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Introduction: Martian gullies are defined by [1] to 

be slope features comprised of an upslope alcove, a 
midslope channel, and a downslope depositional fan.  
Due to their relative youth and similarities to water-
related features on Earth, the Martian gullies have at-
tracted much attention since their discovery by the 
Mars Orbiter Camera [1].  Many erosional agents for 
the gullies have been proposed including groundwater 
from a shallow [1, 2] or deep aquifer [3], brines [2, 4], 
melting snow [5, 6], melting surface ice [7-10], carbon 
dioxide supported flows [11], and dry granular flows 
[12-14].  If some of the gully-forming flows were wa-
ter-rich, a major outstanding question is whether the 
water sourced from the sub-surface (an aquifer) or the 
surface (atmospherically-emplaced). 

One way to test whether a flow was wet or dry is to 
look at the channel gradient where deposition initiates.  
Dry granular flows will tend to deposit at ~21°, the 
minimum angle of kinetic friction, below which all dry 
granular flows decelerate (~20.7-22.9°, [15]). Debris 
flows (sediment-rich), fluidized by liquid water or an-
other fluidizing agent, can deposit on shallower slopes, 
down to ~1.7-5.7° [16].  Sedimentation from water 
flows may deposit on still shallower slopes.   Note that 
the apex slope of the bright gully deposit in the Cen-
tauri region, which formed between 1999-2004 [17], is 
21°. 

To investigate the likelihood that liquid water was 
involved in gully formation, we use five digital eleva-
tion models (DEMs) derived from High Resolution 
Imaging Science Experiment (HiRISE) stereo image 
pairs to measure the channel gradient just upslope of 
where gully depositional fans “initiate,” i.e. the visible 
upslope extent of deposition, termed the “apex slope.”  
The 1 m/post DEMs, produced using the method de-
veloped by [18], are located in five different southern 
hemisphere craters.  They include gullies with a range 
of preservation states and multiple orientations. We 
assume that the channels above the apices are erosional 
and that the apex slope is the steepest slope on which 
deposition has occurred, marking the transition from 
and erosional to a depositional regime.  We also as-
sume that changes in channel width have negligible 
effects on whether a flow will deposit.   

Previous studies have looked at slopes in and 
around gullies using other topographic data, including 
Mars Orbiter Laser Altimeter (MOLA) interpolated 
gridded topography data [19-21], individual MOLA 

topography tracks [22], and parallax measurements 
performed using HiRISE stereo image pairs [23-26].  
These studies have looked at the average slopes within 
gully alcoves [19, 21], the average slopes of walls 
hosting gullies [20, 22], the average slopes of gully 
channels and debris aprons [23], and piece-wise aver-
age slopes of gullies, including their alcoves, channels, 
and debris aprons [24-26]. HiRISE DEMs provide the 
highest resolution topographic data currently available 
for Mars, so we select them for our study. None of the 
previous studies have measured the apex slope. 

Data:  Table 1 lists the HiRISE images, processed 
using ISIS (Integrated Software for Imagers and Spec-
trometers) [27], used to make each DEM. The DEMs 
were created using the area-based automatic matching 
package of the commercial stereo software SOCET 
SET (® BAE Systems). The vertical precision of the 
DEMs is expected to be ~20 cm [18], but the quality of 
DEMs is limited by differences in illumination, signal-
to-noise ratio, and amount of hand-editing performed. 

 
Table 1. HiRISE Stereo Pairs used in DEM Production 

Region (ID) 
Lat (°S), Lon (°E) 

Observation ID Scale 
(cm/pixel) 

Centauri (C) 
38.4, 96.8 

PSP_001714_1415 
PSP_001846_1415 

25.4 
27.1 

Hale (H) 
35.1, 324.7 

PSP_002932_1445 
PSP_003209_1445 

25.5 
27.1 

Fresh (F) 
35.7, 129.4 

PSP_004060_1440 
PSP_005550_1440 

25.5 
26.6 

Kaiser (K) 
46.1, 18.8 

PSP_003418_1335 
PSP_003708_1335 

25.3 
27.8 

Newton (N) 
38.5, 202.9 

PSP_002620_1410 
PSP_002686_1410 

25.5 
25.9 

Further image information can be found at 
www.hirise.lpl.arizona.edu/<Observation_ID> 

Methods: Gully Selection. We visually inspected 
the images used in DEM production to identify gullies 
and ravines (one main valley containing evidence of 
multiple gully flow episodes) where we could distin-
guish a distinct upslope extent of deposition.  De-
graded features with indistinct morphology or features 
where subsequent processes may have reduced the 
slopes were excluded from our analysis. 

Elevation Profile Extraction. We imported our 
DEMs into RiverTools [28], a GIS application, and we 
extracted flow grids and D-inf slope grids. We simul-
taneously displayed the DEMs and HiRISE images to 
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match large-scale (~10m) features in order to identify 
each gully of interest. We extracted channel elevation 
profiles through gullies where we observe a distinct 
fan apex, excluding gullies that had obvious large er-
rors in the DEMs.   

Slope Measurements. We located each gully’s fan 
apex (Fig. 1) in the DEM and recorded the correspond-
ing location from which to extract the apex slope. We 
tried to err on the side of measuring slightly upslope of 
the apparent fan apex to avoid measuring the slope of 
the debris apron itself.   

 

 
Figure 1. Sample apex slope measurement of a gully in Hale 
Crater (PSP_002932_1445).  Horizontal lines mark assumed 
boundary between erosion and deposition. The fan apex 
marks the upslope extent of visible deposition. The apex 
slope would be measured near the asterisk. 
 

Elevation Profile Smoothing. After extracting 
channel elevation profiles and determining the location 
of the apex slope, we smoothed the elevation profiles 
to minimize noise and errors in the DEM.  We fit each 
profile using a second-order polynomial then calcu-
lated an appropriate smoothing scale using the RMS 
(of the elevation profile versus the polynomial fit) di-
vided by the local slope. Smoothing scales ranged from 
5-50 m.  We calculated point-to-point slopes of the 
smoothed elevation profiles and then binned them us-
ing multiple bin sizes. 

Preliminary Results: Figure 2 displays prelimi-
nary apex slope measurements with slopes extracted 
from smoothed elevation profiles binned in 10m in-
crements. Due to the shallow apex slopes observed, 
our preliminary results (Fig. 2) suggest that some fluid-
izing agent, likely liquid water [19, 29], is involved in 
transporting material within many gully systems. 

Future Work: We intend to use our measurements 
to look for trends between relative gully age, gully 
setting, and gully orientation versus apex slope to sug-
gest if the source of water is localized, favoring a sub-
surface source, or related to relative age, favoring an 
atmospherically-emplaced source. 

 

 
Figure 2. Preliminary Results: Apex Slope by Location. The 
letters correspond to the IDs in Table 1. The slopes are bin-
ned in 10m increments. 
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