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At this writing, we are aware of 104 lunar meteorite 

stones, 97 of which have names that have been accepted 
by the Nomenclature Committee of the Meteoritical 
Society (2 provisionally) and 7 without accepted names 
that have nonetheless been described in the literature [1] 
or that we have recently analyzed and know to be of 
lunar origin (N=6). At least 8 other alleged lunar mete-
orite stones are in the hands of reputable dealers and 
collectors. Ignoring the latter, the known lunar meteor-
ite stones represent as many 46 meteorites and probably 
not less than about 35. We have obtained compositional 
data by INAA for 192 subsamples of 31 lunar meteorite 
stones since our last reports here [2–7]. Some of the 
data are reported elsewhere [8–14].  
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New Meteorites and Analyses: Basalt MIL 05035 
(Fig. 1) is compositionally similar to Yamato 793169 (¥ 
in Fig. 2) and Asuka 881757 ($); it is likely source-
crater paired with these Antarctic stones [14]. Dhofar 
1428 (L) [8], NWA 2200 (s), NWA 2995 (m) [8], and 
NWA 2998 (n) are feldspathic breccias. With only 
2.7% FeO, NWA 2998 is marginally the most feld-
spathic of lunar meteorites. Dhofar 1180 (K) [8] is one 
of several breccias with 9–10% FeO; all the others have 
higher concentrations of incompatible elements, how-
ever (Fig. 2). NWA 4472 and NWA 4485 [12] are 
paired stones of unique composition. LAP 04841 is 
compositionally indistinguishable from the other LAP 
basalts [15] and the NWA 479 [16] basalt is indistin-
guishable from paired stone NWA 032.  

The “regolith breccia” lithology of Dhofar 287 (D) 
[17] is highly dissimilar in composition to the basalt 
lithology [18] and, in fact, to any Apollo regolith (Figs. 
2,3). Likewise, the breccia portion of NEA 003 (f) [19] 
is dissimilar to the basalt portion [3] and curiously rich 
in iron (Fig. 2). On the basis of mass-balance con-
straints, the regolith breccia portion of SaU 169 [20] 
contains, at most, only 20% of the impact-melt-breccia 
lithology. Thus, among the four di- or multi-lithologic 
lunar meteorites (all of which can be interpreted as 
small breccias with one or more large clasts), only the 
components of the NWA 773 clan appear closely re-
lated to each other [2, 9,11,13]. 

Observations: Lunar meteorites provide a different 
sampling of the Moon than rocks of the Apollo mis-
sions. Many of the compositional differences between 
lunar meteorites and Apollo rocks reflect the geochemi-
cal asymmetry of the Moon, the proximity of the Apollo 
sites to the anomalous PKT (Procellarum KREEP Ter-
rane [21]; Fig. 3), and the (presumably) random distri-
bution of meteorite source craters compared to Apollo 
landing sites [22]. For example, a large number of 
Apollo samples (those often identified as “LKFM” or 
“KREEP”) have noritic compositions (8–12% FeO) and 
high concentrations of incompatible elements (>10 µg/g 
Sm; Fig. 3). Such a composition is consistent with the 

PKT, as we infer it from orbital data. Nearly all such 
Apollo samples are either impact-melt breccias or re-
golith breccias containing a large proportion of impact-
melt breccia. Such rocks are uncommon among lunar 
meteorites (only SaU 169 [20], NWA 4472/4485 [12], 
Dhofar 925/961[5], and possibly Calcalong Creek [23], 
a regolith breccia). Nonmare, polymict samples from 
the Apollo collection largely reflect mixing (Imbrium? 
Serenitatis?) between the PKT and the FHT (Feld-
spathic Highlands Terrane [21]), although many also 
contain some mare basalt. Breccias that are composed 
of subequal mixtures of anorthosite and basalt, yet are 
uncontaminated by PKT material, are rare in the Apollo 
collection but are not uncommon among the lunar me-
teorites (Fig. 3). None of the lunar meteorites are mix-
tures of Sm-rich, noritic melt breccia and mare basalt as, 
for example, are the soils of Apollo 12 (Fig. 3).  

Figure 1. Comparison of compositions of basaltic lunar meteorites. 
MIL 05035 is so coarse-grained that it would require 8- and 22-g 
samples to reduce the relative standard deviation in Sc and Na 
concentrations among such samples to 1% [24]. LAP [15] is much 
finer grained and small subsamples thereof are much more similar 
to each other in composition. 

Although half of the lunar meteorites originate from 
the FHT and are highly feldspathic (70–85 % normative 
feldspar), none are as feldspathic and poor in incom-
patible elements as are any of several hand-sized fer-
roan anorthosites of Apollo 15 and 16 (>95% plagio-
clase) and many of the small samples of Fig. 3 (i.e., 
those with <2% FeO and <0.5 µg/g Sm). Also, as we 
have noted elsewhere [10], the feldspathic lunar meteor-
ites are more magnesian (greater Mg/Fe), on average, 
than is ferroan anorthosite. These observations suggest 
that ferroan anorthosite, as it is known from the Apollo 
collection, may not be as common a constituent of the 
feldspathic crust as generally assumed.  

Some basaltic lunar meteorites have been described 
as “KREEPy.” Such claims are misleading in that none 
is particularly rich in incompatible elements compared 
to Apollo mare basalts, e.g., none are as rich in Sm as 
are most basalts from Apollo 11 and some from Apollos 
14, 15, and 17 (Fig. 3).  
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Comparison of lunar meteorites
to regolith fragments (N = 2362, 
>10 mg in mass, 2-4-mm grain-size
fraction) from the 6 Apollo 
landing sites

range of
mare basalts
from the
Apollo & Luna
missions

Apollo
  11
  12
  14
  15
  16
  17
total

N 
122
239
404

52
808
737

2362

 

Assuming that about 5% of the lunar 
surface lies within the South Pole-Aitken 
basin [21] and the lunar meteorites represent 
35+ source craters, it is likely that one or 
two of the known but yet-unidentified mete-
orites originates from within the basin.  
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Figure 2. Compositions of 45 lunar meteorites. Each 
“point” represents a meteorite (all stones for which 
there are data) or a lithology in a meteorite for those 
meteorites that are multilithologic (SaU 169 [S], NWA 
773 [k], Dhofar 279 [D], NEA 003 [f]). Numbers repre-
sent Antarctic ANSMET meteorites and keyboard 
symbols ($, %, #, ?, etc.) represent Antarctic NIPR 
meteorites, except © is Calcalong Creek [23]. Capital 
letters represent meteorites from Oman and lower-
case letters represent those from Africa. Geometric 
symbols represent unnamed meteorites for which we 
have obtained data (the basalt [∆] may be paired with 
NWA 032/479 [g]). Circled points represent unbrecci-
ated mare basalts (Fig. 1); all other points represent 
breccias. The inset shows the same data on a linear 
Sm scale. 

Figure 3. Comparison of compositions of meteorites 
(pink circles) of Fig. 2 with Apollo samples (dark blue 
numbers). Each Apollo point represents a 2–4-mm 
lithic fragment from the regolith (all data this lab, e.g., 
[25]). The numbers designate mission numbers (6 = 
Apollo 16, etc.). The range of compositions of mare 
basalts from the Apollo and Luna missions is shown 
by the green field. The red lines are mixing lines 
between the three implied components: typical mate-
rial of the Feldspathic Highlands Terrane, typical 
material of the Procellarum KREEP Terrane, and 
mare basalt, which occurs in both terranes [21]. For 
two reasons, at least, the distribution of compositions 
of Apollo samples plotted here is not ideally represen-
tative of the rocks of the Apollo landing sites. The 
number of points for each site varies considerably, 
from 52 to 808, and for both Apollo 15 and 17 the 
analyzed samples were from the highlands sampling 
stations, not stations on the maria. Both biases lead 
to under representation of mare basalt compared to 
nonmare lithologies.  
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