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Introduction: Previous Lunar Magma Ocean 

(LMO) crystallization models have suggested a global 

ferroan anorthosite (FAN) crustal composition [1,2]. 

Production of lunar crust comprised of FANs is 

consistent with Apollo highland samples, however the 

Apollo highland samples are known to not be 

representative of the global lunar highlands as they were 

all obtained from a few localized sources on the nearside 

of the Moon which may be affected by continuous ejecta 

from the Imbrium basin [3,4,5]. One of the key benefits 

in analyzing lunar meteorites is that they offer a chance 

to sample non-Apollo type locales and provide a more 

global representation of lunar crustal composition [e.g., 

6,7]. Recent analyses of lunar meteorites have shown 
that lunar anorthositic material from the surface of the 

Moon is more magnesium rich (e.g. Mg#>75) than both 

the LMO models and Apollo samples would suggest 

[5,8]. Analyzing major and trace element geochemistry 

of anorthositic material in lunar meteorites allows for a 

better understanding of lunar crustal composition. If 

research continues to identify Mg-rich anorthositic 

material as the predominant component of lunar crust 

from this globally representative dataset, the case for a 

revision of LMO models can be made more robust.   

Here we report petrography and major element 

mineral chemistry for anorthositic clasts in a lunar 

meteorite paired with NWA 11788.  

Methods: For this study a 35.6 g (~2.5cm x 5cm) 

fragmental feldspathic breccia was acquired from 

Northwest Africa from a private dealer. On the basis of 

composition and texture [Table 1, 9], it is likely to pair 
with NWA 11788, which may further be paired with the 

NWA 8673 clan of stones [10].  

Sample texture was analyzed with X-Ray computed 

micro-tomography (Micro CT) from the High-

Resolution X-Ray Facility at the University of Texas at 

Austin. Micro CT allowed for the identification of  

points of interest to target for thin sectioning.  Major 

elements were obtained via a JEOL JXA-8230 electron 

probe microanalyzer at the University of Colorado, 

Boulder. Point analyses for all mineral grains were 

performed using a 1 µm diameter electron beam with 20 

nA current and 15 kV accelerating voltage.  

Results: The rock is dominated by a dark grey, very 

fine-grained regolith matrix containing anorthositic, 

noritic, and basaltic clasts. The sample is highly shocked 

with many fractures propagating throughout. Several of 

these fractures show evidence of terrestrial 
contamination (presence of barite & celestite observed 

by EDS during EPMA analyses). Ni-Fe alloy grains are 

present throughout the matrix. Impact melt veins are 

present in some thin sections and display deformed 

semi-round to amorphous olivine crystals. 

Anorthositic clasts were targeted for this study (Fig. 

1). Anorthositic clasts often exhibit a cumulate or 

intergranular texture with olivine and pyroxene 

ubiquitous throughout with minor amounts of ilmenite 

and spinel. Olivine and pyroxene textures vary widely 

but tend to range from subhedral to round when 

incorporated with anorthositic clasts. Occasional 

exsolution lamellae is present in some pyroxene.  A 

heavily fractured pink spinel was identified in one thin 

section. It may be associated with an anorthositic clast, 

and it has not yet been chemically analyzed.  
 

Figure 1: Plane polarized light image showing a 3mm 

anorthositic clast. 

 

Micro-CT analysis revealed several (~1-3mm) clasts 

within the whole rock which were identified as targets 

of study for this research. 5 thin sections were chosen 

for EPMA as they contained multiple anorthositic clasts 

previously identified by the Micro-CT analysis. 

Plagioclase, olivine, and pyroxene were analyzed in 30 

anorthositic clasts (41 Olivine,  30 Pyroxene, 52 

plagioclase). Additionally, 4 ilmenite and 1 Cr-spinel 

were analyzed. Calculated %An values for anorthositic 

clasts range from 92.4-97.8 (Fig. 2). The Mg# of olivine 

and pyroxene in the anorthositic clasts ranges from 44.7-

84.7 and 31.6-84.1 respectively (Fig. 2). Of the 

pyroxenes sampled in each clast, low-calc pyroxene was 
the dominant phase present in most clasts (8:1 low-calc 
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to high-calc pyroxene). Shock melt veins were analyzed 

with a defocused electron beam as a proxy for bulk 

meteorite composition (Table 1).   

 
Figure 2:  An% of plagioclase vs. Mg# of mafic 

minerals within anorthositic clasts. Fields from [11]. 

 
Table 1: Average major elemental composition for 

shock melt vein in our sample compared to NWA 11788 
& pairs. 

 

Discussion: Based on melt vein chemistry, 

petrology, and textural characteristics this sample is 

likely paired with NWA 11788. Fe/Mn ratios in olivine 

(Range 74.3-112.8; Average 89) and pyroxene (Range 

40.1-65.6; Average 55) fall within the reported range of 

other lunar meteorites and Apollo samples, thus 

confirming the lunar origin of NWA 11788.   

The Mg# of mafic minerals in the anorthosite clasts 

plot predominantly in the compositional gap between 

the Mg-suite and FANs. Nearly 70% of the olivine and 

pyroxene sampled in anorthositic clasts have a Mg# >75. 

Since the compositional fields [11] in Figure 2 are 

derived from Apollo samples, this suggests that the 

anorthositic clasts in this sample were probably derived 

from locales different than the Apollo sampling 

locations. These results also add to the increasing 

amount of data [5,8] that show Mg-rich anorthositic 

material is significantly more abundant in feldspathic 

lunar meteorites than the FANs found in the Apollo 

samples and predicted by LMO models. It is possible 
that this unaccounted-for crustal lithology is the product 

of more complex processes (e.g. serial magmatism [5]) 

than a globally homogenous series of LMO 

crystallization and differentiation events. Mg-rich 

lithologies like the Mg-suite from the Apollo samples 

display characteristics of KREEP-rich parent magmas 

[12], but it is unclear whether the presence of KREEP is 

strictly required for the generation of these lithologies 

and the question of whether KREEP is an inherent 

component of Mg-rich type lithologies is an on going 

debate [12]. The prevalence of Mg-rich (Mg#>75) 

anorthositic material in lunar meteorites suggests that 

these Mg-Suite type lithologies are being generated on 

the lunar farside and other KREEP-poor locales [8]. If 

this is the case, then a revision to the LMO model is 

needed to account for the ubiquity of Mg-rich 

anorthosites throughout the lunar crust. 
NWA 11788 also contains hyperferroan 

anorthosites (Mg# of 31.5 & 44.7) that are rare in lunar 

meteorites and not known in the Apollo collection. 

Hyperferroan anorthosites do not have a known parent 

from which they were derived [4] and may be a very late 

stage product of LMO crystallization [11]. 

INAA bulk rock analysis and trace element analysis 

of anorthositic clasts via LA-ICP-MS will be presented 

at LPSC 53. 
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