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Hale Crater, Mars, Using HiRISE DTMs 

Introduction 

Hale Crater is located in what appears to be a outflow 
channel sourcing from Argyre Basin [4]. Possible gully 
sources include remnants of the water from this channel and 
the melting of a dust-ice mantle in Hale Crater [5,6,7]. Past 
changes in Mars’ obliquity are likely responsible for the 
deposition of this mantle, as far equatorward as 30˚ N&S, the 
“cutoff” latitude found by Malin & Edgett [1] below which 
gullies rarely form. The global gully study by Harrison et al. 

[8], confirms that gullies are confined to ~27-83˚S and 
~28-72˚N. Hale Crater sits at 35˚S, within the mid-latitude 
band where gullies are most abundant. 
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Figure 3:  The two gully systems measured in detail, with Gully A on the left and Gully B on the right. 
Ortho images corresponding to the following HiRISE digital terrain models (DTMs): 

DTEEC_012241_1440_012663_1440 and DTEEC_014153_1430_14008_1430 

We took detailed morphologic and morphometric measurements of two 
gullies, which we called A and B, determining both gully erosion and apron 
deposit volumes using two methods. 

A B 

Minimum Eroded Volume in ArcGIS 

This method of measurement is a fast alternative to the transect 
method [9]. It uses ArcGIS’ TIN (triangulated irregular network) 
tool to create a cap, or surface, over the eroded area of the gully 
and underneath the apron, to simulate the pre-erosional and pre-
depositional terrain. We subtract the existing terrain from the TIN 
cap to make difference rasters, which are used to calculate 
volumes. 

Figure 6: The Gully A  TIN “cap” as it 
appears in ArcMap 

The Transect Method 

We produced longitudinal and cross-sectional profiles of gullies 
A and B in ENVI (Fig. 5 above). These are then input into Matlab 
scripts previously developed by our team, enabling the 
determination of both gully and apron volumes, as well as an 
elevation profile of the center stream line (CSL) along the gully 
thalweg to calculate sinuosity, slopes at various locations, 
stream profile concavity, and morphology of the gully floor and 
walls.  This allows us to study changes in the shape of the gully 
cross section from source to sink. 

Gullies are erosional slope features characterized by their 
morphology - consisting of an erosional alcove on top, an 
apron of deposited material on the bottom, and a channel in 
between - as described by Malin and Edgett (2000). They 
appear to be originally formed by flowing water processes, 
rather than dry mass wasting [1, 2], although many likely  
formed by multiple processes [3, 12]. 

Figure 1:  Left: Hale Crater’s location on Mars. Right: A closer view of Hale 
Crater’s setting, with a channel connecting it with the craters to the north and 

with Argyre Planitia to the south. Hale is labeled with the arrow 
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The total number of gully-like slope features in Hale Crater is 
1,953. Calculation of the aspects of all the gullies shows that 
about 83% of them face between 112.5˚ and 247.5˚, 
clockwise from north. These angles correspond to southeast 
and southwest, respectively. The rose diagram above shows 
this trend. 

These results agree with earlier studies that concluded 
gullies in this region tend to form on pole-facing slopes 
[1,5,7,8]. In addition to aspect, we calculated the slopes on 
which gullies formed. The average slope is 14.2˚ with a 
standard deviation of 6.5˚, lower than slopes estimated 
previously [5], which may be the difference between 
measuring the hillside slope versus only the upper channel 
and alcove. 

Volume Measurements 
The differences between the gully volume and the apron volume are 
significant and require an explanation other than dry gully formation 
processes. As with our previous studies, we find a large disparity 
between the gully and apron volumes and conclude that the missing 
apron volume may reflect the volume of water and other volatiles 
involved in the gully formation [10, 11, 14].  These measurements do not 
say much about the post-formation fate of the water and volatiles, as 
water, for example, can infiltrate into the subsurface, can evaporate into 
the atmosphere, freeze, or flow out of the system. 

Table 1: Gully volumes 
and associated debris 
apron volumes of two 
gully systems in Hale 

crater. “% missing” is the 
percentage of the eroded 
gully volume material not 

present in the apron. 

Volumes Transect Method ArcGIS Method 
Gully A 7.20 x 104m3 6.77 x 104m3 

Apron A 5.7s7 x 104m3 2.51 x 104m3 

% Missing 19.9 % 62.9% 
Gully B 2.80 x 106m3 2.89 x 106m3 

Apron B 5.04 x 105m3 4.40 x 105m3 

% Missing 82.0% 84.8% 

Drainage Maps 
The integrated system shown in Gully A’s drainage 
map indicates that the gully formed at least partially 
by water. Dry processes tend to form singular, 
straight paths, rather than such integrated networks 
[12,13,14]. 

Figure 2:  Hale Crater  with 
locations of gully-like 

features (red dots) and Gully 
A & B HiRISE DTM footprints 
over a CTX mosaic. Gullies 
appear  all around the crater 
rim and central peak. A rose 

diagram shows gully 
direction (below) has a pole-

facing trend. Figure 4:  A map of the drainage network in Gully A. Channels in the eroded area are shown in blue, while channels on the 
apron are in red. The complicated, integrated system indicates that the gully formed at least partially by water. 

Drainage Network Diagram 

The drainage maps of Hale Gullies A & B (Fig.4) show a complicated, integrated network (black lines). The 
streams of the gully system contain numerous tributaries, and many of the paths are sinuous. The channels 
on the debris apron of Gully A form a complicated distributary network while there are few channels on the 
apron of Gully B . Gully A originates from many points on the surroundings and gently erodes into soft 
mantle, while the channels of Gully B cut through and originate from rocky layers . 

Figure 5:  (right) Numbered cross-sectional 
transects and 2 longitudinal profiles (red and blue) 

over Gully B, for use in morphologic channel 
analysis and volume computation using the 

Transect Method.  3 arrows correspond to (bottom 
right) profiles across the channel and alcove.   

(above) Long profiles of Hale B compared to Hale 
A, and close-up of layer incision and origination.       

Longitudinal Profile Measurements 
The concave profiles of the center streamlines are consistent with 
fluvial  processes [8, 11] as dry processes would likely form straight or 
convex profiles.  

Hale Crater Gullies 
As expected [8], 83% of gullies in Hale Crater formed on south-facing 
pole-ward slopes. During the day, these slopes are more shadowed 
than north-facing slopes and likely provide a lower-temperature 
environment in which water ice is more likely to accumulate and be 
preserved. 

We used a CTX image mosaic [10] of Hale Crater to identify 
and record the locations and aspects of all gully-like forms. 
Straight lines were drawn from the gully origin to the start of 
the apron. We recorded MOLA elevation, slope, and slope 
aspect values from the midpoints of these lines. 


