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Introduction:  We studied the Kaguya Lunar Ra-

dar Sounder (LRS) data for the area near Kirch crater 
in the NW quadrant of Mare Imbrium.  There is evi-
dence for multiple subsurface layers which are proba-
bly paleoregoliths.  Some additional vertical features 
are visible, which may be evidence for faults.   

 
Figure 1.  Kaguya LRS ground track for the study 
area. 

Data:  Figure 1 shows a map view of the study 
area.  The radar cross section (Figure 2) runs from 
22:12.83N to 22:14.83N, at a longitude of approxi-
mately 7:10.  Figure 3 shows a geologic cross section 
for Mare Imbrium [1], and Figure 4a shows the geo-
logic map for the area [1].  The pink and gray colors 
represent Imbrian volcanic deposits, with gray being 
the younger of the two.  The brown material was clas-
sified by [1] as Copernican in age, and related to the 
crater Aristillus.  The dashed line represents  a hypo-
thetical inner peak ring, which emerges near the bot-
tom of the map at Montes Spitsbergensis.  The Kaguya 
groundtrack is shown as a near-vertical red line, and 
the location of the cross section of Figure 3 can be 
seen as a diagonal line slightly north of Kirch.   

Figure 4b is a Clementine multispectral map for the 
area.  There is good correspondence between the 
mapped units [1] and the color changes in the 
Clementine map [2].  This region is thought to contain 
radial and concentric faults related to the Imbrian im-
pact [1].  They are mapped in the cross section as ver-
tical and listric fault lines. 

 
Figure 2.  LRS cross section in study area.   
 

 
Figure 3.  Geologic cross section of Mare Imbrium 
(subsection from [1]).  The red vertical line indi-
cates the transect with the Kaguya ground track. 
 

  
Figure 4.  Geologic map [1] and Clementine multis-
pectral data for the Kirsch area. 
 

Discussion:  An interpretation of the LRS data by 
[3] shows subsurface horizontal layers which are con-
sistent with paleoregoliths in the shallow (<500m) 
subsurface of the Kirch area.  The transition from mare 
to basement is not shown in the radar interpretation; 
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probably because the basement is deeper than the limit 
of vertical resolution for radar (~5 km [3]).  Likewise, 
there is no evidence for a strongly-reflecting boundary 
layer between the late- and early-Imbrian lava fill ma-
terials.  However, in addition to the layers pointed out 
by [3], there are other features which may be of sig-
nificance, and Figure 5 is one example of a possible 
alternative interpretation that is consistent with the 
data.  At 22:12.83 to ~22:12.95, there is a suggestion 
of tilted, slightly concave reflections which may be 
related to the feature from ~22:13.10 to 22:13.20.  This 
may be a crater that is not seen on the surface, because 
it has been completely filled with basalt flows.  At 
~13:60, the horizontal layers appear to be separated by 
a discontinuity in the data.  This may be evidence for a 
fault, which would be consistent with the interpretation 
by [1] that Imbrium basin contains faults both radial 
and concentric to the basin center.  Terrestrial GPR has 
been used for fault detection and mapping by [4] and 
[5]. 

 
Figure 5.  Supplemental interpretation for the 
Kaguya LRS radar data. 

Other breaks in the horizontal echoes, at 
~22:13.90, 22:14.10, and 22:14.17, could also be the 
expression of faults.  The most interesting vertical fea-
ture, at ~22:14.60, shows a strong vertical radar return 
for the upper ~500 meters, followed by a lack of signal 
in the region from ~500 meters to ~1000m.  It is note-

worthy that if one extends the vertical line to ~1400 m, 
a bright feature is seen at 1.5 km depth.  Is the deep 
feature related to the shallower vertical feature?  A 
similar co-location of vertical feature with deep sub-
surface feature is seen at ~22:13.90; in this case the 
deep feature is significantly brighter, and occurs at a 
depth of about 1 km.  Basement is thought to occur at 
a depth of 5 km [1], so these deep reflectors are within 
the mare material. 

Integrating LRS data with other geologic and 
geophysical data sets: The LRS data will be most 
useful when it is combined with other geologic and 
geophysical data sets, to develop a complete picture of 
the subsurface geology of the Moon.  Figure 6,  a 3D 
model of the Kirch crater area, is a simple example of 
what can be done.  At the base is a Clementine 750 nm 
image; at top is a Clementine color ratio image.  The 
groundtrack of Kaguya is shown as a red line on the 
base map, and the LRS data is positioned appropriately 
along the ground track.  Transecting the radar profile is 
the geologic cross section from [1].  Work is ongoing 
to digitize the cross section in order to integrate it 
more fully into the model.  Other geophysical data sets 
can also be added, including topographic, magnetic, 
and gravity data.   

Conclusion: Kaguya LRS data can shed new light 
on the impact history and interior structure of Mare 
Imbrium.  Work is ongoing to fully analyze and ite-
grate the data.  
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Figure 6.   
3-D model of the 
Kirch crater area. 
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