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PETROGENESIS OF APOLLO 15 KREEP BASALTS. Graham Ryder, Lunar 
and Planetary Institute, 3303 NASA Rd. One, Houston, TX 77058 

Apollo 15 KREEP basalts are tiny fragments that are important as a 
component in all soils from the Apollo 15 landing site. They are probably 
samples of the Apennine Bench formation, a post-Imbrium light plains unit 
inside the Imbrium basin (1) and they are undoubtedly volcanic (2,3). There 
are several descriptions and reviews of these fragments but a good data 
base, especially for chemistry, has until recently been lacking. Hence the 
petrogenetic comprehension of these significant basalts has been in a 
suspended state of infancy. Most early studies concluded that there is a 
limited range in textures and a wide range of compositions (from fractional 
crystallization and crystal removal) (4,5,6). I have reviewed published 
data, inspected and made microprobe analyses (px,plag,glass) of many 
fragments, and made fused bead and INAA analyses of 10 coarse fines 
fragments. There is a wide range of textures (although most are fine- 
grained), and a narrow, but real, range of chemical compositions. 

TEXTURAL VARIATIONS: The archetypical varieties are fine-grained subophitic 
to intersertal basalts, with a network of plagioclase laths (C500 microns 
long); pigeonites with opx cores partly enclose plagioclases. Dark crypto- 
crystalline/glassy residue, totalling 10 to 50%, occurs interstitially. 
However, some samples are distinctly porphyritic: one fragment has opx 
phenocrysts up to 3 mm long, another has a glomeroporphyritc texture with 
intergrown plag and opx (3). 15386 has 2-3mm plag and opx, partly 
intergrown, and a much finer groundmass. At the finer-grain sizes, at least 
one sample is almost a glass, and many have spherulitic textures with no 
crystals greater than 200 microns, indicating crystallization from liquids 
of their own composition. Some samples, from fine spherulites to coarse 
fragments, contain yellow glass mesostasis instead of the cryptocrystalline 
dark mesostasis, indicating two-stage cooling and quenching. Several of 
these show partial to complete disruption, and appear to be consistent only 
with splashing and ejection of material from actively crystallizing flows 
by impact (7). Within a sample the texture, apart from phenocrysts, is 
quite homogenous, and textures are consistent with a volcanic origin and 
crystallization in a variety of dynamic environments. Complications are 
shown by the earliest crystals, which demonstrate that for some opx 
crystallized slightly before plag, in others plag before opx, in others 
there was simultaneous crystallization. The opx cores are in some cases 
complex, with a clearly distinct core overgrown by opx with abruptly 
distinct Al, Cr, and Ti contents, indicating crystallization in distinct 
environments. 

CHEMICAL RANGE: Analyses for fine-grained samples, including the 10 new 
ones and some 15358 clasts, show a strong negative correlation between Mg 
and Sm and between Cr and Sm (Fig. 1). Apart from some of the porphyritic 
samples (either cumulate or unrepresentative analysis), the range in 
compositions is from mg' .64 to .55, and Sm increases from 29 to 38 ppm. 
These data confirm the range of compositions suggested by (8). All 
elements show regular changes from most Mg-rich to most Mg-poor, consistent 
with fractional crystallization, or with random mixtures of a constant 
proportion of plag/px and a mesostasis composition. The reality of cotectic 
fractional crystallization (Fig. 2) is confirmed by a) analyses of two 
chips of a single sample which show that sampling errors are small, as 
believed from grain-size considerations and b) the compositions of opx core 
compositions, which vary reasonably sympathetically with bulk mg' (Fig. 3). 
Fractional crystallization corresponds with about 30% separation of 
plag+opx/pig. Whether a single magma was parental, or numerous similar 
'flows have been sampled, cannot generally be discerned, but isotopic data 
suggest at least two different initial Sr ratios (9). 
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PETROGENESIS: The Apollo 15 KREEP basalts are 3.85 Ga old and form the 
Apennine Bench formation which is younger than Imbrium. Data from the 
Apollo 14 site and the Apollo 17 site suggest that Imbrium is less than 
3.87 Ga (the age of Serenitatis) and probably also 3.85 Ga old. Inspection 
of the Apollo 15 samples suggests that no other kind of volcanic KREEP 
basalt exists in the Apennine Front, hence KREEP was not extruded as a 
volcanic rock in this region prior to the Imbrium event. KREEP basalts were 
not extruded in this region (or any other that we know of) after the 
Apennine Bench formation either. Hence we apparently have a major basin 
event geologically instantaneously before the only KREEP volcanism ever to 
occur in the area. The most reasonable conclusion is that the timing is not 
coincidental but cause and effect: the unloading and heat input from the 
basin-impact was directly responsible for the partial melting of a hot 
crust producing the Apollo 15 KREEP basalts. The chemical and isotopic 
evidence for a large amount of partial melting of a crustal source is 
consistent with such a petrogenesis of the Apollo 15 KREEP basalts. The 
source must have already been close to its melting temperature. 

Figure 1. Sm v. MgO for KREEP 
basalts. Filled circles - Ryder, 
unpublished data. Other symbols - 
literature data. 

YI 

References: (1) Spudis and Hawke 
(1986) LPI Tech. Rept. 86-03, 105. 
(2) Dymek (1986) LPI Tech. Rept. 

IS 

86-03, 52. (3) Ryder (1987) PLSC 
17th, E331. (4) Irving (1977) PLSC % 8th, 2433. (5) Basu and Bower (1976) a 
PLSC 7th, 759. (6) Dymek et al. c4 m -  

(1974) PLSC 5th, 235. (7) Ryder VJ E :  
(1988) Nature 336, 751. (8) Ryder 
(1987) LPS XIX, 1011. (9) Nyquist 25 

(1977) Phys. Chem. Earth X, 103. 

. W ~ ~ ' ~ ' ~ ' ~ " ' " ~ ' ' " ' ' ~  . a . m ~ . m n . = . m 9 . m ~ . m  

Calc liquidus opr mg - 

. . . . , . . . . , . . . . , . . . . , . . . . , . . . . , . . . .  

v *. 
- . . *  

0 .  
- i- . - 

:a* . • 
- 

Figure 2. Major elements data for 
KREEP basalts cast onto Si-01-An Figure 3. Compositions of core opx v. 
pseudoternary, emphasising cotectic liquidus opx composition calculated 
nature of the basalts (stars). All for each fragment. All data - Ryder, 
data = Ryder, unpublished. unpublished. 
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