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 Inverted channels represent fluvial systems that have developed 

positive relief (Fig.1). The model proposed to explain this relief 

inversion is that the channel material is more resistant to erosion than 

the surrounding sediments (due to armouring or secondary 

cementation), protecting the morphology of the channel body from  

erosion which has removed the adjacent material [1]. 

Significant differences in inverted channel cross-section morphology have been identified and a 

classification applied to the inverted channels in Arabia Terra. The ridge types (Fig.4) were classified 

based mainly on the terminology and morphologies developed in previous work [4,5].  

 

Figure 2: 3D HiRISE image of Aram Dorsum, an inverted channel 

in Arabia Terra, Mars.  

On Mars many sinuous ridges have been identified, 

mapped, and interpreted as inverted channels (e.g. Fig.2). 
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1. What is an inverted channel? 2. Inverted channel on Mars  

Figure 1: Example of an 

inverted channel in the 

area of Hanksville, Utah 

(USA). In this case the 

sandstone channel body 

protected the mud/siltstone 

below. 
Figure 3: Global MOLA topographic map (463 m/pixel) showing the 

location of Arabia Terra (black square) at the boundary between the 

norther lowlands and the southern highland.  

3. Morphological classification: Cross sections types for inverted channels 
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In Arabia Terra (Fig.3), one of the most ancient regions on 

Mars, over 700 inverted channels have been identified [2], 

distributed in terrains dated late Noachian to early Hesperian 

(3.7 million years ago) [3]. 

Developing a better understanding of the spatial association between cross-section types is important 

for understanding the fluvial and erosional history of the inverted channels, so we analysed, the 

variation and association of cross section styles and how many cross-section types (CS) each inverted 

channel body possessed.  

Figure 4: Based on the performed Regional Survey we modified 

the division proposed by [5] in 3 main groups; Common Ridges 

(most common), Uncommon Ridges (less common) and Inverted 

borders (inversion of relief occurred on the borders).   

Figure 13: Inverted channels with 4-5 cross section types. 

2. Our study highlighted two possible evolution scenarios for inverted 

channels in the Arabia Terra region of Mars where the variation in 

morphology is driven by local variations in erosion style.  
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1. The absence of a specific pattern in the distribution of inverted 

channel ridge morphologies through Arabia Terra suggests that  

differences in morphology are part of the inverted channels 

evolution, rather than a consequence of local phenomena.  
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4. Cross sections:  statistics, distribution and association 
  

Figure 14: A- Frequency of inverted channels in Arabia Terra based on the number of cross section morphologies observed 

along their body. B-Cross section types frequencies for 757 inverted channels in Arabia Terra. In the statistics the same 

channel may present more cross section types. 

Figure 15: Association probability graph for the 

41 longest inverted channels (IC). The numbers 

indicate the probability to find two cross section 

types in the same channel body. The normalized 

scale bar (0-1) was reduced (0-0.6) to emphasize 

the association.  

Figure 16: The scheme presents two possible evolutionary 

scenarios for the inverted channels morphology based on the 

advancement of the erosion. Closer cross sections styles have 

higher association numbers. 

Figure 5: Rectangular cross section Figure 6: Concave cross section Figure 7: Rounded  cross section Figure 8: Incised cross section 

Figure 10: Deeper ridge Figure 11: Doublet cross section Figure 9: Pinnate cross section Figure 12: Ridged cross section 

Most of the cross section styles were found across the whole study area, with no specific 

pattern in their distribution. As expected, the longest inverted channels present a larger 

variation in morphology (Fig.13-14A). The Rectangular type is the most frequent, 

followed by Pinnate and Rounded (Fig. 14B). The other types are more rarely found in the 

region.  
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 Our analysis highlighted two possible evolution scenarios for 

the inverted channels (Fig 16). We interpreted the “Rectangular” 

cross-section type to be a barely eroded inverted channel which 

is later more eroded in the centre (Fig.16 A1) or in the borders 

(Fig.16 B1-C1). When the inversion of relief occurred only on 

the borders of the fluvial body, each border may evolve 

independently from the other (Fig.16 A2-B2). 

The association study (Fig. 15) suggests that the most frequently occurring cross section 

styles are also found together in same body. The “Rectangular” cross section style is most 

often associated with others. We use this data to propose a scheme for how the erosion of 

the inverted channels advances (Fig.16).  

      1 km       1.5 km 
      1 km 

      1 km      1.5 km         2 km         1.5 km 

Number of cross section morphology (CS) Cross section types frequency 

#1500 

B 

Acknowledgments:  This work was supported by a 

British Society for Geomorphology [BSG-2019-06] 

grant, awarded to Melissa Mirino. 


