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Introduction: Located on the Oceanus Procella-

rum (centred at selenographic coordinates (7.5N, 
59.0W)), the Reiner Gamma formation is one of the 
most well-known lunar surface features. Observations 
have shown that the tadpole-shaped albedo marking, 
the so-called swirl, is co-located with one of the 
strongest magnetic anomalies (LMAs) on our Moon 
[1-2]. Understanding better the relationship between 
the LMA and the albedo pattern could therefore have 
implications for our interpretation of the Moons ther-
mal/geological history and to evaluate possible future 
lunar exploration opportunities.  

Methods: We analyse the first fully kinetic iPic3D 
[3] simulations of the solar wind interaction with the 
observed lunar magnetic field surrounding the Reiner 
Gamma albedo pattern. To accomplish this, we have 
implemented a Surface Vector Mapping model based 
on Kaguya and Lunar Prospector magnetic field meas-
urements [4].  

Results: In previous work, using a horizontal di-
pole model [5-6], we have described the formation of a 
mini-magnetosphere structure surrounding the swirl 
pattern, locally shielding the underlying lunar surface 
from the impinging solar wind, and hinting at a corre-
lation with its main surface albedo brightness marking 
in a distinctive concentric oval shape.  

Using now the most realistic observed magnetic 
field model available, two mini-magnetosphere-like 
structures prevail as ions are electrostatically 
de/reflected by the normal electric field anchored in 
the density halo. Various individual small-scale higher-
density patches are present where the magnetic field 
has a significant perpendicular component to the lunar 
surface [7]. Locally more than 50% of incoming solar 
wind ions are reflected away from the surface, reach-
ing observable altitudes (Figure 1). Note in particular 
the wings of reflected ions (bottom panel) associated 
with the mini-magnetospheres. The shape and amount 
of reflected ions might therefore be a tracer for the 
underlying magnetic structure [8].  

Conclusions: In this presentation we report on our 
latest simulation results, taking into account the varia-
bility of the solar wind and the interplanetary magnetic 
field. We reproduce a surface weathering pattern close-
ly resembling the details of the Reiner Gamma swirl, 
providing strong evidence that solar wind standoff 

must be the dominant process for lunar swirl for-
mation.  
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Figure 1: Reflected ion charge density in a side (top 
panel) and top-down view (bottom panel). The solar 
wind is flowing at 400 km/s perpendicular to the 
surface. 

Acknowledgements:  This work was supported in 
part by NASA's Solar System Exploration Research 
Virtual Institute (SSERVI): Institute for Modeling 

2012.pdfLunar and Planetary Science XLVIII (2017)



Plasmas, Atmosphere, and Cosmic Dust (IMPACT), 
and the NASA High-End Computing (HEC) Program 
through the NASA Advanced Supercomputing (NAS) 
Division at Ames Research Center. Part of this work 
was inspired by discussions within International Team 
336: "Plasma Surface Interactions with Airless Bodies 
in Space and the Laboratory" at the International Space 
Science Institute, Bern, Switzerland. The work by C.L. 
was supported by NASA grant NNX15AP89G.  

 

2012.pdfLunar and Planetary Science XLVIII (2017)


