Comparative Planetary Geology and Geomorphology
Advanced Geomorphology Lab Exercise

Author:  Dr. Jennifer L. B. Anderson, Geoscience, Winona State University, JLAnderson@winona.edu
Required Materials:
Computer

Ruler

Tracing Paper

Graphing Paper

Colored Pencils

Calculator

Stereoscope
3D Glasses

Maps, Images, Globes etc…

Copernicus LAC 58 Lunar Chart (1:1,000,000)

Geologic Map of Copernicus

Meteor Crater, AZ (1:24,000)

Mauna Loa East & West Quads

Mt. Rainier Quad

Topography Map of Mars

Geologic Map of Mars
Internet Access
Exercise:

This lab is designed as a crash course in comparative planetary geology and geomorphology on the Moon and Mars.  You will explore impact craters, volcanoes, potential fluvial features, and tectonic features.  In the final portion of this lab, you will create a geologic map for a region of Mars of which you have never been, have no samples, and only have photos.  The methods you learn and apply in this lab are typically used by planetary geologists to understand the history of a given planetary surface without the benefit of being within a million miles of that surface.  

Mars and the Moon are Different from the Earth!

You already know this, but since you’ll be comparing these three planetary bodies, it is a good idea to have a list of their important physical differences on hand.  With a little bit of research, you should be able to fill in the following table.  Note both the absolute value (for example, gravity in m/s2) and the value compared to Earth (number of “g’s”) to two significant figures. 

	
	Earth
	Moon
	Mars

	Radius (km)


	6400 km = 1.0 REarth
	1700 km = 0.27 REarth
	3400 km = 0.53 REarth

	Mass (kg)


	
	
	

	Gravity (m/s2)


	
	
	

	Atmosphere?
(yes/no, Pressure?)

	
	
	

	Distance from Sun (km & AU)


	
	
	


MOLA – Mars Orbiter Laser Altimeter on NASA Mars Global Surveyor Mission

HRSC – High Resolution Stereo Camera on ESA Mars Express Mission

Impact Crater Morphology

Using the Copernicus LAC 58 Lunar Chart (1:1,000,000)…
1. Create a topographic profile through Copernicus Crater (start at 24° W and draw through 16° W, making sure to pass directly through the topographic high at the center of the crater at 20° W).  Each person does this.
2. Create similar topographic profiles through either (1A) Reinhold Crater or (1B) Gambart Crater AND either (2A) Hortensius Crater or (2B) Gambart C Crater.  Compare your two choices with other students who did the other two craters.  Use a reasonable vertical exaggeration.  
3. What general observations can you make about these three impact craters? How are they similar or different?
4. Based on morphology alone, group these craters into characteristic types.  Which other craters on the map would fit into your categories?

5. What interpretations can you make about the general process of impact cratering and the Earth-Moon region of our solar system from these crater observations? 

6. What do you notice about the very small impact craters surrounding the crater Copernicus?  

7. How were these very small craters likely formed?  What is your supporting evidence?

8. Which crater is older, Copernicus or Eratosthenes?  How do you know?
9. Look at the geologic map of the Copernicus region of the Moon.  What surface characteristics did planetary geologists use to create this map?  How is this different from what a geologic map of a quadrangle on the Earth would look like?

10.   Go to http://moon.google.com (“Google Moon”).  Explore around and get a feel for the “near side” of the Moon.  See if you can locate the craters you have been examining.  The dark regions of the Moon are called “mare” (mahr’-ray, singular) or “maria” (mahr’-ree-ah, plural).  The lighter colored regions are referred to as the “highlands”.   What are the main differences between these regions?  What is a possible explanation for these differences?

Using the 1:24,000 scale map of Meteor Crater, Arizona…

11.   Make a topographic profile from East to West through the center of Meteor Crater.

12.   Using what you’ve learned from the lunar craters, in which category would you place Meteor Crater?  Why?  What does this classification tell you about Meteor Crater?

Volcanoes on Mars and the Earth

Using the Mauna Loa East and West quadrangles, the Mt. Rainier quadrangle, and the topographic map of Mars…

13.   Calculate an average slope for the flanks of Mauna Loa, Mt. Rainier, Olympus Mons, Pavonis Mons, and Elysium Mons.  Show your work.
14.   How do the Martian volcanoes compare to terrestrial volcanoes in number, global distribution, size, and slope?

15.   Using terrestrial volcano classification terms, how would you classify Olympus Mons, Pavonis Mons, and Elysium Mons?

16.   What does this classification tell you about the type of rock that you would expect to find on these Martian volcanoes?

17.   What are some possible reasons why these volcanoes are so much larger than any volcanoes on Earth? 

Fluvial and Tectonic Features on Mars
Gusev Crater 

· Viking Images: http://www.jpl.nasa.gov/images/mars/PIA00414-browse.jpg
· MOLA topography map: http://www.lpi.usra.edu/education/fieldtrips/2004/maps/
18. Compare the Viking visible image and the MOLA topography of this region.  What do you observe?  What is your interpretation of the history of this region?

19. Why did NASA choose to send a rover mission to Gusev crater?

Louros Valles 

· HRSC images: http://www.geoinf.fu-berlin.de/eng/projects/mars/hrsc031-LourosValles.php
20. Examine this 3D image.  What does this feature look like to you (compared to features on Earth?  How does it differ from similar features on Earth?  

21. How do you think this region formed?  How is it different from Gusev Crater?  

Acheron Fossae 

· HRSC images: http://www.geoinf.fu-berlin.de/eng/projects/mars/hrsc039-AcheronFossae.php
22. What are the linear features?  How did they form and when did they form compared to the impact crater?  How do you know?  Describe the geologic history of this region.  

Phobos 
· HRSC images: http://www.geoinf.fu-berlin.de/eng/projects/mars/hrsc114-Phobos.php
23. What are the two dominant geomorphic features on Phobos?

24. Which feature formed first?  What evidence do you have to support this?

25. How do you think these features formed?
Geologic Mapping on Other Planets
Mangala Valles 

· HRSC images: http://www.geoinf.fu-berlin.de/eng/projects/mars/hrsc049-MangalaValles.php
26. Use tracing paper and colored pencils to create a very basic geologic map of this region.  Be sure to identify craters (young and old), fluvial features, tectonic features, plains regions, and other geomorphic provinces.  

27. Give a few detailed examples of the order in which certain events occurred in this region.  Come up with your own geologic interpretation of the history of this region.
Martian Geomorphology Lab

Advanced Geomorphology
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