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Introduction:  Martian gullies are found in the 

mid and high latitudes (~30-70°) in both the northern 
and southern hemispheres [1,2].  These features, de-
fined by an alcove, channel, and apron, were first 
identified in Mars Orbiter Camera (MOC) imagery 
and interpreted to be fluvial [1].  Gullies are thought 
be formed recently (within 1 Ma) and are possibly 
forming today [1,3]. The mechanism of formation is 
yet unknown.  Proposed theories include melting of 
surface frost (water [4] or CO2 [5]) or the release of 
water [1,2,6] or CO2 [7] from a subsurface aquifer; 
these can be tested with temperature data. The CO2 
frost point is around 150 K and the water frost point 
is typically 196 K.  The melting point is 273 K.  Near 
surface frost may register with the Thermal Emission 
Imaging System (THEMIS) if it is not buried too 
deeply. Temperatures should measure consistently at 
or below these levels if a snow pack or ice-rich “aq-
uifer plug” exists.  

Additionally, prior studies by [1,2,6,8] have indi-
cated a possible positive correlation between rock 
layers and gullies.  It could be that the rock layer is 
facilitating the formation of gullies by increasing the 
local temperature of the slope due to its higher ther-
mal inertia.  Therefore, nighttime temperatures can 
be used to determine if the rock layer is indeed keep-
ing the slope warmer at night.  THEMIS has suffi-
cient resolution (100 m per pixel) to isolate these 
physical layers and derive a temperature gradient for 
the slope. 

Methods:  This study focuses on Acidalia Plani-
tia, in the northern hemisphere (30° - 55°N, 10° - 
75°W). MOC images and overlapping THEMIS im-
ages were collected using JMARS.  MOC images 
were processed in ISIS and imported into ArcMap.  
Surface brightness temperatures were calculated from 
THEMIS Band 9 using Arizona State University’s 
THMPROC program.  THEMIS and MOC images 
will not align in ArcMap without manual georefer-
encing.  Once aligned, physical units--i.e. rock lay-
ers, resistant (not as consolidated as a rock layer) 
units, sandy slopes, and mantled units (Fig. 1)--were 
outlined in ArcMap and the temperatures extracted. 
Night and day temperatures were collected to con-
strain diurnal temperature variations.  Data from gul-
lied and adjacent non-gullied slopes were gathered to 
determine if there is a difference between them.   

Results:  Thirty-two gullied slopes and 33 non-
gullied slopes have been measured to date.  Daytime 

temperatures for gullied slopes reach an average tem-
perature of 242±3 K (1σ), with a maximum of 252 K 
during the summer, and 225±3 K during the winter 
(Table 1).  Nighttime temperatures for gullied slopes 
average values span 178-195 K over the spring, 
summer, and fall.  There are no apparent temperature 
differences between the gullied and non-gullied 
populations.  The number of measurements is not 
distributed equally across the year (Fig. 2).  Summer 
has the most nighttime observations, thus, physical 
unit data are only presented for this season.  Rock 
layers typically remain slightly warmer (5±3 K) at 
night than the other physical units (Fig. 3).  Fewer 
non-gullied slopes contain a rock layer (11 vs. 20).   

Discussion: Surface temperatures on gullied 
slopes over all available times and seasons are not 
high enough to melt water ice today.  A concentrated 
brine may depress the melting point; such concentra-
tions (~15-40 wt% salts) have not been measured on 
Mars [6].  Measurements of salt levels at Viking 
landing sites are capable of depressing the melting 
point by only a few degrees [9].  Surface tempera-
tures can also be increased above the melting point if 
the surface is insulated by snow pack [4].  Absolute 
surface temperatures below 273 K are accommodated 
by models of pressurized subsurface reservoirs [6].  
CO2 ice cannot exist at these temperatures. 

In two instances (both occurring on non-gullied 
slopes during a fall night) temperatures extend below 
150 K, the frost point of CO2, meaning that frost 
could condense at these locations.  Mantled units, 
suspected of being dust-covered frost, have tempera-
tures of ~170 K.  The material should not be CO2 
frost unless the measurement is being affected by a 
layer of dust or sand.  However, they could still be 
water ice.    

Rock layers seem to be warmer at night than the 
remainder of the slope, and thus are predicted to have 
a higher average daily temperature.  If surface tem-
peratures are higher (such as at different obliquities) 
rock layers may maintain temperatures closer to 
273K throughout the day, increasing melt volume 
[10].  Gullies emanate from the rock layer whenever 
one is present.  The fact that fewer non-gullied slopes 
have a rock layer could prove to be a significant dif-
ference. 

Conclusions:  Daytime and nighttime temperatures 
on gullied slopes in Acidalia Planitia through most of 
the Mars year are above the frost point of CO2, con-
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sistent with water ice as the gully source.  Tempera-
tures do not currently exceed the melting point of 
pure water, requiring briny water and/or insulation of 
ground ice to facilitate present-day melting.  Gullies 
are associated with rock layers that increase night-
time temperatures which may enhance melting.  
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Fig. 1:  MOC image E0102244 with a rough “resistant” 
unit at the top of the slope and a slightly warmer rock layer 
below and a cooler sandy slope with numerous incised 
channels.  Temperatures from THEMIS I04838008 Ls 124 
(summer) night. 
Average Seasonal Temperatures (K)   
  Gullied   Non-Gullied 
  Day Night Day Night 
Spring 236 178 245 185 
Std. Dev. 3 2 4 2 
Range 227-245 170-192 234-259 170-199 
Image Count 2 3 9 7 
Summer 242 195 245 192 
Std. Dev. 3 3 4 2 
Range 223-252 174-205 221-255 174-200 
Image Count 10 31 11 22 
Fall 189 179 190 178 
Std. Dev. 2 2 2 3 
Range 178-201 166-192 185-196 140-208 
Image Count 14 22 7 26 
Winter 225 N/A 234 181 
Std. Dev. 3 N/A 3 1 
Range 209-248 N/A 205-256 N/A 
Image Count 6 0 11 1 
Table  1:  Average day and night seasonal temperatures for 
gullied and non-gullied slopes. Image count refers to the 
number of THEMIS images sampled over each slope. 
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Fig. 2:  Night and day seasonal temperatures for gullied 
and non-gullied slopes by Ls.  
 

Summer Temperatures of Gullied Slope 
Physical Units 

170

175

180

185

190

195

200

205

210

30 35 40 45 50 55

Latitude (N)

Te
m

pe
ra

tu
re

 (K
)

Resistant Unit
Sandy Slope
Rock Layer

 
Fig. 3:  The rock layer is warmest and nighttime tempera-
tures show an increase with latitude.  The two outlier sandy 
slope points are taken at the end of summer (Ls 178).  No 
mantled units were sampled during this season. 

Sandy Slope:  196 ±4K  

Rock Layer:  202±2 K  

Resistant Unit: 200±3 K  
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