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Introduction:  The Martian surface is host to a 

diverse array of surface features that are widely 

attributed to the sublimation of volatiles – either in the 

present day or recent geological past. Atmospheric 

conditions even in the coldest environments on Earth 

are orders of magnitude different to those on 

contemporary Mars. Additionally, many sublimation-

driven features on Mars are unlike anything seen on 

Earth. Therefore, understanding how sublimation drives 

the evolution of the Martian surface has until recently, 

relied heavily on remote-sensing and modelling efforts. 

A new advent of laboratory experiments have 

offered an empirical perspective on the formation of 

Mars polar features, by simulating all but acceleration 

due to gravity on Mars. However, scaling issues 

introduce limitations that necessitate a multi-faceted 

approach. We review the laboratory and field analog 

work conducted to date in relation to Martian 

sublimation features, planned future experiments and 

we invite discussion on how else our understanding of 

the evolution of the Martian surface might benefit from 

laboratory and field analog approaches used to date. In 

addition, we review potentially sublimation-driven 

features on other planetary bodies and invite discussion 

on whether we can use analogs on Mars or Earth as 

natural laboratories. 

 

Field Work:  We review Terrestrial field campaigns 

conducted to explore analog processes of a putatively 

sublimation-driven nature. For example; a series of field 

campaigns in Utah and Arizona conducted to investigate 

the Sliding CO2 Block Hypothesis in relation to linear 

dune gullies [1] were necessary to investigate whether 

sliding sublimating CO2 blocks could erode channel 

morphologies and deposit lateral levées. We also 

discuss analog-based research using Terrestrial gullies 

(e.g. [2-5]) which provide a resource to investigate wet-

based mass-wasting processes and highlight the need for 

Mars condition laboratory experiments to explore slope-

destabilising sublimation feature formation under 

Martian conditions, of which only few campaigns have 

begun to investigate [e.g. 6, 7]. 

Laboratory Experiments:  Laboratory 

experiments under Martian atmospheric pressure and 

polar temperature ranges have been integral to 

understanding the conditions under which active 

sublimation features on Mars form. For example, 

experiments investigating the nature of condensed ice 

morphologies are key to understanding the 

environments under which active dendritic troughs form 

in the present day on Mars [8]. Experiments simulating 

cryoventing under Mars conditions have provided a 

proof-of-concept of Kieffer’s Hypothesis for 

araneiform formation [9]. Experiments under Earth 

conditions have even allowed us to provide a rough 

estimate of how much linear dune gully pits should 

widen with a given volume block of CO2 [10]. 

Moreover, laboratory experiments under Mars 

conditions have revealed new exotic processes such as 

those instigated by metastable liquid water, which now 

must be considered in the context of Martian mass-

wasting features [11, 6]. 

 

Conclusion:  This abstract provides a non-

exhaustive summary of recent empirical studies of 

extant processes on Mars and the advances made by this 

work in our understanding of the contemporary 

modification of the Martian surface. We present 

proposed next-step experiments on insolation-driven 

CO2 sublimation in the context of araneiform 

development and we welcome and invite feedback on 

potential constraints – particularly from modellers. We 

collate key insights provided by laboratory and field 

studies of Martian sublimation processes, as well as 

related analog work on non-sublimation processes, with 

a view to inviting discussion among the community on 

how we can improve upon and utilize these 

methodologies going forward.  
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