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Introduction: The Apollo program has played a 

significant role in advancing our knowledge of lunar 

geology [1] via its scientific goals and sample collec-

tion. Modern lunar data [2-7] has recently offered us 

an opportunity to reanalyze and improve our under-

standing the lunar geology in further details. Thus, in 

the last four years, we have used a combination of 

newer lunar datasets to revisit the Apollo landing sites 

and produce new, more detailed geological maps to aid 

in the interpretation of lunar sample analyses, the cali-

bration of the lunar cratering chronology, and the da-

ting of unsampled surfaces [e.g., 8-14].New detailed 

geological maps of the Apollo landing sites not only 

provides improved understanding of the lunar stratig-

raphy, it also aids in supporting new scientific queries 

and technology development for future missions [15].  

Methods: We used Lunar Reconnaissance Orbiter 

Camera (LROC) Wide Angle (WAC; 100 m/pixel) and 

Narrow Angle (NAC; ~0.5-1.2 m/pixel) images [2] 

along with the Selene/Kaguya image mosaics. Albedo 

differences were mapped mainly using the LRO WAC 

data. The topographic differences were mapped using 

various digital elevation models (DEM), including 

LRO WAC derived DEM (100 m/pixel) [3], LOLA 

DEM (100 m/pixel) and LOLA/Kaguya merged DEM 

(60 m/pixel) [4]. We used Clementine [5], Chandra-

yann-1 Moon Mineralogy Mapper (M3) [6], and Ka-

guya Multiband Imager (MI) data [7] to identify and 

map the spectral differences of various geological 

units. 

We adapted the stratigraphic scheme of Wilhelms 

(1987) [1]. The used symbology follows the standards 

of Federal Geographic Data Committee (2006) [16], 

and the used nomenclature is consistent with the Gaz-

etteer of Planetary Nomenclature (1999) [17]. 

Geological units: Following the Wilhelms (1987) 

[1] stratigraphic scheme, the generations of the craters 

were mapped as Cc (Copernican craters), Ec (Eratos-

thenian craters), Ic (Imbrian craters), and Nc (Nectari-

an craters) or pIc (pre Imbrian craters). The highlands 

around the landing sites includes the Fra Mauro For-

mation Imbrium basin ejecta units: Ifm (Imbrian Fra 

Mauro formation) and Ifs (Imbrian Fra Mauro smooth 

plains); Ip (Imbrian plains); in addition to older units 

like IpIt (Imbrian pre-Imbrian terrains). Units similar 

to IpIt are older terrains covered mostly by Imbrian 

material. Mare units were mapped on the basis of spec-

tral differences [e.g., 5-7], thus the mapped boundaries 

are marked as approximate spectral contacts [e.g., 18]. 

The stratigraphy of the mare units is based on the 

crater densities derived from crater size-frequency dis-

tribution measurements [e.g., 18-23]. 

Implications: Detailed geological mapping is es-

sential for the definition of homogeneous areas, which 

are required to measure CSFDs and deriving AMAs 

for the unsampled geological units of the planetary 

bodies [e.g., 8-14,18-23]. In our ongoing systematic 

studies [18-23], we used our detailed geological map-

ping to test the lunar cratering chronology [24]. 

The recent developments of new technology re-

quire profound lunar geological knowledge for ful-

filling scientific goals. Van der Bogert  (2020) [15], 

studies show the use of our detail geological map as a 

tool to detect safe resource deposits for the demonstra-

tion of the In-situ resource utilization (ISRU) missions.  

Our new comprehensive geological maps are also 

being used for the recognition of the origin of the col-

lected samples [e.g., 25], which improve the understat-

ing of the geological processes that occurred through-

out in the history of the Moon. 
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Figure 1.  New detailed geological maps of the Apollo landing sites. (a) The Apollo 11 landing site region in southwestern Mare Tranquillitatis 

[18]. (b) The Apollo 12 landing site in Oceanus Procellarum, south of Copernicus crater [19]. (c) Preliminary map of the Apollo 14 landing site 

in the Fra Mauro formation (Ifm) [21]. (d) The Apollo 15 landing site, at the eastern rim of the Imbrian Basin [25] (d’) preliminary local geolog-
ical map around the Apollo 15 landing site. (e) Preliminary map around the Apollo 16 landing site

[22]. (f) The Apollo 17 landing site near the eastern rim of Serenitatis basin [20] (f’) the local geological map of the Tarus littrow valley around 

the Apollo 17 landing site. The green triangle shows the locations of the landing sites. (g) Legend of the mapped geological units. 
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