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Introduction: Efforts have been made to identify 

meteorite source regions using Lunar Prospector 

Gamma-Ray Spectrometer (LPGRS) data and Clemen-

tine reflectance data (e.g., [1-4]), but the low spatial 

resolution (≥0.5 degree per pixel) of LPGRS measure-

ments [5] and relative instrumental insensitivity to Fe-

poor lithologies means potential source regions can 

often only be identified at a broad scale. The resolution 

of compositional remote sensing data from recent mis-

sions such as Lunar Reconnaissance Orbiter and Ka-

guya now approaches the spatial scale of individual 

outcrops, offering a new opportunity to both potentially 

identify the source regions of lunar meteorites and 

place Apollo samples in more precise geologic context. 

Here, we present a new method for identifying the 

source regions of rare lunar lithologies using Kaguya 

Multiband Imager (MI) data. 

Methods: To locate source regions of lunar sam-

ples, we first obtained the mineralogical composition 

of samples of lithologies rare among the Apollo collec-

tion but with known provenances. These lithologies, 

such as Mg-suite rocks, are poorly sampled in the 

Apollo collection, yet are critical to understanding the 

structure and evolution of the lunar crust [6]. We then 

used near global mineralogical maps derived from the 

Kaguya MI data [7], and polar mineral maps derived 

from the Kaguya Spectral Profiler data [8] to locate 

areas that match the mineralogical composition of each 

sample +/- ~8 wt.% (i.e., the error on the mineral 

abundance maps) [7]. After “ground-truthing” our 

method with Apollo samples, we used the same tech-

nique to locate areas that match the mineral composi-

tion of a meteorite with unknown source. 

We identified three samples of rare Apollo litholo-

gies with known provenance: norite 77215, norite 

78235 and troctolite 76535. Sample 77215 is a single 

lithology subsampled from the Station 7 boulder [9]. 

This boulder is a breccia [10] and has a well-

constrained source on the North Massif [11,12]. Sam-

ple 78235 was sampled from the Station 8 boulder 

(which was likely ejected from a small crater near Tau-

rus-Littrow [13]). Rake sample 76535 was collected at 

Station 6 [9].      

For a sample with unknown source, we selected lu-

nar meteorite Northwest Africa 5744, a granulitic anor-

thositic troctolite (e.g., [14,15]). The NWA 5744 group 

consists of several paired stones, including NWA 8687 

[14,15]. We obtained two 27 × 46 mm thin sections of 

these meteorites for study. 

Sample analysis. Bulk mineral and Th composi-

tions of 76535, 77215, and 78235 were obtained from 

the Lunar Sample Compendium. Modal mineralogy of 

NWA 5744 was determined with point counting on 

false color X-ray element maps of sections of NWA 

5744 and its pair NWA 8687 [15]. Mineral proportions 

of plagioclase, pyroxene, and olivine were normalized 

to 100 %. Bulk mineral proportions among the NWA 

5744 group pairs are variable [14,15], so we searched 

for two compositions. Literature bulk Th was used for 

NWA 5744 (~0.1 ppm [14]). 

 

Sample Plg wt% LCP wt%  HCP wt% Ol wt% 
Th 

ppm 

76535 51-67 0-12  28-44 0.19 

77215 46-62 34-50 0-8  2.00 

78235 40-56 43-59 0-8  0.60 

NWA 

5744 

42-58 

51-67 

14-30 

5-21 
 

20-36 

18-34 
0.10 

Table 1. Lunar Sample Compendium compositions for se-

lected samples ± ~8 wt.%. These compositional ranges are 

used as an input for the mineral map analysis.  

Mapping sample provenance with remote sensing. 

The Kaguya-derived mineral maps are quantitative 

maps obtained by radiative transfer modeling of the 4 

major lunar minerals (plagioclase, olivine, low-Ca py-

roxene, high-Ca pyroxene, assuming a fixed Mg# = 65) 

at a spatial resolution of ~80 m/pixel in the equatorial 

region [7,17] and ~1 km/pixel in the polar regions [8]. 

These mineral maps incorporate improved optical con-

stants and space weathering modeling, increased spatial 

resolution and a better correction of the reflectance 

data (corrected for the shading effects of topography) 

compared with previous Clementine-derived mineral 

maps [19]. We used these maps to look for pixels 

matching the composition of the samples +/- 8 wt.%. 

We then used the pixon-reconstructed Lunar Prospec-

tor Th maps of Wilson et al. [16] as a “sanity check” to 

ensure these areas were in fact reasonable matches.  

   Results and Discussion: Potential sources for norite 

77215 are well-constrained; a few pixels with matching 

composition show up at the bottom of North Massif, 

where the Station 7 boulder originated (Fig. 1). This is 

consistent with material “weathering” out and sliding 

down to the valley floor. Norite 77215 only represents 
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one small part of the total Station 7 boulder breccia, 

which may explain why we do not observe this compo-

sition higher on the massif wall.  

Norite 78235 and troctolite 76535 compositions 

give more ambiguous results. Norite 78235’s composi-

tion is nearly absent if we look for the abundance of 

Low-Ca Pyroxene and High-Ca pyroxene separately 

(two pixels west of the Apollo 17 site and a few others) 

but appears ubiquitous around the mare, and abundant 

at the Apollo 17 landing site, if we search for the total 

pyroxene abundance (Fig. 2). Troctolite 76535 is a 

rake sample with no obvious source outcrop. Its com-

position nonetheless matches many pixels scattered 

across the floor of the Taurus-Littrow valley. If 76535 

was thrown to the Apollo 17 site by an impact, these 

pixels could represent ejecta with similar composition. 

 

 
Figure 1. The Apollo 17 landing site with pixels of matching 

composition for samples 76535 (green), 77125 (red) and 

78235 (blue). The background is a DEM modified from 

Schmitt et al. [12]. 

 

    The NWA 5744 group contains low Th, which rules 

out many places as potential source regions within the 

Procellarum KREEP terrane [20]. Areas with composi-

tion similar to the NWA 5744 troctolite are restricted 

to the margins of impact basins Humorum, Serenitatis, 

and Moscoviense, areas of the Aristarchus plateau, and 

areas of Oppenheimer crater (Fig.2). NWA 5744’s 

composition also matches a small area on the peak ring 

of Schrödinger basin, which is consistent with previous 

observations using M3 data [21].  

    Summary: Our analysis confirms the known source 

locations of three Apollo 17 samples, demonstrating 

that MI mineral maps [7,8] can be used to localize re-

gions representative of Apollo-like Mg-suite rocks. By 

combining Th data with the high resolution mineral 

maps, we identify possible source regions for the NWA 

5744 meteorite group. We plan to further refine our 

maps to attempt to locate source regions for other rock 

types, including KREEP-rich or alkali suite lithologies.  

 
   References: [1] Joy K.H. et al. (2010) MaPS 45, 917-946. 

[2] Calzada-Diaz A. et al. (2015) MaPS 50, 214-228. [3] 

Calzada-Diaz A. et al. (2017) MaPS 52, 3-23. [4] Robinson 

K.L et al., (2012) MaPS 47, 387-399. [5] Prettyman T.H. et 

al. (2006) JGR 111:E12007. [6] Shearer C.K. et al. (2015) 

Amer. Min. 100, 294-325. [7] Lemelin, M., et al. (2018), 

Planetary and Space Science, In Press. [8] Lemelin M. et al. 

(2017) 48th LPSC, Abst.# 2479. [9] Lunar Sample Compen-

dium. [10] Minkin J.A. et al. (1978), Proc. 9th LPSC, 877-

903. [11] Hurwitz D. and Kring D.A. (2016) EPSL 436, 64-

70. [12] Schmitt, H.H. et al. (2017), Icarus 298, 2-33. [13] 

Petro N.E. et al. (2015) 46th LPSC Abst.# 2687. [14] Kent 

J.J. et al. (2017) MaPS 52, 1916-1940. [15] Robinson K.L & 

Kring D.A. (2018) 49th LPSC, Abst.# 1635. [16] Wilson, J.T. 

et al. (2018) JGR-Planets 123. [17] Lemelin, M. et al. 

(2015), JGR-Planets 120, 869–887. [18] Ohtake, M. et al. 

(2008) Earth Planets Space 60, 257–264. [19] Lucey. P.G. 

(2004) GRL 31, L08701. [20] Jolliff, B.L. et al. (2000), JGR 

105, E2, 4197-4216. [21] Kramer G.Y. et al. (2013) Icarus, 

223, 131-148.   

 

 

 
Figure 2. The pixels of matching composition for the high-plagioclase NWA 5744 sample (blue) and the low-plagioclase sam-

ple (red). Left: Near-global mosaic shown within +/- 50º in latitude. Right: South polar map shown poleward of 70ºS. 
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