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Introduction:  Understanding the amount and na-

ture of lunar volcanic eruptions is important for con-
straining the thermal and geologic evolution of the 
Moon. Effusive, lunar basaltic lava flows (“maria”) that 
were subsequently buried by higher-albedo basin/crater 
ejecta are called cryptomaria (e.g., [1]). Radar, with its 
centimeters-to-meters wavelengths, offers the ability to 
probe the subsurface for geologic units, such as crypto-
mare, at depth ranges intermediate between that sensed 
by spectroscopy (nanometers) and gravity (100s of m). 

Most radar work on lunar volcanics has been done 
with ground-based receivers. 70-cm wavelength radar 
data from Arecibo Observatory and Green Bank Obser-
vatory were used by [2] to find cryptomare east of Ori-
entale basin (0°–45°S, 55°–105°W). These deposits, 
found based on the low radar returns due to the under-
lying mare’s effect on the bulk loss tangent, extend be-
yond the area of mare evident at the surface in multi-
spectral data. They demonstrate that the region between 
Cruger and Oceanus Procellarum, as well as some 
patches west/northwest of Humorum basin, were also 
flooded in lava flows [2]. These flows cover an area of 
178 × 103 km2, are buried by up to tens of meters of 
highlands ejecta material, and represented a 2.7% in-
crease in the areal coverage of known lunar mare basalts 
at the time of that study [2]. 

The Schiller-Schickard region is one of the most es-
tablished cryptomare locations due to a combination of 
spectral mixing analyses [3–5], optical dark halo craters 
[6–8], and gravity signatures [9]. Here, we search for a 
radar signature associated with cryptomaria in both 
ground-based (i.e. Arecibo Observatory and Green 
Bank) and the higher resolution Lunar Reconnaissance 
Orbiter (LRO) Mini-RF datasets in the Schiller-Schick-
ard region and compare the radar signal in the area to 
previous maps in the literature of cryptomare [8], sur-
face mare [10], and light plains units [11]. 

Methods: We conduct our analyses using radar da-
tasets of the Moon which cover 3 wavelengths. P-band 
(70 cm; 430 MHz) and S-band (12.6 cm; 2380 MHz) 
datasets have been collected by transmitting a circu-
larly-polarized signal from Arecibo Observatory and re-
ceiving the lunar echoes at Green Bank. The Mini-RF 
instrument is a hybrid-polarized, side-looking synthetic 
aperture radar (SAR) which is capable of operating in 
both S-band (12.6 cm; 2380 MHz) and X-band (4.2 cm; 
7140 MHz). Initially, Mini-RF transmitted a circularly-
polarized signal and received the lunar echoes of its  

signal in both orthogonal linear polarizations. This mon-
ostatic configuration was used until December 2010, 
when the transmitter malfunctioned. Since then, Mini-
RF has been reconfigured to collect bistatic data in con-
cert with Arecibo Observatory: Arecibo transmitted the 
radar signal and Mini-RF received the lunar echoes. 

Figure 1 shows a map of the Schiller-Schickard re-
gion as mapped previously by other authors [8, 10, 11] 
and Arecibo/Green Bank P-band backscatter data across 
the same area. 

 
Fig 1: Maps of Schiller-Schickard as previously mapped 
(with locations for Fig. 2) and in Arecibo P-band radar. 
 

Results: Figure 2 shows three zoomed-in areas in 
Schiller-Schickard of the radar backscatter in Arecibo 
and Mini-RF datasets as compared to LROC WAC TiO2 
content and mapping from the literature [8, 10, 11]. 
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Conclusions: We find that the units associated with 
the lowest depolarized radar returns, particularly in the 
Arecibo P-band data, are generally in areas with known 
surface mare and/or areas with highest surface TiO2 
content (from [12]). This result is not surprising due to 
the attenuating nature of ilmenite at radar wavelengths. 
However, we also find many distinct radar boundaries 
that do not follow previously-mapped boundaries based 
upon surface geology and spectroscopic signatures 
[8,10,11]. We also find cases where Arecibo P-band 
shows distinct boundaries not detected by Mini-RF S-
band. We propose that much of this variation can be at-
tributed to heterogeneities in the thickness of ejecta that 
covers the lava flows. However, ejecta burial is not the 
only process that can contribute to variations in radar 
brightness; surface mare exhibit multiple flow episodes 
of variable ilmenite (TiO2) amounts [13]. Therefore, it 
is likely that some of the spatial boundaries we see in 
the radar data are also to different flow units and com-
positions within the eruptions that formed the crypto-
mare across Schiller-Schickard. We conclude that the 
region likely contains a complex network of lava flows 

buried under a complex structure of ejecta of variable 
thickness. Our work emphasizes the utility of radar for 
finding subtler heterogeneities than can be seen in the 
visible and spectral data. Future work will investigate 
the cumulative role of viewing geometries and wave-
length to pull out effects of terrain on radar response, 
aided by new acquisition of data from Mini-RF. 
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Figure 2: Comparison 
of radar datasets to 
previous mapping 
(black boundaries 
trace cryotomare from 
[8] and yellow indi-
cates mare from [10]) 
and TiO2 content at 
three sites within Schil-
ler-Schickard. 
 
Site 1: P-band 
backscatter follows 
distinct boundaries as-
sociated with high 
TiO2 mare. The mare 
flow boundaries are 
not seen in the Mini-
RF S-band data. 
 
Site 2: Arecibo P-
band, and possibly 
Mini-RF S-band, likely 
show a distinct flow 
unit (traced in red) ex-
tending west from the 
surface mare. 
 
Site 3: Distinct flow 
boundaries appear in 
Arecibo P- and S-band 
data that do not follow 
units as mapped in the 
literature.  
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