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Introduction: Irregular Mare Patches (IMPs) are 

potentially young (<100 Ma) features notable for their 
unique bulbous mounds with uniform surface texture 
and topographically uneven deposits [e.g., 1–5]. IMPs 
occur at volcanic shields/domes, mare rilles, and within 
mare plains [4]. Determining their ages and formation is 
critically tied to constraining models of lunar thermal 
evolution and identifying volcanic or geomorphologic 
processes on the Moon. Proposed formation 
mechanisms include lava lakes, inflated lava flows, 
magmatic foam/lava extrusions, volatile outgassing, and 
regolith drainage [list in 6]. To further characterize 
IMPs, we combined Lunar and Reconnaissance Orbiter 
(LRO) Mini-RF data, including new collects acquired 
since [7], with other data sets to further analyze their 
features. 

Methods: Mini-RF S-band (12.6 cm) monostatic 
collects cover large portions of the Ina, Cauchy, 
Hyginus, and Sosigenes Crater IMPs and their 
surroundings, and one bistatic S-band collect covers the 
Cauchy IMP. Stokes parameters (S1–S4), same-sense 
circular polarization (SC), opposite-sense circular 
polarization (OC), and circular polarization ratio (CPR 
= SC/OC) products were used in this study. Surface 
roughness relative to wavelength can be inferred from 
radar and has been used to distinguish variations 
between different types and ages of lava flows on Earth 
[8–10] and analyze impact melts on the Moon [11]. The 
radar data are sensitive to ~1–2 m depths, related to 
Fe,Ti content [12]. We also performed m-Chi 
decompositions [13] to create RGB images depicting 
the type of polarization returned from each pixel 
(single-bounce=blue, randomly polarized or volume 
scattering=green, and double-bounce=red). Calibrated, 
high-resolution Lunar Reconnaissance Orbiter Camera 
(LROC) NAC images and 2 or 5 m digital elevation 
models (DEMs) [14, 15] provided comparisons, along 
with multispectral basemaps from LRO, Clementine, 
and Kaguya/SELENE.  

Results: In total backscatter (S1) and m-Chi images, 
terranes such as mare, highlands, pyroclastic deposits, 
and impact ejecta were distinguishable through 
differences in homogeneity, brightness, and average 
color (i.e., predominantly blue, purple, or yellow). CPR, 
an indicator of roughness, had a high degree of noise 
and sensitivity to topography. Ratioing samples of OC 
and SC values, an alternative to CPR, for different units 
within the same radar collect revealed differences in 
range, mean, and trend slope of the ratios. These 
differences are likely related to particle shapes, 

composition, ~10-cm scale roughness, and/or 
topography [16]. Based on the observed characteristics, 
we identified four general units associated with IMP 
features: mounds, radar-dark uneven units, radar-bright 
uneven units, and rocky units (Fig. 1). 

 

 
Fig. 1. m-Chi of pyroclastics (Vaporum), typical mare, normal 
highlands, Ina, and Hyginus. NAC images of Ina and Hyginus 
IMPs. Examples of radar units marked: mound (m), uneven 
radar-dark (urd), uneven radar-bright (urb), rocky (r). 

 
Rocky units: Rocky units with numerous exposed 

rocks evident in NAC imagery are associated with 
higher S1 and are characterized by an intense 
multicolored appearance in m-Chi, the result of a high 
number of wavelength-scale facets with complicated 
geometries. These are distributed primarily around cliffs 
(such as the outer portions of the Ina depression; Fig. 1), 
impact craters, and uneven units.  

Radar-bright uneven units: Many uneven patches 
are radar bright without the presence of rocks in NAC 
imagery. This could result from the presence of rocks 
smaller than image resolution, buried rocks, a 
consolidated material, or complex regolith grain 
properties within the upper meters. These materials are 
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multicolored in the m-Chi, consistent with an uneven 
texture creating similarly complicated geometries. OC 
and SC trends for these units are more like that of crater 
ejecta than pyroclastics, mare, or highlands. 

Mounds and radar-dark uneven units: In all 
studied IMPs, portions of mounds and uneven units 
have low backscatter returns (Fig. 1). Eastern slopes on 
mounds are dominated by blue in the m-Chi, consistent 
with a spacecraft-facing slope of material that is smooth 
at wavelength scales. Observed OC and SC trends are 
similar to “typical” mare or pyroclastic deposits. 

Discussion of Ina: Ina’s center has low radar 
backscatter, with portions of both the mounds and 
uneven deposits nearly indistinguishable. Thus, we 
believe a rock-poor material of at least 1–2 m to be 
present in the areas within Ina not dominated by rocks. 
Superposed craters on mounds without the presence of 
excavated rocks indicates this depth may extend further. 
This agrees with analyses of DFSAR L-band radar 
[Bhiravarasu et al., this conference] and Diviner data 
that predicts at least 15 cm of regolith (or fine-grained 
material) is present in areas of low thermal inertia (high 
H-parameter) [6, 17]. These data may support a 
connection between the presence of smooth pyroclastic 
deposits and IMPs; however, hyperspectral Moon 
Mineralogy Mapper data only indicates abundant 
volcanic glass (e.g., pyroclastic) exterior to Hyginus, 
with only minor amounts in Ina, Cauchy, and other 
IMPs [18].  

 

 
Fig. 2. M-chi and S1 Mini-RF image with radar-dark materials 
outlined in white dashes; Cauchy shield outline in blue dashes; 
b=lobate extension. Image width ~ 1.7 kilometers. 
 

Discussion of Other IMPs: Radar dark uneven 
units are also present at Cauchy and Sosigenes Graben 
(visible in x-band data). Radar bright units are small, 
separated spots that occur within Hyginus, Sosigenes 
Crater, and outside the central depression of Cauchy. If 
present in Ina, they are obscured by the presence of 
rocks. 

Relatively dark, blue/purple, and homogenous areas 
in m-Chi products surrounding Hyginus and Cauchy 
indicate the presence of fine-grained, rock-poor material 
(Figs. 1&2), potentially consistent with pyroclastics [7]. 
This material exhibits a lobate, flow-like extension 
visible in both the m-Chi and the bistatic collect of 
Cauchy. These areas share radar characteristics with 

dark mantling deposits near Mare Vaporum [19]. The 
exteriors of Ina and Sosigenes Crater, on the other hand, 
are indistinguishable in radar from other mare and 
highlands terrain. If pyroclastic material is present in 
these areas, then it is not easily discernable. 

Conclusions: The association of radar-dark units 
with both mound and uneven units is consistent with 
abundant, meters-thick, fine-grained, and rock-poor 
surface materials. These deposits at Ina and several 
other IMPs suggests several possibilities: there are 
significant pyroclastic deposits ranging from scoria to 
ash (e.g., mildly explosive phases of the eruption); a fine 
particulate surface on top of a lava flow [20]; or these 
are old volcanic deposits that have developed a meters 
thick regolith. If the IMP features are primarily volcanic 
in origin, they must have remarkably low abundances of 
iron-bearing glass [18]. 
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