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Introduction:  Apollo 11 was the first human mis-

sion to the Moon, and the samples that were collected 
are still providing important information regarding the 
nature of the lunar mantle and ages of lunar volcanism. 
The Apollo 11 mission returned high-Ti basalts (e.g., 
[1]) which have been divided into three general groups 
– A, B, and D [2,3]. Over 70 mare basalt fragments have 
been analyzed since the return of these first lunar sam-
ples in 1970. Group A basalts are the only high-K (K2O 
> 0.2 wt.%) high-Ti basalts returned from the Moon and 
are enriched in incompatible trace elements (ITEs). 
Group B basalts are low-K (K2O <0.1 wt.%) and are 
subdivided into 3 subgroups – B1, B2, B3 (based on 
composition and texture [2,3]. Groups B1 and B3 are 
similar texturally and form a continuum of composi-
tions, with B3 being the most primitive. Group B2 bas-
alts are enriched in ITEs and Al2O3, with lower TiO2 
than Groups B1 and B3 basalts [4]. Group D basalts are 
also low-K, but have REE abundances similar to the 
Group A basalts [4]. 

This project examines thin sections of Apollo 11 
basalts in order to investigate the cooling regimes of the 
different Apollo 11 magma types [4]. Plagioclase crys-
tal size distributions (CSDs) are constructed and the 
data are compared with those previously reported [5]. 
Three Apollo 11 thin sections were examined in this in-
itial study and the plagioclase CSDs are reported here. 
Samples analyzed are 10003,185 (low-K, Group B2), 
10092,10 (low-K, Group B3), and 10057,33 (high-K, 
Group A).  More information on the Apollo 11 samples 
can be found in the lunar sample compendium [6]. 
CSDs are the quantification of the mineral textures pre-
sent  in a thin section, and through comparison of CSDs 
of samples from different groups, information can be 
gathered about the crystallization of various magma 
batches.  The texture of samples, and therefore the 
CSDs, are related to emplacement mechanisms, cooling 
rates, and bulk composition. Therefore, they can be used 
to define the origin (for example an impact melt or a 
flow due to endogenic volcanism) [5] as well as the type 
of flow (A’a or Pahoehoe) from which the sample  was 
derived [7]. 
Method: In order to place the Apollo 11 samples in con-
text with the other high-Ti basalts returned by the 
Apollo 17 mission, CSDs for plagioclase were created.  
The method used is described in detail in Neal et. al. [5]  
To summarize, each thin section was photographed us-
ing a 4x objective, and these images were stitched to-
gether using the Microsoft Image Composite Editor© to 
create a digital photomosaic (Fig. 1).  

 The stiched images of the sample were generated on a 
petrographic microscope in reflected light, plain polar-
ized light, and cross polarized light.. In each of the im-
ages, there was a ratio of 1000 pixels for every millime-
ter. Then in Adobe Photoshop©, the crystals of interest 
– in this case plagioclase – were traced using a tablet PC 
(e.g. Figure 2a plagioclase traces) (Fig 1). Also needed 
to calculate accurate CSDs  is the outline of the entire 
sample. A minimum of 250 plagioclase crystals were 
traced for each sample which is needed for the CSD to 
be statistically viable [5]. The layers used for the crystal 
tracings were then imported into ImageJ©	[8].  Multiple 
trace layers are necessary in cases where crystals are 
overlapping each other- a single trace layer would erro-
neously record these crystals as one.  ImageJ does a 
pixel analysis to the imported layers, and applies a best-
fit ellipse to each crystal to determine a major and minor 
axis, as well as the precise area of each crystal. The 
same ImageJ is applied to the sample trace layer to de-
termine modal percentage. Major and minor axes of the 
crystals are then exported to CSDSlice [9] and all data 
to CSDCorrections [10].  The former determines the ap-
proximate shape (e.g. rounded, oval, tabular, etc.) of the 
2D traced crystals in three dimensions, and the latter 
sorts the crystals based on the length of the major axes 
and plots these in size bins based on the number of crys-
tals present versus the natural log (ln) of the population.  
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Figure 1: A: Stitched photomicrograph of sample 
10003,185 in cross polarized light. B: The traced pla-
gioclase crystals. 
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Once created, the linear portion of the CSD that repre-
sents crystals that are >0.3mm is used for analyses as 
there is a drop off in crystal population due to limita-
tions in visual resolution.  The intercept and slope of 
each individual CSD could then be compared with the 
respective values from other samples to find relations in 
the crystallization of the various magma batches. 

Results and Discussion: The three samples reported 
here represent preliminary data for the Apollo 11 basalts 
suite (Fig. 2). Sample 10092,10 has the largest error bars 
due to its small size and therefore smaller plagioclase 
population to trace (Fig 2).  The slope and intercept of 
each calculated CSD plot in Fig 3 have been plotted 
with plagioclase CSDs previously made from Apollo 
12, 14, 16, and 17 basalts [5] (Fig. 3) Although more 
data are needed, the three Apollo 11 high-Ti basalts are 
distinct from the high-Ti basalts from Apollo 17. The 
two Group B basalts (10003,185 and 10092,10) have 
plagioclase CSDs that are within error of each other, but 
the Group A basalt is distinct.  Even though they plot in 
a different area, the three Apollo 11 basalts  CSDs show 
a sublinear trend to the Apollo 14 high-Al basalts. This 
similarity in trends indicates that both samples went 
through similar crystal nucleation and crystal growth.  
Both Apollo 11 and Apollo 14 samples show a larger 
population of smaller crystals than other Apollo sample 
suites (Fig 3).  This lack of larger crystals shows that 
these samples went through a more rapid quenching 
process which can be seen terrestrially on thinner basalt 
flows, or the quenched margins of thicker flows. 
 These data also plot definitively outside of the 
impact melt field (Fig. 3).  It can be said with certainty 
that these Apollo 11 high-Ti basalts, and any subsequent 
data derived from them, represent endogenous melts 
that are sourced from the lunar interior. 

Conclusion: The Apollo 11 basalts studied here are 
endogenous melts from the lunar mantle as they plot 
well away from the impact melt field in Figure 4.   The 
similarity to Apollo 14 high-Al basalts indicates that 

the samples lack large plagioclase crystals suggesting 
they were derived from the chilled margins of thick 
flows or basalts present at the Apollo 11 and 14 sites 
and were a series of thin flows. More data will be col-
lected in order to further examine these relationships. 
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Figure 2. Plagioclase CSD profiles for 10003,185, 
10057,33, and 10092,10 

Figure 3. A11 samples compared with impact melts 
and basalts from other missions using plagioclase 
CSDs. Shows the plot of CSD Intercept against CSD 
Slope for plagioclase with errors calculated from 
CSDCorrections shown for each data point. If error 
bars are not visible, they are within the size of the 
symbol. 
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