
Fig. 1: (a)  CSD slope, 
growth rate, & residence 
time. G  = growth rate; τ = 
residence time; n˚ = nuclea-
tion density. (b) 2 crystal 
population CSD. (c)  effects 
of crystal fractionaion/ ac-
cumulation on CSDs. 
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Introduction: Crystal size distributions (CSDs) 

measure the number of crystals of a characteristic size 
per unit volume of rock (e.g., [1-3]) and can be used to 
identify distinct crystal populations (e.g., [4]). CSDs 
are normally displayed on a log-normal plot of popula-
tion density (number of crystals per unit volume rock) 
versus crystal size (L) (Fig. 1; [5]).  

 
The usefulness of CSDs use can be illustrated by 

considering the emplacement of a thin lava flow where 
magma arrives at the surface in a wholly liquid state. 
Crystal nucleation rate will generally increase as the 
flow cools (Cashman, 1990). If nucleation and growth 
continue uninterrupted, the final rock will likely yield a 
linear or near linear distribution of crystal sizes (Fig. 
1a; [1,7]). However, if the magma arrives at the sur-
face carrying macroscopic crystals (i.e., phenocrysts), 
be they entrained crystals from a mush pile or ripped 
up pieces of the conduit, the final rock will likely yield 
a non-linear CSD (Fig. 1b), possibly a concave up 
CSD if the phenocrysts settled appreciably (Higgins, 
2000). Crystals carried in the initial magma may vary 
in size and can easily be interpreted as phenocrysts 
crystallized from the present host magma [2,8]. Non-
linear CSDs indicate dynamic and/or kinetic processes 
affected crystallization [3,6]. Curved CSDs may reflect 
the different nucleation and growth conditions of dis-
tinct crystal populations in the rock (e.g., [3,4,9] (Fig. 
1c). In the case of a rock formed from a phenocryst-
carrying magma, it will contain at least two distinct 
populations of crystals. In the simplest of cases, crys-
tals grown as the lava cooled and solidified at the sur-
face reflecting the most recent conditions of nucleation 
and growth. Phenocrysts carried in the initial magma 
reflect nucleation and growth conditions in some sub-
surface environment. Crystal size distributions can also 

be used to estimate crystal residence times in igneous 
systems (e.g., [10])  (Fig. 1a) and physical processes 
that affected the magma like phenocryst settling or 
textural coarsening of cumulate materials (e.g., [9]). 
Such CSD-derived residence can be compared to those 
derived geochemically. 

Plagioclase: As noted by Bindeman et al. [11], 
plagioclase is ideal for investigating magmatic evolu-
tion of terrestrial basalts using crystal stratigraphy be-
cause 1) it is a common igneous mineral in mafic 
through felsic systems; 2) it appears as a liquidus phase 
in basaltic systems and is stable on the liquidus for a 
relatively long period of time because of its capability 
for solid solution; 3) minerals that crystallize before 
plagioclase (e.g., olivine) do not significantly fraction-
ate trace elements so plagioclase compositions ade-
quately reflect the composition of the parental magma; 
4) plagioclase contains measurable quantities of trace 
elements from different geochemical groups (e.g., 
LILE, HFSE, REE); 5) plagioclase has very low diffu-
sivities of major and trace cations so magmatic-
induced zonations are commonly preserved (e.g., [12]). 

Mare Basalts: The Apollo 14 high-alumina basalts 
and the aluminous Apollo 12 basalts are the focus of 
this study.  These basalts have been shown to have 
plagioclase as a liquidus phase early in their crystalli-
zation sequence [13]. Recently, the Apollo 14 high-
alumina basalts have been shown to comprise three 
groups, one group evolving through closed system 
crystal fractionation (Group A) and two groups experi-
encing open-system (AFC) evolution (Groups B & C: 
[14]). 

Methods:  Thin sections of the basalts were im-
aged in both plane polarized light and in cross polar-
ized light. The plagioclase crystals were then outlined 
and this trace was scanned at high resolution (1200 
dpi) ad processed using “CSDSlice” [15] to account 
for the random nature of a thin section (2D) taken from 
a rock (3D).  

Results: The two Group A Apollo 14 high-alumina 
basalts show differing CSDs (Fig. 2 a,b). 14321,1473 
shows a marked dip in the smaller crystal sizes fol-
lowed by a relatively shallow CSD slope, which then 
increases as the crystal size increases. The plagioclase 
CSD for 14321,9080 is approximately linear. 
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Fig. 2: CSDs for Group A Apollo 14 high-alumina basalts. 

The two Apollo 12 basalts, 12031 a member of the 
pigeonite basalt group) and 12038 (the only feldspathic 
basalts returned by Apollo 12), have similar plagio-
clase CSDs (Fig. 3a,b). Both exhibit a relatively steep 
initial slope in the CSD (smaller crystal sizes) followed 
by a shallower gradient at larger crystal sizes. 

 

 
Fig. 4: CSDs for aluminous Apollo 12 basalts. 

Discussion: The two A-14 group A basalt CSDs  
are different from each other. That for 14321,1473 
could be explained by: 1) nucleation ceased due to 
phase equilibria, but growth is still possible and the 
CSD is affected by annealing or Ostwald ripening, 
where small crystals dissolve to the advantage of the 
larger crystals (the “dip” and relatively shallow slope 
in Fig. 2a). This represents textural coarsening (Marsh, 
1998; Higgins & Roberge, 2003,). Nucleation recom-
mences leaving the CSD with a distinct hump; 2) the 
magma may have entrained a population of “tramp” 
crystals from a well-sorted or well-ripened cumulate 
bed that now remain suspended in the magma. The 
plagioclase CSD for 14321,9080 is approximately lin-
ear suggesting a relatively simple system (i.e., no 
change in nucleation rate), suggesting no change in 
crystallization environment. Both of these CSDs are 
consistent with petrogenesis via closed system crystal 
fractionation/accumulation and a single crystallization 
event. 

Aluminous Apollo 12 basalts 12031 and 12038 
both exhibit distinct changes in CSD gradient. These 
have been interpreted as indicating 2 crystallization 
events or the loss of the smaller populations. Either 
interpreation could indicate open-system evolution: the 
former may be produced by slow cooling at depth to 
form and accumulate phenocrysts (possibly accompa-
nied by wall-rock assimilation), followed by rapid 
cooling on the surface; the latter may be explained by 

an influx of new magma that will dissolve smaller 
crystals and promote overgrowths on the larger ones. 
Petrographic observations for 12031 are consistent 
with the former explanation – accumulation of large 
plagioclase crystals is evident. The CSD for 12038 are 
consistent with the latter explanation, where the large 
plagioclase xenoliths appear embayed after a resorp-
tion event. 
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