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The Apollo 14 high alumina basalts contain 11-16 wt% 
Al2O3, which makes them distinct from most othe mare 
basalt samples, with only those returned by Luna 16 
and one sample returned by Apollo 12 (12038) having 
similar alumina contents (e.g., [1-6]). The Apollo 14 
high alumina basalts are distinctly older than those for 
Luna 16 (~3.4 Ga; [7]) and 12038 (~3.3 Ga; [8]), with 
ages defining three episodes of volcanism (~4.3 Ga, 
~4.1 Ga, and ~3.9 Ga; [9-11]). Interestingly, the differ-
ent episodes of high alumina volcansim around Fra 
Mauro appeared to tap different regions of the lunar 
mantle with the basalt compositions defining distinct 
compositional groups [12] (Fig, 1). 

We report our 
continuing work 
examining the pla-
gioclase crystal size 
distributions (CSDs) 
of the Apollo 14 high 
alumina basalts. This 
work has already 
demonstrated that the 
different composi-

tional groups have distinct CSDs [13] (Fig. 2). What is 
presented here is a test of the petrogenetic models pro-
posed by [12] for these basalts using Ba and Sr abun-
dances wthin individual plagioclase crystals. 

Methods: Plagioclase CSDs were determined for 
21 Apollo 14 basaltic samples: at least four samples 
from each group (A,B, and C), three impact melts, and 
un-grouped sample 14072. Each sample was digitally 
imaged and each plagioclase crystal outlined using 
Adobe Photoshop. Unless the divisions were vague, 
outlines of overlapping crystals were drawn separately.  
After filling each crystal outline with a shade of gray, 
the image was converted into an uncompressed 8-bit 
BMP, and run through ImageTool [14], which meas-
ured the major axis, minor axis, roundness, and area of 
each crystal. Once converted from pixels to millime-
ters, the major and minor axes lengths were used to 
convert the 2-D crystal size measurement into the most 
probable 3-D crystal habit (short-intermediate-long 
axis ratio) with the spreadsheet program CSDSlice 
[15].  The program CSDcorrections 1.37—which con-
siders the crystal habit ratio (short:intermediate:long), 
total measured area, average crystal roundness and 
major axes lengths—was used to find the true 3-D 
crystal size distribution [14]. The crystal size distribu-
tions were plotted as the natural log of the population 
density with respect to crystal size length [16], and 

depending on the total number of crystals, four to six 
bins per decade were used [14]. 

The plagioclase crystals were then analyzed using a 
JEOL JXA-8200 at Washington University. A 25 nA 
beam current, a 5 micron diameter spot size, and 30 
second count time on the major element peaks were 
used to obtain core, intermediate, amd rim composi-
tions from samples exhibiting visble zonations in back-
scatter images. These data were used for internal stan-
dards for LA-ICP-MS analyses to determine Sr and Ba 
abundances across crystals from different populations, 
using the NIST-612 glass as an external standard. A 
New Wave UP-213 UV laser ablation system and a 
ThermoFinnigan Element 2 ICP-MS, plagioclase crys-
tals were analyzed. The laser had a firing rate of 5Hz, a 
spot diameter of 25-40µm depending on crystal size, 
and 70-90% power depending on crystal durability. 
The ablated material was carried into the by helium gas 
mixed with argon gas. LA-ICP-MS data were reduced 
using Lotus programs CONVERT and LAMTRACE, 
which separated the background from the signal and 
produced detection limit filtered concentrations. 

Results: The CSDs can be used to evaluate resi-
dence time of crystals in a magma as the slope is a 
function of average crystal growth rate (G) and the 
residence time in the system (τ): CSD Slope = -1/Gτ. 
Several studies (e.g., [16, 17]) have examined the crys-
tal growth rates of a wide range of volcanic systems, 
and determined that crystal growth rates only vary over 
an order of magnitude, 10-10 to 10-11 cm/sec.  Plagio-
clase typically has a natural growth rate of 10-10 cm/sec 
[16], so for the comparison purposes of this study, this 
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growth rate was 
used to calculate the 
residence times of 
the basalts from 
their CSD slopes. 
Where the CSD is 
kinked, we assume 
that the steeper part 
of the CSD repre-
sents cooling of the 
lava once erupted. 
Those CSDs that 
exhibit two distinct 
gradients have had 
residence times cal-
culated for each 
gradient.  Where the 
CSD appears 
relatively straight, 
only one residence 
time is calculated 
(τ1). Where the 
CSD has two distict 
gradients, τ1 repre-
sents the residence 
time for the small 
crystal sizes and τ2 

represents the  residence time for the larger crystal 
sizes (Table 1; Fig. 2). Although there is some overlap, 
the average τ1 ages show an increase from Group A 
(average = 3.2 years), to Group B (average = 4.0 
years), to Group C (average = 6.5 years). The Impact 
Melts give the oldest average τ1 age of 8.7 years. Only 
one Group A basalt exhibited a kinked CSD beyond 1 
mm (Table 1), which gives a τ2 age of 9.3 years. Four 
of the six analysed Group B basalts give τ2 ages pro-
ducing an average of 6.0 years. Four of the eight 
Group C basalts have kinked CSDs giving an average 
τ2 age of 11.7 years. Only one Impact Melt has a 
slightly kinked CSD (14276,54) with a τ2 age of 9.6 
years. The “oddball” basalt 14072 [12] has a kinked 
CSD yielding a τ1 age of 6.6 years and a τ2 age of 10.1 
years.  

The older τ2 ages indicate that the larger crystal 
populations have experienced more of the magma evo-
lution.  Consequently, these were larger crystals tar-
geted for geochemical analysis via electron microprobe 
and LA-ICP-MS.  Such data were obtained from each 
of the three groups of basalts both displaying kinked 
and lnear CSDs. The Ba and Sr abundances were used 
to calculate equilibrium liquid compositions using the 
method of Bindeman et al. [18] for estimating the per-
tinent partition coefficients based upon the An content 

of the different points within each plagioclase crystal. 
The results indicate that while the models based on 
whole rock geochemistry for the Group A, B, and C 
basalts are pertinent, they need some modification to 
account for the later stages of basalt crystallization 
(i.e., varaible “r” values in the assimilation models, 
variable proportions of assimilants, and modification 
of the parent magma composition in the Group A frac-
tional crytallization model). Results for Group B and C 

basalts are presented in Figure 3. 
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Table 1: Residence Ages 
(Years) from CSDs. 

BASALT  τ1 AGE  τ2 AGE 

Group A: 
14321,1246 3.0 9.3 
14321,1473 3.1 ---- 
14321,1611 3.8 ---- 
14321,1763 3.0 ---- 

Group B: 
14321,1261 3.8 5.8 
14321,1376 3.7 5.6 
14321,1475 4.6 7.0 
14321,1482 3.7 ---- 
14321,1483 4.8 ---- 
14321,9090 3.6 5.7 

Group C: 
14053,18 7.9 13.8 
14321,1476 3.4 ---- 
14321,1593 7.1 14.2 
14321,1608 6.7 11.4 
14321,1609 6.7 ---- 
14321,1610 5.8 7.6 
14321,9057 6.3 ---- 
14321,9080 7.8 ---- 

14072,49 6.6 10.1 

Impact Melts: 
14073,16 8.1 ---- 
14310,175 11.3 ---- 
14276,254 6.8 9.6 
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