
page1 

                                                                GEOL 113 
 

Voyages to the Terrestrial Planets Lab 8:  Mars valley networks and the possibility of rain 
Lab is taken from an exercise created by Dr. Barbara Tewksbury, Hamilton College 
 
Overview:  This is an in class activity I have borrowed from Barbara Tewksbury who is a geology 
professor at Hamilton College in upstate New York.   In this exercise you will be addressing one 
of the most fundamental questions pertaining to Mars – did it ever rain on that planet?  Make 
sure to read the background below before starting. 
 
Due:  This will be due at the beginning of lab next week. 
 
Background:  Did it ever rain on Mars?? Some of the Viking images sent back from Mars in the 
1970s show tantalizing evidence of dendritic valley networks in some of the oldest terrains on 
the planet. One of the big questions ever since has been whether it might have rained early in 
Mars history.  
 
One of the ways of deciding whether the Mars valley networks might have been produced by 
rainfall is to find out how similar they are to valley networks on Earth, which we know are 
produced by rainfall. The standard method for analyzing drainage basins is comparison of how 
many streams there are per square kilometer (drainage density) and how much branching there 
is. On Earth, areas with lots of rainfall have a high drainage density with intricately branching 
tributaries. 
 
By the mid-1990s, after examining many Viking images, most workers had concluded that the 
Martian valley networks weren't branching enough or integrated enough to suggest past rainfall 
(e.g., Carr, 1995; Carr and Chuang, 1997). What would happen if we were to revisit these areas 
but look at them on new, higher resolution images??  
 
To do:  In this exercise, we're going to evaluate the characteristics of the valley networks of an 
area on both the older Viking images and on new higher resolution images and data from the 
Mars Orbiter Camera and Mars Orbiter Laser Altimeter to see whether better resolution images 
might change our interpretations or not. 
 
On pages 5 and 6, you'll find two images. Both are of the same area in the Arabia Terra region of 
the ancient, heavily-cratered Southern Highlands. Start by using the lat/lon values to locate the 
region in question on a map of Mars. 
 
The image on page 5 is a 1970s Viking Mars Digital Image Model (MDIM). Traced in red are the 
valley networks mapped by Carr (1995). The image on page 6 is a combination of a Mars Global 
Surveyor MOC image mosaic with a color-coded MOLA elevation map. Traced in yellow are the 
valley networks mapped by Hynek and Phillips (2003). You can clearly see that, at higher 
resolutions, many more drainage segments can be detected, and the drainage system appear to 
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be more integrated and more mature than one would think from the valley networks that can 
be mapped on the Viking MDIMs. 
 
The question is whether or not the valley networks are integrated and mature enough to allow 
one to argue that rainfall was likely involved in their formation. On Earth, valley networks can be 
characterized in a process known as drainage basin analysis, which measures properties such as 
stream length, stream density, and complexity of branching (known as "order"). To do a 
drainage basin analysis, we need to know or be able to determine the area of the drainage 
basin, the total length of valley segments, and the stream order for the basin.  
 
1) We're going to start by calculating the stream order for this region of Arabia Terra for the 
Viking mapped valley network: 
 

• The most headward segments of a valley network are consider "first order" and are 
assigned a number one. Put a clear overlay on the Viking image on page 5. Choose a 
starting point upstream, and write a "1" next to the first valley segment.  

• Where two first order segments come together, the valley segment downstream 
becomes a second order segment. If a first order segment joins a second order segment, 
the downstream segments remains a second order segment. The segments downstream 
from two second order segments becomes a third order segment. And so on. 

• Label each segment with the proper order. 
 
The overall order of a valley system is the highest order occurring in the system. What is the 
order of the valley network on the Viking MDIM? 
 
 
 
Why would one conclude that a low order valley network would be more characteristic of 
groundwater sapping than of rainfall runoff?   
 
 
 
 
 
2) Next, put a clear overlay on the MOC/MOLA image on page 6, and calculate the stream order 
for the same area. What is the order of the valley network based on the higher resolution 
MOC/MOLA data?  
 
 
 
 
 



page3 

Why would one conclude that high stream order in a valley network would be more 
characteristic of rainfall runoff than groundwater sapping? 
 
 
 
 
 
 
3) Another way to compare valley networks on the Earth and Mars is to calculate drainage 
density, which is simply the total length of valley segments divided by the area of the drainage 
basin. Rather than doing these measurements ourselves, we'll use the values determined by 
Hynek and Phillips. Using the following data, calculate the drainage density for the valley 
network on the Viking MDIM image and for the valley network on the MOC/MOLA image. 
 

Total length of valley segments (Viking MDIM): 1308 km 
Total length of valley segments (MGS/MOLA): 11,161 km 
Drainage basin area: 172,584 km2 
 

What is the drainage density for the valley network on the Viking MDIM? 
 
 
 
What is the drainage density for the valley network on the MOC/MOLA image? 
 
 
 
4) Carr and Chuang (1997) report drainage densities from five varied regions on Earth as ranging 
from 6.5x10-2 km-1 to 2.09x10-1 km-1. Put your stream order and drainage density values 
together, and comment on what conclusions you would draw and why about the possibility that 
rainfall contributed to development of these valley networks in Arabia Terra 1) based on the 
Viking data and 2) based on the MOC/MOLA data.  
 

Based on the Viking data: 
 
 
 
 
 
Based on the MGS/MOLA data: 
 
 

5) Hynek and Phillips (2003) report that they studied many more areas in the ancient Martian 
Highlands, and they indicate that the values calculated for the portion of Arabia Terra that you 
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looked at are typical of most other areas that they examined in the Highlands. Why are their 
conclusions so different from those made by previous workers, who concluded that valley 
networks on Mars are typically poorly-integrated, immature networks consisting of low order, 
unconnected segments and an overall low drainage density? 
 
 
 
 
 
 
 
In what ways, if any, do we need to think about revising our views of Martian valley network 
formation on Mars after viewing the MOC/MOLA data? 
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