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Introduction: Small cones are common on Mars [1]. 

Their diameter at the base is usually from several dozen 

to several hundred meters. Some cones are concentrated 

in large fields or form long chains of several dozen 

kilometers long. Similar cones and chains are observed 

on Earth in volcanic zones (e.g., Iceland, spreading 

centers at the floor of the oceans, etc.).  

The origin of cones on Mars is discussed in 

many papers [e.g., 2-5]. [2] investigated cones in 

Acidalia Planitia. They believe that the cones are mostly 

results of mud volcanism and/or evaporite deposition 

around geysers and springs.  

 

Considered region: We analyzed the region in Chryse 

Planitia centered in ~38o13’ N and ~40o35’W - Figures 

1 and 2. The region is at the boundary of a smooth plain 

(AHcs) and a complex unit (AHcc). AHcs is the 

Amazoniam-Hesperian smooth plain. A small region of 

another type (labelled by HNck in Fig.1) is: “older 

knobby material” [6]. All of considered forms are 

composed of lacustrine (or marine) deposits. These 

deposits are thick enough to cover possible underlying 

wrinkle ridges – [6]. These ridges could be a source of 

lava flow, pyroclastic flows, or pyroclastic falls.   

 
Fig. 1 Our region under study at Chryse Planitia (the 

white square) is at the boundary of smooth plain (AHcs) 

and complex unit (AHcc). HNck is the “older knobby 

material” – [6]. In general, the west is higher than the 

east. 

 
Fig. 2. The considered region (see also Fig. 1). The 

chains of cones are indicated by solid black arrows and 

labeled by numbers 1, 2, 3, 4, 5. According to our 

hypothesis, the chains are formed along outcrops of 

sediment layers with high content of volatiles. The chain 

of cones, just below black bar labeled 10 km, could be 

of different origin.  

 

Proposed mechanisms of formation of cones chains  
:  Our hypothesis assumes that the investigated region 

had been covered with several layers of lacustrine 

deposits with the layers of sediments rich in volatiles 

separated by layers with small amount of volatiles.  

 
Fig. 3 The scenario, leading to formation of cones as a 

result of Martian version of mud volcanism and/or 

evaporite deposition around hot springs. Legend:1 – 

rich volatiles deposits, 2 - fissures, 3 – low volatile 

deposits, 4 – cones.  
 
Hypothesis of mud volcanoes 

. The ‘Martian version’ of mud volcanism could be 

substantially in different comparison to its terrestrial 
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counterpart [7]. Note first, that the temperature of the 

boiling water on Mars was (for most of its history) 

substantially lower than the boiling temperature for 

terrestrial atmosphere. We have assumed that some 

sedimentary layers contained substantial amount of 

water or ice. The stability of these layers depends on the 

pressure. 

Due to the drop of the atmospheric pressure, the boiling 

temperature of the water also decreased and the rates of 

water evaporation and ice sublimation increased. These 

changes lead to the retreat of lakes and the 

disappearance of glaciers. Eventually, the surface 

regolith became dry and the sediment layers containing 

water became unstable. In such a case any fissure, 

extending from the surface of Mars to the layer 

containing volatiles, could lead to the drop of pressure 

in the layer and rapid release of gases. This process was 

possible even for relatively cold sediments (e.g. ~ 

20oC).  

Note that described above processes resulting 

from the liquid water instability probably had a global 

range. They were responsible for thousands of cones. 

Probably, on Earth there have never been conditions 

necessary for similar processes (see however [8]). 

The gas release had led to development a chain 

of conical structures along the outcrop. Hydrocarbon 

stored in clathrates could be also present in the volatile-

rich sediments. The clathrates could release volatiles 

along outcrops at the temperature substantially lower 

than temperature of the boiling water. 

 

Hypothesis of rootless cones 

 The size and shape of the considered cones are 

not substantially different than many terrestrial rootless 

cones. The rootless cones are often generated when hot 

lava is interacting with water or ice. If lava flows 

through glacier or wetlands then it produces explosive 

outgassing. The blisters of water vapor could break 

through the lava and cause a so-called hydro-volcanic 

explosion, eventually forming pseudo-craters. Because 

the lava cools quickly, it does not spill around the cone.  

Terrestrial rootless cones are of the shape and 

size similar to the cones on Chryse Planitia. The 

scenario leading to the origin of rootless cones in the 

considered region of Chryse Planitia requires the 

interaction of volatile-rich deposits from the outcrops 

with some hot matter. This hot matter could be of 

different origin. It could be a result of a rejuvenation of 

volcanic processes in a ridge adjacent to the considered 

area.  

 

Conclusions:  

1.We have presented the hypothesis explaining the 

origin of the cones chains in the chosen region of Chryse 

Planitia.  

2. Two mechanisms of cones formation have been 

proposed. Both mechanisms give rise of chains of cones 

along the outcrops of volatile rich sediments. The 

discovery of underground water [9] indicates possibility 

of such sediments, although the structure and setting of 

the target area in this work might be different, it might 

be an important topic to consider for astrobiology.  

2.1 The ‘mud volcano mechanism’ assumes 

that the volatiles in the sediment layer are warm enough 

to be unstable in atmospheric pressure. High 

temperature can be a result of increased heat flow from 

Martian interior.  

2.2 The ‘rootless cones mechanism’ requires 

magma or hot volcanic material to come into contact 

with volatile-rich sediments.   

3. If our hypothesis is confirmed, the chains of cones 

could be used to infer about stratigraphy of Mars. 

Therefore our plan of future research includes 

investigation of other chains of cones. 

4. In our paper we indicate several differences of 

processes of cones origin on Mars and on Earth. 

Therefore, the results of the investigation of terrestrial 

volcanic processes sometimes cannot be used directly 

for explanation of Martian processes – see also [10].  
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