
 
 

MRO 
Cycle 

DOY 
(2006/08) 

(MY) and Ls 
Range 

S 
channel 

L  
channel 

1(TRA) 270-276 (28) 119 59 69 
2 312-325 125 412 416 
3 326-339 132 510 520 
4 340-353 139 325 333 
5 354-07_002 145 534 535 
6 003-016 153 343 346 
7 017-029 160 140 162 
8 031-044 168 114 138 
9 046-058 176 126 126 
10 070-072 183 13 13 
11 082-083 192 7 7 
14 115  1 1 
- - - - - 

21 217-219 289.8-291.2 10 11 
22 227-240 295.7-304.0 27 27 
23 241-253 304.1-311.6 72 72 
24 255-268 312.4-320.1 111 111 
25 269-282 320.3-328.0 181 177 
26 283-296 328.1-335.8 136 136 
27 297-309 335.8-342.5 111 111 
28 350-352 (29) 3.2-4.6 83 83 
29 353-08_001 4.7-11.4 429 426 
30 002-012 11.5-16.7 260 258 
31 016-026 18.2-23.2 123 123 
32 030-043 24.7-31.1 63 77 
33 044-055 31.2-36.2 19 21 
34 058-068 37.5-42.1  22 22 
35 152-155 79.4-80.6 22 22 
36 161-169 82.9-86.7 57 57 
37 171-183 87.3-92.7 52 52 
38 184-197 93.1-99.1 54 54 
39 198-211 99.2-105.5 109 108 
40 212-225 105.6-111.8 53 53 
41 226-239 112.0-118.3 82 82 
42 240-253 118.4-124.9 67 67 
43 254-267 125.0-131.6 129 129 
44 268-280 131.7-137.8 78 78 
45 282-295 138.7-145.4 51 51 
46 296-309 145.5-152.5 71 70 
47 310-323 152.7-159.6 63 63 
48 324-325 160.0-160.7 7 7 

 
Table 1. Number of CRISM MSP Strips taken of Mars northern pole 
(defined as all strips partially or completely poleward of 55°S) per fort-
night (starting at the TRAnsition cycle of the MRO primary science 
mission) to November 30, 2008. Short channel is VNIR (0.4-1.0 µm) L 
channel is IR (1-4 µm). Ls = Deg of solar longitude. Northern spring 
starts at Ls = 0 and ends at Ls = 90. MY = Mars Year, Ls = solar longi-
tude from Mars. DOY = Earth Day of Year 
 
 
Figure 1. Example CRISM MSP 55 band L-channel spectra used in 
mapping icy volatiles in the south polar regions. These spectra have 
been corrected for the incidence angle of the sun on the surface but no 
atmospheric correction has been applied. 
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Introduction: Following on from our recent work 

in the south polar region [1,2], we report here on map-
ping of the north polar region of Mars with the CRISM 
imaging spectrometer Multi-Spectral Polar (MSP) 
dataset. A summary of the number of MSP north polar 
CRISM observations is given in Table 1. Our observa-
tions suggest these discoveries: 

1. We observe that the CO2 ice seasonal cap 
(excluding the H2O annulus) extends to around 55°N at 
Ls=304 and recedes to poleward of 70°N by Ls=25-40 
(the uncertainty range is due to patchy CRISM cover-
age during early spring). 

2. Using radiative transfer methods developed for 
our previous study [1] we find the CO2 ice in the sea-
sonal cap has maximum grain sizes around 5mm 
(around 75° latitude at Ls=320) and these decrease 
towards the edge of the seasonal cap. Observations 
over the North Pole Residual Cap (NPRC) at midwin-
ter were not attempted due to low-light conditions, so 
our midwinter data comes from lower latitudes so 
larger ice grains may exist over the NPRC in the 
depths of witner. 

3. As previously observed by the TES [3], 
OMEGA [4] and THEMIS [5] teams, the retreating 
north polar CO2 seasonal cap is surrounded by a water 
ice lag. The water ice annulus decreases in latitudinal 
width from mid winter (Ls=304 was the first time a 
sufficient number of CRISM observations were avail-
able) when the annulus is at least 10° in latitude wide 
to around 5° at Ls=5, as judged by when the 2.28 µm 
CO2 ice feature is no longer present. This is contrary to 
what is observed by temperature measurements using 
THEMIS [5], probably because temperature measure-
ments encompass soil that is free of water ice but still 
warming to the temperature of surrounding regolith. 

4. Over the mid-summer period (Ls=119-160), H2O 
ice on the NPRC and Mrs. Chippy’s Ring [6] is fining 
slightly in grain size. Preliminary radiative transfer 
model suggest maximum grain sizes observed decrease 
in some places in the NPLD by up to 1mm. 

5. As suggested by previous observations using 
MOC [7,8], by late winter, at Ls=320, the seasonal cap 
extends beyond 55° latitude, and is slightly asymmet-
ric, extending further in the 180°E radial (‘down’ in 
the polar stereographic view of Figure 1). The cap is 
narrowest at the 90°E and 270°E radials. This asym-
metry may be related to topographic variations [8]. 
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Figure 2. Enigmatic CRISM MSP spectrum of region outside 
water ice annulus (at Ls=4-11 close to 60°N, 210°E), showing 
‘blue’ slope from 1 to 2.5 µm, with no accompanying H2O ice 
absorption bands (e.g. at 1.25, 1.5 µm). No atmospheric cor-
rection or correction for solar inclination angle has been made, 
only a standard CRISM smile correction. 
 
 

CRISM: The Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM) is a visible to near-
infrared spectrometer sensitive to photons with wave-
lengths from ~0.4 to ~4.0µm [9]. In high-resolution 
mode, CRISM’s instantaneous field of view (pixel) 
size corresponds to ~18.75m on the ground. CRISM 
has 640 pixels in the FOV, however only 605 see the 
surface, therefore the swathe width covers ~10.8km on 
the ground. In mapping mode (primarily used in this 
study) 10x binning is employed in the cross-track di-
rection, therefore a mapping swathe has 60 pixels cov-
ering approximately 10.8km on the surface. Along-
track binning is controlled by exposure time. 

MARCI: The MARs Color Imager (MARCI) cam-
era is a super wide angle, fish eye lens instrument with 
1024 pixels-wide CCD. As the name implies, it obtains 
12 continuous terminator-to-terminator, limb-to-limb 

color images, 60° of longitude wide every day. The 
instruments seven bandpass filters are positioned at 
260, 320 (UV), 425, 550, 600, 650 and 725nm(VIS). 
The UV channels have 7-8km resolution and the VIS 
channels just under 1km resolution [10]. We produced 
images using MARCI daily global maps projected to 
polar stereographic projection. 

Water ice annulus: As first suggested by Houben 
et al. [11], and observed by TES [3] and THEMIS [5], 
and noted by the OMEGA team [4], the disappearance 
of the seasonal cap reveals a H2O ice annulus behind 
during spring. The OMEGA team noted the annulus 
leaves what they term ‘hydrated soil’ [4] that rapidly 
warms. Figure 2 shows an example spectra of the re-
gion outside the water ice annulus at Ls=4-11, during 
its springtime retreat. The blue slope exhibited from 1-
4 microns disappears overtime as the soil warms. The 
physical manifestation of this spectra is currently un-
clear – it is difficult to model this spectrum with linear 
or intimate mistures of water ice and soil. 
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Figure 1. One example of the MRO north polar mapping sequence showing MARCI daily map, CO2 absorption band map and de-
rived icy volatile map for Ls=4.7-11.4. Note annulus of H2O surface ice encircling the cap at this time (in blue on rightmost image). 
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