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Introduction: In this study we examine the petro-

genetic history of Apollo 12 ilmenite suite basalts 
12051,58, 12054,126, 12063,24, 12064,129 and 
12064,131. These ilmenite basalts are significant be-
cause they may be related to the high-Ti basalts [1]. 
Trace element modeling suggests that the Apollo 12 
ilmenite suite crystallized in a closed system [2].  Neal 
et al. [2] suggested that observed trace element varia-
tions in these basalts could be produced by either sev-
eral parental magmas, or melt modification by closed 
system fractionation, or a combination of both.  To test 
this hypothesis, we calculate equilibrium liquids and 
crystals from core compositions to model rim composi-
tions.  If model rims plot near actual rims then the sys-
tem can be explained by closed system fractional crys-
tallization.    

Performing crystal size distributions (CSDs) of 
multiple phases on each section allows for identifica-
tion of multiple crystal populations [3,4,5], and can 
guide elemental work.  We combine major and trace 
element concentrations of pyroxene and ilmenite with 
CSDs to determine the petrogenesis of these Apollo 12 
ilmenite suite basalts.  

Methods:  A combination of CSDs, major elements 
via electron microprobe, and trace elements via laser 
ablation inductively coupled plasma mass spectrometry 
(LA-ICP-MS) are used.  Please see [6] for details on 
methodology.  CSDs are calculated from the length, 
width, and area of crystals in a thin section, and are 
analyzed with ImageTool [7], CSDslice [8], and 
CSDcorrections [7]. Linear CSDs indicate a simple 
crystallization history, while curved CSDs indicate a 
more complex history [9].  Laser ablation points were 
calibrated using Ca concentrations obtained by elec-
tron microprobe. 

Results: CSDs.  Figure 1 shows CSDs for selected 
basalts.  All phases in sample 12051 have linear CSDs.  
12054 ilmenite is concave up, and pyroxene may also 
be concave up.  12064 pyroxene is slightly concave up 
(only pyroxene is reported for 12064 due to small 
sample size).  12063 has linear CSDs for ilmenite and 
pyroxene. 

Element Data.  Major element concentrations were 
obtained for pyroxene and ilmenite core, middle, and 
rim zones for 2-3 crystals per sample, depending upon 
CSD shape (variability in crystal size).  Trace elements 
were obtained for most of these points, however some 
had to be omitted due to small crystal size.  Rare Earth  

 

 
Figure 1.  CSDs (crystal length vs. population den-
sity) of various phases in ilmenite basalts 12051, 
12054, 12064, and 12063. 

 

 
Figure 2. Chondrite normalized REE plot of pyrox-
ene.  Closed circles are cores, open circles are mid-
dles, and stars are rims. 

 
Elements (REE) for pyroxene are plotted in Figure 2. 
All pyroxene patterns are parallel, and rims are gener-
ally more enriched relative to cores.  Figure 3 shows 
trace element plots for ilmenite crystals. Ilmenite trace 
element data was not obtained for 12063 due to small 
crystal size.  12064 shows the most variability in com-
positions, and 2 rim analyses have higher trace element 
contents relative to rim analyses from the other sam-
ples.  

Discussion:  All linear CSDs can be interpreted to 
have a simple closed system crystallization history.  
Concave up CSDs may indicate crystal accumulation 
or a decrease in nucleation rate, which could be due to  
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Figure 3. Ilmenite trace element plots normalized 
to chondrite.  Closed circles are cores, open circles 
are middles, and stars are rims. 
 

a number of factors. Samples 12051, 12054, and 12063 
appear to have simple crystallization histories. The 
trace element data obtained for pyroxene and ilmenite 
are consistent with this.  However, sample 12064 has a 
concave up pyroxene CSD and shows significant varia-
tion in the ilmenite analyses. 

To determine the processes governing the chemis-
try of these samples, we use crystal stratigraphy to 
model fractional crystallization (FC).  We used core 
pyroxene compositions and evolved them through 
closed system crystal fractionation to explore if the rim 
compositions could be generated in this way.  Pyrox-
ene is one of the first minerals to appear on the liq-
uidus [1], so we fractionated that phase.  Partition coef-
ficients are taken from [1].  Preliminary modeling re-

sults are plotted in Figure 4.  Most pyroxene rims line 
along the projected FC path in the Ce/Yb plot, but do 
not in the Sm/Hf plot.    This could be due to errors in 
the modeling methods, or due to the possibility that 
this sample did not crystallize in a closed FC setting.  
This is being investigated further.  Samples 12051, 
12054, and 12063 have yet to be modeled, and those 
results will be presented at LPSC. This modeling 
should enable a better understanding of the petrogene-
sis of the Apollo 12 ilmenite basalts. 

 

 

 
Figure 4. FC trends for one pyroxene crystal in 
12064.  Core is the purple circle, rims are red cir-
cles, and FC path is the green dotted curve.  FC 
path starts at 5% crystallization and ends with 
80% total crystallization. 
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