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 Introduction: KREEP-rich basaltic samples have 
been formed either as impact melts [1, 2] or as 
pristine melts of the lunar interior [3-5]. Ryder [6] 
studied KREEP basalt 15434 as it had an apparent 
porphyritic texture that showed non-linear cooling 
rates. This was taken as evidence that this KREEP 
basalt was derived by partial melting of the lunar 
interior. Sample 15434 was collected in Spur Crater 
near Station 7 [7]. 15434,8 was first described in 
hand specimen by [8] as a basalt containing Olivine 
phenocrysts, Examination of thin sections 
(15434,8,181 and ,8,188) by [6], showed this to be 
incorrect with the phenocrysts being Orthopyroxene 
(Opx). The Opx phenocrysts in 15434,8 are 
surrounded by a fine-grained, intersertal groundmass 
[6] (Fig. 1). The Opx phenocrysts are subhedral, up 
to 2mm long, lack optical zonation, exhibit faint 
signs of resorption, and contain “Plagioclase needles” 
penetrating the Opx phenocrysts [6] (Fig. 1). The 
groundmass is made up of Plagioclase, Cristobalite, 
Pigeonite, Augite, and Si-rich glass; the glass 
contains opaques and phosphates. 
 It is possible to have a single cooling regime 
result in a porphyritic texture [9-11], but it would 
require a parental liquid that is not multiply-
saturated, with one liquidus phase for a long time 
before others started to crystallize. Ryder [6] 
concluded that the Plagioclase laths that penetrate the 
Opx phenocrysts indicated that the melt was close to 
multiple saturation. In addition, whole rock data for 
A-15 KREEP basalts plot along the plagioclase-
pyroxene cotectic [3]. Disparity between the size of 
the phases in the groundmass and phenocrysts was 
the basis for [6] to suggest a two stage cooling 
history. On the basis of these observations, Ryder [6] 
concluded that the Apollo 15 KREEP basalt suite was 
volcanic in origin and at least some samples of this 
suite had a two stage cooling history. 
 Simon et al. [12] analyzed the whole rock 
composition of 15434,8,181 via instrumental neutron 
activation. Results were consistent with other 
measurements of Apollo 15 KREEP basalts [3]. 
Electron microprobe analysis (EMPA) was 
performed on various mineral phases, notably Opx 
phenocrysts that displayed compositions from 
Enstatite to Pigeonite. Using mineral and bulk 
chemistry, along with petrographic evidence, [12] 
concluded that that Apollo 15 KREEP basalts have a 
cogenetic volcanic origin, and that the melt was 
multiply saturated. 
  Resorption features are notable, predominantly 
on the interface between the Opx and some of the 

larger Plagioclase needles, as well as the 
Clinopyroxene overgrowths. Ryder [6] considered 
these to be due to the change in conditions between 
the formation of the phenocrysts and the groundmass. 
However resorption features would also be found if 
the Opx were xenocrysts. In this study the large 
pyroxene crystals are examined using major (via 
EPMA) and trace element (via LA-ICP-MS) data to 
investigate if these are indeed phenocrysts as 
proposed by [6], or are in fact xenocrysts.

 
Figure 1: Photomicrograph of 15434,8,181. Sample 
is 5mm across. Largest crystals = Opx. 

Methods: EPMA was conducted at Washington 
University St. Louis using a JEOL JXA-8200. 
Acceleration voltage was 15kv beam current was 
25nA, beam size was 1 to 5 µm. Laser Ablation (LA) 
ICP-MS was conducted at the University of Notre 
Dame Midwest Isotope and Trace Element Research 
Analytical Center. A New Wave UP213 laser system 
was used to ablate samples. The samples were 
analyzed using a raster and a spot size of 30µm, and a 
Frequency of 5 Hz. The ICP-MS that was used was a 
Thermo Finnigan Element2. CaO (determined by 
EPMA) was used as the internal standard and the 
NIST-612 glass was used as the external standard.  

Results: Preliminary data for 15434,8,181, 
collected by EPMA and LA-ICP-MS can be found in 
Figs. 2-4. A total of 36 analyses were collected by 
EPMA from 22 different pyroxene crystals (Fig. 2). 
EPMA analysis for 15434,8,181 is consistent with 
similar plots found in [12] showing a trend from Opx 
crystals towards Pigeonite to Augite. Trace element 
results (Fig. 3) were collected at 12 sites across 11 
crystals. REE profiles have a shared upward sloping 
trend from La to Lu, Eu was under detection limits 
for all but one location, further analyses will be 
conducted with care to acquire Eu values.  
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Previous textural work [13] used the quantitative 
petrology method with plagioclase to distinguish 
impact from pristine melts (using the method of [14]) 
showed 15434,8,181 plots with pristine, mantle-
derived melts. In order to justify this conclusion, 
further work was conducted on 15434,8,181 and 
several KREEP basalts (see [15] for details). 

 
Figure 2: Pyroxene quad plot for EPMA data collected on 
15434,8,181, Green triangles, Laser sites; small circles, 
non-lasered pyroxenes; red circle, is the Opx composition 
of the D values used [15]. 
     Discussion: The whole rock (WR) composition of 
15434 represents an average of all the processes that 
have affected the sample. Therefore, if the large Opx 
crystals (Fig. 1) are phenocrysts, calculated 
equilibrium liquids should encompass the WR 
composition. Partition coefficients from [16] were 
used to calculate equilibrium liquids as they were 
determined on pyroxenes of similar composition to 
those in 15434,8,181 (Fig. 2), and were determined 
under lunar ƒO2 conditions.   

The equilibrium liquid REE profiles are distinct 
from that of the WR (Fig. 3), with the former being 
relatively flat, yet the WR is LREE-enriched. While 
in Fig. 4 the WR plots close to the Equilibrium 
liquids it does not plot with them, as would be 
expected if the Opx crystals were cognate. If a melt 
begins to cool and Opx was to crystalize first the 
resulting liquid should have its Zr/Y ratio increase as 
Y is taken in to Opx preferentially (see the arrow in 
Fig. 4). This is because there is an order of magnitude 
difference between the higher value for Y and the 
lower value for Zr; Zr/Hf remains relatively 
unchanged. Therefore, we tentatively conclude that 
the Opx are xenocrysts 
 
 Summary: New chemical data was collected for 
15343,8,181. EMPA work that was done was 
consistent with previous studies showing an 
Enstatite-Pigeonite, Augite trend among the 
pyroxenes.  Trace element data suggests that the large 
Opx crystals might be xenocrysts. Further work will 
be conducted the different mineral phases and will be 
presented at LPSC 44.  

 
Figure 3: Chondrite normalized REE plot, Bottom cluster  
Opx REE data, Upper cluster  calculated equilibrium 
liquids.  Eu was below detection for all but one analysis.  
 

 
Figure 4: Zr/Y vs Zr/Hf diagram, Arrow denotes direction 
resulting liquids would evolve if Opx was to crystalize 
from WR, Open symbols are Rim, filled symbols are cores 
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