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Introduction:  Valley networks, channels and 

deltas carved into the Martian surface record a wet 
climate in the distant past of Mars.  In many cases the 
geomorphologies associated with these fluvial systems 
are analogous to those found on Earth; however, some 
commonly observed Martian features present 
enigmatic problems. One such feature occurs when a 
crater rim has been breached by a fluvial system. 
Examples of crater rims that have been breached by a 
river channel are not uncommon on Mars [1]. 
Typically they consist of a single channel breaching a 
crater rim with little or no deviation of flow where the 
channel and the crater rim intersect.   On Earth, 
imposition of a significant barrier to pre-existing flow 
typically leads to diversion around the obstacle, 
something documented for martian craters only on the 
small scale [2].  Breaching a significant barrier on 
Earth, such as a mountain ridge, typically invokes 
downcutting through extensive lateral strata or 
simultaneous tectonic uplift within a mature drainage 
system, neither of which are considered common on 
Mars [3].   Furthermore, fluvial and precipitation 
systems superimposed on pre-existing craters should 
show radial development patterns, rather than linear 
breaches. 

In an effort to examine these paradoxical breaches 
and better understand potential interactions between 
martian impact craters and fluvial systems, we have 
conducted a number of geomorphological simulations.  
These models help identify the limiting conditions 
necessary for producing crater breaches and can be 
used to interpret the history of individual crater/fluvial 
systems on Mars . 

Model: We simulated Martian surface 
geomorphology using the MARSSIM model made 
publicly available by Howard [4].  MARSSIM is a 
powerful program capable of modeling cratering, 
fluvial, volcanic and eolian processes under a variety 
of potential Martian surface conditions [4].  Because 
our goal was a basic understanding of how craters 
might be breached, our simulations used very simple 
starting conditions.  Each simulation involved a 128 
km x 128 km surface divided into 256 x 256 cells 
containing a large (40km diameter) crater centered on 
a surface of variable slope with a pre-existing river 
channel entering the simulation from the edge upslope 
of the crater.  Each simulation also involved a common 
sequence of events: slope and large crater creation 
followed by continued limited cratering by smaller 
impactors, followed by subsequent fluvial activity 

(including precipitation, erosion, and sedimentation).  
The purpose of this sequence was to simulate the 
"instantaneous" imposition of a crater into a well-
developed pre-existing valley network. 

Model Conditions: We varied the following 
settings in our models: climatic conditions, regional 
slope, cratering randomness, and the size of the 
incoming river.  This matrix of parameters gives us 36 
separate models. 

Climate: The presence of valley networks and other 
fluvial features on Noachian terrain rules out hyper-
arid conditions such as those found on Mars today;  
and the preservation of ancient cratered terrains 
similarly rules out extremely wet climates. To bracket 
these extremes, separate simulations were run using 
arid, wet, and intermediate climate conditions. 

Model Surface: Most commonly identified 
fluvial/crater systems are found in the southern 
hemisphere of Mars,  and  we have adopted slopes that 
are characteristic of the area.  A slope of .58% has 
been used previously to calculate discharges in the 
Mangala Valles [5].  Simulations were run using 
regional slopes of .2%, 1%, and 2%.  Simulated 
starting surfaces were also roughened by distributing 
some amount of random ‘noise’ across the surface. 
Noise is added or subtracted from the surface on the 5 
cm scale. 

Continued Cratering: The high density of small 
craters within typical Southern Highlands surfaces 
suggest impact events play a continuous role in 
landscape evolution on Mars. To simulate this,  
MARSSIM superimposes a power-law distribution of 
craters on the model, using a seed number to 
randomize the size and geographical location of later 
cratering.  We used several seed numbers to vary 
distribution of the craters on the model surface and 
carefully examined the resulting surfaces for any 
systematic differences to understand the "power" of 
this seed number in simulations. 

River: Sizes of rivers on Mars vary widely.  
However, flooding events and approximate discharges 
on Mars can be rather larger than those found on Earth.  
Upper limits of ~109 m3/s have been calculated for 
floods in the Kasei Valles [6].  Our early simulations 
include channels that were made to be either ‘fire 
hoses’ similar to these floods or discharges more 
similar to those of the Mississippi (~104 m3/s).  River 
placement is important to the simulation.  In our 
simulations, we have placed the river approximately 22 
km upstream of the cratered portion of the rim in order 
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to enchance the river’s possibility of breaching the 
crater. 

Results:  Figure 1 shows the results of one set of 
early simulations.  The slope for 1a and 1b is 2% while 
1c and 1d have a slope of 1%.  1a and 1c share the 
same river placement while b and 1d share 1a different 
river placement.  The rivers were placed 8 cells further 
north.  All other input parameters are held constant: 
arid climate, discharge of 106 m3/s, and the same 
cratering seed.  The constant seed number results in the 
same cratering across all simulations. 

Discussion /Interpretations:  Breaching the crater 
rim is possible, as shown in these simulations.  
Secondary cratering plays a large role in changing the 
local topography as the craters produced can be as 
large as 20 km in diameter.  This easily influences the 
path of the river.  Small variations in the starting 
parameters thus play a big part in determining whether 
the crater is breached.  A change of 4 km off center 
results in no breach.  The slope, topographical noise, 
and size of the river play a minor role in the breaches.  
On the shallower slopes, less powerful rivers are more 
easily influenced by the topographical noise and easily 

diverted around the crater.  Surprisingly, the climatic 
conditions do not have as much influence on the 
outcome of the simulation, probably because the 
river’s discharge is maintained at a constant level by 
the model.   

 
Figure 1:  Four outputs from MARSSIM featuring two slopes and two starting locations for the river. 

Future simulations will explore new values for 
discharge, seed numbers, and buried surfaces.  
Discharges will decreased to better test more common 
Martian valley networks that may not be the result of 
flooding events.  Seed numbers will be changed to add 
more crater variability.  We will also test burying and 
exhuming a cratered surface with a river. 
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