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THE MARTIAN RECORD OF GU)BAL CHANGE 
The geologic record of Mars presents a dramatic history of climatic changes. Martian surface features have 

been divided into three basic geologic periods corresponding to different morphologies of modification of the surface 
by atmospheric processes. The oldest stage, the Noachiau System, is characterized by a densely cratered surface, 
modified by widespread lava flooding and dendritic drainage channels suggesting significant rainfall arad flooding by 
liquid surface water (Figwe 1). The next stage, the Hesperiau System, is less heavily cratered, is W e d  by volcanic 
and tectonic activity, and is cut by outflow channels which appear to have originated h m  underground rather than 
atmospheric water reservoirs, suggesting a lack of active rainfall (Figure 2). The youngest stage, the Amazonian 
System, is the least cratered system, and the effects of surface water are subordinate to eolian, volcanic, tectonic, and 
glacial processes (Figure 3). These three systems are interpreted to record evolution in the martian atmosphere from 
an ancient climate which included significant rainfall to the modem conditions which do not permit the persistence 
of Liquid water on the martian surface. As a scientific teaching resource, this record presents clear evidence for young 
students to identify and interpret different terrains, to speculate upon the causes of the climatic changes which modified 
these different terrains, and through the use of inexpensive, commercially available software BimEarth [I]), to 
experiment with the possible causes and effects of climatic change on Mars a d  to investigate the implications of these 
result to global change on Earth. 

Figure 1. Example of 
dendritic valley networks 
which are common in the 
soutbern highlands of Mars. A 
temperate climate with active 
rainfall is implied. Many 
impact craters are also visible. 
This area is approximately 250 
km across. 

PEDAGOGY OF TEACHING INTRODUCTORY-LEVEL SCIENCE THROUGH 
PLANETARY STUDIES 
The roots of western science are firmly planted in the ancient human desire to understand, and to develop 

for our own use, our natural environment. There are clear examples of the development of mathematical, physical, 
and chemical principles in order to attempt to quantify, predict, or exploit natural phenomena. From tbese attempts 
many nurural Iows have been recognized, the introduction and application of which forms the basis for much 
introductory science teaching. Many students appear to be alienated by this traditional science-teaching approach, 
however, and fail to grasp the principles of scientific methodology. Experience with non-science uoder@ate 
students has shown that these students are much more receptive to scientific principles and even the accompanying 
mathematics if they are introduced in the context of observational discovery, for which plauetary studies present an 
excellent and topical resource [2]. From this experience, a specific teaching module on global climatic change is being 
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developed and tested based upon the history of climate change indicated in the martian geologic record. 

Figure 2. Example of 
channels probably formed by 
ground water sapping ratbea 
than by surface runoff (Nirgal 
Valles). No active rainfall is 
indicated, but more temperate 
climatic conditions than those 
which presently prevail are 
implied. This area is 
approximately 80 km across 
and is less heavily cratered than 
Figure 1. 

TEACHING MODULE 
The teaching module includes all materials for an upper level elementary or a middle school teacher to 

develop a hands-on project on climate change. No prior scientific knowledge is assumed, and the teacher is 
encouraged to lead the students to "discovern some of the m m l  laws of science for themselves. Mars images and 
maps are provided to allow the students to develop their own interpretations of the causes of different terrain types 
from their observations and experiences of terrestrial water and wind erosion. The students are encouraged to develop 
methods of infening the relative ages of different tenaim (crater counting, superposition, cross-cutting relations), and 
to deduce the basic climatic history of Mars. Simple experiments are used to demonstrate the dependance of the 
physical state of water upon atmospheric temperature and pressure, and the students are led to reconstruct the implied 
evolution of tbe martian atmosphere. Through the use of inexpensive, commercially available software $imEarth [I]), 
students then explore the possible causes of changes in the atmosphere and their effects on climate, and investigate 
the implications of these results for ternstrial climate change. Tbe final activity of the project is a choice of "what if?" 
exercises to investigate possible terrestrial and martian global change scenarios. 

Figure 3. Examples of 
wind features which are 
especially common around the 
edge of the relative young 
volcano Olympus Mons. Tbe 
area shown is approximately 20 
km across. 
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