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Introduction: The European as well as the Ameri-

can space agencies are planning to send rovers to Mars 
in 2020 in two separate and independent missions. 
NASA´s Mars 2020 mission, based on a Curiosity-type 
rover and ESA´s ExoMars mission, Europe’s first at-
tempt to land a rover on the surface of the red planet. 
Also indepentently, the agencies will select their spe-
cific landing site from numerous proposals from dif-
ferent teams, based on the safest and scientifically 
most promising targets. We here present a short over-
view of the Mawrth Vallis region to strengthen the 
merits of this high-priority target that fulfills the sci-
ence requirements and the expectations of both mis-
sions. The eroded plateaus flanking the Mawrth Vallis 
bear the record of multiple ancient aqueous environ-
ments as evidenced by the great mineralogical and 
textural diversity. The site offers the opportunity to 
investigate a very ancient section of the Martian stra-
tigraphy and to sample rocks from critical epochs of 
Mars, likely ranging from the Early Noachian up into 
the Hesperian. The prevalence of water environments 
and geochemical gradients that are observed along the 
strata are key makers to understand Mars’s early histo-
ry. More importantly, its insitu exploration would pro-
vide an excellent window into what were potentially 
the most habitable environements that Mars has ever 
experienced.  

Geologic Setting and Geologic History: Mawrth 
Vallis is an ancient flood channel located at the 
boundary of the cratered Noachian terrains of the 
southern highlands and the northern lowlands at 
~24°N and 341.5°E. Here, OMEGA and CRISM dis-
covered abundant Fe- and Al-bearing phyllosilicates 
associated with layered outcrops, as well as clay pre-
cursors, Si-OH phases and sulphates (Figure 1). A 
large stack of light-toned layered deposits, reaching 
thicknesses of >200m comprise the plateau surround-
ing the Mawrth Vallis channel. The layered deposits 
display near-infrared spectral characteristics con-
sistent with various clay minerals [1-12], which are 
also observed in numerous outcrops in the western 
Arabia Terra region. The clay rich deposits are inter-
preted as a sedimentary sequence [4,10]. The Mawrth 
Vallis region is characterized by a complex geologic 
history and long-lasting water activity that lead to 
multiple depositional settings. An initial progressive 
deposition and alteration of sediments (smectites) took  

Figure 1: HRSC nadir mosaic showing an overview of the 
Mawrth Vallis region. OMEGA and CRISM detections of phyl-
losilicates show Fe-clays in red, Al-clays in blue and sulfates in 
green. Note: Light-toned deposits to the north are also phyllosili-
cate-rich. Landing site ellipses are shown in green and in light 
blue and labeled. 
 
place in the Early to Middle Noachian and was fol-
lowed by important surface erosion by the Mawrth 
Vallis outflow channel and by valleys on the plateau 
as well as by the development of fractures in the clay 
unit in the Middle and Late Noachian. Continued sur-
face weathering occurred as well as probable acidic 
leaching of surface layers, which is implied by alumi-
nous smectites, kaolins, alunite and ferrous clays. Also, 
local precipitations of sulfates (jarosite [7] and Ca-
sulfates [8]) and probable fluid circulation in fractures 

2194.pdfLunar and Planetary Science XLVIII (2017)



is observed. This upper altered sequence is consistent 
with a sub-aerial weathering origin for the upper clays, 
either due to top-down leaching or weathering concur-
rent with sedimentation to form a paleosol sequence 
[13]. This unit is concealed by a dark cap rock unit, 
presumabely of volcanic/pyroclastic origin marking the 
end of the aqueous alteration in the Early Hesperian. In 
a final step, aeolian erosion continuously exhumed the 
deposits in the Hesperian and Amazonian epochs, lead-
ing to fresh and accessible surface outcrops [14] within 
typical rover traverse. Furthermore, many of the small-
er and younger impact craters found in the area clearly 
expose layered, phyllosilicate-rich material and allow 
an insight into the stratification. Some of the smaller 
impact craters display shallow flanks and are accessi-
ble by rovers. In addition to this, fractures filled with 
light-toned material can be found at the crater rims 
(Figure 2).  

Figure 2: A 1 km-sized impact crater within the ExoMars landing 
ellipse. Inset shows layering and fractures filled with light-toned 
material at the crater rim. 
 
It can be assumed, that these specific fractures are im-
pact related and represent the manifestation of hydro-
thermal processes originating from the heat introduced 
by the impact. In addition to the clay-forming aqueous 
environments, these late-stage, locally hydrothermally 
active regions could provide excellent habitats since 
they provide heat and nutrients through percolating 
solutions. Either candidate site would allow sampling 
this mineral diversity, and their analysis would pro-
vide the much needed representability for similar clay 
deposits that have been identified throughout Arabia 
Terra and around the Chryse basin.  

Biosignature Preservation Potential: Phyllosili-
cates are tracers of a number of environments that are 
compatible with life. Structurally, they are composed of 
silicate sheets with charged surfaces that also provide 
convenient reaction surfaces for trapped organics. Fi-
nally, they are known pre-biotic catalysts that may have 

played a role in the development of life on Earth. The 
smectites observed at Mawrth Vallis are particularly 
affective in this regard because of their interlayer re-
gions. Furthermore, metal ions in the clay matrix attract 
nucleotides that may have played a crucial role in the 
early origin and evolution of life [15,16]. Also, clays 
are very good preservers of organic material and pro-
vide the necessary conditions for preserving potential 
biosignatures over long periods due to their relative 
resistance against weathering (impermeability). To 
date, there has been no detection of mixed layer clays at 
Mawrth Vallis that could have indicated that biosigna-
tures could be degraded by thermal processing such as 
diagenesis. So if microbes ever populated Mawrth, their 
biosignatures would have had a good chance of being 
retained in the phyllosilicate and hydrated silicate de-
posits. In addition to this, the dark cap rock unit was 
deposited on top of the clays during the Hesperian, du-
rably shielding the underlying strata from radiation and 
protecting them from quick erosion. 

Benefit of Mawrth Vallis as a landing site for 
ExoMars and Mars 2020: 
1. Mineralogically highly diverse site. 
2. Lithologically diverse site capturing multiple en-

vironments (deposition, alteration, erosion). 
3. Ancient crustal bedrock and remobilized sedi-

ments present in situ. 
4. Reducing conditions, silica and very high clay 

contents indicate high preservation potential. 
5. Consistent with a paleosol sequence ending in a 

wetlands-like environment. 
6. Fresh surfaces due to continuous erosion, shield-

ing and protection from radiation by dark cap unit 
and no diagenetic overprinting. 

7. Possibility to sample material in one of the sites 
with the greatest likelihood of having had a habit-
able environment. 

8. Possibility to sample rocks from the deep Noachi-
an up through the global transition into the Hespe-
rian. 
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