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Introduction: With the advent of new remote sens-

ing technologies many recent planetary missions to 

Mars have provided insights on Martian morphology 

on different spatial and temporal scales. These mis-

sions have made possible the detailed characterization 

and analysis of more than 40,000 impact craters offer-

ing valuable information on the cratering processes as 

well as different crater morphologies [1, 2]. 

The surface of Mars has been affected by wide-

spread volcanism, action of wind, water and ice. The 

heavily cratered surface in combination with various 

complex morphologies preserves the evidence of 

events of the planet's earliest history. Also, even the 

slightest change in the existing morphology of a crater 

directly reflects the climatic and atmospheric effects 

acting during that specific period. Mars shows diverse 

sedimentary morphologies such as those associated 

with impact cratering, catastrophic floods, debris flows, 

landslides, aeolian traction, saltation and suspension 

[3].  

In the present study we have attempted to examine 

the nature of ~100 km diameter Nicholson crater (0.1° 

N and 164.5° W)  Spatially, the crater is located almost 

directly on the Martian equator, at the Southern edge of 

Amazonis Planitia and NW of Medussae Fossae For-

mation (Fig 1). This crater is of particular interest due 

to the presence of a notable central peak, and a massive 

central high mound of debris. The mound rises above 

the crater floor by ~3.5 km, and its cross-section varies 

between 55 km (length) and 37 km (wide), probably 

exhibiting a sequence of strata of sedimentary origin. It 

also shows presence of prominent incision channels, 

reflecting strong aeolian erosional processes. The aim 

of the present work is to understand the role of wind as 

an active erosional and depositional agent in carving 

diverse landforms. 

Detailed study and analysis on the morphology of 

this crater points to the fact that the morphology in this 

region has significantly responded to the prevailing 

wind speed and wind direction thus indicating an aeo-

lian process for the formation of various surface fea-

tures. Aeolian activity has played, and continues to 

play, an important role in shaping many of the present 

day surface features of Mars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Nicholson crater showing eroded rims with 

terracing, central mound and central peak 

 

Datasets and methodology: In order to investigate 

the mode of origin of the Nicholson crater morphology, 

a detailed analysis of various features was carried out 

using different high resolution data. High Resolution 

Imaging Science Experiment Data (HiRISE) images 

having 25 cm/pixel spatial resolution with image 

swaths of 6x20 km along orbit track, providing certain 

specific portions of the Nicholson crater was used. 

Along with this, Mars Reconnaissance Orbiter CTX 

(context camera) data having 6 m/pixel spatial resolu-

tion providing a surface coverage of up to 30x160 km 

was also used [4, 5, 6]. All these images have been 

downloaded from the PDS, and ingested into an Arc-

GIS database. At first, CTX images were geo-

referenced on the basis of HiRISE images and thereaf-

ter analysis regarding the formational processes of cer-

tain specific morphological features was carried out.  

Results and discussion:  Beyond the general mor-

phology we could infer certain very strong indicators 

pointing towards aeolian signatures such as slope 

streaks [Fig 2a, 2b] which are believed to be the dark 

underlying layers of soil revealed after dust avalanches 

and deposited by the sliding down of fine grained sand 

from the crater rim. Initially they appear dark and 

gradually get lighter with age due to further deposition 

Eroded rims with  

ejecta slumping 

Central peak 
Central mound 

1180.pdf44th Lunar and Planetary Science Conference (2013)



of adjacent material brought down by wind action [6]. 

Another, most conspicuous morphology seen in this 

crater regime is Yardangs [Fig 2c] which are long, li-

near streamlined needle shaped features aligned with 

the prevailing uni-directional wind direction. These are 

aeolian erosional features commonly found in regions 

with adequate strong wind supply and less water. Here, 

the soft bed rock material is eroded and removed by 

the wind and the harder material is left behind produc-

ing an alternating linear pattern reflecting ancient cli-

matic conditions when the wind velocity would have 

been much stronger. Another striking evdence of aeo-

lian morphology is the presence of Barchan topography 

which shows crescent shaped dunes with two horns that 

point downwind. These features are formed when un-

idirectional winds blow on a firm ground with limited 

sand supply [Fig 2d]. Chaotic terrains [Fig 2e] on Mars 

are more or less flat topped features ranging in size 

from 1-10 km. They are thought to have formed when 

there is a sudden removal of subsurface water or ice, 

causing the surface material to slump and break into 

structures resembling blocks. Apart from these they 

are also found to occur in regions where probably no 

water activity has been reported and at such locations 

they are believed to be a product of strong wind driven 

erosional processes. 

Conclusion: Analysis using the multiple datasets 

for Nicholson crater has revealed a complex crater 

morphology including a prominent central mound with 

a central peak, highly eroded rims, and terrace forma-

tion due to the slumping of ejecta material. By explor-

ing sediment sources, climate, and local topography 

and geology as potential factors, it is possible to con-

struct potential formation mechanisms. From our inves-

tigations and significant inferences on the type of mor-

phology we favour aeolian morphology for the Nichol-

son crater. This study has also revealed a topographi-

cally driven wind regime further contributing to our 

knowledge on the aeolian morphology. 
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Fig 2: a: Slope streaks on  crater’s 

central mound  

 

b: Slope streaks near crater mound 

and N- rim  

 

c: Probable Barchan dunes on cra-

ter mound  

 

d: Probable Yardang formation on 

mound  

 

e: Chaotic terrain above N- rim  
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