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Introduction: Lunar swirls are high-albedo 

curvilinear markings always associated with magnetic 

anomaly regions but not associated with distinct 

topography [1, 2]. Among all known swirls on the 

Moon, Reiner Gamma is a specific case with a fully 

evolved structure of high-albedo curve-shaped line 

markings extended across an area of about 200 km
2
.  

The recent spectral observations of Reiner Gamma 

suggest low surface hydration on swirls indicating 

reduced space weathering due to magnetic shielding 

(e.g., [2,3,4]). However, the variation in spectral 

properties found at swirl locations in the near infrared 

wavelength domain cannot always be explained by 

reduced space-weathering alone [4, 5].  

In this work we aim to understand the structure of 

Reiner Gamma regolith using ground based 

polarimetric observations. We adopted a comparative 

approach and thus also observed the craters Kepler 

Aristarchus with the prominent ray systems. 

Observations and analysis:  The polarimetric 

observation data sets were obtained at the Mount Abu 

IR Observatory on 5
th

 and 6
th

 January, 2021 using the 

electron multiplying CCD based optical imaging 

polarimeter (EMPOL) developed in-house [6]. The 

observations were collected with two narrow band 

continuum filters GC (green) and RC (red) [7]. The 

number of steps per rotation is 48. Here we present 

results obtained using GC filter observations at phase 

angles of 84° and 98°. The data were corrected using 

appropriate dark frames and flatfield frames. 

We derived total intensity I, Amplitude A, the 

linear polarization fraction P, and the angle of the 

orientation W from the acquired 48-image sets. 

Furthermore, we derived the phase ratio maps by 

dividing mean intensity images at 98° by those at 84°. 

Results and Discussion:  Polarimetric data of the 

lunar surface provide information on regolith 

characteristics such as grain size and roughness [8]. 

We compare the polarization parameters derived for 

the Reiner Gamma swirl with the regions around the 

craters Kepler and Aristarchus as shown in Fig. 1, 

while Fig. 2 shows the phase ratio images. 

A “normal” polarization behavior is described by 

the Umov law stating that the polarization fraction is 

inversely proportional to the albedo [9]. This implies 

that the amplitude A is constant when the Umov law is 

valid. As the polarization fraction increases with 

increasing grain size [8], positive anomalies of A 

correspond to a larger grain size and negative 

anomalies to a smaller grain size, compared to the 

surrounding surface. 

The slope of the phase angle dependent reflectance 

function increases with increasing surface roughness 

[10]. Hence, in our phase ratio images small ratios 

correspond to a steep slope of the reflectance function 

(implying a rough surface) and large ratios to a low 

slope (implying a smooth surface). The forward vs. 

backward scattering behavior of the regolith grains 

described by the single-particle scattering function also 

has an influence on the slope of the reflectance 

function [10], but this influence is likely to be weak at 

phase angles around 90° “between” the scattering 

lobes. 

Accordingly, our data suggest that the surface of 

the main oval of Reiner Gamma is more finely grained 

(negative anomaly in A) and smoother (positive 

anomaly in phase ratio) than the surrounding mare 

surface. The surface of the small swirl patterns 

southwest of the main oval has similar properties as the 

surface of the main oval. The surface of the 

northeastern “tail” is similarly finely grained as the 

main oval (similarly strong anomaly in A) but 

smoother (stronger positive phase ratio anomaly). 

These anomalies in the tail correlate with the soil 

compaction found spectrally in [4]. The surface of the 

area immediately southeast of the main oval has 

coarser grains (positive anomaly in A) and a rougher 

surface (negative phase ratio anomaly) than the main 

oval and the surrounding mare surface. This area is 

also visible in the phase ratio images of [11]. The ray 

systems of Aristarchus and Kepler do not show 

anomalies in the A image and the phase ratio image. 

Hence, their grain size and roughness values do not 

differ significantly from the surrounding mare surface. 

The complete Reiner Gamma swirl, including the 

northeastern tail and the southwestern patterns, 

exhibits a positive anomaly in polarization angle, 

whereas the area immediately southeast of the main 

oval shows a negative anomaly. It is not clear which 

surface properties (apart from topographic structures, 

which are absent for Reiner Gamma) may lead to such 

angle anomalies. The ray systems of Aristarchus and 

Kepler do not show angle anomalies in our data. 

The phase ratio anomalies of Reiner Gamma 

partially correlate with the spectrally derived soil 

compaction areas of Reiner Gamma derived in [4]. 
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Summary: Based on telescopic polarimetric 

analysis, we found that the regolith properties of 

Reiner Gamma are different from those of its 

surroundings and the examined crater ray systems. The 

anomalies observed in the polarization parameter and 

phase ratio maps suggest the occurrence of surface 

alteration processes that might have disrupted the 

regolith microstructure on the swirl. These findings are 

consistent with an external mechanism of swirl 

formation by interaction between the regolith and 

cometary gas [4, 12, 13]. 
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Fig. 1: A comparison of polarization parameters derived from our telescopic 

observations of the Reiner Gamma swirl and the craters Kepler and Aristarchus. 

The rows show (from top to bottom) the total intensity (in DN), the amplitude (in 

DN), the polarization fraction and the angle of orientation (in degrees), 

respectively. 

Fig.2: Phase ratio (98°/84°) maps of 

Reiner Gamma (left), Kepler (center) 

and Aristarchus (right). The ratio is 

shown in logarithmic scale for better 

visibility of structures. 
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