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Introduction: The Martian poles are covered by 
large quantities of water ice. The water ice in the north 
polar region is partially covered by CO2 ice during the 
Martian winter and spring, and uncovered during the 
Martian summer and early fall, while in the south pole, 
the majority of water ice is normally covered by a thin 
bright CO2 veneer [1,2,3,4]. Isolated patches of water 
ice, however, are rarely observed away from the polar 
regions. A patch of water ice sitting on the floor of an 
unnamed crater (70.5N/103.2E) located on Vastitas 
Borealis, near the Martian north polar cap, was first 
reported through the Europe Space Agency’s (ESA) 
High Resolution Stereo Camera (HRSC) on board 
ESA’s Mars Express spacecraft. Faint traces of water-
ice along the rim of the crater and on the crater walls 
were also found in the same image. The HRSC image 
was acquired on 2/2/2005, in the early fall of the 
Martian northern hemisphere.  It is of interest to know 
if the water ice indeed exists all year round and what 
are the temperature difference within the ice patch or 
between the ice patch and its surrounding environment. 
It is also of interest to know if this is the only isolated 
crater-related ice patch away from the north polar 
region; if yes, why? If not, what is their distribution? Is 
there any indication or implication in terms of the age 
in formation of water ice patches and craters, size and 
depth of crater, and how far from the north pole region 
can ice patch exist? Do they exist in the south polar 
region? 

Methodology: This study mainly used the 
NASA/Arizona State University’s Thermal Emission 
Imaging System (THEMIS) image data archive (since 
February 2002). THEMIS, on board NASA’s Mars 
Odyssey spacecraft, acquires imagery of 5 visible and 
near infrared bands (19 meters resolution) and 10 
thermal infrared bands (100 meters). Visible images  
and brightness temperature images available were used 
for this study. In addition, the NASA’s Mars Orbiter 
Laser Altimeter (MOLA) elevation data was also used. 
We first focused on the unnamed crater (70.5N/103.2E) 
in which the ice patch was first reported via the HRSC 
image, and then we investigated other craters around 
the polar regions.  

Results: We first examined the unnamed crater at 
70.5N/103.2E. The MOLA elevation image (not 
shown) indicates the unnamed crater is ~ 35 km wide 
and about 1.8 km difference from the bottom of the 
crater to the crater rim. From this image, an obvious 
platform is clearly seen on the floor of the crater. The 
average elevation difference between the platform and 

the crater floor is about 200 m, and up to 400 m 
difference in the east and easternmost edge of the 
platform. It is not clear how this platform formed. It 
could be the remains of a meteorite impact or strictly 
bedrock. It could also be an ice-cemented dust deposit 
[5]. The shape of the ice patch observed from the 
HRSC image (Figure 1 (7)) matches very well with the 
platform. This means that the ice patch itself is the top 
of the platform, but very likely it is not the whole 
platform itself.  

Available THEMIS visible and thermal images for 
the crater are listed in Table 1. Also included in the 
table are image acquisition date and Martian local time. 
It is found that the H2O ice patch inside the crater is 
obscured or not clearly shown in the images acquired 
during the Martian spring, while it is clearly shown in 
images of the summer and fall (Figure 1). Temperature 
images (Figure 2) display the same pattern and trend as 
the visible images: i.e., no temperature difference exists 
between the ice patch (or platform) area and the 
surrounding area within the crater during the spring, 
while there is significant difference between the ice 
patch and its surrounding area during the summer.   

Table 1. Available THEMIS visible (V) and 
thermal (I) images for the 70.5N/103.2E crater 

Image ID Earth date, 
Martian season Local time 

V02381004, 1 6/28/02, spring 16.453 
I02381003,  8 6/28/02, spring 16.434 
I05183135,  9 2/14/03, summer 4.439 
V09908004, 2 3/9/04,   spring 16.904 
V10844002, 3 5/25/04, spring 17.351 
V11131003, 4 6/17/04, spring 17.387 
V11755003, 5 8/8/04,   summer 17.654 
I11755002, 10 8/8/04,   summer 17.587 
V13602002, 6 1/7/05,   fall 18.039 

HRSC orbit 1343, 7  2/2/05,   fall  
 

By investigated other craters (70° latitude and 
above) within the north polar region, it was found that 
most of the examined craters (larger than 20 km wide 
and 1 km deep) have ice patches either inside the crater, 
completely covering the crater, and/or crater rim. Some 
of them even have ice on the surface away from the 
crater. So far, only one crater (67.2N/113.7E) with 
latitude lower than 70° was found to have ice on the 
crater rim. Several craters in the South Polar Region 
have been investigated as well. So far, no isolated ice 
patches within craters away from the south polar cap 
have been found. However, more work is needed to 
check other craters. 
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Figure 1. Visible images of THEMIS and HRSC (from 
left to right of top panel, image ID of 1, 2, 3, 4 of Table 
1 and from left to right of bottom panel, image ID of 5, 
6, 7 of Table 1). Black holes in images 3, 4, 5, and 6 are 
no data. HRSC image courtesy ESA/Mars express 
(ESA/DLR/FU Berlin (G. Neukum)). 

 

 
 

Figure 2.  THEMIS brightness temperature images (a, 
b, c are corresponding to the image ID 8, 9 10 of table 
1, respectively). Lines are temperature profiles (not 
shown).    
 

Discussion and summary: Based on all available 
THEMIS data (visible and thermal images) for the 
unnamed crater, it suggests that water ice in the crater 
floor, on the wall, and/or along the crater rim are only 
clearly observed in the summer and fall Martian time 
while not clearly seen in the winter and spring time. But 
the shape of ice patch was progressively clearer from 
almost invisible in early Martian spring (image ID of 2 
in Figure 1), a little more visible in late spring (image 
ID of 3, 4), to extremely clear in the early summer 
(image ID of 5). This means that the H2O ice patch and 

its surrounding area were nearly covered by CO2 ice 
during the winter and spring. As the temperature 
increases starting in late spring, the CO2 ice starts to 
sublimate. That’s why the shape of H2O ice patch starts 
to be clearer in late spring, and gets to be extremely 
clear as it is observed during the early summer.  This is 
also consistent with modeling and TES/Mars Global 
Survey results [6,7]: a prominent peak in water vapor as 
well as CO2 vapor starts at the end of spring and lasts 
until mid-summer in the north polar region. As 
temperature continue to increase, the water ice 
experienced sublimation as well, which explains why 
the water ice became thinner and shrank in the fall 
image (the HRSC image) compared with the early 
summer image. As temperature decreases from later fall 
to winter, CO2 clouds or vapors start to condense and 
then are redeposited on top of the polar cap as well as 
water ice patches in this crater. Once CO2 frost covers 
the water ice patches and surrounding areas during the 
Marian winter and spring, water ice patches are hidden 
and cannot be seen in the visible and thermal images.  

Temperature differences within the water ice of the 
crater floor and among water ice patches in the crater 
floor, along the crater rim, and on the wall suggest that 
the water ice patches are not homogenous bodies. 

It is confirmed that ice patches in crater away from 
the north polar cap region not only exist in the unnamed 
crater reported by ESA, but many others in the regions 
(greater than 70° latitude). We did not see any selective 
condition between existing water ice patch and impact 
crater’s size and depth (note: craters have been 
investigated are those with larger than 20 km wide and 
1 km depth). From the several investigated craters in 
the southern hemisphere close to the south polar region 
of Mars, we have not found any water ice patch existing 
in those craters yet. This could be due to relatively 
higher altitude, and lower air temperature. In this 
situation, CO2 ice may not completely sublimate to 
uncover the water ice. Additional work is needed to 
examine other craters. If water ice patches are not 
existing in the south polar region, it is of significance 
for studying the difference between northern lowlands 
(northern hemisphere) and southern highlands (southern 
hemisphere), the Martian ancient water system, and 
current hydrological and climate cycle. 
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