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Introduction:  The origin of Martian valley net-
works (VNs) has important implications for the hydro-
logic cycle and associated potential for life on Mars. 
Amphitheater-headed valleys on Mars, also character-
ized by short stubby tributaries, near constant valley 
width, U-shaped cross-section, low drainage density, 
and irregular longitudinal profile, similar to those ob-
served in Colorado plateau [1], have often been attrib-
uted to erosion by emerging spring water (i.e., seepage 
erosion or groundwater sapping) rather than by surface 
runoff [e.g., 2-4]. This mechanism of valley formation 
would not require conditions warmer than the current 
cold climate. However, some more recent studies using 
higher resolution data have revealed the importance of 
fluvial surface runoff and by inference at least some 
precipitation on early Mars [5-7]. In addition, a num-
ber of studies have put uncertainties on groundwater 
sapping as the sole mechanism for forming the “typi-
cal” sapping characteristics [8-9]. This calls for careful 
evaluation of the evidences that support groundwater 
sapping origin of VNs. Computer simulation of land-
form development on Mars offers a valuable tool to 
explore the relative importance of groundwater vs. 
surface water in forming Martian VNs.  

The Model: The computer model is developed by 
Howard [10-11]. It can simulate impact cratering, lava 
flows, eolian modification, and drainage basin proc-
esses, including weathering, mass wasting, fluvial ero-
sion and deposition, and groundwater sapping [10-11]. 
We adapted the model to simulate the role of emerging 
groundwater on valley formation as seepage weather-
ing, i.e., the emerging groundwater causes accelerated 
weathering of bedrock materials, which makes subse-
quent removal by other processes (could be discharged 
groundwater or surface runoff water from rainfall) 
much easier. 

Preliminary Results: Figure 1 shows shaded relief 
images of four scenarios: (A) pure fluvial surface run-
off erosion (no groundwater involvement), (B) both 
surface runoff and groundwater seepage, (C) pure 
groundwater seepage (all water comes from groundwa-
ter discharge), and (D) same as (C) but using end re-
sult of (A) as starting topography. Simulations (A)-(C) 
start with the same initial cratered terrain. For the pure 
fluvial surface runoff erosion (A), resulting VNs al-
ways respect the initial topography, similar to terres-
trial fluvial valleys. For the simulation involving both 
surface and ground water (B), erosion is concentrated 
at low areas in the landscape - mostly starts in interior 

walls of large craters. Most seepage erosion becomes 
concentrated in a few large valleys that primarily ex-
tend headward and develop steep headwalls, forming 
the classic groundwater sapping pattern similar to 
those observed in Colorado Plateau [1]. For the case 
involving groundwater seepage only (C), the advanced 
headward erosion from opposite direction caused some 
crater walls to be breached. In both (B) and (C), the 
valleys that develop by seepage erosion can cross di-
vides and basically "follow the water", in contrast to 
the fluvial erosion case that follows the topography.  

To test the hypothesis that some valleys may have 
been formed by a two-step process: started with fluvial 
erosion, then modified by groundwater sapping proc-
ess [12-13], we use the end result of (A) as starting 
topography and run the simulation involving only 
groundwater. The result (D) shows that the pre-
existing fluvial valleys provided easy access to 
groundwater flow and the seepage weathering and 
subsequent sapping widens these valleys, as well as 
extends them headward, forming a very dissected land-
form. 

On-going and Future Work: Both surface and 
ground water were likely involved in Martian VNs. 
We are presently working on book-keeping the relative 
amount of rainfall water and groundwater contribution 
to surface flow and determine the relative importance 
of each source. We also plan to explore the effect of 
episodic wet spells over a generally dry climate, as 
suggested in [14-15], on VN morphology. 
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(A) Surface runoff only  

 
 

 
(B) Both surface runoff and groundwater seepage 

 

 
(C) Pure groundwater seepage (all water comes from groundwater dis-
charge) 

 
(D) Using end result of (A) as initial topography, pure groundwater 
seepage (all water comes from groundwater discharge) 

Figure 1. Shade relief images of 4 simulation scenarios. Simulations (A) 
– (C) start with the same initial cratered terrain. The gradation of color 
from blue to brown indicates elevation from low to high. 
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