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FRACTIONATION O F  APOLLO 15 KREEP BASALTS. P.C. Hess, P. Horzempa 
and M.J. Rutherford, Dept. of Geological Sciences, Brown University, Providence, RI 02912 

Liquid lines of descent of perfectly fractionating lunar magmas are terminated by the crys- 
tallization of silica and alkali feldspar and will attain granitic liquid compositions. This will be true 
of mare and non-mare basalts, and also of the remnants of the magma ocean or oceans. Granites 
should therefore be ubiquitous, if not abundant, constituents of the lunar crust. A more interesting 
problem, however, is to derive the fractional crystallization path(s) leading to this end point. 
What intermediate liquids are produced? Fractional crystallization of both high and low Ti02 
mare basalts describe a liquid path characterized by an increase in FeO content with little to no 
Si02 enrichment(l,2). After 90-95% crystallization (at about ~ O O O ~ C ) ,  FeO-rich ferrobasalts 
become immiscible and exsolve granite liquids. Si02-enriched liquids between ferrobasalts (-50% 
Si02) and granites (-70% Si02) are not produced. 

The 'crystallization paths of non-mare basalts are more complex. Mesostasis glass of 
KREEP basalts commonly contains blebs of immiscible granite glass, implying a liquid line of de- 
scent similar to that of mare basalts (3,4,5).  In fact, experiments on KREEP basalts 14310 and 
15382 also produced ferrobasaltic residual liquids which, near 1 0 5 0 ' - 1 0 3 5 ~ ~ ,  yielded granites by 
silicate liquid immiscibility (6). Experiments on KREEP basalt 1538 6 initially followed the frac- 
tionation trend towards a ferrobasalt composition (7). After 60% crystallization of pyroxene and 
plagioclase, and after the onset of ilmenite crystallization, the SiOE contents of the residual liquids 
then increased from about 51% to 55%. Experiments were not continued because our interests at 
that time focused on the saturation surface of ilmenite. Nevertheless, the question arises whether 
the liquids continue along a path of Si02 enrichment without the onset of silicate liquid immis- 
cibility. Granites could then be obtained solely by crystal fractionation. 

In fact, pathways leading to granites with or without immiscibility are observed in dry 
terrestrial basalts at low pressures. The mesostasis of a large number of tholeiite basalts have 
immiscible granite glasses (8). In contrast, the liquid line of descent of the Kilauea Iki lava lake 
describes a series of liquids that show a complete gradation from tholeiite basalt to granite (9). 
The early crystallization history is dominated by pyroxene and plagioclase and shows increased 
FeO content with little Si02 enrichment. The appearance of Fe-Ti oxides, however, reverses this 
trend, producing liquids of decreasing FeO but with increasing Si02 contents. Granites are the end 
products. Clearly, the pathways cannot be predicted apriori without additional experiments to 
define the critical parameters. 

A starting composition corresponding to the 1 0 8 1 ' ~  residual liquid of KREEP basalt 
15386 (Table 1) was reduced, wrapped in Mo foil and sealed within an evacuated Si02 glass tube. 
Because of severe plagioclase nucleation problems, experiments were first held at 1095' for 36 
hours, cooled at Soc/hr  to the desired temperature and then held at the final temperature for 24 
hours before quenching. Experience has shown that such controlled cooling experiments over- 
come nucleation problems and produce a liquid line of descent that is intermediate between that of 
equilibrium and perfect fractional crystallization. 

At 1 0 8 0 ' ~  the liquid coexists with low Ca pyroxene, high Ca pyroxene, plagioclase and 
ilmenite. After about 30% crystallization, the major changes in the liquid are a slight increase in 
Si02, a more significant increase in FeO, K20 and P205 and a decrease in A1203, Ti02 and 
MgO (Table 1). After 50% crystallization, whitlockite has joined the mineral assemblage and, 
significantly, the residual liquid has become immiscible. At 1 0 0 0 ' ~ .  little to no liquid is discer- 
nable. 

The liquid line of descent of 15836 has 3 distinct parrs: (1) Crystallization of pyroxene 
and plagioclase produces the typical "tholeiite trend" of FeO enrichment without significant 
changes in Si02 content. (2) The appearance of ilmenite moderates the trend of FeO enrich- 
ment but causes Si02 to increase to 55%. (3) Liquid immiscibility and concommitant crystalliza- 
tion of whitlockite creates both FeO- and SOe- enriched liquids. In comparison, the low pres- 
sure liquid line of descent for 15382 did not show the Si02 enrichment trend of step 2. This may 
be misleading, however, as the temperature interval between the experiments with single liquids 
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(1080 '~)  and immiscible liquids (1035 '~ )  was 4 5 ' ~  wide. In fact, mass balance calculations 
show that the unstable single liquid at 1035OC is indeed enriched in Si02. Thus, step 2 was 
obviously missed in the previous experiments on the 15382 composition. 

These results confirm previous conclusions that lunar granites most likely are the product 
of crystal fractionation and liquid immiscibility. This is supported by all experiments and by the 
ubiquitous occurrence of immiscible granite in the mesostasis of lunar basalts. Furthermore, the 
Si02 enrichment observed in KREEP basalt residual liquids provides a parent for the samples of 
quartz monzodiorite affinities. However, further experiments are planned to examine the range of 
KREEP liquids that are intercepted by the two liquid dome. 
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TABLE 1 

15386 15382 
Si02 50.8 51.5 55.8 55.3 48.0 63.9 52.3 50.6 43.1 66.2 

Ti02 2.2 2.7 3.7 3.0 2.4 1.1 
Al2O3 14.6 14.5 11.3 11.3 11.2 13.7 
FeO 11.4 12.0 11.8 14.4 22.5 8.7 
MgO 8.1 6.8 2.8 2.1 1.2 0.4 
CaO 9.7 9.7 9.0 8.9 10.3 5.8 

Na20 1.1 1.2 0.9 1.1 0.7 1.5 

K20 0.7 0.9 1.4 2.1 1.3 3.7 
P205 0.9 1.0 1.6 1.5 1.9 0.5 
TOC - 1150 1080 1050 1014 1014 
Liquid lines of descent for KREEP basalts 15386 and 15382. 

and 1 0 3 5 ' ~ .  

1.8 4.2 6.7 1.4 
17.7 11.7 10.3 12.6 
8.6 13.4 20.8 6.8 
7.2 3.8 3.8 1.3 
9.8 8.4 10.8 5.8 
0.9 1.1 0.5 1.1 
0.6 2.2 1.6 3.6 
0.5 2.0 0. 1.4 
- 1080 1035 103 

Immiscible liquids are at 1 0 1 4 ~ ~  
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