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Introduction: The investigation of surficial aque-

ous processes on early Mars is a major focus of Mars 

studies, because environmental conditions suitable for 

liquid water may have supported exobiological life or 

prebiotic chemistry [1]. The most valuable candidates 

for ancient microbial life sustainability and preserva-

tion are long-lasting environments, characterized by 

the presence of ponding water [1,2,3]. The ancient 

Mars southern highland plateau shows evidences of 

many paleolakes, connected through valley networks 

and drainage paleorivers [4,5,6]. From the Viking data 

to the Mars global topography by MOLA [7,8], various 

paleolakes have been discovered, demonstrating that 

both valley networks and outflow channels resulted in 

ponding of water and lake formation [2,3,9]. The pale-

olakes relations with regional hydrological systems 

have been then demonstrated, e.g. [10,11,12]. Later on 

in the Martian history, catastrophic outflow channels 

formed [13], whilst valley network-fed lakes are likely 

to have lived longer and experienced smoother transi-

tions during their evolution [14].  

The Eridania area we are proposing as the next 

Mars 2020 landing site, is considered the floor of a 

~1.1x10
6
 km

2
 closed drainage basin, which i) gave 

birth to the Ma’adim Vallis through catastrophic over-

flow [15,16,17] at a surface water elevation of about 

950 and ii) was feeding it and the Gusev 

crater/paleolake [18]. A bigger basin of about 3x10
6
 

km
2
, with a water table ranging from 950 up to 1250 

m, represents the main source of water for the outflow 

channel. The entire region is constituted by connected 

and inter-related depressions, along the 180° meridian, 

reaching the lowest elevations between the South Pole 

and the northern lowlands. Despite the fact that Erida-

nia floor was mapped as a flood volcanic ridged plain 

unit [19,20], several sedimentary mineralogy have 

been here recognized [16,17,21].  

 

Science rationale: Based on orbital imaging spec-

troscopy data from the OMEGA [22] and CRISM [23] 

instruments, a large clay-bearing sedimentary unit has 

been identified over the near entire margin of the 

Eridania basin, and for which an Early to Middle Noa-

chian age has been proposed [24]. In particular, the NE 

margin of Eridania basin exhibits a set of aqueous 

minerals in stratigraphy that are accessible through 

erosional windows into the first several tens of meters 

of the sedimentary sequence. A top-down mineral se-

quence is observed as follows: (i) an unaltered capping 

unit overlying a (ii) thin (< 1 meter thick) Al-rich clay 

stratum akin to Al-smectite and/or kaolins,  overlying 

(iii) an Fe-rich clay stratum (akin to the nontronite 

smectite) with a thickness of <10 m, and, finally, (iv) a 

mineral at the base of the exposed strata, which could 

be either a zeolite (favoured scenario) or a hydrated 

sulfate (indistinguishable at the CRISM signal-to-noise 

level and spectral resolution). This mineral stratigraphy 

is interpreted as originating from a surface weathering 

process similar to terrestrial abiotic pedogenesis, as 

proposed at several other locations on Mars [25,26,27]. 

Such a process describes the vertical stratification of 

the top meters of a surface, which becomes altered 

both physically (mechanical erosion) and chemically 

by liquid water, resulting in the precipitation of clay 

and clay-like minerals gradually replacing the parent 

rock. Such chemical weathering is also well repro-

duced by geochemical models applied to Mars [28]. 

Fig. 1 presents the aqueous mineralogy of the NE mar-

gin of the Eridania basin at the proposed landing ellip-

ses where such sequences are observed. On Earth, the 

thicknesses and compositions of the clay-rich strata 

have been used to constrain the paleo-climate [29,30]. 

Therefore, the in situ exploration of the proposed pe-

dogenetic sequences at Eridania would provide key 

observables regarding an early (> 3.8 Ga) era during 

which liquid water was durably stable at the surface, 

bestowing it a high exobiological potential. 

 

Landing Site Constraints:  Following the Mars 

2020 scientific [31] and engineering [32] requirements, 

we identified nine landing ellipses within the Eridania 

floor, which fully respect and maximize the safety con-

straints.  We made use of such great improvement that 

is the elevation availability to land on areas below +0.5 

km with respect to the MOLA geoid. The 2012 MSL 

elevation constraint was -1 km with respect to the 

MOLA geoid [32]: our proposed landing sites is then a 

complete novelty in the landing site selection frame 

and it was never presented before. We prepared a deep 

detailed analysis of three landing site groups (Fig. 1): 

the first one, AA, presents three nominal landing ellip-

ses of 25 km by 20 km spanning between 28°29’30’’S-
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28°53’0’’S Lat and 178°56’30’’W-178°28’0’’W Long; 

the second group, BB, takes into account three 18 km 

by 14 km range trigger ellipses which span between 

28°20’30’’S-28°45’0’’S Lat and 178°53’30’’W-

178°34’30’’W Long. Finally we already identified 

three potential range trigger improvements ellipses, 

CC, of 13 km by 7 km located between 28°24’30’’S-

28°37’0’’S Lat and 178°52’0’’W-178°37’30’’W Long. 

All sites lie within the required ± 30° from the equator. 

Elevation: AA and BB groups present a suface eleva-

tion that is 99.99% below the required +0.5 km MOLA 

elevation [8]; CC is 100% compliant with such con-

straint. Slope: the slope ≤ 5.71° at baseline lengths of 

466 m [33] (MOLA DEM resolution) is fully compli-

ant with the requirements. At a 18 m length scale reso-

lution (CTX DEM [34]), the total area exceeding a 

slope ≥ 30° is 0.001% for AA, it is 0.003% for BB and 

0.001% for CC. The global CTX 18 m resolution DEM 

covers entirely all BB and CC ellipses, an entire 25 by 

20 km ellipse, and an area equivalent to the 91.89% of 

the remaining two AA ellipses. Within the 3σ (99.74% 

of all values), the slopes for all proposed ellipses never 

exceeds 12.5°. Rock Abundances: the entire area cov-

ered by the nine ellipses present an IRTM rock abun-

dance [35,36], RA, of 7%, compliant with the required 

constraints. A further study shows that for AA ellipses, 

local TES rock abundances [37] presents some areas 

(up to the 11.6% of the total area) with RA ranging 

from 15% to 19%, for the BB group a total area of  

35.6% presents a RA ranging from 9% to 20%, while 

the CC ellipses set presents an area of 29% where there 

is a RA measurement of 15%. We underline that while 

the IRTM coverage is complete, the RA TES coverage 

is coarse; we are aware that the RA constraint requires 

HiRISE images for rock computation. Thermal Inertia: 

the thermal inertia [38,39] ≥ 150 J m
-2

s
-0.5

K
-1

 is totally 

fulfilled, presenting a minimum value of 226 J m
-2

s
-

0.5
K

-1
. Albedo: the minimum TES albedo [40] meas-

ured within all sites is 0.13, the maximum is 0.17, fully 

respecting the albedo ≤ 0.25 requirement. Dust cover-

age: the minimum Dust Content Index DCI value [41] 

measured is 0.97, demonstrating together with the al-

bedo and the thermal inertia values, that the proposed 

areas are almost entirely dust free. Radar Reflectivi-

ties:  we have no Ka band data to evauate such con-

straint. 

 

References: [1] Ori G. G. et al. (2000) Planet. 

Space Sci., 48, 1027. [2] Cabrol N. A. et al. (1999) Ic-

arus, 142, 160. [3] Cabrol N. A. et al. (2001) Icarus, 

149, 291. [4] Pieri D. C. (1976) Icarus, 27, 25.  [5] 

Carr M. H. et al. (1981) Icarus, 48, 91. [6] Goldspiel J 

M. et al. (1991) Icarus, 89, 392. [7] Zuber M. T. et al. 

(1992) JGR, 97, 7781. [8] Smith D. E. et al. (2001) 

JGR, 106, 23689. [9] De Hon R. A. (1992) Earth 

Moon Planets, 56, 95. [10] Mangold N. et al. (2006) 

Icarus, 180, 75. [11] Grant J. A. (2011) Icarus, 212, 

110. [12] Schon S. C. et al. (2012) Planet. Space Sci., 

67, 28. [13] Baker V. R. et al. (1974) Icarus, 23, 27. 

[14] Fassett C. I. et al. (2008) Icarus, 195, 61. [15] Ir-

win III R. P. et al. (2002) Science, 296, 2209. [16] Ir-

win III R. P. et al. (2004a) JGR, 109, E002287. [17] 

Irwin III R. P. et al. (2004b) Lun. Planet. Sci. #35, Ab-

stract #1852. [18] Cabrol N. A. et al. (2003) JGR, 108, 

E12. [19] Scott D. H. et al. (1986) U. S. Geol. Surv. 

Misc. Invest. Ser. Map I-1802-A. [20] Greeley R. et al. 

(1987) U. S. Geol. Surv. Misc. Invest. Ser. Map I-1802-

B. [21] Carter J. et al. (2014) in revision. [22] Bibring 

J. P. et al. (2004) ESA Spec. Publ. 1240, 37. [23] 

Murchie S. et al. (2007) JGR, 112, E5. [24] Tanaka K. 

L. et al. (2013) Planet. Space Sci. in press. [25] 

Loizeau D. et al. (2007) JGR, 112, E8. [26] Noe Dobra 

E. Z. et al. (2010) JGR, 115, E11. [27] Carter J. et al. 

(2013) Lun. Planet. Sci. #44, Abstract #1755. [28] 

Zolotov M. Yu. et al. (2014) Lun. Planet. Sci. #45, Ab-

stract #2876. [29] Wilson M. J. (2004) Clay Minerals, 

39, 233. [30] Velde B. (1995) Origin and Mineralogy 

of Clays. [31] Mustard J. F. et al. (2013) DPS #45, Ab-

stract #211.17. [32] Golombek M. et al. (2012) Space 

Sci. Rev., 170, 641. [33] Burrough P. A. et al. (1998) 

Oxford Univ. Press. [34] Malin C. et al. (2007) 

JGR, 112, E5. [35] Christensen P. R. (1986a) 

Icarus, 68, 217. [36] Christensen P. R. (1986b)  

JGR, 91, 3533. [37] Nowicki S. A. et al. (2007) 

JGR, 112, E05007. [38] Putzig N. E. et al. 

(2005) Icarus, 173, 325. [39] Putzig N. E. et al. 

(2007) Icarus, 191, 68. [40] Christensen P. R. et 

al. (2001) JGR,106, 23823. [41] Ruff S. W. et 

al. (2002) JGR, 107, E12. 

 

Fig. 1: CRISM/OMEGA mosaic of aqueous minerals 

at the NE Eridania margin. Red: Fe-smectites, 

Green: zeolites or hydrated sulfates. Cyan: Al-

smectites or Al-kaolins. AA, BB & CC are presented. 
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