
Present-day seasonal activity of gullies in the south polar region (Sisyphi Cavi) were first reported by 

[1,2,3]. The activity was observed within the last four martian years (MY 28-31) on the slope of a polar 

pit located in Sisyphi Cavi at -72.5°S and 355°E (Figure 1) [3]. The suggested mechanism for pre-

sent-day activity of martian gullies are melting of H
2
O ice [4,5], sublimation of CO

2
 ice [2,6,7], or dry flows 

supported by ongoing CO
2
 sublimation [3].

With high-resolution image, temperature, and spectral data, as well as spectral modeling, we analyzed 

the exact timing of activity and presented possible triggering mechanisms, which could initiate pre-

sent-day gully activity [3].

INTRODUCTION

- Image: Context Camera (CTX; ~5 m/pxl), High Resolution Imaging Science Experiment (HiRISE; 

0.25-1 m/pxl) 

- Temperature: Maximum daytime surface temperature data based on the Thermal Emission Spectrome-

ter (TES; ~3 km/pxl)

- Near infrared spectral data: Compact Reconnaissance Imaging Spectrometer for Mars (CRISM; 18 

and 36 m/pxl), Observatoire pour la Minéralogie, l'Eau, les Glaces et l'Activité spectrometer (OMEGA; 

1.5-4.8 km/pxl)

DATASETS

- Polar pits located in Sisyphi Cavi (-72.5°S, 355°E) with a depth of up to ~1000 m (Figure 1, red box) 

[1,3]
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Figure 1 Mars Orbiter Laser Altimeter (MOLA) shaded relief of Sisy-

phi Cavi. Black rectangles represent the coverage with HiRI-

SE-images. The red box represent the study region. The black 

ROI-line (region of interest) at -68.5°S represents the latitude of tem-

perature (TES) and spectral (CRISM and OMEGA) measurements.

Figure 2 (a) HiRISE DTM (ESP_013097 _1115) of the 

southwestern part of the polar pit. (b) Detail of the 

southern, equator-facing slope. The observed gully with 

dark flows is marked at the eastern part of the image with 

a black arrow. Six different profiles were measured on 

the slope. (c) Cross-section of the different profiles of the 

slope. Profile A-A` (black) represents the profile of the 

gully with the dark flows, while profiles B-B` to E-E` re-

present profiles of adjacent gullies. The profiles were 

measured from top of the polar pit throughout the entire

gully (alcove, channel, apron) to the bottom of the polar pit with a vertical exaggeration of about 2.3. Profile F-F` (purp-

le) represents the slope of the pit wall in between the gullies. Slope angles (mean slope angles of ~15°), profiles, and 

morphologies of all gullies on the equator-facing slope are similar within narrow limits. North is to the top in all images.

Figure 3 HiRISE 3D view from stereo pairs ESP_013097_1115 and ESP_013583_1115. The vertical exaggeration is 

about 2. The active gully is marked with the black arrow.

STUDY REGION AND TOPOGRAPHY

N Figure 4 Near-infrared spectral images of CRISM (FRT000053F5) of the 

southwestern part of the polar pit at L
S
 216° in MY 28. (a) and (c) show the area of 

the equator-facing slope; (b) and (d) are detailed views of the gully with the dark 

flow (white arrows). (a,b) represent the band strength of CO
2
 linearly stretched bet-

ween 0 and 0.45; (c,d) show the band strength of H
2
O linearly stretched between 

0 and 0.15 (see legend). Although there are numerous gullies on the polar pit slope 

(see Fig. 2b,c) only the gully with morphologic changes shows lower amounts of 

CO
2 
and H

2
O (white arrows). North is to the top in all images. 

SPECTRAL RESULTS

Figure 6 Sequence of nine Lambert albedo HiRISE images of the 

entire gully in MY 31. (d) Black arrows show low albedo areas 

within the gully channel; white arrows points to comparably low 

albedo areas on the steep upper slope. (e) Black arrow shows low 

albedo areas within the gully alcove; white arrow points to bright re-

gions next to the small and dark gully apron. (f) Black arrow shows 

regions with lower albedo next to the gully channel compared to 

their surroundings. These regions expanded at (g) L
S
 226° and (h) 

L
S
 229° (black arrows). (g,h) White arrows point to remnants of 

bright regions next to the gully alcove. North is to the top in all 

images.

Figure 7 Diagram of band strengths and tempera-

tures versus solar longitude (L
S
). The three thick 

black lines on top of the graph represent the identi-

fied morphologic and albedo changes of the gully 

during MY 29 to 31, i.e., the time range when the 

dark flows formed (Figure 5,6). The time period of 

appearance of the dark flow can be narrowed down 

between L
S
 218° and L

S
 226° in these three martian 

years (vertical dashed lines). The black dotted line 

represents the maximum daytime surface tempera-

tures of TES along the ROI-line (Figure 1). Near-in-

frared spectral measurements of absorption band 

strengths at 1.43 µm (CO
2
 ice) and at 1.5 µm (H

2
O 

ice) along the ROI-line are represented in red and 

blue, respectively. Diamonds indicate CRISM mea-

surements, while squares represent OMEGA mea-

surements. 

Figure 5 (a) Gullied slope showing investigated 

gully with present-day changes (black arrow). 

(b-d) Dark material within the channel leads to in-

filling of about ~70 m of the channel (black arrows 

#1 and #2) and the formation of new deposits 

(white arrow) between L
S
 209° and 226° in MY 29. 

(e) In MY 31 at L
S
 215°, a dark flow-like feature on 

the apron is visible (black arrow). Black horizontal 

lines represent the width of the gully apron. (f) At 

L
S
 226°, a ~130 m long dark flow-like feature at 

the western side of the gully apron is detectable 

(black arrows). (g) At mid-spring (L
S
 236°), a new 

deposit at the western side of the gully is visible 

(black arrows). New material was deposited in the 

area where the dark flow-like feature occurred at 

L
S
 226° which leads to a widening of the apron of  

~7 m. North is to the top in all images.

IMAGERY RESULTS

(1) HiRISE albedo images show an early darkening of the surface bet-

ween L
S
 ~199° and ~209° within the gully alcove and channel. New de-

posits on the apron and at the terminus of the gully channel were 

identified in spring (between L
S
 ~218° and ~226°) and can be linked 

directly to dark flows that occurred within the gully channel. In MY 31 

about 300-600 m3 of material were deposited.

(2) At the onset of spring, near-infrared CRISM images show weaker 

band strengths of CO
2
 ice and H

2
O ice within the gully, which implies 

either smaller amounts of surface ice within the gully or a superposition 

of sediments on top of the surface ice within the gully. Spectral obser-

vations imply that dark material (regolith) covers a translucent 

slab of CO
2
 ice (CO

2
 ice contaminated by minor amounts of H

2
O ice 

and dust). This dark material flows through the gully during ongo-

ing sublimation of CO
2
 ice and is deposited onto the gully apron. 

Spectral modeling shows that within a CRISM pixel (<18 m/pxl), the 

dark flow is characterized by subpixel mixing of covered and exposed 

icy surfaces. Estimates show areal percentages of a given CRISM pixel 

between ~31-36% regolith cover and ~64-69% exposed icy surfaces 

within the observed present-day activity of the dark flow in MY 28 and 

29. 

 (3) The temporal occurrence of morphologic changes of the gully linked 

to the maximum surface temperatures and to the seasonal behavior of 

volatiles compared to surrounding gullies implies that mass wasting is 

most likely related to dry flows and CO
2
 ice sublimation. The mate-

rial of the dry flows (sand) could possibly be mobilized at the slopes of 

the gully channel and alcove during the sublimation process of the CO
2 

ice cover. Furthermore, ongoing sublimation of CO
2
 ice within the 

gully channel could support the mobilization of the dry material 

(observed dark flows) in the interior of the gully channel [8]. Mobilization 

of material by liquid H
2
O or brine mass wasting processes can be exclu-

ded due to low surface temperatures at the onset of spring (~160 K to 

~180 K) [9]. 

CONCLUSIONS
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