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Introduction: Reflectance properties of the lunar 

surface are strongly related to physical and composi-
tional properties of the regolith. Factors such as grain 
size, composition and mineralogy, regolith structure, 
surface roughness, space weathering, and glass and Fe0 
contents affect how the surface of an airless silicate 
body reflects light [1,2]. Photometry is a powerful tool 
for determining differences in composition and rego-
lith structure, and photometric data from Lunar Recon-
naissance Orbiter (LRO) Narrow Angle Camera 
(NAC) images has the potential to greatly enhance our 
understanding of the regolith properties of the Moon. 
Here we discuss how photometry of NAC images, 
coupled with photometric models and soil sample data, 
has been used to determine physical changes in rego-
lith at spacecraft landing sites and to determine corre-
lations between reflectance and mineralogy.  

Landing Site Alterations: Rocket exhaust from 
the Apollo, Luna, and Surveyor descent engines dis-
turbed the regolith at their landing sites, causing the 
soil to become more reflective. These surface altera-
tions, “blast zones” (BZs), are still visible in NAC im-
ages. Typically the reflectance is higher than back-
ground in an approximately annular region surround-
ing the landers, and lower than background beneath the 
landers [3]. NAC photometry and Hapke modeling 
have shown that the high reflectance BZs are less 
backscattering and smoother than undisturbed areas. 
Surface smoothing, destruction of fine-scale surface 
structure (i.e., “fairy-castle” structure), and possibly 
redistribution of fine particles are the most likely caus-
es of the increased reflectance around the landers [3-5].  

Change-3: Chang'e-3 (CE-3) landed in December 
2013 [6], providing an opportunity to compare reflec-
tance changes at a recent site to those of the signifi-
cantly older Surveyor, Apollo, and Luna landing sites. 
The similarities in magnitude of increased reflectance, 
as revealed through NAC photometry, between the 
CE-3 landing site and the historic sites suggest that 
lunar soil reflectance changes caused by interaction 
with rocket exhaust are not significantly altered over a 
period of 40 to 50 years [4]. Longer-term space-
weathering processes should eventually “reset” the 

Composition and Reflectance: Comparing landing 
site reflectance (I/F) at a common phase angle (30°) 
with known soil compositions [7,8] reveals a strong 
correlation between I/F(30°) and mineralogy [9] (Fig. 
1). There is a strong anticorrelation between I/F(30°) 
and the FeO+MgO+ TiO2 contents of Apollo, Luna, 
and CE-3 soils. The CE-3 site has the lowest reflec-
tance of all the landing sites, consistent with the high 

concentration of FeO+MgO+TiO2 measured for that 
landing site [8]. This correlation has also been used to 
interpret NAC reflectance and to make compositional 
inferences at sites of silicic volcanism across the lunar 
surface.  

Silicic Volcanics: Regions of silicic volcanism on 
the Moon correlate with thorium anomalies, have low 
(<5 wt%) FeO content, and are highly reflective. NAC 
images of these regions reveal unique morphologic and 
reflectance characteristics that suggest a volcanic 
origin and mineralogy that differs from mare basalts 
[11-15]. Using the relationship between I/F(30°) and 
mafic content derived from landing-site studies, we 
found that silicic regions plot along the extrapolation 
to low (<5-10 wt%) FeO+MgO+TiO2 contents, con-
sistent with interpretations of felsic rock types (Fig. 1) 
[7,11,15]. Areas of pure anorthosite (PAN) also fall 
well beyond this extrapolation, consistent with the in-
terpretation that there is very little, or no, mafic miner-
al exposure in PAN areas.  
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Fig. 1: Relationship between reflectance at 30° phase angle 
and FeO+MgO+TiO2 for the Apollo, Luna, and Chang’e-3 
landing sites. Silicic regions and PAN extrapolate to low 
mafic content. 

6028.pdfNew Views of the Moon 2 (2016)


