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Summary 
● In Kaguya Lunar Radar Sounder (LRS) images for region Aestuum, most pyroclastic deposits 

have distinct subsurface echoes that indicates a subsurface layering structure. 

● A two-layer model is developed in this study to investigate subsurface structure in pyroclas-

tic deposits (Aestuum). 

● The thicknesses of pyroclastic deposits for region Aestuum are estimated to be from 100 m 

to 400 m and real parts of the dielectric constants for underlying layer are estimated to be 

from 6 to 15, corresponding to a rock densities of 2.75 to 4.15 g/cm3. 

Model and Analysis 
In this study, a two-layer model, pyroclastic layer atop underlying bedrock, is devel-

oped to analyze subsurface structure by LRS data. Thicknesses of pyroclastic deposits 

can be obtained directly from the difference in time delay between surface echoes 

and subsurface echoes with a known dielectric constant of pyroclastic layer. After-

wards, the ratio of subsurface echo intensity to surface echo intensity can be calculat-

ed from equation (2). 

 

 

 

As examples, Figure 6 shows the ratio of subsurface echo intensity to surface echo in-

tensity as functions of ε1’’ , ε2’, and thickness of LPDs. As dielectric constant of pyro-

clastic deposits is obtained using the method in previous study [Fa and Wieczorek 

2012] and Clementine UVVIS data, thicknesses of LPDs and real parts of the dielectric 

constants for the underlying layer can be estimated. 

 

Aestuum Region as Seen in LRS Images 
Remote sensing observations have found more than 100 pyroclastic 

deposits that distribute widely across the lunar surface. These 

smooth, low-albedo units are thought to be formed by volcanic erup-

tion during Imbrian/Eratosthenian periods. Thicknesses of lunar pyro-

clastic deposits (LPDs) and their spatial distributions provide im-

portant clues for the styles and scales of volcanic eruptions and also 

the emplacements of lava flows [Gaddis et al. 1985; Gaddis et al. 

2003; Gustafson et al. 2012]. The Kaguya Lunar Radar Sounder, with a 

center frequency of 5 MHz, can be used to study subsurface structure 

of LPDs, down to a depth about 500 m [Kobayashi et al. 2011].  

Figure 1. LRS tracks in Aestuum pyroclastic deposits (Lat. 6°N, Lon. 8°

W, Area 10357 km2) overlaid a LROC WAC image. The blue curves in-

dicate the margin of the pyroclastic deposits, and the vertical lines 

are the tracks of sub-satellite points of LRS data. TiO2 and FeO abun-

dances and dielectric constant distributions in this region are calculat-

ed using Clementine UVVIS data [Lucey et al. 2000; Fa and Wieczorek 

2012].  
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Figure 2 shows the LRS images along the left green track in Figure 1. In Figure 2b there are two distinct echoes for regions with the 

latitude between 4.5°N to 6.0°N, in contrast there is no subsurface echo for region 7.2°N to 8.4°N as in Figure 2c. Figure 3 shows a 

single observation for the location of 5.11°N, 8.10°W where the surface echo and subsurface echo are very clear. Figure 4 shows 

another example along the right green track. There are also distinct subsurface echoes for region with latitude from 6°N to 7.5°N. 

Figure 7 shows radar in-

tensities along the two 

green lines in Figure 1. 

The black curve indicates 

the average value of 

them. By analyzing the 

average curve, average 

values of thicknesses and 

subsurface dielectric 

constants can be ob-

tained. 

Results 

● Using a complex dielectric constant of 3.0+0.01i, thickness of LPDs for location (Lat. 5.11°N Lon. 

8.10°W) is estimated to be 390 m, and ε2’ to be 8.4  (as shown in Figure 3).  

● The average thicknesses of LPDs along the two green tracks are about 318 m (left) and 118 m (right) 

and the real part of dielectric constants are about 14.5 (left) and 10.2 (right) (as shown in Figure 7). 

● Using the relation between real parts of the dielectric constants and bulk densities of rocks, densi-

ties of the underlying layer are estimated to be 4.10 (left) and 3.56 (right) g/cm3, indicating that the 

underlying mineral may be pyroxene [Zheng et al. 2005]. 
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