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Introduction: Recurring slope lineae (RSL) are 

narrow, relatively dark-toned, Martian surface features 

that form on steep slopes [1]. Liquid water, 

deliquescence, and dry mechanisms have been 

hypothesized for their formation [1-3]. Accumulation 

and loss of volatiles are temperature-sensitive processes, 

so temperature modeling is key to quantitatively assess 

the potential role of volatiles for RSL formation. Here 

we use three-dimensional surface energy balance 

calculations with topographic models that consist of 

millions of pixels to model the surface temperature at 

high spatial resolution [4]. Our study site is Palikir 

Crater (42°S 158°W), which has numerous RSL and 

gully alcoves [5-8]. 

Methods: HiRISE-stereo and CTX-stereo derived 

digital elevation models (DEMs) [9] are used for the 

thermal modeling.  

The thermal model incorporates shadowing by near 

and distant horizons (terrain shadowing), using multi-

grid acceleration. A multi-grid method uses a coarser 

grid at large distance from the point of interest. The 

model also incorporates one-dimensional subsurface 

heat conduction and is run for 5 Mars years at time steps 

of 30 minutes. One thermal model is run for each pixel 

of the domain.  Also included are sky irradiance and ap-

proximate terrain irradiance, in a way that can be readily 

parallelized. This model implementation [10] makes it 

possible to deal with mega-pixel domains, with diur-

nally resolved temperatures over multiple Mars years, 

and still incorporate non-local effects, such as horizons. 

It has many potential applications and is here applied to 

Palikir Crater to study volatile stability in an area with 

many RSL. 

Themis IR-derived surface temperatures were  

compared with the results of thermal model calculations 

with a CTX-based DEM that covers the entire crater. For 

the plains around the crater and the floor of the crater, 

300 tiu (tiu = Jm-2K-1s-1/2) is an appropriate choice, 

whereas  the crater walls and crater rim have a thermal 

inertia of ~600 tiu. The extent of seasonal CO2 patches 

was also compared between model predictions and 

HiRISE observations. 

RSL were manually mapped using ~25 cm/pixel 

HiRISE orthoimage produced during ASP DEM pro-

cessing, supplemented by HiRISE image data collected 

at the time of maximum RSL seasonal extent [11]. RSL 

top and bottom points were visually identified. Where 

ASP correlation failed, no data values were reported and 

were ignored during data analysis. In total 5,505 unique 

RSL were mapped. 

Results: Model calculations were carried out for a 

CTX DEM that covers all of Palikir crater and a HiRISE 

DEM that covers its east rim.  

Results for a subset of the domain are shown in Fig-

ure 1 [4]. Although temperatures are calculated only for 

this smaller domain, horizons and terrain irradiance 

were determined using the full extent of the HiRISE 

DEM.  

Figure 1b shows the annual mean surface tempera-

ture, which is relevant for subsurface water ice stability. 

For a frost point temperature of 200 K, ice is stable be-

low about 193 K [12]. Subsurface ice is unstable every-

where, i.e., the vapor density above the ice is higher than 

that of the atmosphere, and therefore ice is lost to the 

atmosphere in the long term. 

The duration of uninterrupted H2O frost accumula-

tion is the longest period within a Mars year when tem-

perature remains below the frost point (200 K). During 

this time, atmospheric water vapor will condense (sub-

limate). Figure 1c shows the number of sols with con-

tinuous water vapor saturation. At some locations, water 

frost accumulates for hundreds of sols. No area remains 

below the frost point all year. Many RSL start positions 

are not associated with water frost; so not even a square 

meter of frost is available at any time of the Mars year. 

Water frost accumulation continues into early 

southern spring, at the latest (Figure 1d), and the last 

patches are on pole-facing slopes. 

Conclusions & Discussion: There are hundreds of 

sols of continuous water deposition in some portions of 

the alcoves, but, at 1 m/pixel resolution, some RSL orig-

ination points have no water frost available at any time 

of the Mars year. Others have water frost available, but 

accumulation ends in early spring at the latest, long be-

fore the time melting temperatures are reached on the 

surface. 

These results do not exclude that water frost patches 

smaller than 1 m are still present during RSL activation. 

In fact, the Viking Lander 2 observed small seasonal wa-

ter frost patches in the shadows of boulders [13]. If salts 

are present, melting could potentially occur [14]. How-

ever, the lack of any correlation between RSL locations 

and patches of water frost >1 m2 suggests there is no 

causal link between the availability of H2O frost and 

RSL activity. 
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Figure 1. Model results for a region on the southeast rim 

of Palikir Crater 42°S, 158°W. a) A portion of HiRISE 

image ESP_022834_1380. b-d) Thermal model results 

for a thermal inertia of 600 tiu and a resolution of 

1 m/px. The dots indicate the start (top) locations of 

RSL. b) Mean annual surface temperature. c) Longest 

period of uninterrupted H2O accumulation. d) Latest 

time of the Martian year (highest areocentric longitude) 

with water frost accumulation. Contours are elevation 

spaced by a vertical distance of 5 m. Some of the tightly 

spaced contours are due to DEM pixel errors. North is 

up (equator-facing). 

 

Results & Discussion (cont.): Future studies might 

focus on the timing of RSL activity relative to surface 

and near-surface temperature at a study site with RSL 

winter activity.  

The thermal model [10] has been successfully ap-

plied to a DEM that consists of over 1.4 million valid 

pixels. In future, it can be used for a great variety of sci-

ence studies, such as: timing of RSL activity, CO2 frost 

activity in gully alcoves, determination of thermal iner-

tia in rugged terrain, and temperature modeling of gla-

cial deposits. 
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