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Introduction: Terraces are “nearly flat areas 

formed at water level but now above the water, sepa-

rated at least by an eroded slope” [1]. Because of their 

tight connection with palaeo-water levels, these geo-

morphological features have been extensively used to 

reconstruct the evolution of the landscape, both on 

Earth [2] [3] and on Mars [4] [5]. Their interpretation 

can be in some cases ambiguous, because terraces may 

result from incision of previous deposits or progressive 

erosion of the bedrock. These scenarios imply different 

landscape and hydrological evolution. In the first case, 

oscillations of water table must be considered, whereas 

in the second case water may have progressively van-

ished. Also, the involved timescales could be dramati-

cally different between the two cases, ranging from 

centuries/millennia up to geological eras. 

On Earth, river terraces are ubiquitous whereas la-

custrine terraces, unlike on Mars, are rare [4]. A lake is 

an excellent sedimentary trap that collects enormous 

quantities of sediments, in particular in the case of im-

pact-crater lakes [6]. On Earth, where the hydrologic 

cycle and water-related sedimentological process are 

still active, these depocenters tends to be filled up and 

their rims eroded [7]. On Mars, where no water fluxes 

are observed on the surface, these features have been 

preserved and can be detected on images and DEMs 

[4]. 

To highlight the importance of lacustrine and river 

terraces for reconstructing the past evolution of a given 

area, we chose a palaeolake and its river system as case 

study. This palaeolake has no name and is located in 

the Memnonia quadrangle, or MC-16 [8], at about 

9°30'00"S and 167°10'00"W. The palaeolake had an 

inlet and an outlet that are still well visible and pre-

served. The whole hydrographic system is tributary to 

a larger palaeoriver that exited a larger palaeolake lo-

cated at about 10°10'00"S and 165°40'00"W. The area, 

where the two lakes are, is a transition region between 

the southern highlands and the northern lowlands. 

Crater counting has been carried out on the consid-

ered palaeolake floor. In an area of ca 110 km
2
, 153 

craters has been found, for an age of  .  
- .  

  .  
 Ga, indi-

cating an Early Hesperian age for the deactivation of 

the hydrological system. 

Materials & methods: We used HRSC images to 

identify elevation difference up to the meter scale. 

However, in order to not over-interpret data and to ex-

clude post-depositional processes (e.g. tectonic dis-

placement, differential compaction of sediments), we 

separated terraces into families only when they were at 

least tens of meters apart in elevation. This way we 

could isolate the main evolutionary phases, excluding 

the minor oscillations of the water table. 

The reference level for the correlation of terraces is 

the thalweg of the last recognizable river course, which 

lies at the bottom of the incised inlet and outlet, and at 

the bottom of the palaeolake floor. These features are 

commonly used as reference (e.g. [9]), since they are 

void of the uncertainties or errors deriving from ero-

sional or slumping processes that could have acted on 

the valley flanks or in the plateau, where the hydrolog-

ical network was carved in.  

 

Geomorphology of the area: the area is character-

ized by many erosional features attributable to flowing 

water (e.g. incised valleys) and by an impact crater 

(inner diameter: 19.53 km) filled up with sediments 

(estimated thickness: ~900 m) [10]. The presence of an 

inlet in the western side and of an outlet in the northern 

margin leads to the hypothesis that these sediments de-

posited in a lacustrine environment. The coherent ele-

vation and width of the river mouths further confirm 

that the inlet and the outlet were most probably acting 

contemporaneously, thus implying ponding water in-

side the crater. 

Several small tributaries of the main palaeoriver are 

present, incised in the main valley flanks. The main 

tributary derives from the western side and forms ter-

races itself. On the basis of river width, two consecu-

tive incision phases can be identified (dark and light 

green in Fig. 1) both in the inlet and in the outlet. The 

last incision phase is characterized by a ca 200 m wide 

channel and constitutes the last time water flowed 

through this valley. This riverbed is carved on the pre-

vious one, which is three to five times wider. 

Three main families of terraces have been identi-

fied inside the crater around 500 (Lacustrine Terrace 

A, LTA in Fig. 1), 100 (LTB) and 50 (LTC) m above 

the crater floor, the highest family (LTA) being the 

less preserved and the oldest. The crater floor does not 
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present evident erosional features, whereas a small del-

ta can be found in front of the inlet. 

The outlet valley is characterized by a rather com-

plicated geomorphological setting, showing the relics 

of five different groups of terraces, located on both 

valley flanks at around 500 (FTA in Fig. 1), 250 

(FTB), 200 (FTC), 100 (FTD) and 50 (FTE) m above 

the main valley floor. On the other hand, in the inlet 

course, only two different terraces can be found, both 

to the north of the palaeoriver, at an elevation of 200 

(FTC) and 100 (FTD) m. This is probably due to the 

fact that the river course is encased in the main floor 

only for the last ~20 km and before that point the flux 

is not channelized. This suggests a different evolution 

for the inlet than for the outlet. 

 
Fig.1: Geomorphological map of the area. Main features 

are evidenced, whereas background images (HRSC) are left 

to help reader to get a sense of the terrain. 

 

Evolution of the area: the comparable elevation of 

the terraces found in the area, and the different sedi-

mentary environments under which they formed, point 

to the presence of a past complex hydrological system, 

with two main river courses connected through a crater 

lake. Considering the presence of river terraces at the 

same elevation, it can be excluded that the lacustrine 

terraces formed as a result of tectonic collapse, as pos-

tulated in other cases [11]. 

Looking at the spatial distribution of these groups 

of terraces, it can be hypothesized that river phases B 

and C may have been enhanced by a water flux coming 

from the west and flowing into the outlet through the 

main western tributary valley that can be found just to 

the NW of the lake (red arrow in Fig. 1). This morpho-

logical feature has probably drained an important 

amount of water, thus enhancing the erosive capability 

of the outlet river in respect to the inlet. This is proved 

by the size of the riverbed, considerably wider in the 

northern course, where the valley flanks suggest a me-

andering pattern of the river during these early stages. 

The main valuable consideration is that the lake 

too, as the rivers, experienced different levels of the 

water table, for a period of time long enough to influ-

ence the shape of the crater rim. The time required to 

carve the river courses and to fill up the lake for ~900 

m is most probably thousands to millions of years.  

The lacustrine terraces could have had a different 

genesis. We interpret the uppermost terrace as a wave-

cut platform, therefore indicating the uppermost water 

level in the lake. The lower terraces, on the other hand, 

could derive from the erosion of a former palaeolake 

bottom or from the deposition of materials eroded from 

the crater walls, the former being the most probable 

hypothesis, considering how well preserved both ter-

race rings are. 

From the thickness of the lake sediments and the 

height of the uppermost crater terrace, we deduce that 

the water persisted in the area for long time, probably 

some million years, with at least five erosive steps rec-

orded in the river system. All this information about 

the past evolution of the area could only have been 

gathered through a thorough comparison of the riverine 

and the lacustrine systems, making this a useful ap-

proach for the understanding and reconstruct past 

changes in landscape evolution not only on Earth but 

also on Mars. 
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