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Introduction: KREEP basalts contain a chemical 
signature enriched in potassium, Rare Earth Elements 
and Phosphorus (along with other incompatible trace 
elements). KREEP was first identified by [1] and 
later named by [2]. The KREEP chemical signature 
originated form the last fraction of melt from the 
Lunar Magma Ocean (LMO) commonly referred to 
as urKREEP or primordial KREEP [3-5]. However 
urKREEP is not found in the sample collection in a 
pure form, instead it is found in KREEP basalts and 
as extreme fractionates of mare magmas.  
 The origin of KREEP basalts is still a subject for 
debate. The two main hypotheses are 1) KREEP bas-
alts are pristine, primary melts [6-8], and 2) KREEP 
basalts are the result of impacts that mix different 
“KREEPy” materials [9,10]. How the KREEP sig-
nature is incorporated into pristine basaltic magmas is 
also under debate (i.e., is the KREEP signature in-
herited from the source or is it assimilated after 
magma generation?).  

Relative to mare basalts, KREEP basalts have a 
higher Al content and a lower Ca/Al ratio, reflected 
in the low abundance of Ca-rich pyroxene [11]. As 
such, KREEP basalts have been termed "non-mare" 
or "Very High Alumina" due to their distinctive com-
position relative to mare basalts [12-16]. 

 
Figure 1: KREEP basalt CSDs 
 Several methods have been used to differentiate 
between the two main hypotheses of pristine vs. im-
pact KREEP melt generation. Highly siderophile el-

ement (HSE) compositions were used by [5] because 
impact melts are enriched in the HSEs relative to 
lunar materials [17-19] However, determining HSE 
abundances in these samples destroys a lot of sample 
and cannot be conducted on small samples. There-
fore, other less destructive methods are being used to 
differentiate between pristine melts of the lunar inte-
rior and impact melts (e.g., [20,21]. Ryder [22] used 
petrographic evidence to suggest pristinity for Apollo 
15 KREEP basalts, arguing that pyroxene pheno-
crysts and fine grained groundmass required a two 
stage cooling history (although it is possible to form 
porphyritic texture if a phase was on the liquidus long 
before the others, [23]) and that impact melts could 
not generate such a texture given their composition 
was multiply saturated (e.g., [7]). 

This study of KREEP basalts is to examine their 
origin either as pristine melts of the lunar mantle or 
as impact-generated melts. Many KREEP basalt 
samples are small, thus precluding determination of 
the HSEs. Here, textural evidence will be used to 
investigate the origin of a given sample as either a 
pristine or impact melt ([21,24]). In addition, crystal 
compositions were also determined by Electron 
Probe MicroAnalysis (EPMA). 

 
Figure 2: Plagioclase CSD y-intercept vs. CSD slope  
 Method: Using the method of [24] to diffrentiate 
between impact and pristine melts using quantitative 
petrography is not destructive (other than preparing a 
thin section) allowing for the preservation of the 
majority of the sample, as awell as allowing for the 
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analysis of samples that have traditionaly been too 
small for petrogenetic interpretation. The quantitative 
petrographic method uses Crystal Size Distributions 
(CSDs), which measure the number of crystals of a 
characteristic size per unit volume of rock [25-27]. In 
order for CSDs to be constructed, thin sections must 
be first digitized and then analyzed (a longer and 
more detailed description may be found in 
[20,21,24]). Figure 1 contains the plotted CSDs for 
various KREEP basalts analyzed thus far. Figure 2 
contains the Slope vs. Intercept method that focuses 
on plagioclase crystals ≥0.4 mm.  
 In addition to CSDs chemical data was collected 
on nine KREEP basalt samples: 14150,34; 
15434,8,181; 14310,25; 15243,43; 14150,33; 
15243,60; 12057,18; 15243,60; and 15386,3. Miner-
als were analyzed by EPMA at Washington Univer-
sity using a JEOL JXA-8200. Acceleration voltage 
was 15kv beam current was 25nA with a beam size 
of 1-5 um. A total of 291 sites were analyzed.  Pyrox-
ene compositions are in Fig. 3  
 

	  
Figure 3: Pyroxene compositions analyzed as part of this 
study. Key (symbols at bottom) left to right: 
14150,34;15434,181; 14310,25; 15243,43; 14150,33; 
15243,60; 12057,18; 15243,6; and 15386,3.  

Results: The CSDs for 12057 (18 and 37),15386 
(3 and 8), and 15434,8,181  are consistent with data 
plotted for pristine melts (Fig. 2). However 14064,36 
and 15382 plot in between the pristine melt trend and 
the impact melt trend, making their identification 
using this method difficult. 

Preliminary results for EPMA can be found in  
Fig. 3, which shows a trend in pyroxene composi-
tions moving from Enstatite through Pigeonite to 
Augite and more Fe-rich varieties. Collectively, the 
Pyroxenes display a Mg# ranging approximately 
from 0.85 to 0.03.  Plagioclase ranges from An95-
An62, with the lower An% values found on the rims 
of larger plagioclase or within the groundmass  
 Discussion: The KREEPy REE profiles of these 
samples can be seen in Fig. 5. There seems to be no 
apparent systematic difference between profiles of 
impact melts and of pristine melts, as they are de-
fined by interpretation of Figure 2. This suggests that 
whole-rock composition (other than Highly Sidero-
phile Elements - HSEs) cannot be used to differenti-

ate between a pristine or impact origin for KREEP 
basalts. However, as noted above, many of the 
KREEP samples in the Apollo collection are too 
small for HSE analysis to be performed. Therefore, a 
method that combines quantitative petrography 
(using CSDs) and crystal stratigraphy is being used to 
define the ultimate origin of these basalts. 

Summary & Future Work: Combination of 
CSDs and in situ chemical analysis of mineral phases 
allows for a minimally destructive approach to study 
a dwindling supply of KREEP basalts. More CSDs 
are being constructed for KREEP basalts (with a 
focus on those that have EPMA work being analyzed 
first). Laser ablation Mass spectrometry will also be 
done on mineral phases using the EPMA data as a 
guide, these data will be presented at LPSC 44. 

	  
Figure	  4:	  Whole	  rock	  REE	  profiles	  of	  KREEP	  basalts	  studied.	  
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