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Conditions for Transient Liquid Water. Liquid 

phase is possible when the temperature and pressure is 
above the triple point but below the boiling point. For 
present-day Mars these conditions translate into a tem-
perature range of 273-283K given the vapor pressure of 
6 to 12 mbar [1]. Currently on Mars these conditions are 
met between 0° and 30°N in plains of Amazonis, Arabia, 
and Elysium; and in the Southern Hemisphere in basis 
of Hellas and Argyre [2]. In these regions the condi-
tions for transient liquid water will occur in summer 
when the surface is warmed up above 273K. Therefore 
the ground ice, frost, and ice particles in Martian re-
golith will undergo melting with formation of liquid 
phase that can persist for several hours per day poten-
tially forming transient flows. Such flows will freeze at 
night yet if the process repeats for a substantial period 
of time liquid water erosion and even transient water 
ponding will be possible. 

 The most likely candidate places for detecting tran-
sient liquid water activity would be craters and depres-
sions in the equatorial or near-equatorial regions of 
Mars (±30° latitude): such places get warm enough to 
permit ice melting while the increased surface pressure 
in depressions should keep water from boiling away or 
evaporating too quickly, perhaps even permitting 
short-lived equilibrium conditions with the atmo sphere. 

Ground Ice. Amazonis, Arabia, Aram Chaos, Ely-
sium and Hellas basin areas allow a maximum of 3.5 
hours per day for liquid water to persist on the surface 
with between 50 and 275 days per Martian year [1]. 
And there is a growing body of morphologic evidence 
that subsurface ice deposits are present in these areas: 
e. g. according to Mars Odyssey High Energy Neutron 
Detector there is remnant near-surface water ice in the 
Arabia with water abundances up to 10% by mass [3]. 

Water and Ice in Aram Chaos. Located next to the 
ice-reach Arabia region Aram Chaos is a large crater 
280 km in diameter and ~2-3 km deep that is centered at 
2.5°N, 338.5°E. THEMIS observations of Aram Chaos 
combined with morphological evidence hint at a large 
ice-covered lake [4] thus making the crater a prime can-
didate in search for transient liquid water. Evidently the 
crater has been initially flooded via a catastrophic re-
lease of subsurface water, and when the initial floodwa-
ters froze subsurface water continued to flow carrying 
sediments and contributing to the rise of the chaotic 
terrain [5]. Given the history of continuous floodwater 
activity and sediment deposition the lake must have 
been comprised of layers of ice interleaved with the 

layers of sediments. Even though much of the exposed 
ice would have been lost due to sublimation and 
chemical bonding the layered deposit structure is in 
fact observed in Aram Chaos and substantial amounts 
of ice could still be present underneath as well as inside 
the sedimentary layers (neutron mapping suggests that 
the Aram Chaos area contains no less than 4-6% of 
water by weight in the upper meter of the soil). 

The interior of Aram Chaos contains two distinct 
features: darker older terrain, which is the second-
largest site of hematite deposits covering the area of 
~5000 km2 [5], and younger light-colored terrain – the 
cap unit – covering the former in two huge sheets that 
are visible in the center of the crater – Fig. 1A. 

 

 
Fig. 1. (A) Central Aram Chaos; (B) Cap-Unit Edge; (C) 
Ice and sedimentary deposits; (D) Ponding area. 
 

Albedo of these sheets ranges 0.165-0.18, as op-
posed to 0.12-0.13 for the surrounding areas [5]. Ac-
cording to MGS MOLA data these light-toned cap 
units vary in thickness from tens to 500 meters and 
display heavily eroded, etched ‘icing’ surface texture 
uniformly covered in pits of ~100m in diameter sepa-
rated from each other by sharp thin ridges forming al-
most a honeycomb mesh. The lighter terrain that forms 
these sheets is clearly pasted on to the older terrain 
that it covers as where the sheet it thin it follows the 
underlying relief and flows around obstacles such as 
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knobs or mesas. In the central area, however, the cap 
unit sheets abruptly terminate at cliffs (Fig. 1B). Ac-
cording to MGS TES the light-colored material forming 
the sheets has high thermal inertia of up to 500 Jm-2s -

1/2K-1 [6] as opposed to ~300 Jm-2s -1/2K-1 for the sur-
rounding terrain. All of these factors combined, and 
especially the hematite deposits that can form only in 
the presence of liquid water, provide strong indicators 
for water-rich history of Aram Chaos where multi-
layered, sedimentary and chaotic terrain was formed; 
the light-colored cap unit terrain likely to have been 
more extensive but gradually eroded away as evident in 
the south-east portion of the larger sheet [5]. 

The chemical composition of these light-colored 
cap units has not been yet conclusively determined: 
TES spectroscopic data shows a presence of sulfates, 
phyllosilicates, and pyroxene [5]; Mars Express 
OMEGA analysis shows presence of sulfates and a 
strong hydration absorption band [7]; more thorough 
OMEGA analysis of Aram Chaos geology also failed to 
identify the light-toned cap unit material chemical com-
position more precisely except for noting hydration 
absorption while identifying older terrain in between 
light-toned sheets as kieserite [8]. So whatever real 
composition of the light-colored cap units in Aram 
Chaos is it is likely to contain hydrates and sulfates 
mixed with some other minerals  and ice. 

The case for the ice can be built with the help of 
morphologic analysis of MGS Mars Orbiter Camera 
(MOC) wide-angle images of the cliff-edge of the light-
toned cap unit sheet covering central Aram Chaos, Fig. 
1B-D and for higher resolution of Fig. 2. 

 

 
Fig. 2. (A) Alluvial fans and ice slides on cliff; (B) Fro-
zen water flow atop of fluvial deposits in Aram Chaos. 
 

 High-resolution MGS MOC images of slopes of the 
cap unit sheet in central Aram Chaos reveal patches of 
white material of two distinct morphologies: thin light 
deposits as on Fig. 2B, which cover the top portion of 
cliff slopes, and much thicker white deposits that 
streams down southern slopes in central Aram Chaos 

in waves and accumulate at the cliff footing – Fig. 2A. 
The former could be identified with frozen water flows 
that originate seasonally when the ice trapped in the 
surface layer at the top of the cliff melts and the result-
ing liquid flows down slope eroding the cliff’s edge and 
forming dark fluvial fans carved with fine gullies at the 
footing of the cliff. The flow seen on Fig. 2B must be 
quite weak since it froze without completely reaching 
the footing of the cliff. 

Thicker deposits seen on Fig. 2A correspond to 
thicker ice sheets that gradually build on the slope: as 
the ice contained in the top layer of the cliff melts the 
resulting water accumulates on the slope as ice due to 
nightly and seasonal freezing; when the thawing comes 
in the melt water is likely to flow under the sheet thus 
loosening the adhesion and causing the sliding of the 
slope-covering ice sheet downhill. Lastly, due to the 
regular seasonal and diurnal pattern of freezing and 
thawing these sliding ice sheets accumulate on the 
ledge at the foot of the cliff in a regular wavy pattern.  
Numerous evenly spaced gullies leading away from the 
ledge at the cliff’s footing down slope further towards 
the center of the darker terrain separating the two cap 
unit sheets suggest that the accumulated icy deposits 
melt and the resulting liquid erodes the ledge forming 
the gullies. 

The prominent dark deposits on the edge of the 
cliff, which are clearly visible on Fig. 2A, correspond to 
near-perfectly conic alluvial fans. These alluvial fans 
appear only in the central area of the smaller cap unit 
sheet (Fig. 2B) where the depressions in the etched and 
heavily eroded terrain on top of the cliff are filled with 
fine-grained dark material with no visible structure up 
to the resolution of several meters per pixel. The near-
perfectly conic nature of alluvial fan deposits at the 
cliff’s edge suggests that these dark deposits are 
formed of wet sand or mud that periodically pours 
down the cliff’s edge; thus the resulting fluvial fans 
must be quite recent. The analysis of THEMIS infrared 
images of the area reveals that the darker deposits on 
the cliff’s edge as well as hypothesized wet sand pools 
are considerably warmer than the surrounding terrain – 
Fig. 3 – which could be both due to water and due to 
lower albedo of these areas. Night infrared THEMIS 
images, unfortunately, do not provide sufficient resolu-
tion to discern the alluvial fans, although the cliff edge 
appears warmer than the surrounding areas throughout 
the night. 

Transient Water Ponding. The most striking fea-
ture of the image on Fig. 3 is a relatively large area with 
smooth surface labeled ‘pond’. High resolution images 
of the same area (Fig. 4) reveal exceptionally smooth 
and flat horizontal area roughly 1x6 km in size that 
forms a ledge directly at the foot of the cliff made out 
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Fig. 3. THEMIS day IR and visual images identifying 
warmest areas with possible ponding site and fluvial 
deposits. 
 
of the light-colored cap unit material. Even on images 
taken at maximum MOC resolution of 1.39 meters per 
pixel no detail whatsoever is discernable on the dark 
surface of the area except for dark seasonal streaks and 
extremely fine gullies originating at the edge of the 
structure and merging into larger gullies that carve the 
‘retaining wall’ leading from the ledge down to the de-
pression in the central Aram Chaos (Fig. 4A-B). Ac-
cording to precision MOLA measurements the thick-
ness of the cap unit immediately to the north of this 
area is 540m, while the implied height of the ledge is 
about 60m. Unfortunately, there is no a direct MOLA 
shot across the dark patch but there is a MOLA profile 
available at ~2km south-east. Combined the altimetry 
data suggests that the dark-surface ledge is not exactly 
level but instead slope down 240m forming a gentle 2° 
decline in the course of 6km going from southeast to 
northwest. 
 

 
Fig. 4. (A)-(D) MGS MOC, (E)-(G) THEMIS visual, and 
(H) HSRC images of the possible ponding area. 
 

What is truly remarkable about this dark-surface 
area is seasonal variations that are clearly visible on 
Fig. 4A-H: the first four images (A-D) correspond to 
high resolution MGS MOC shots taken from Feb 2001 
to Sep 2005; the smaller images (E-G) correspond to 
lower resolution THEMIS visual images taken from 
May 2002 to Jan 2003; and the final image (H) is Oct 
2004 HSRC frame. The most noticeable feature about 
the dark patch is the changing pattern of streaks cris s-
crossing the surface. The streaks (Fig. 4A, B, E, F, H) 
must be seasonal as they appear, disappear, and reap-
pear in different configurations: e.g. the streaks that are 
prominent on MOC images E01-01811 and E02-00900 
disappear completely on MOC S10-00639 shot, which is 
the most recent of all visuals. On the MOC E14-0137 
image there are several well-defined ‘lanes’ that upon 
closer inspection yield crack or fault-like morphology – 
Fig. 5A. It is intriguing that these crack/faults appear to 
be in the bulk of the dark patch as fine gullies that are 
clearly visible on all images are superimposed on top of 
this feature. 

 

 
Fig. 5. See-through features and gully broadening. 
 

Gullies that carve the retaining wall of the ledge too 
undergo noticeable transformation: on earlier images 
(e.g. E01-01811 on Fig. 5B) the gullies appear thinner, 
yet they look broader on more recent images (e.g. E14-
01138). The gully evolution is more pronounced when 
the images are scaled to the same dimensions and su-
perimposed on top one another in a graphics process-
ing program; the inset on Fig. 5A and B shows the de-
tected changes: the gully on the more recent shot (Fig. 
5A) has developed a new thin line, which looks like a 
freshly cut channel across the gullies sidewall. Accu-
rate superposition of the earlier and later MGS E01-
01811 and E14-01138 images reveals the following pat-
tern: in 2001 (E01-01811) all gullies carving the retaining 
wall were thinner but grew broader in 2002 (E14-01138); 
the series of new thin channels cut in broadened gully 
walls coincide exactly with the older edge of the origi-
nal thinner gully; the rounded and raised dome-shaped 
surfaces in between the gullies appear to have caved-in 
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in a year time and became concave accommodating a 
new shallower gully; the old edge of the originally 
raised space in between the gullies remained like a nar-
row channel cut on the side of the now broadened 
gully wall. In other words the raised curved ground 
between the gullies is caving in and inverting giving 
rise to new gullies and channels that perpetually cut 
and form the surface of the retaining wall. 

There is another similar albeit much smaller, nearly 
featureless dark–surface area in the central Aram Chaos 
– Fig. 1D. This formation, which is about 1km long, is 
also located at the foot of the cap-unit cliff and is sur-
rounded by light-colored material. The dark material 
inside the patch overflows and comes down the slope 
in the south-eastern corner of the area. 

Additional information on the nature of the dark-
surface patches can be gleaned from THEMIS IR 
Brightness Temperature Records of central Aram 
Chaos. The THEMIS data reveals the following pattern: 
dark patches on slopes and at the cliff footing always 
appear warmer than the surrounding areas day or night, 
while the white patches always appear colder. In other 
words the large 10km-long ‘pond’ depicted on Fig. 4 
and the smaller one Fig. 1D exhibit highly thermostatic 
behavior. The extracted thermal brightness of the larger 
dark patch reaches 276K in Mar 2002 (THEMIS images 
I01149005 and I01174003), falls to 268-270K in late Apr 
2002 (I01511012), and again rises to 270-273.5K in late 
Nov 2003 (I08589014). The general pattern is that the 
dark patches on southern slopes of the cap unit sheet 
are the brightest (and warmest) regardless of time of 
day or season; the dark patches (‘ponds’) at the cliff 
footing are too among the brightest and the warmest 
features (which are nevertheless occasionally cooler 
than the dark cliff-sides). By corresponding MGS MOC 
optical images to THEMIS inferred surface tempera-
tures one can see that the occurrences of the tempera-
ture of the 10km ‘pond’ near or above 273K (the triple 
point for water) remarkably well coincide with MOC 
images E14-01138 and S10-00639 that failed to produce 
any detail on the dark patch of the surface (aside from 
what appears to be under the surface for the E14-01138 
shot). 

Conclusion. From the entire body of visual morpho-
logical and infrared data one can reasonably conclude 
that the larger (Fig. 5) and smaller (Fig. 1D) dark 
patches on the ledge at the cliff footing in central Aram 
Chaos correspond to the frozen ponding areas of melt 
water originating at the top of the cliff. The source of 
this melt water is likely to be the ice trapped in the 
ground at the top of the cliff. The melt water is carried 
down the slope where it accumulates and freezes form-
ing these ponding areas.  

 The ponding areas undergo regularly thawing and 
freezing following seasonal temperature changes: when 
deeply frozen the larger ponding area appears to be 
criss-crossed by dark streaks varying in pattern and 
location; when thawing the surface appear uniformly 
dark or transparent showing features (e.g. faults) un-
derneath, hence during the warmest period the surface 
ice must be quite thin and substantial melting must be 
going on under the ice where the liquid water is stable 
against rapid evaporation and boiling. Melting of the 
ice on top of the larger pond keeps the surface smooth, 
and the gentle slope towards the northwestern end of 
the pond suggests that the majority of the melt water 
originates from the raised area at the southeastern cor-
ner, which is also adjacent to extended pools of wet 
sand/mud deposits (central portion of Fig. 1B) that form 
large fluvial fans on the cliff-side of the cap unit sheet 
immediately to the southeast from the pond. 

This particular Aram Chaos area lies about 3km be-
low of the surface of the planet, and the typical surface 
pressure for the area is 7.5-9 mbar. This means that the 
temperature window for the surface liquid in this area is 
273-280K. However, high diurnal temperature variations 
imply that the liquid water on the surface cannot persist 
for longer than 3 hours and will evaporate and eventu-
ally freeze to the mass of the pond. However, the daily 
flow of liquid water is likely to be responsible for carv-
ing the very fine gullies on the surface of the ice and 
larger gullies on the retaining wall. In the case of the 
retaining wall flow of water may occur within the bulk 
of the raised areas in between the gullies causing peri-
odic cave-ins and new gully and channel formation, 
which was observed. Further exploration (including 
higher resolution imaging and monitoring of the central 
Aram Chaos in general and this area in particular) is 
called for as it would reveal more information on the 
nature of aqueous processes and transient liquid water 
on the surface Mars. 
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