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Abstract:  It has been long hypothesized the pres-

ence of oceans covering the basins on the northern low-

lands on early Mars, as part of a significant planetary 

hydrological cycle. Reported here are results on the 

analysis of the mineral composition of primeval sedi-

ments excavated in impact craters on the martian low-

lands, particularly searching for phyllosilicates. On 

Earth, the in situ synthesis of phyllosilicates on the 

ocean floors is very rare, and oceanic clay sediments 

are commonly transported materials from continental 

terrains. This investigation shows that the paucity of 

hydrated silicates inside craters in the lowlands is 

counter-intuitive evidence for, and not against, the ex-

istence of a short-lived and ice-covered ocean on early 

Mars.  

 

Background:  The northern plains of Mars are cha-

racterized for their mean 5.5 km lower topography with 

respect to the southern highlands, and therefore they 

are the final gravitational draining site of any martian 

hydrological system [1-3]. This may include the pres-

ence of a hemispheric ocean during the Noachian pe-

riod [1, 3]. In the southern hemisphere, extensive phyl-

losilicate deposits have been identified in depressions, 

valleys and in association with hundreds of impact cra-

ters, indicating  widespread aqueous environments dur-

ing the Noachian [4], since the synthesis of clays re-

quires the presence of abundant water. As an inevitable 

consequence of their lower topography, water was at 

least as abundant over the northern lowlands as in the 

southern highlands, if not more abundant [1]. If the 

volume of water on the lowlands was similar to that on 

the highlands, phyllosilicate deposits must appear in 

both hemispheres with comparable abundances. On the 

contrary, if water was much more abundant in the 

northern plains, no significant phyllosilicate deposits 

are expected, as the synthesis and deposition of authi-

genic clays on the terrestrial oceanic floors is atypical 

[5]. As a consequence, the presence or absence of phyl-

losilicates on the northern lowlands will help to deter-

mine if an ocean did exist or not during the Noachian. 

 

Phyllosilicates in the lowlands:  To test for the 

occurrence of primeval phyllosilicate deposits in the 

northern lowlands it is necessary to examine the an-

cient plains topography, as the visible surface of the 

lowlands is the result of an intensive resurfacing oc-

curred towards the end of the Hesperian [2, 3]. The 

resurfacing was the consequence of the accumulation 

of volcanic deposits and the transportation of large 

amounts of sediments by the outflow channels, which 

buried the Noachian surface under a non-uniform layer 

1 to 2 km thick [2]. Since impact-excavated materials 

have already been demonstrated as qualifying samples 

of preexisting subsurface phyllosilicate deposits [4], 

the floors and ejecta of 125 impact craters on the low-

lands have been analyzed here to study the mineral 

composition of the primeval topography (Fig. 1).  

The selected craters are randomly distributed all 

over the lowlands, their age is Late Hesperian or 

younger, and have diameters between 8 and 236 km. 

For fresh martian craters larger than 6 km, impact cra-

ter depth of excavation (d) can be related to the final 

cavity diameter at the rim crest (D) by  

d = 0.36D
0.49

 

where 0.36 is a constant related to the simple to 

complex transition diameter, and 0.49 is the distribu-

tion exponent [3]. According to this relationship, the 

125 craters examined here were excavated to an initial 

depth of between ~1 and 5.2 km (100 of them, be-

tween 1 and 2 km). Therefore they should have reached 

the primitive basement of the lowlands and allow test-

ing for the presence of phyllosilicates at the estimated 

depth for the Noachian sediments. 

Screening for indications of hydrated/hydroxylated 

silicates inside the craters was performed by evaluating 

the D2210 and D2300 band parameters of [6], indica-

tive of Al- and Fe/Mg-phyllosilicates, respectively. Out 

of the 125 craters investigated, hydrated/hydroxylated 

silicates are identified in 14, but only 3 cases are con-

sistent with deep impact exhumation (Fig. 1). In the 

rest of locations, the detection is weak and not related 

to impact excavation processes (Fig. 2).  

 

Conclusions: The extreme scarcity of phyllosili-

cates in the primeval basement of the northern plains of 

Mars, compared with the abundance of phyllosilicates 

in primitive sediments on the southern highlands, im-

plies that the lowlands were covered by an ocean dur-

ing the Noachian. In this ocean, the in situ synthesis of 

phyllosilicates was inhibited, as it occurs in oceans on 

Earth [5]. Also, if highland phyllosilicates are evidence 

of widespread primeval clay-forming surface environ-

ments [4], then there were neither significant erosion of 

southern continental sediments, nor fluvial transporta-

tion, mixing and deposition of allogenic phyllosilicates 

in the northern basins during the Noachian. These 

processes are in the origin of up to 90% of clays in 

terrestrial oceanic floors [5], and their inefficiency on 
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early Mars is particularly noticeable in the absence of 

hydrated/hydroxylated silicates on the plains basement 

northern and eastern Syrtis Major (Fig. 1), one of the 

clay-richer regions in the highlands [4]. Reasons for the 

inefficient transport may be found in a short time of 

stability of liquid water on Mars, a thick ice cover iso-

lating the ocean, or a combination of both. 
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Fig. 1. Map of the 125 impact craters on the martian low-

lands analyzed here, selected after the availability of 

CRISM hyperspectral images. Black circles: craters with 

no phyllosilicates; yellow circles: craters with phyllosili-

cates; red circles: craters with excavated phyllosilicates; 

white numbers: examples shown in Fig. 2. Shorelines 

proposed in the northern lowlands for the Noachian 

oceans [1] are outlined in blue. Background is a MOLA 

Lambert equal-area projection of pole-to-equator topo-

graphy in the northern hemisphere (MOLA Science 

Team). 

 

 

 

 

 

 

 
 

 

Fig. 2. CRISM observations of clays in northern low-

lands. Fe/Mg-phyllosilicates (red) and Al-

phyllosilicates/opal/hydrated glasses (green) exposed in 

crater floors (1, 4 and 5), central peaks (2 and 3), rims 

(6), and rims and walls (7). Phyllosilicates are the result 

of deep excavation of preexisting minerals (1, 2 and 3) or 

recent local surface processes, such as wind accumula-

tion in dune fields on crater floors (4 and 5), or shallow 

ice alteration on crater rims (6 and 7). 
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