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RECURRENT RULES IN MARTIAN CHANNEL ORGANIZATION : IMPLICATIONS FOR 
THEIR FORMATION. 
N.A. Cabrol, and E.A. Grin. Observatoire de Paris. Meudon 92195 -France- 

Avvlication of topology. Terrestrial rivers display recurrent empirical 
rules of organization pointed out by Horton (1945) [I] and Strahler (1957) 
121 who measured thousands of stream flows. The rivers are defined by their 
number of streams, their relation between streams and orders, their final 
hierarchical order, and the whole geometrical parameters, such as : 
perimeter, area, drainage and compacity coefficients, and junction angles of 
streams. The relation between streams and orders allow to establish abascuus 
of probability areas for rivers and to verify the hydrologic origin. This 
method only based upon topology and statistics doed not require climatic 
modeling but conversely gives indications about climatic conditions in which 
the flow occurred and informations about the geological substratum. The 
organization of a hydrologic basin is directly linked to the previous 
parameters and its origin can also be deduced from them. 
Statistical analysis. On the planet Mars, channel networks are assumed to be 
hydrological constructs essentially dated from the Noachian/Hesperian 
transitional period, 4 to 3 billion years ago. Despite models, few is known 
about the real climatic and atmospheric conditions at that period. Are 
martian networks of meteorological or internal origin? Their morphologies 
alone cannot answer. As that points remained uncleared, Horton and Strahler's 
methods appear adapted to lighten the physiographic organization of these 
networks and provide clues on their origins. 
For this study, a statistics of 2200 martian channels was carried out on the 
whole planet. Among those 71 networks were selected according to their low 
degree of erosion. The Strahler's hierarchization system was used to order 
them and to give channel numbers. The numbers were related to channel orders 
so as to verify the existence of recurrent probability areas, 
The comparison is done with Earth results : in Terrestrial Hydrology, the 
final network order N is generally 3 or 4. From the martian statistics, the 
results are very similar, with 70% of order 3, 11% of order 4, and the 
remaining either 2 and 5. 
Rules of martian hydrology. Considering the network organization, the 
Strahler's hierarchical network order is defined by : nl= total number of 
order 1 stream flows ; nn= total number of order n stream flows. On Earth, 
the mean value between the ratios nl/nz and n/n+l is a constant K=3. 
Therefore, the graphical representation of this relationship is a straight 
line, and its gradient K characterizes the fluvial network. 
Martian examples display significant differences with a excess of order 1 
channels (70% of the whole network channels for all the statistics) [Fig.A] 
and a deficiency of order 2 channels. The ratio n/n+l varies from 3 to 6. 
This difference characterizes all the plotted martian networks, showing a 
recurrent organization which allows to determine precise graphical 
probability areas and to establish abascuus for the Martian Hydrology System: 
martian networks behave as hydrogeological constructs, with at least 2 
gradients of characterization K 1  and K2 in their representative curves 
[3],[4]. In addition, the coefficient of drainage (kd), expressed by the 
ratio between the network lenght and its area displays low values included 
between .03 and ,2, corresponding to terrestrial karst and porous terrains. 
Arguments for drainage. Martian networks show a low capacity of drainage, 
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also underlined by elongated basins with high compacity values (kc) : on 
Earth, kc is usually centered at 1.3 with few exceptions such as wadi 
coefficients which are comparable to martian results (1.8 to 4). The last 
observation allows to suppose that martian flow occurred already under a thin 
atmosphere pressure 3.5 billion years ago with few possibility of 
development. 
The analysis of junction angles enhances this hypothesis. Recurrent results 
display unvariable angle values of connection (30' to 4 0 ' )  whatever the 
channel order, opposite to the dynamics of meteorologically feeded basins. 
Eventually, these conclusions are correlated with the networks distribution 
density per 106 km2 areas on the entire planet. The results vary from 100 to 
1, implying a high dispersion which denies meteorological model such as 
rainfall feeding systems.. 
As a conclusion, this analysis shows recurrent rules for martian networks, 
inducing their hydrological origin. Their low drainage capacity, their 
elongated forms, physiography and dispersion at the surface argue for an 
origin as hypothesis of subsurface aquifer drainage. It supposes the 
pre-formation of an important stable aquifer before flow periods, The 
stability of the water-tables could have been upset by episodes of regolith 
destructuration, On the transitional Noachian/Hesperian period, the 
seismicity appears as one of the main mechanism of genesis with 3 causes : 
impactism [Fig.2], volcanism, and crustal thermo-elasticity [5]. 
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Fig.8: Chronological. 
evolution of impactism and 
channeling (billion y e a r s )  
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