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Introduction: The lunar crust provides an archive 

of information about planetary formation, crustal evo-
lution, and contains a wealth of information about the 
origin of the Earth-Moon system [e.g., 1-4]. Lunar 
meteorites provide random sampling of the lunar sur-
face including areas not visited by Apollo or Luna mis-
sions, and thus are presumably representative, on aver-
age, of the whole lunar surface [4]. Studying lunar 
meteorites is, thus, crucial for understanding the evolu-
tion and development of the whole moon [5]. A pairing 
group of 19 lunar feldspathic breccias, with Northwest 
Africa (NWA) 8046 as the first classified member and 
the namesake of this pairing group [6,7], was found in 
Algeria (cumulative mass is 12.9 kg) over the last five 
years, but has yet to be investigated in detail [6-10]. 
Petrographically, the NWA 8046 pairing group is a 
typical lunar feldspathic breccia but its composition is 
distinct compared to previously identified pairing 
groups from Northwest Africa, including having a 
lower Sm/Sc ratio indicating a low KREEP component 
[8,11]. In addition, one investigation on a tentative 
pairing group member, NWA 11421, identified a dun-
ite clast [10] elevating this meteorite to an interesting 
lunar breccia. 

In this work, we are undertaking the first thor-
ough reported petrological characterization of NWA 
11303, which is a member of the sensu stricto NWA 
8046 pairing group [7]. NWA 11303 is classified as a 
lunar feldspathic breccia and has a mass of 6 kg, which 
includes many small fragments and is the largest mass 
of this pairing group [6,7]. Here we report quantitative 
and qualitative analyses to 1) confirm its lunar origin 
and potential grouping, 2) place constraints on its crys-
tallization history and source location, and 3) improve 
our understanding of unsampled areas of the Moon and 
expand our knowledge of lunar highland rock types 
and their formation history(s).  

Materials & Methods: We have investigated one 
polished thick section of NWA 11301 that is part of 
the research collection of JG at Rutgers University 
(RU). Qualitative and quantities geochemical data 
were obtained with the Electron Microprobe JEOL 
JXA-8200 Superprobe (EMPA) at RU: we have col-
lected quantitative maps (BSE, CL, EDS, and WDS) of 
the entire section, as well as quantitative mineral point 
analyses on 42 clasts (sized between 300-1500 µm) 
within this section. EPMA conditions for point anal-
yses were 15 KeV, 10-20 nA	beam current, and spot 

sizes of 5 µm for plagioclase and 1 µm for olivine and 
pyroxene.  

Results and Discussion: NWA 11303 is a 
polymict anorthositic regolith breccia from the lunar 
highlands. The majority of the clasts within NWA 
11303, studied so far (42 total), comprise textures con-
sistent with granulites and/or anorthosites and contain 
Ca-rich plagioclase (An95-96). Other clast types include 
impact melts, impact glasses, mineral fragments, and 
mafic/gabbroic clasts. These textures and plagioclase 
compositions are consistent with this meteorite’s clas-
sification description and those of the other members 
of its pairing group of NWA 8046 [6,7].  

Lithic clasts and mineral fragments: The clasts 
analyzed in this study exhibit a variety of textures and 
compositions (Fig. 1). Granulitic lithologies are fine-
grained w i t h  equigranular textures and contain typical-
ly ~60% plagioclase with olivine and pyroxene. A nor-
thosite clasts with >90 plagioclase/maskelynite, gab-
broic textured clasts, and impact melt clasts occur as 
well. So far none of the clasts analyzed are basaltic.  

 
Figure 1: Backscatter electron image of a) granulite clast 
with pyroxene laths, labels olivine (ol), pyroxene (px), pla-
gioclase/maskelynite (pl); b) recrystallized impact melt 
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Figure 3:) Anorthositic clast with plagioclase lath surround-
ing the clasts; note the vesicles that line the clast 
 

Olivine and pyroxene have a broad range of Fe-Mg 
compositions and span in Mg# from ferroan anortho-
sites to Mg-suite (Fig. 2). 27 of the analyzed clasts in 
this study have plagioclase An95-96 and Mg-rich olivine 
and pyroxene compositions that fall into the composi-
tional gap between those two suites (Fig. 2). In these 
clasts, olivines have Mg# ≥ 75, low-Ca pyroxene have 
Mg# ≥ 79, high-Ca pyroxene have Mg# ≥ 83 (Fig. 2). 

Although most of the clasts have plagio-
clase/maskelynite with ~An96, there are two clasts with 
more sodic compositions of ~An93 (Fig. 2), indicating a 
possible contribution of a more sodic Mg-suite compo-
nent to the meteorite composition. 

Unusually textured clasts: Some clasts in NWA 
11303 have notably interesting/unusual textures that 
are outside the textural range normally found in lunar 
materials, indicating more complex formation histo-
ry(s). Three of the granulitic clasts studied here contain 
pyroxenes that occur as laths besides the typically 
rounded/granular olivine (Fig. 1a). Both olivine and 
pyroxene in these clasts are enclosed in plagioclase 
and/or maskelynite. The plagioclase in all three clasts 
is anorthite rich with An96. The composition of olivine 
and low Ca-pyroxene varies across all three from Mg# 
68 to 76 for olivine, and Mg# 74 to 79 for pyroxene. It 
is not clear if the granulites in NWA 11303 are genet-
ically related (formed from a single igneous body), 
or if they represent different sources and mechanisms 
of granulite formation, that underwent similar cooling 
histories to form a shared texture. 

Other unusual textures include anorthositic clasts 
that partially melted and/or are surrounded by recrys-
tallized impact melts. In these clasts anorthosite is ra-
dially surrounded by (Fig. 3) and/or penetrated by Fe-
rich melt and plagioclase laths. These texture could 
indicate fast melting and cooling histories. Interesting-
ly, vesicles seem to outline that particular clast (Fig. 
3), which would indicate the presence of volatiles that 
degassed during cooling.  

The formation of these impact melts could be relat-
ed to clasts they swathe. For chondrites, mesoscale 
numerical impact modeling has demonstrated that 
larger objects (e.g., chondrules) can focus shock waves 
and cause the matrix surrounding those objects to ex-
perience higher temperatures than other areas of the 
rock [14]. It is worth considering that more porous 
material surrounding larger clasts in lunar regolith 
might similarly undergo very localized impact melting. 

Conclusions: The lunar feldspathic breccia NWA 
11303 includes a high proportion of source material 
from lithologies with Mg-rich olivine and/or pyroxene. 
So far, we have analyzed 42 clasts from this breccia 
and of those 27 contain olivine and/or pyroxene with 
Mg# ≥ 75. This breccia also includes clasts with unu-
sual olivine, pyroxene, and anorthite textures, which 
warrant additional consideration. 
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Figure 2: An# versus Mg# for lithic clasts. Mg-suite and 
ferroan anorthosite (FAN) fields from [12] based on [13]. 
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