
GEOMETRY AND DISTRIBUTION OF FLUVIAL LANDFORMS ON MARS FROM HRSC-MARS 
EXPRESS STEREO IMAGERY   V. Ansan1 and N. Mangold1, 1LPG-Nantes-UMR 6112 CNRS - Faculté des 
Sciences et Techniques, 2 rue de la Houssinière - BP 92208 - 44322 Nantes Cedex 3 (FRANCE),                                    
veronique.ansan@univ-nantes.fr and nicolas.mangold@univ-nantes.fr). 

 
 
Introduction: Based on recent imagery at scales 

ranging from 0.25 to 100 m, especially Mars Express 
HRSC stereo images, imprints of the hydrologic activi-
ty on Mars are multiple, including various fluvial land-
forms, such as individual channel, poorly branched 
valleys or well organized valleys, outflows channels, 
all incised by fluid flowing on surface topography, and 
associated sedimentary deposits in fluvial context (al-
luvial fans) and lacustrine ones (delta fans). 

Well-developed fluvial valleys are classified in two 
main end-members, in 2D plan view: (1) valley net-
works dominated by a main wide valley and a poor 
branching organization (e.g., Nanedi Vallis Fig. 1A or 
Nirgal Vallis), and (2) Dense branching valley net-
works with many valley junctions (e.g., Warrego Val-
lis, unnamed valley networks near Newcomb crater 
Fig. 1B). Outflow channels and local individual chan-
nels showing frequent braided landforms are not con-
sidered in this definition of fluvial valleys limited to 
valley networks.  

The first group shows poorly developed source re-
gions with theater-like headward morphologies con-
necting to a main wide valley keeping roughly the same 
width from headward to outlet [e.g. 1]. They often dis-
sect widespread plateau, suggesting that they may be 
related to a period with more intense groundwater 
seepage [2], or may be strongly influenced by the li-
thology of plateaus they incise [3,4]. A few of them 
display small delta-fans or stepped-deltas at their outlet 
[e.g., 5, 6, 7, 8], suggesting that they debouched into 
paleo-lakes.  

The second group shows that branching valleys 
progressively widen from few hundred of meters up to 
several kilometers and deepen from the head to the 
outlet [e.g. 9, 10,11]. Only few of dense branching 
valley networks retained inner channels, because of 
subsequent dust/sand filling [e.g., 12, 13]. Unfortunate-
ly, sediments at the outlet of these valleys are usually 
not found or rare [e.g., 14, 15] because these deposits 
were subsequently eroded or resurfaced by volcanism 
[e.g. 12, 16,17].  

 
Morphometry of valley networks: The low num-

ber of inner channels and of terminal deposits prevents 
us from constraining quantitative hydrology and ero-
sional balancefor most ancient valley networks, there-
fore restricting morphometric analyses to the valley 
and watershed geometry.  

  
Figure 1. Different morphologies of valley networks viewed 
by HRSC camera. A. Nanedi Valles (poor number of valleys 
but a fan-delta at its outlet (HRSC nadir image - orbit #905). 
B. Dense branching valley networks at SW Newcomb 
crater(HRSC nadir images - orbit #6438 and 563a).  
 

The 2D organization of valleys inside drainage ba-
sin on Mars is very similar to that observed in terrestri-
al ones. 2D parameters include the drainage density D, 
which corresponds to the total stream length Ltot di-
vided by the area A of each drainage basin, that is rela-
tively constant (0.1–0.2 km-1) [17, 18]. 

The exponent n of Hack’s law [19] is a well-known 
parameter for determining the distribution of valleys or 
stream inside their watershed. This scaling law is an 
empirical power law relationship between the drainage 
basin area A and the length of the stream L, measured 
from the mouth of the basin to the crest of the drainage 
divide along the stream channel. It is commonly written 
in the form: L ~ An where L is the main stream length. 
Whatever the area of watersheds, the mean exponent n 
is ~0.7 [17, 20], which is very close to values for ter-
restrial valley networks [21]. 

3D parameters include the longitudinal topographic 
profiles along the main valley show a substantial varia-
bility in valley concavity, which shape ranges from 
concave down, to approximately linear with large 
knickpoints, to concave up [17, 18, 20]. This is quite 
different from longitudinal profiles of mature fluvial 
valleys on Earth that are typically concave up, suggest-
ing that Martian valleys are rather immature.  
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The valley depth, which is relief between the valley 
bottom and the interfluve summit, is <600 m, with a 
mean value of 100 m from HRSC DEMs [17, 18]. 
There is a spatial evolution of valley depth between 
heads and outlet at each given Strahler order, with a 
systematic increase in depth with a higher Strahler or-
der for valleys debouching into plains [17] like on 
Earth. 

 
Geographic distribution and age: Dense 

branched and deep valley networks are essentially dis-
tributed in the heavily cratered upland of the Noachian 
age (>3.6 Gyr) [e.g., 1, 22, 23]. Most of these valley 
networks date from the Late Noachian to the beginning 
of the Early Hesperian [e.g., 24], but prolonged activity 
and/or reactivations of ancient valleys seem to have 
occurred well into the Hesperian [16, 17, 18, 25]. 
Many alluvial fans and well-preserved delta also dates 
from the Hesperian period. Smaller less dense valley 
networks have been observed on volcanoes [17, 26], 
Valles Marineris’ interior and plateau [27, 28], local 
ejecta of impact crater [29, 30], and mid-latitude ice-
rich landforms [31].  

 
Hydrologic processes: Quantitative data on valleys 

geometry provide new items for their formation pro-
cesses in relation with  Mars water cycle.  For dense 
valley networks, especially during the Noachian peri-
od, the main erosive process is a sustained fluvial ac-
tivity due to rivers fed by precipitation, whatever the 
precipitation comes from rainfall or snowfall and sub-
sequent melting [e.g. 9,10,17,18]. For local val-
ley/channel networks limited to late stage episodes 
(Late Hesperian, Early Amazonian period), and/or re-
gionally distributed, water flowing from ice/snow melt-
ing induced by impact, volcanism, geothermal heating, 
or episodic climate warmingare adequately plausible 
processes to form poorly branched valleys observed 
[29, 30]. 

 
Climate implications: Fluvial landforms on Mars 

provide critical clues about the physical state of water 
and its spatial distribution at the surface in relation with 
the climatic conditions throughout the history of Mars.  

Precipitation, either as snowmelt or rainfall, was 
necessary to create most of Noachian valley networks 
[e.g. 9, 10, 17, 18], implying a warmer and wetter cli-
mate early in its history [9, 10, 32]. These climatic 
conditions seem to continue more or less episodically 
during the Hesperian period, because of the presence of 
paleo-lakes, in which numerous fan-deltas settled at the 
outlet of valleys [e.g. 8, 15]. The more recent Late 
Hesperian, and Amazonian climate (~ 3 Ga) appears to 
have been cold and hyperarid throughout, as seen from 

the scarcity of fluvial activity as well as that of hydrat-
ed minerals, suggesting that late fluvial landforms were 
likely formed under regional environments that experi-
enced episodic melting of water ice due to a variety of 
conditions, such as episodic snowmelt triggered by 
obliquity variations or hydrothermal heating. 
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