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Introduction:  The seasonal appearance of Dark 

Dune Spots (DDSs)[1] in the polar and near-polar re-

gions of Mars is a striking feature on detailed images 

of large portions of the planet's surface. The mechanics 

behind the formation and evolution of these DDSs has 

still not reached scientific consensus. However, from 

studying the phenomenology of DDSs a model is for-

mulated and an experimental design to test it is pre-

sented in this paper. Hopefully, this will introduce 

some of the first experimental evidence for the forma-

tion of Martian DDSs into the scientific debate. 

Background:  The appearance of dark spots on the 

Martian surface were first seen on images from the 

Mars Global Surveyor in 1999 [2]. Later missions have 

since revealed the spots in higher resolution leading up 

to the Mars Reconnaissance Orbiter (MRO) which 

commenced operations in 2006 and is equipped with 

the HiRISE camera. HiRISE is capable of surface reso-

lutions down to 25 cm/px, i.e. high enough to reveal 

the detailed structures of the DDS. These appear sea-

sonally in local spring, and after one particular spot 

appears on the side of a dune, it soon after starts to 

flow, with a pattern consistent with liquid water [3]. In 

local summer the DDSs fade and by the time of next 

spring they have often disappeared completely. The 

DDSs only appear at latitudes where there is a seasonal  

ice cap ( > 55° lat.). The ice caps appear as striped 

 

 

Figure 1: Dark Dune Spots appearing in Richardson Crater (72.0 S 

179.4 E), image taken at LS = 210.6 (southern spring).[4] 

 

 

layers of CO2 ice and H2O ice [5]. This is the rationale 

of the model proposed in the next section. Several im-

ages of the Martian surface have revealed a subsurface 

layer of dark material, not least the spectacular images 

of dark tracks left by dust devils traversing the Martian 

surface [6]. Just like the DDSs, these too disappear 

over time, most likely a result of dust blowing over and 

covering the features.  

Kereszturi et al. [5] has suggested an interfacial 

liquid water layer arising due to Van der Waal forces 

between the water ice and the mineral grains in the soil. 

Here we propose a solid-state greenhouse model to 

create an interfacial water layer. 

Physical model:  It has been suggested that the 

geysers on Mars are a result of a solid CO2 greenhouse 

effect [7]. An interfacial layer of gaseous CO2 would 

sublimate between the seasonal ice cap and the dark 

surface below. Similarly, the DDSs may be controlled 

by an analogous process. Polar dunes on Mars consists 

primarily of dark material, likely feldspar-basalt rego-

lith [8]. This dune in winter and early spring is covered 

by a layer of water ice, which in turn is covered by an 

additional layer of CO2 ice. CO2 ice is nearly transpa-

rent to the solar spectrum [9], whereas water ice has a 

high absorption spectrum for IR [10]. A ray of sunlight 

incident on this layered surface would penetrate the 

CO2 ice layer, losing only a few percent of its 

 

 

Figure 2: Close-up of two spots in Richardson Crater where the spot 

on the dune (left) has flown down into the other spot at the bottom 

(right). The area is just north of that in Figure 1 and taken at the 

same time. The brown colored area is hypothetically liquid water 

that has diffused into the surface soil, in essence making it wet [4]. 
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original intensity. Some portion of the light would be 

absorbed by the water ice, though most of the remain-

ing light would be absorbed by the dark underlying 

dune soil. The sunray would, in essence, heat the ice 

layer from below. If the CO2 ice cover and the mineral 

grains can produce local pressures above the triple 

point of water, a layer of interfacial liquid water could 

form. 

With rising temperatures, the liquid water eventual-

ly penetrates the CO2 ice in weakest spots first. Given 

that the pressure would be higher than the atmospheric 

pressure on Mars, the liquid water would start pouring 

up through the CO2 ice, carrying fine grained regolith 

up to the surface. At this point, due to the low pressure, 

the water eventually boils away, leaving the deposited 

dune material on the surface. Over time, atmospheric 

and surface dust settles on the surface, covering the 

features and making them visually fade.  

Further, the deposited dark dune material, likely 

unoxidized regolith, is subjected to the UV radiation 

on the Martian Surface. The UV radiation releases su-

peroxide ions from the regolith [11]. It is possible that 

the reaction of these ions  with the ferrous contents of 

the regolith over time results in the deposited material 

gaining same red tint as the rest of the surrounding 

Martian surface, thus decreasing the contrast between 

the two. 

Experiment:  In order to test the model described 

above, an experiment is designed where the spring po-

lar conditions on Mars are simulated. The Martian en-

vironment is confined within a specialized spherical 

glass bulb, 18.5 cm diameter with three entry ports and 

a quartz tube in the center containing a lamp capable of 

simulating the solar spectrum. The bulb is partially 

filled with Mars soil simulant and immersed to the soil 

level in liquid nitrogen. A water vapor atmosphere is 

introduced, allowed to condensate and solidify on the 

surface, forming a layer of water ice. The water vapor 

is next evacuated out and replaced with a CO2 atmos-

phere with minor Ar and N2. The CO2 is also allowed 

to solidify on the surface, forming a layer of CO2 ice on 

top of the water ice. The atmospheric pressure is then 

lowered to 6 mbar. The individual temperatures of the 

soil, the water ice and the CO2 ice is monitored by 

thermocouples prepositioned in the soil where the re-

spective ice layers forms. The liquid nitrogen is then 

replaced with allyl alcohol, raising the soil temperature 

to -129 °C (144 K), consistent with the winter tempera-

tures of the polar regions [12]. At this point, the expe-

riment will be run both with the allyl alcohol present 

and without, to simulate different models for soil ther-

mal inertia during spring. Finally, the lamp is activated 

and the simulation allowed to run. The finalized setup 

is conceptualized in Figure 3. If the proposed model is 

valid, the ice layers will melt from below. Using ther-

mocouples the temperatures of the soil and the ice lay-

ers will be monitored. Possibly, liquid water penetrat-

ing the CO2 ice layer will be observed. On a larger 

scale (dune spots being on the order of 5-200 meters 

wide) [5] it is reasonable that the flowing water will 

carry the dark underlying dune material to the surface, 

producing dark spots as seen on the surface of Mars. 

The results of this experiment will be presented at the 

conference, hopefully providing some of the first expe-

rimental evidence behind the formation conditions of 

the Martian Dark Dune Spots. 

For an in-depth analysis on the morphological fea-

tures surrounding the DDSs that led up to the model 

presented in this paper, see [13]. 
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Figure 3: Concept design of the experimental setup. 1 Glass bulb  

(ø18.5 cm) with CO2 atmosphere at 6 mbar. 2 Quartz tube. 3 Port to 

gauge. 4 Port to vacuum pump. 5 Port to H2O and CO2 sources. 6 

Solar spectrum simulating lamp. 7 Power source. 8 CO2 ice layer. 9 

Water ice layer. 10 Mars soil simulant. 11 Allyl alcohol coolant. 12 

Dewar. 
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