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Introduction: Over two decades ago, Earth-based 

radar observations of Mercury's poles revealed radar-

bright features supposed to be water ice [1-3]. The 

MErcury Surface, Space ENvironment, GEochemistry, 

and Ranging (MESSENGER) mission provided subse-

quent evidence to support the hypothesis that a signifi-

cant amount of water ice exists in areas of permanent 

shadow in the north and south polar regions [4-9]. This 

study uses data acquired by the high-resolution narrow-

angle camera (NAC) of the Mercury Dual Imaging 

System (MDIS) to map the permanent shadow in Mer-

cury's south polar region, which has been less studied 

than the north polar region due to the high eccentricity 

of MESSENGER's orbit. 

Illumination Conditions: In previous work, wide-

angle camera (WAC) images acquired during 

MESSENGER’s first year of orbital operations were 

used to map the average illumination of the south polar 

region over one Mercury solar day [4]. In this study, 

1,094 NAC images from MESSENGER’s full orbital 

mission of just over four years were used to create an 

average illumination map spanning the region from 80 

to 90° S, with a pixel resolution of 200 m [Fig. 1]. The 

NAC-based illumination map is consistent with the 

WAC-based map, but can better enable discernment of 

small-scale features since the NAC has a spatial resolu-

tion seven times greater than that of the WAC.  

Long-exposure NAC Imaging: A series of long-

exposure NAC images (250-9989 ms), focusing mainly 

on the 180-km-diameter crater Chao Meng-Fu (Fig. 1), 

were acquired in the south polar region as part of a 

campaign to image within areas of permanent shadow. 

Adjusting the brightness and contrast of many of these 

images revealed features within Chao Meng-Fu that 

were not visible in the standard exposure (<40 ms) 

images used in the base map. We find that the long-

exposure images did not reveal features within Chao 

Meng-Fu that are in areas of permanent shadow, but 

rather exposed areas on the crater floor that are directly 

sunlit but are too dimly lit to be detected by standard-

exposure imaging. Four of these images were incorpo-

rated, along with the illumination map in Fig. 1, to pro-

duce a map of the regions of permanent shadow for 

Mercury’s south pole. Overall, including the long-

exposure NAC images reduced the shadowed area 

within Chao Meng-Fu by 28%.  

Implications: We compared our NAC-based per-

manent shadow map with a radar image of Mercury’s 

south polar region that was produced from combined 

Arecibo observations in 2005 and 2012 [10,11]. The 

result was that 77% of radar-bright features overlapped 

with or were located within 1.5 km of the permanently 

shadowed area. We conclude that the distribution of 

permanent shadow is consistent with the distribution of 

radar-bright areas, supporting the hypothesis that water 

ice on Mercury must be located within areas of perma-

nent shadow to be thermally stable for geologically 

long periods of time.  

About half of the shadowed terrain in the south po-

lar region is not radar-bright. These shadowed areas 

that do not directly correspond to radar-bright features 

are distributed non-uniformly across the region, with 

the majority of these features confined extensively 

within 80 to 85° S and closer to 0° E. Since a similar 

trend was noted in the north polar region [9], the ob-

served uneven distribution of water ice may be evi-

dence for the hypothesis that a recent, large impact 

event caused the placement of ice on Mercury. 
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Figure 1. NAC-based average illumination map of 

Mercury’s south polar region (80-90 °S) over one 

Mercury solar day. 
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