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Introduction: The evolution of Mars is deeply tied to
water. The Martian polar caps and their seasonal fluc-
tuations are of great importance when trying to under-
stand the Martian atmosphere. The CO,/H,0O interac-
tion is important to understanding the geological proc-
esses near the pole as well as the overall Martian hy-
drological cycle and climate. The Northern polar cap
of Mars is covered with a seasonal ice cap. This ice
cap is a mixture of water ice and carbon dioxide ice.
The carbon dioxide ice layer waxes and wanes with
the seasons. During the Martian winter and spring in
the northern hemisphere the temperatures are cold
enough that the CO, ice is solid. As the summer
emerges the temperatures begin to rise, allowing the
CO, ice to sublimate and uncover water ice in some
areas [1, 2, 3]. The water ice that is found at the sur-
face of the Martian planet is of great interest because it
is the water that readily participates in the Martian
water cycle and can be easily sampled by future ro-
botic missions and later human missions [4]. These
seasonal ice fluctuations and the associated high al-
bedo deposits are the basis of this study, as seen in an
unnamed crater located at 81°N/190°E and Inuvik cra-
ter at 79°N/331°E.

Methodology: THermal EMission Imaging Sys-
tem (THEMIS) images retrieved from the
NASA/Arizona State University data archive were the
primary data source used. Both visible images and
brightness temperature images were used. THEMIS is
an instrument aboard NASA’s Mars Odyssey space-
craft that has been orbiting Mars since February 2002.
THEMIS’s high spatial resolution (20 m) visual imag-
ing system uses a 5-wavelength system and the infra-
red imaging system, with a resolution of 90 m, uses a
9-wavelength system [5,6]. Craters investigated were
previously identified high albedo craters north of 70°
N [7].

Results: The craters examined in this study are lo-
cated at 81°N/190°E and 79°N/331°E. Both the un-
named crater and Inuvik crater are found outside of the
perennial north polar cap.

One of the craters examined in this study is
located at 81°N/190°E. This unnamed crater is found
within the Olympia Planitia dune fields. This impact
feature has a diameter of ~19 km and a depth of 0.92
km as measured using MOLA images [6]. The crater
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cavity has a central peak that is equal in height to the
area surrounding the crater (see Imagel).

Available THEMIS data, both infrared and visible,
is shown in Table 1. Images available spread through-
out the Martian spring and summer. Visible images
show a distinct center plateau. The visible THEMIS
images (shown in Figure 1) show a decreasing albedo
in the center plateau of the crater as the seasons pro-
gress from early spring (Ls=12.690) to summer
(Ls=126.509). The first crater image in Figure 1 (ID 5)
shows a very high albedo feature. As the seasons pro-
gress to early summer the carbon dioxide ice in the
center begins to sublime, revealing the plateau founda-
tion and leaving a small ice patch in the center. The
valley of the crater becomes more distinct as the CO,
ice sublimes. As summer progresses the walls of the
crater, though above the temperature of CO, sublima-
tion (as seen in figure 2), keep a high albedo. This
would imply that the walls are water ice.

Inuvik crater has a diameter of 20 km and a depth
of 850 m as measured using MOLA images. The crater
cavity, as seen in the elevation profiles in Figure 1, has
no significant central peak but more of a U-shaped
cavity [7] with a small peak to the northwest.

Available THEMIS data, both infrared and visible,
is shown in Table 2. Images available spread through-
out the Martian spring and summer. The visible
THEMIS images shown in Figure 2 are heavily shad-
owed. In the first image, image ID 2, the sun is coming
from high in the southwestern sky. This leaves the
crater well illuminated with the exception of the north-
ern valley which is shadowed by the higher southern
wall (see Figure 1 for elevation maps). In this image
the center peak is white with CO, ice. The second im-
age (ID 3) has the sun coming from low in the west.
This low western sun is illuminating the outer western
wall and the inner eastern wall. The area surrounding
the peak is shadowed on all sides by the higher eleva-
tion areas. In this spring image the CO, is still cover-
ing the central peak. The third image shown (ID 4) is
later in the spring. Here you can see the sun is coming
from the west a little higher than in the previous im-
age. The outer west and inner east walls are illumi-
nated and the inner ring is lightly shadowed. Here
there is still some CO, ice seen on the central peak.
Image ID 6 from Figure 1 is during the mid-summer.
Here the sun is coming from high overhead to the east.
The CO, ice has now sublimed as can be seen by the
lack of white CO, deposits on the central peak. The
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water ice to the south, north, and east is now clearly
visible. In the last image of Figure 1 (ID 7) the sun is
coming form the northeast. Here the water ice is still
clearly visible and the center peak is still free from the
white CO, ice deposits. THEMIS IR image ID 8
shown in Figure 1 is from mid-summer, also. The wa-
ter ice areas that are visible in Figure 1, ID 8 are seen
in the THEMIS IR image. The water ice areas are
lower in temperature than all of the surrounding areas
(as would be expected with an area of water ice) as
indicated by the lighter coloration of these areas com-
pared to the surrounding areas.

Discussion and summary: Our survey of the un-
named crater at 81°N/190°E and Inuvik crater indi-
cates that there is water-ice present in both impact fea-
tures. THEMIS visible images support the trend that is
known to occur between CO, and water ice on Mars
with the decrease of overall crater albedo as the year
progresses from spring to summer. In the spring CO,
ice is present and as summer approaches and the tem-
peratures rise the CO, sublimates, allowing us to see
what is below the CO,. Visible ice can be seen during
the summer months and the infrared data from
THEMIS shows that the temperature of the water-ice
is much lower than the surroundings, supporting fur-
ther that it is indeed water. Further analysis of other
observations (from HRSC and OMEGA aboard Mars
Express) of this and other area craters will give us fur-
ther information on the presence of water ice in the
northern residual polar region of Mars.
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Image 1: Unnamed crater at 81°N/190°E MOLA im-

age over laying Viking image with MOLA cross sec-
tion (from Garvin et al).

Table 1: Available THEMIS images for crater at
81°N/190°E visible (V) and thermal (1)

Image ID LS, Martian season | Earth date
1, 104251002 101.648,summer 11/29/02
2, 104563009 113.313, summer 12/25/02
3, V04563010 | 113.313, summer 12/25/02
4, 104950005 128.521, summer 01/26/03
5, V10180005 | 12.690, spring 03/31/04
6, 111715006 69.724, spring 08/04/04
7, V12314008 | 91.330, summer 09/23/04
8, 112938005 114.475, summer 11/13/04
9, V13250007 | 126.509, summer 12/09/04
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Figure 1: Visible THEMIS images for

unnamed crater #1 (top panel left to

right image ID 5 and 7,bottom left to

rightis ID 3 and 9 of Table 1).

Table 2: Available THEMIS images for Inuvik crater

at 79°N/331°E visible (V) and thermal (1) [8].

Image ID LS, Martian sea- | Earth
son date

1, 104121002 96.863, summer 11/18/02
2, V10724001 | 33.594, spring 05/15/04
3, V11036032 | 45.162, spring 06/10/04
4,V11348002 | 56.507, spring 07/05/04
5, 111972005 78.962, spring 08/26/04
6, V12883002 | 112.392, summer | 12/02/04
7,V13170002 | 123.386, summer | 11/09/04
8, 113195002 124.359, summer | 12/04/04
9, 113974004 156.197, summer | 02/06/05
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Figure 2: Visible THEMIS images of 2,3,4 (top, Ié;

to right) 6,7 (bottom from left to right) and the bottom
far right image is THEMIS thermal image 8 (image
number corresponds to Image ID from Table 1). Ar-
rows indicate the direction the sun is coming from.
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Figure 3: MOLA DEM of Inuvik crater (top) ele-
vation cross-sections running north to south (middle)

and west to east (bottom).




