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Introduction: Ferroan anorthosites (FANs) are a 
suite of plagioclase-rich rocks that are thought to rep-
resent flotation cumulates from the lunar magma ocean 
(LMO) [1]. They are considered to be first cumulates 
to form the primordial lunar crust. Geochronologic 
dating of these rocks allow researchers to determine 
when the first lunar crust formed. Lunar sample 60025 
is a FAN that was collected during Apollo 16. It is con-
sidered to be a chemically pristine rock [2]. Therefore, 
this sample has been the subject of many geochrono-
logic studies (e.g., [3,4]). However, analyses of cata-
clasized anorthosite 60025 have produced 2 Sm-Nd 
crystallization ages (4.44±0.02 Ga [3] and 4.367±0.011 
Ga [4]). The implication of multiple distinct ages could 
be emblematic of error in dating methodology (unlike-
ly), or of heterogeneity inherent in the sample itself 
(i.e. the sample is a mixed lithology [5,6]). The context 
of these ages is incredibly important to our understand-
ing of the evolution of the Moon and will either bolster 
the LMO hypothesis or weaken it.  

Crystal size distributions (CSDs) are a nondestruc-
tive quantitative petrographic analysis method that can 
reveal the crystallization history of igneous rocks 
[7-9]. However, size distributions of clasts within im-
pact breccias have also been used to distinguish 
shocked and unshocked populations in terrestrial sam-
ples [10]. CSDs are produced by imaging a thin section 
and then tracing out individual crystals or clasts. The 

purpose of this project is to use CSDs across two dis-
tinct thin sections (60025,21 and ,130) as an analytical 
method to determine whether the clast distribution 
within brecciated 60025 is homogenous or heteroge-
nous, which will help provide context for the 

geochronologic dating results and the implications 
about the evolution of the Moon. 

Methods: A number of protocols were employed 
throughout the tracing process to differentiate plagio-
clase clasts in the two thin sections. The two thin sec-
tions were first imaged in cross polarized (XPL) and 
plane polarized light (PPL). Photomicrographs of each 
thin section were stitched together using Microsoft’s 
Image Composite Editor, and then traced by hand in 
Adobe Photoshop© (see figures 1 and 2 for traces of 

thin sections as well as the XPL image of 60025,130). 
Unlike true crystal size distributions, individual crys-
tals were not traced. For this study, only the individual 
clasts were traced primarily through recognition of 
differences in coloration along clean, well-defined 
borders in the XPL image. For grains/clasts in extinc-
tion in the image, tracing was used in conjunction with 
the sample loaded on a petrographic microscope and 
rotated so that extinction could be eliminated allowing 
determination of the boundaries of the clast. In clasts 
that maintained consistent birefringence colors, but 
contained multiple cracks, twinning and the presence 
of undulose extinction were used to determine whether 
the clast would be considered as a whole or several 
separate clasts. If there was noticeable offsetting in the 
twinning, which was seen most frequently in the 
largest clasts, then the clast was divided along the off-
set borders. Undulose extinction, as examined through 
the petrographic microscope, was used to differentiate 
particularly large, shocked sections of 60025,130. If 

Figure 1. Trace for thin section 60025,21. Blue and 
yellow colors were used during tracing process to 
increase contrast.

Figure 2. Trace (left) and XPL image of thin section 
60025,130 (right) for comparison.
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there was a moment during rotation of the thin section 
where a distinct portion of the clast went into extinc-
tion when other sections of the larger clast did not, 
then that section was traced as a single clast. If there 
was not noticeable offsetting and the coloration was 
consistent, regardless of the number of cracks, the 
grain was traced as one single clast. Traces were pro-
cessed using the program ImageJ to determine clast 
area and dimensions and then those data were run 
through CSDSlice [8] and CSDCorrections [9] soft-
ware packages. 

Results and Discussion: A total of 928 clasts were 
traced for thin section 60025,21 and 730 clasts were 
traced for thin section 60025,130. The CSDs per-
formed on thin sections 60025,130 and 60025,21 re-
veal graphs with a great deal of commonality with sim-
ilar y-intercepts (3.62 for 21 and 3.34 for 130), con-
cave up orientation (denoting an accumulation of larg-
er clasts), and marked kinks (two kinks per thin sec-
tion, resulting in three distinct slopes for each thin sec-
tion; Fig. 3). Kinks, or abrupt changes in CSD slope, 
define distinct populations of clasts/crystals. The kinks 
in these two thin sections can be interpreted as the 
mixing of distinct clast populations that have experi-
enced different impact histories and potentially differ-
ent provenances. As with the samples used in the 
geochronology studies that produced distinct Sm-Nd 
ages, the two thin sections studies here were taken 
from different portions of 60025. Because of this, there 
is reason to rethink the pristine/homogenous status of 
this FAN. The distinct ages could have depended upon 
which area of the sample and clast population that was 
used in the individual studies [3,4]. However, it re-

mains to be seen whether kinked clast-size distribu-
tions are observed across other 60025 thin sections. 

Conclusion(s): The results of the two CSDs indi-
cate that lunar sample 60025 is a heterogenous rock 
made up of at least two separate, distinct clast popula-
tions. This could explain the disparities in ages gath-
ered from this particular sample and supports the con-
clusion that 60025 appears to be a rock containing 
mixed lithologies [5,6]. Further research will be con-
ducted with the method described here to determine 
whether these multiple clast populations are represent-
ed across several other 60025 thin sections.  
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Figure 3. CSD profiles for thin sections 60025, 21 and 60025, 130 along with trend lines for slope segments
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