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Introduction: The Apennine Bench Formation 

(ABF) is located in the southeastern Imbrium basin 
primarily between the 2nd and 3rd rings just inboard of 
the Apennine Mountains.  The ABF was first mapped 
by [1] as hilly volcanic plains with a moderate albedo. 
The ABF is the only known large surface expression of 
rocks with a presumed KREEP basalt composition 
[e.g. 2,3]. As such, improved knowledge of the ABF is 
important to our understanding of volcanic processes 
on the Moon. This work aims to revaluate the geologic 
boundaries of the ABF and to use high-resolution to-
pography, composition, surface roughness, and albedo 
to characterize the extent and properties of KREEP 
basalt on the lunar surface. We also test the hypothesis 
that the ABF has a volcanic origin by examining pos-
sible volcanic features.  

Methods:  This work synthesizes data from Clem-
entine (UV-VIS), Lunar Prospector (gamma-ray spec-
trometer), the Lunar Reconnaissance Orbiter (LRO) 
(mainly LROC), and combined SELENE (Terrain 
Camera) and LOLA (Lunar Orbiter Laser Altimeter).  
To determine the similarities and differences among 
the ABF and the surrounding units, we selected exam-
ples of each type of unit for analysis. We selected nine 
regions that were mapped as ABF (“AB”) by previous 
authors [e.g. 1,2,3]. In addition, we selected nine re-
gions of mare basalt (“M”) from Mare Imbrium and 
Palus Putredinus, and seven regions of presumed crater 
ejecta (“E”) material near Archimedes, Aristillus, and 
Autolycus craters (Fig. 1). In each ROI, we examined 
elevation, FeO and Th content, and surface roughness 
using a terrain ruggedness index (TRI) [4].  

The SELENE/LOLA DEM [5] was used to deter-
mine the TRI of the ABF and surrounding units. TRI is 
a unitless measure of the heterogeneity of surface tex-
ture, which is expressed by differences in elevation 
between adjacent pixels of a DEM. Smooth regions 
will have a low TRI, whereas rugged regions have high 
TRI. The TRI maps used for this work were made us-
ing ArcMap software and methods developed by [4]. 

Results:  The ABF is elevated relative to the adja-
cent mare by an average of about 400 m. The regions 
of ABF studied here have an average elevation of -
1724 m, whereas the mare surfaces average -2141 m. 
In addition, both the ABF and mare surfaces are more 
elevated in the east than the west, (e.g., ROI AB2 has 
an elevation of -1157 m, whereas AB9 is at -2211 m; 
Table 1) indicating that the ABF boundaries should not 
be defined by elevation alone.  

The regions of the ABF studied range in FeO con-
tent from 12.0–14.2 wt.% and average 12.3 wt.%. Sim-
ilarly, ejecta deposits from the nearby craters average 
12.4 wt.% FeO (range 11.0-13.9 wt.%). However, the 

     
Figure 1. 3 views of the Apennine region and sites 
selected for this work. Top. LRO WAC image of the 
Apennine Region. The largest ABF exposure falls with-
in the area of higher albedo south of Archimedes. Mid-
dle. Clementine FeO map overlain on the WAC 100 
mpp basemap. Bottom. TRI Map of the Apennine re-
gion where values over 200 have been masked. The 
TRI map easily distinguishes mare (dark blue) from the 
ABF. Boundaries inferred from TRI shown as dashed 
lines.  
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ABF can be easily distinguished from the surrounding 
mare, which has an average of 16.9 wt.% FeO (range 
15.8-17.5 wt.%).  

Thorium is broadly elevated in the ABF material, 
which averages 8.7 ppm Th (range 6.4-10.1 ppm), rela-
tive to the surrounding mare, which averages 7.3 ppm 
Th (range 6.0–8.3 ppm). Elevated Th concentrations in 
some regions of the ABF (e.g., AB1, AB2) approach 
the Th concentrations seen in Apollo 15 KREEP basalt 
(10.5-12.0 ppm, [9]). The lower levels of Th that occur 
in some regions of the ABF may be due to dilution of 
the Th signature during lateral mixing of surface mate-
rial. The Th signature of the ABF is lower than that of 
the ejecta of the surrounding craters, which averages 
9.6 ppm Th (range 8.5-11.7 ppm), particularly in the 
region of Aristillus crater, which is a Th hotspot [8]. 
The Th deconvolution by [10] more clearly shows the 

enhancement of Th on the western portion of the ABF 
(e.g., near AB1, AB2 in Fig. 1).  

The TRI allows us to distinguish the ABF from the 
surrounding mare because the ABF is consistently 
more rugged than the mare. Using the SELENE/LOLA 
DEM, the TRI averages ~300 for the regions of the 
ABF studied here, while the mare regions average 130. 
The ruggedness of ejecta material is more variable than 
the ABF or mare material. Therefore, different regions 
of ejecta have different ruggedness levels. The ejecta 
regions studied here have an average TRI of 1115, and 
are commonly an order of magnitude more rugged than 
the ABF. 
Volcanic Features on the Apennine Bench Formation 
The high spatial resolution (~0.5 m/pixel) of the LROC 
cameras provide unparalleled images of the ABF re-
gion. This high resolution allows for small volcanic 
features to be located. Previous authors located the 
occurrence of pyroclastic deposits mantling the ABF, 
and these deposits have associated volcanic features 
[11]. However, there are additional features on the 
ABF that we infer to be of volcanic origin, supporting 
a volcanic origin for the ABF (e.g., Fig. 2).  
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Table 1. Surface properties of the ABF for each ROI. All 
values are provided are averages for the ROI. Averages 
for the three ROI types are area-weighted by each ROI. 
Note the large difference in Mean TRI between the differ-
ent ROI types. AB = Apennine Bench, M = mare, and E = 
ejecta. Elevation, slope and TRI data from the 
SELENE/LOLA DEM [5], FeO data from Clementine 
[6], and Th data from Lunar Prospector [7,8]  

Figure 2. Possible volcanic vent located in the ABF south 
of Archimedes crater (25.1719N, 7.2617E). This vent is 
not associated with any pyroclastic deposits.  
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