite buffer. Therefore, we inter-
pret this to indicate that thin section 60025,21 contains
plagioclase and pyroxenes that do not represent an
equilibrium assemblage, whereas those in other sec-
tions do. Since FAN 60025 yields two distinct crystal-
lization ages using the Sm-Nd isotopic system (Fig. 2)
[4,13], evidence for the presence of disequilibrium
between plagioclase and pyroxene at least in certain
portions of the cataclastic FAN could be consistent
with the distinct ages reported for this sample. This
conclusion is consistent with major and trace element
data for FAN 60025 [15].

Conclusions: The FAN suite is comprised of sam-
ples that represent an ancient suite of lunar material
with a complex petrologic history not yet fully under-
stood. These samples have experienced the violent
environment of the lunar surface potentially for billions
of years, which is reflected in the cataclastic nature of
the FAN suite [e.g., 5,15]. The comparison of a group
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of radiometrically age dated FANs here provides some
insight into the relationship between plagioclase grains
and companion pyroxenes in thin section. Using this
method, it is possible to determine the likelihood of a
thin section to contain minerals that are still in equilib-
rium. In this group of FANs analyzed, only one thin
section — 60025,21 — proved unable to satisfy the re-
quired criteria for plagioclase and pyroxenes to be in
equilibrium. This does not negate the LMO origin for
the FANS, but it highlights the need for extreme care to
be used when choosing minerals for isochron determi-
nations.
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Figure 3: Eu/Gd ratios of calculated partition coefficients of plagioclase and pyroxene
against log(fO./IW). Experimental data points estimated from [12]




