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Introduction:  The origin and ongoing formation 

of Martian gullies has been intensely debated among 

planetary scientists, as they have implications for both 

the current and past Martian climate. These gullies are 

geologically young, likely formed during the 

Amazonian [1,3] and are located in mid to high 

latitudes (30° to 70°) in both hemispheres [2]. This 

latitudinal dependence implies that a change in climate 

and a redistribution of ice (caused by a change in 

obliquity) was important in the formation of these 

gullies [3]. 

 In this study, we analyzed the morphology of five 

gully systems in Asimov located on the eastern central 

pit and on the SW crater slope (outer trough). We used 

two unreleased HiRISE DTMs: DTEEC 

_013835_1330_013189_1330 and DTEEC_012912_ 

1320_012767_1320. Both DTM’s cover an area in 

Asimov crater, an infilled Noachian aged crater in the 

Noachis Terra region in Mars’ southern hemisphere. 

Gully Measurements:  

Drainage Network Delineation. We delineated 

drainage maps of five gullies with ArcMap using high-

resolution stereo images. At full resolution, the gullies 

form extensive and complex integrated systems 

(Figure 1).  

Volume Approximation: ENVI Method. We used 

two separate methods to estimate gully volumes, the 

first of which utilized ENVI software and Python 

scripts. In ENVI, we drew a center stream line (CSL) 

of the gully as well as a rough approximation of the 

gully perimeter. Using the anaglyph of the gullied 

region and the drainage network created earlier, we 

drew anywhere from 20 to 100 transects across the 

gullies on the DTM, depending on the length and 

complexity of the gully. We input the transect data into 

Python, where we used trapezoidal numerical 

integration techniques to estimate the area beneath 

each transect curve (Figure 2). Volume was then 

calculated between subsequent transect areas and later 

summed. We also calculated sinuosity and concavity 

as well as slopes. 

Volume Approximation: ArcMap Method. An 

alternate method to using ENVI and Python to 

calculate volume is to use ArcMap. In ArcMap, the 

DTM and orthographic images were layered atop one 

another. A TIN (Triangular Irregular Network) surface 

was created over the gully. This surface acted as an 

assumed cap, which models how the terrain may have 

existed before it was geologically modified. The TIN 

surface was clipped to the approximate borders of the 

gully and subtracted from the DTM. The resulting 

raster gave an approximation of the eroded volume that 

once existed in the gully. Although this method is fast 

and requires less work than the ENVI method, it is less 

accurate.  

CRISM Analysis. Using CAT (CRISM Analysis 

Tool) in ENVI, we were able to search for areas in the 

Figure 1: 3D perspectives of gullies A, B, and E using ArcMap. 

Black lines delineate drainage networks. Colors show depth 

maps relative to a TIN surface either above the gully area or 

below the apron area. Notice morphological differences 

between gullies A & B (central pit area) and gully E (southwest 

crater slope area). Also notice integrated fluvial system in 

alcove and distributary system in apron. 

Figure 2: Right- orthographic image of Asimov D with color 

coded transects. Left-Transects in profile with shaded regions 

representing areas calculated using Python. 
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gullies mapped for ices, hydroxylated minerals, or 

minerals that could form in an aqueous environment, 

such as phyllosilicates or other clays. No hydrated 

minerals or aqueously derived minerals were identified 

in or around the gullies analyzed here, though some 

signatures of ices were found. 

Results: Volume results (for each method), apex 

slope, concavity, and sinuosity for each gully are 

summarized in table 1. Both methods yielded roughly 

similar results. Sinuosity for all gullies was above 1 

and concavities were all greater than 0 (Figure 3). 
Table 1: Results from ENVI and ArcMap Calculations 

Discussion: By analyzing several morphological 

aspects of these gullies, we found several lines of 

evidence that point towards liquid water as a likely 

mechanism by which these gullies were carved.  

Highly dendritic drainage networks. Near the limit 

of HiRISE image resolution, the gullies’ extensive 

integrated drainage systems and the aprons’ complex 

distributaries become apparent (Figure 1). These 

patterns are indicative of fluvial processes [1,7].  

Volume discrepancies. Comparing the gully 

volumes with their respective aprons provides 

additional insights into the gully formation 

mechanisms. The gullies analyzed within Asimov all 

have volumes much larger than their debris aprons (> 

90% difference). This implies that the gullies were 

predominantly formed by water, as most of the water-

rich slurry used to erode these gullies ended in a debris 

apron, which subsequently (or perhaps simultaneously) 

froze and sublimated away or infiltrated. This would 

leave behind only rock and sediment, explaining the 

apparent volume discrepancy we observed [7]. 

Concavity, sinuosity, and apex slope. Certain 

morphological characteristics can also provide insight 

into how these gullies formed. 

The longitudinal profiles of all five gullies showed 

a concavity index greater than 0 (Figure 3), implying a 

fluvial origin, rather than a dry flow [2,4]. Sinuosity 

for all gullies was above 1, which again suggests water 

as a likely eroding mechanism, as dry flows tend to not 

be this sinuous [5]. 

By measuring the apex slope of the apron, we can 

also gain insight into gully formation. Of the five total 

gullies studied in Asimov, two have debris aprons, and 

of those two, one (Asimov D) has an apex slope of less 

than 21 degrees, implying a formation mechanism 

involving water [6]. Asimov E, on the other hand, had 

an apex slope greater than 21 degrees, so some dry 

flow processes may have played a possible role in its 

formation.  

CRISM. Preliminary CRISM analysis was done in 

and around the gullies analyzed in this study. No 

hydrous minerals were identified in this area, however 

some weak CO2 and H20 ice spectra were found. This 

could imply that these gullies are dependent upon 

seasonal variations and redistribution of water from the 

poles [3]. 

Conclusion: Martian gullies have been a mystery 

for years, with countless theories attempting to explain 

their formation. It is likely, after detailed analysis of 

five gullies in Asimov crater, that liquid water was the 

primary formation mechanism. This is due to several 

factors. First is the highly dendritic nature of these 

gullies, present in both the alcoves and the aprons 

(when present). Second is the volume discrepancies 

between eroded material in the gully and the debris 

apron, implying a water source that subsequently 

sublimated away or infiltrated. Third is the 

morphology of these gullies, mainly apex apron slopes, 

high concavity indices, and moderate sinuosities. 

These examples are consistent with liquid water as the 

primary gully forming mechanism in Asimov Crater.  
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Gully A B C D E 

ENVI Gully Vol. 
(m3) 

9.35E6 8.40E6 1.79E7 7.15E7 1.96E8 

ENVI Apron 
Vol. (m3) 

~0 ~0 ~0 2.68E5 1.53E7 

ArcMap Gully 
Vol. (m3) 

1.08E7 8.81E6 1.54E7 4.95E7 3.32E8 

ArcMap Apron 
Vol. (m3) 

~0 ~0 ~0 1.57E5 1.50E7 

Sinuosity 1.15 1.19 1.10 1.10 1.09 

Apex Slope (°) N/A N/A N/A 10.9 21.1 

Figure 3: Concavity index of Asimov A-E. Divergence of CSL 

from straight line from source to head can be interpreted and 

calculated as a concavity index. 
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