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Introduction: Over 20 years ago, Earth-based ra-
dar images of Mercury’s polar regions revealed bright 
features, which led to the hypothesis that water ice is 
present at the poles [e.g., 1]. Comparison with Mariner 
10 images confirmed that these deposits are located 
within high-latitude impact craters [2, 3], and thermal 
models indicated that such features should contain 
permanently shadowed areas [4]. Orbital images from 
MESSENGER’s Mercury Dual Imaging System 
(MDIS) indicate that all radar-bright deposits within 
craters > 10 km in diameter collocate with regions of 
permanent or persistent shadow [5, 6]. Observations by 
the MESSENGER Neutron Spectrometer [7] and Mer-
cury Laser Altimeter (MLA) [8] and thermal models 
incorporating MLA topography [9] provide independ-
ent lines of evidence in support of the hypothesis that 
Mercury’s polar deposits consist primarily of water 
ice. Recent images of permanently shadowed craters in 
Mercury’s north polar region have revealed regions of 
anomalously dark and bright albedo [10, 11] consistent 
with those observed by MLA [8]. 

Pre-MESSENGER thermal models suggested that 
long-lived water ice would not be stable in idealized 
bowl-shaped craters (with a ratio of depth d to diame-
ter D of 0.2) < 10 km in diameter located more than 2° 
of latitude from the poles, even if covered by regolith 
[12]. Yet MESSENGER results show that radar-bright 
deposits collocate with numerous small craters located 
substantially farther than 2° from the poles [5, 6]. The 
presence of polar deposits within these small craters 
could indicate that the water ice on Mercury was rela-
tively recently emplaced; however, if these host craters 
are shallower than assumed for earlier calculations, the 
interior thermal environment could be more favorable 
to the retention of water ice on geologic timescales, as 
thermal models show more sunlight is scattered into 
crater interiors by steeper walls. Determining the mor-
phology of small polar craters that host radar-bright 
deposits offers the potential for new insight into the 
source, nature, emplacement timeframe, and migration 
of the radar-bright material at Mercury’s polar regions.  

Methods: Our goals are to determine which small 
craters host radar-bright deposits and to measure the 
morphology of the small crater population, particularly 
those that host radar-bright deposits. We began with a 
study area in Mercury’s north polar region between 75º 
and 85ºN and -30º and 120ºE (Fig. 1). With data from 

MDIS and MLA, we characterized the shapes of all 
craters with diameters between 5 and 30 km in this 
region and ascertained whether they host radar-bright 
material. The 5 km lower limit is to ensure adequate 
comparison with the Earth-based radar data, which has 
a pixel scale of ~1.5 km. The 30 km upper limit is to 
capture the transition from simple to complex crater 
morphology, which occurs around 10 km diameter on 
Mercury [13, 14]. 

Observations: We analyzed 145 craters in the 
study area, 99 of which have diameters between 5 and 
10 km. Of these smaller craters, 56% appear to host 
radar-bright material. The distribution of these host 
craters is systematic. Figure 2 illustrates the percentage 
of craters that host radar-bright deposits versus longi-
tude for multiple latitude bins. Closer to the north pole, 
a larger percentage of small craters host radar-bright 
material. Also, a larger percentage of small craters host 
radar-bright material closer to Mercury’s cold pole 
longitude (90ºE). These trends have been previously 
observed for larger craters (≥ 10 km in diameter) in 
Mercury’s north and south polar regions [5, 6]. The 
higher percentage at higher latitudes and near ~60ºE 

Figure 1. Study area in Mercury’s north polar region 
(75º to 85ºN, -30º to 120ºE), shown in polar stereo-
graphic projection. An MDIS base map is overlain by 
areas of high radar backscatter (shown in yellow) [1]. 
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may be influenced by the large number of secondary 
craters surrounding Prokofiev crater (~86ºN, 63ºE). 

We used MDIS and MLA data to measure crater 
diameters and MLA data to measure depths for all cra-
ters in the study area between 5 and 30 km in diameter. 
These measurements are illustrated in Figure 3 for the 
overall population, those near the hot pole longitude, 
and those near the cold pole longitude. Results suggest 
that these craters are shallower (average d/D of 0.12) 
than assumed for earlier thermal models (0.2) [12], and 
that there is no substantial difference between the 

shapes of craters that do and do not host radar-bright 
deposits. There is likely an interplay among proximity 
to the hot/cold pole longitudes, proximity to the north 
pole, and morphology (d/D) that governs whether or 
not a crater can host radar-bright material. 

Implications: The difference between the average 
d/D found for these small craters and the “ideal” 0.2 
ratio used in previous thermal models is sufficiently 
large to warrant updated thermal models. Results of 
these newer models have implications for the age of 
the ice near Mercury’s poles. If new thermal models 
find that a smaller d/D ratio does not markedly change 
the thermal models, the ice deposits must be geologi-
cally young (less than 1 Gy in age). If a smaller d/D 
ratio does change the results of the thermal models, ice 
may be stable in these small craters for more than 1 
Gy. 
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Figure 2. Percentage of craters hosting radar-bright 
deposits versus longitude for 60º latitude bins. In gen-
eral, more craters host radar-bright deposits in areas 
closer to the cold pole longitude (90ºE) and at higher 
latitudes. The high percentages around 60ºE may be 
influenced by Prokofiev secondary craters.  

Figure 3. Depth versus diameter for craters that appear to host (pink) and not to host (green) radar-bright material 
in the Harmon et al. dataset [1]. (a) Craters in the entire study area; (b) craters surrounding the hot pole longitude 
(-30º to 30ºE); (c) craters surrounding the cold pole longitude (60º to 120ºE). The dashed line represents the 0.2 
d/D ratio used in thermal models [12]. The vertical lines represent the transition diameter between simple and 
complex craters on Mercury [13,14]. Fewer craters host radar-bright deposits near the hot pole than the cold pole 
longitude. There is no significant difference in d/D for the craters that host radar-bright deposits in these areas. 
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