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Introduction:  In the last 15 years, terrestrial geo-

morphology has been revolutionized by the theories of 
chaotic systems, fractals, self-organization, and self-
organized criticality. Except for the application of frac-
tal theory to the analysis of lava flows [1,2] and rampart 
craters [3] on Mars, these theories have not yet been 
applied to problems of Martian landscape evolution. 
These complexity theories are elucidated below, along 
with the methods used to relate these theories to the 
realities of Martian fluvial systems.  

Complexity Theories:  The uses of these types of 
theories cross the boundaries between the physical and 
the human sciences, from physics to economics to the 
earth sciences. The term ‘complexity theory’ encom-
passes several different, yet interconnected, ideas. 

Chaotic Systems. Chaos theory is best characterized 
by the ‘butterfly effect’- if a butterfly in one part of the 
world flaps it’s wings, a hurricane occurs elsewhere in 
the world. This idea is a whimsical way of describing 
the fact that small changes in the initial conditions of a 
system cause varied outcomes in repeated iterations of 
that system’s progress. These changes are obvious in 
geomorphology- landscape evolution is a product of 
inherently nonlinear dynamic interactions between sys-
tem elements [4].   

Fractals.  A fractal is most strictly defined as an ob-
ject that looks the same on all scales [5]. Natural sys-
tems do not adhere to this rigid a definition- scale in-
variance does not hold true. If, however, fractals are 
defined as objects that are statistically similar on all 
scales, then they can be found in natural systems, thus 
opening the door for their use in analysis of landscape 
evolution. 

Self-organization. Self-organization is a key charac-
teristic of a complex system- it is the emergence of or-
der in a system that allows the system to change its 
internal structure so that it can better interact with its 
environment [4, 6]. As stated by Baas [4], it is in non-
linear systems which are far from equilibrium and are 
dissipative that self-organization will occur.  

Self-organized criticality. This variation on self-
organization states that a system will evolve naturally 
towards a critical state, and that once that state is 
reached, the system will balance between randomness 
and stasis [4, 6]. The prototypical example of this is a 
pile of sand being built, reaching, and then sustaining 
its critical value- the angle of repose [7].   

Application to Fluvial Systems: Complexity theo-
ries have proven to be powerful ways to analyze, inter-

pret and model terrestrial fluvial systems. Meandering 
[8], sediment dynamics [9], bedrock incision [10], and 
braiding [11] are among the many characteristics of 
fluvial systems that have been studied through the lens 
of complexity theory. These theories have not yet been 
applied to Martian fluvial systems, mostly due to a lack 
of data.  

Morphometric measurements of Martian fluvial sys-
tems, such as width/depth ratios, sinuosity, longitudinal 
profiles, meander amplitude and wavelength, braiding 
indices, etc., taken from MOC, THEMIS, and MOLA 
data, can be analyzed to determine whether a state of 
self-organization and/or self-organized criticality exist.  

Early work has and will focus on Warrego, 
Scamander, Shalbatana, Ma’adim, and Mangala Val-
les.  Preliminary data is inconclusive, but further analy-
sis should show the extent to which these landscapes 
have evolved, and shed light on the duration of the con-
ditions which led to these fluvial landscapes.   

Conclusion: The use of complexity theories, cou-
pled with morphometric data taken of fluvial systems 
on Mars, can provide great insight into the extent of 
landscape evolution on Mars. 
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