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Introduction: Apollo 12 basalts 12031,45 and 
12038,254 are analyzed using Crystal Size Distributions 
(CSDs), and mineral major and trace element 
compositions to determine the crystallization history of 
each rock.  12031,45 is an aluminous pigeonite basalt 
that has been linked to 12072 through fractionation 
during crystallization [1].  Both plagioclase and 
pyroxene were evaluated because they appear on the 
liquidus at approximately the same time [1].  12038 is 
the sole member of the feldspathic group [2].  
Plagioclase and pyroxene were chosen for analysis 
because they came on the liquidus early, although it is 
unclear which mineral came first [1]. 

CSDs measure the size and shape of crystals in a given 
thin section and give information on crystallization rate, 
nucleation rate, and magma history [3,4,5].  Major and 
trace element abundances supplement CSD data and 
allow for petrogenetic modeling of the samples. 
Comparison of crystal core composition to crystal rim 
composition will reveal the petrogenetic history of an 
individual rock. 

Methods: CSD analysis. Thin sections were 
photographed under 5x magnification and plagioclase 
and pyroxene crystals were traced in Adobe Photoshop.  
Crystal outlines were then input into ImageTool [6] to 
get the length, width, and roundness of each crystal.  
Length and width measurements were then input into 
CSDslice [7] to get the most probable crystal shape.  
Crystal lengths and widths along with the most probable 
crystal shape were then input into CSDcorrections [6] to 
yield the CSD plotted as the natural log of the population 
density versus crystal length. Curved CSDs indicate a 
complex crystallization history [8], which is why we 
supplement the CSD data with major and trace element 
analysis. 

Major Element Analysis. Major element data and x-
ray images were obtained using a JEOL JXA-8200 
Electron microprobe (EMP) at the Washington 
University Earth and Planetary Sciences Microanalysis 
Facility.  EMP points were acquired using a 25nA beam 
current, a 5-10 micron spot size, and a 30 second count 
time on each element peak.  Data were reduced using 
Probe for Windows software. 

Trace Element Analysis. Laser ablation was 
conducted using a New Wave 213nm ND-YAG laser and 
an Element 2 High Resolution Inductively Coupled 
Plasma Mass Spectrometer at the University of Notre 
Dame.  Laser spots were chosen to correspond to the 
EMP points so that CaO could be used as the internal 
standard.  NIST 612 glass was used as the external 
standard.  Data were reduced using Glitter [9]. 

Results:  CSD. CSDs of pyroxene and plagioclase are shown 
in Figure 1.  Plagioclase CSDs are concave up for both 
samples, while pyroxene CSDs are approximately linear.  
Two plagioclase CSDs were calculated for 12038, 12038,254 
has closed symbols, 12038,68 has open symbols in Figure 1. 

 

 
Figure 1.  CSDs.  Blue lines with circles are pyroxene, 
red lines with triangles are plagioclase. a)12031,45 and b) 
12038,254 with two plagioclase CSDs.  Closed symbols 
are 12038,254, and open symbols are for 12038,68. 
 

Major and trace element data. Figures 2 and 3 show 
plagioclase and pyroxene Rare Earth Element (REE) 
profiles for both samples.  Plagioclase in both samples has a 
relatively flat light REE profile with a positive Eu anomaly 
and shows more variance in the heavy REEs. Plagioclase 
REE profiles show slightly more enrichment in 12038 than 
in 12031, and when plotted together, heavy REEs will 
overlap.  Yb and Lu data were below the detection limit (.02 
ppm and .003 ppm, respectively) for all crystals in 12038 
and for most crystals in 12031.  Pyroxene profiles for 12031 
are nearly parallel for all crystals, and rims are slightly more 
enriched than cores.  Pyroxene profiles for 12038 are also 
nearly parallel, with the exception of one rim measurement.  

Discussion: Plagioclase CSDs are concave up.  This 
could indicate accumulation of larger crystals within the 
magma chamber, influx of a new magma with suspended 
large crystals, or a decrease in the nucleation rate.  Two  
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Figure 2. Chondrite normalized REE plots of 

plagioclase in a) 12031, and b) 12038.  Darker lines 
are cores, open circles are middles, and lighter lines 
are rims.  Calculated concentrations after 30% 
fractional crystallization are squares. 
plagioclase CSDs were conducted from two different 
thin sections on sample 12038.  These CSDs appear to 
be sub-parallel to each other, but sample ,254 has much 
higher population densities than sample ,68.  We 
interpret this as showing that plagioclase is 
heterogeneously distributed throughout 12038 although 
the CSDs record the same crystallization environment as 
both plagioclase CSDs for 12038 appear to be slightly 
kinked, which could indicate two periods of 
crystallization or loss of small crystals by eruption or re-
absorption. We further interpret the linear pyroxene CSD 
as indicating uninterrupted crystallization from a cooling 
magma.  Hypotheses from CSDs can be tested with 
fractional crystallization (FC) modeling.  We base our 
modeling upon the fact that Ti/Al ratios in pyroxene 
suggest that plagioclase and pyroxene were co-
crystallizing.  Model rim compositions are calculated 
from equilibrium liquids derived from core 
compositions, and we use the partition coefficients of 
[10].  Model rim concentrations are plotted in Figure 2 
for Ce, Sm, and Eu after 30% FC.  Model rims for 12031 
plot within the actual data range.  These initial results 
suggest that 12031 may have undergone closed system 
crystal fractionation with no influx of new magma.  This 
result corroborates the linear pyroxene CSD and the 

 

 
Figure 3. Chondrite normalized REE plots of pyroxene 
for a) 12031 and b) 12038.   Symbols are the same as in 
Figure 2. 
 

concave up plagioclase CSD.  However, this result 
contradicts that of [2], which explained 12031 through a 
combination of assimilation and fractional crystallization. 
 12038 however, is not so easily modeled with FC.  Model 
rims plot above rather than within all of the observed 
concentrations.  In addition, one pyroxene rim analysis has a 
flat LREE profile, whereas the corresponding core 
composition exhibits a depleted LREE profile, which cannot 
be explained by simple closed-system crystallization. 
Further modeling is underway to explain the geochemical 
history of this sample.  Influx of magma with a different 
geochemical composition is a possible explanation, and this 
would be consistent to the slightly kinked nature of both 
CSDs.  Further modeling is underway and will be completed 
by LPSC 41. 
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