
ANALYSIS OF THE AEOLIS AND ELYSIUM REGION, MARS, A  REVIEW.  J. W. Nussbaumer1, 
1Johannes Gutenberg University, Mainz, Germany. 

 
 

Aeolis:  The drainage of the aquifer in the Aeolis Mensae 
region  was supported by extended mass-wasting and rim 
sliding at the dichotomy boundary [1]. South of this 
boundary is densely cratered highland (4000 m altitude), 
to the north there is lowland with less craters. Overspilling 
of the northern rim of gale crater took place by an Amazo-
nian south transgression of the Elysium Basin. Gale crater 
in Aeolis contains thick sediments, higher than the crater 
rim, and may be of similar origin to layers in the fretted 
unit [2, 3]. The presence of an impact melt sheet and up-
lifted central peak in gale crater may have also generated 
hydrothermal activity, including an early crater lake, 
shortly after the formation of the crater in the Noachian 
period. Paleolakes in impact craters are observed from 
Noachian to Amazonian. Mars Orbiter Camera [MOC] 
images suggest that knobs in Aeolis Mensae include the 
same stratigraphy and landforms as sedimentary deposits 
in other regions on Mars [4]. Circular to elongated mounds 
have been observed in Gusev crater in the Aeolis subquad-
rangle of Mars suggesting higher ice content. MOC im-
ages reveal that much of the highland material in Aeolis is 
layered [5]. The highland/lowland boundary in Elysium 
and Aeolis Mensae often shows fretted terrain. The cra-
tered highlands were dated through crater counts in the 
upper Noachian [6, 7], and are supposed to be about 4,2 
Mrd years old. The mapping of [8] show, that there was in 
Deuteronilus Mensae and Tempe Terra also in hesperian 
time still significant erosional activities at the high 
/lowland boundary. The presence of a water-rich aquifer is 
suggested by fluvial valley systems in the plateau in the 
vicinity of Gale crater and by the presence of smooth de-
posits on the floor of the Aeolis Mensae formation that 
were interpreted as Amazonian river-bed material and 
channel sediment by [10]. It is assumed that a water body 
contained in the craters could have been formed by gravity 
drainage of the Aeolis Mensae proximal aquifer. Almost 
25% of all the defined impact crater lakes are concentrated 
in the Aeolis region [11]. The Aeolis area includes lakes 
and various types of channels, and source areas of diverse 
morphologies. In Aeolis, atmospheric precipitation might 
be responsible for some channels and associated basins 
which resemble arctic channels originating from basal 
melting of snow packs [12,13]. The entire Aeolis region 
shows many traces of fluvial activity, all converging to-
ward the north. In his study of the Aeolis quadrangle, [16] 
points out the importance of volcanism-induced hot spring 
discharges. 

Cerberus plains. The fluvial and volcanic events of 
the Cerberus region are among the youngest major geo-
logic events on the planet. The Cerberus plains are virtu-
ally flat, varying in elevation by only a few hundred me-
ters. Large lava flows extend to the south and southeast 
across the Cer-berus plains. Many flows appear to origi-
nate from a long fissure vent called Cerberus fossae [17]. 

Strong depolarized radar backscattering in the Elysium 
area indicates, that the ground is lava covered, which was 
regarded as a water basin until then, based on observations 
of radar reflections from an observatory in Arecibo [18]. 
The Cerberus Fossae system may be an analog to an early 
stage of Valles Marineris. These large cracks cross some 
of Mars’ youngest lava flows This suggests, that the Cer-
berus Fossae fractures system itself is continuing to de-
velop and expanding [19]. The origin of the Cerberus 
plains material was the subject of some debate on the ba-
sis of Viking images with both fluvial [20, 21] and vol-
canic origins [22, 23]. Dike emplacement could have pro-
duced surface fractures and localized volcanic eruptions, 
cryospheric cracking to fracture the surface and the release 
of pressurized groundwater. The water was confined be-
neath the cryosphere, and was released along an observed 
30– 40 km-long segment of the fracture to form Athabasca 
Valles [24, 25]. Linear fissure vents and low shields have 
been identified as volcanic sources on the Cerberus plains. 
Low shields are equant in shape have a localized summit 
vent and narrow, short flows extending down the flanks 
[26]. [27] have compiled crater statistics from MOC im-
ages and suggested absolute ages for the Cerberus Plains 
in the range of 10 to 100 Ma.  Crater densities on the lava 
flows of the Cerberus plains show absolute ages between 0 
and 250 or 750 Myr. According to [28], the depth to the 
top of the ground ice in this area [based on rampart crater 
onset diameters] is about 250–300 m. The bottom of the 
frozen zone probably ranges about 1 to 3 km in equatorial 
latitudes near the Elysium/Cerberus system. Lava flow 
directions have been described by [29, 30].   

Athabasca Vallis source lies along the north-western 
end of Cerberus Fossae. Aquifers at depth that are pene-
trated at the points along the fossae have released ground-
water to form Athabasca Vallis. The presence of subsur-
face water reservoirs has long been suggested. The early 
downward propagation of the cryosphere into such a shal-
low, low-permeability region would have eventually 
trapped any surviving ground-water into localized pockets, 
effectively cut off from any other reservoirs that might 
have existed within the crust. The continued growth of the 
cryosphere would have placed these pockets of groundwa-
ter under increasing compressive stress, eventually trigger-
ing a rupture of the frozen confining layer and the dis-
charge of groundwater under significant hydraulic pres-
sure. [31, 32] proposed a model in which high hydrostatic 
pressures develop within an aquifer trapped between a 
thickening cryosphere and impermeable basement rocks. 
Ultimately, the pressure exceeds the strength of the overly-
ing crust and water is released spontaneously, triggered by 
impact or seismic activity [33, 34]. It appears likely that 
the impacts triggered an extended period of hydrothermal 
activity that may have eventually led to the formation of 
an interior lake or sea. [35] have argued for repeated flu-
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vial and volcanic events associated with the channel sys-
tems and Cerberus Fossae. The simplest geologic model 
for the fluvial and volcanic events, would be that fractur-
ing along the northwest end of Cerberus Fossae released 
water from a pressurized subsurface aquifer forming Atha-
basca and Grjota’ Vallis during essentially a single geo-
logic event. An increasing pressure of the aquifer simply 
took advantage of a preexisting zone of weakness (the 
fossae) and broke out associated with an impact. At the 
southeast end of the fossae the fluvial activity clearly pre-
dates the volcanism. Water released in the channels of the 
Athabasca system flowed onto the Cerberus plains and 
into the Marte Vallis system and formed a paleolake in 
low areas in the topography [36]. A one-week duration of 
the flow has been considered, and proposed 600 km3 as a 
plausible volume of released water. The floodwater was 
too voluminous to be melted in real time, so it must have 
been extant as a liquid in the subsurface before the begin-
ning of the flood. Flows are often directly associated with 
fluvial scour features, such that water appears to have 
emanated from the flows themselves. This is in contradic-
tion to the interpretation [39] that the flows are low-
viscosity lavas [40]. 

Impact into volatiles: Impacts, depending on the size, 
composition, and velocity of the impactor are another way 
to dramatically alter the climate system. Erosion of high-
land impact craters occurred contemporaneously with 
erosion of the valley networks [41]. A thicker atmosphere 
could have formed in part as volatiles were released from 
impacts [42]. In addition, the fluidized form of many fresh 
impact craters suggests that water may be present at the 
near surface [43]. Of particular importance is the fact that 
Martian valley networks were forming simultaneously 
with impact cratering [44, 45]. Such processes were cou-
pled to valley network formation. [46] proposed that geo-
thermal heating coupled with impact cratering may have 
also driven hydrothermal convection and groundwater 
seepage in the highlands. [47] proposed that melt sheets 
emplaced during impact crater formation interacted with 
ground ice and drove local hydrothermal systems. A num-
ber of observations suggest that groundwater circulation 
was driven by heating from impact melt. Valley networks 
appear to originate from impact craters.  A 100 km is the 
threshold diameter for generating a melt sheet free of any 
breccia, but such a melt sheet would be too thin and cool 
too quickly to provide an effective hydrothermal system. 
Their results suggest that impact basins with diameters 
>600 km are needed. [48] predict that impacts into volatile 
rich targets [such as the Martian highlands] would result in 
impact melt sheets. In addition [49, 50] also support the 
fact that highland crater modification was occurring at the 
same time valley networks were forming. Although [51] 
suggested that valley incision took place after a volatile-
rich air fall deposit was emplaced, crater modification was 
a long-lived process that continued to erode impact craters 
as they were forming [52, 53]. An air fall deposit em-
placed quickly does not explain the stages in crater modi-
fication. If it were emplaced slowly over time, then the 

deposit would quickly bury the smaller valley networks. 
[54] proposed that highlands craters were modified by 
liquefaction induced by the seismicity following large 
impact events. Valley networks occur frequently on the 
continuous ejecta of larger impact craters [>40 km] and 
often form extensive radial drainage patterns. However, 
not all modified craters have incised ejecta. Frequently, 
fresh craters are found next to similar diameter craters that 
have been incised by valley networks. This demonstrates a 
clear temporal change that is best attributed to climate 
change. 
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