Name: ___________________________________
Lab 2: Geologic Mapping on the Moon
(Alexandra Davatzes, Temple University)
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Geologic time:

We are familiar with the geologic time scale on Earth- the Hadean, Archean, Proterozoic and Phanerozoic- but there are also time scales for all of the terrestrial planets that reflect their unique geologic history.  To the right you will see a comparison of the geologic time scales on each of the inner planets and the moon (from Jean-Pierre Williams, Planetary Society Website).  You will notice that there are more divisions early in planetary history for Mercury and the Moon, and more divisions late for Venus.  This reflects the fact that the surface of Mercury and the Moon are very old, and the surface of Venus is very young.  What does this mean about Mars??


Basic Geology of the Moon:

I am going to give a brief summary below, but you need to read the following article to get a more complete understanding of Lunar geology: Harald Hiesinger and James W. Head III (2006) New Views of Lunar Geoscience: An Introduction and Overview, Reviews in Mineralogy & Geochemistry Vol. 60, pp. 1-81. DOI: 10.2138/rmg.2006.60.1
Read: 1. Introduction and 2. Geologic Processes only  
You can also watch https://youtu.be/mIRPeYGKfic for more information.
[image: ]Simplified summary of the geologic history of the Moon: 
1. A giant impact between Earth and Mars sized body (Theia) forms the Moon ~4.5 Ga.
2. A magma ocean forms.  Understanding Bowen’s Reaction Series will help you think about how the crust forms on the moon.  Olivine and anorthite (Ca-rich plagioclase) crystallize early, with the dense olivine sinking and the less dense anorthite floating to the top. K-rich, REE-rich, and P-rich (KREEP) magma remains and gets sandwiched between these components.
3. Anorthosite highlands form the primary crust from the anorthite that “floated” to the top. The crust is asymmetrical- it is much thinner on the near side and thicker on the far side.
4. Meteors impact the surface forming many very large craters on the surface, which result in the large basins you can see on the surface today.
5. Deep olivine-rich basalts (Mare) erupt to the surface and fill these basins (what we can secondary crust), which is why the Moon has these darker spots.  As it passes up to the crust, some of the basalt incorporates some of the KREEP, making KREEP-y mare.
6. Eventually impact rates decline but lighter cratering continues to today.  The moon, because it is so small, cools quickly and volcanic activity dies early.  

Geologic Mapping on the Planets:
All of the surfaces of planets and satellites have been subjected to the same geologic processes, including volcanism, tectonism, erosion, and impact cratering. The relative importance of each process differs from planet to planet, depending upon the local environment, size of the planet, atmosphere, etc. These processes are all represented in the geologic maps of the planets, and you will work with a map of the Moon today.  
In planetary mapping, as in terrestrial maps, we will define individual rock units, which are the basic component of geologic maps. We identify these units as having essentially a uniform composition of a specific age. So, just like on Earth, we can map the distribution of these units to help us make interpretations about the geologic history.  However, we cannot use field work or bring rocks back to the lab to make thin sections.  We must do this mapping via remote sensing.   We rely heavily on things like cross-cutting relationships, embayments, impact crates, erosional textures, albedo, and other visual cues to help lead us to our interpretations.  
On the next page is an example of a simple geologic map with unit descriptions and an interpretation of the stratigraphic relationships.  You will be doing this on a more complicated map of the Moon.  I am also giving you a document, the Planetary Geologic Mapping Handbook, which is the guide to publishing these maps.  Read section 4. Map Contents for a full description of all the parts and pieces of a planetary geologic map.



From NASA Document EG-1998-03-109-HQ:

	[image: ]
	“The figure to the left shows a sample geologic map. The unit descriptions and stratigraphic column are shown below the map. The relative ages were determined in the following manner: The cratered terrain has more (and larger) craters than the smooth plains unit -- indicating that the cratered terrain unit is older. In addition, fault 1 cuts across the cratered terrain, but does not continue across the smooth plains. Faulting occurred after the formation of the cratered terrain and prior to the formation of the smooth plains -- indicating that the smooth plains unit is younger than the cratered terrain and fault 1. The crater and its ejecta unit occurs on top of the smooth plains unit, and thus is younger. Finally, fault 2 cuts across all the units, including the crater and its ejecta unit, and is thus the youngest event in the region.” 


	[image: ]
	The geologic history that could be derived from this map would be similar to the following:  “This region was cratered and then faulted by tectonic activity. After the tectonic activity, a plains unit was emplaced. Cratering continued after the emplacement of the smooth plains unit, as seen by the craters superposed on the smooth plains and the large, young crater mapped as its own unit. Finally, there has been a continuation (or reactivation) of tectonic activity, indicated by the major fault which postdates the young crater.” 






Your task:
You will each be given a geologic map of the Kepler region on the moon and a file with the unit descriptions out of order and a key to the structural features.  Then I want you to try to read the geologic map to ultimately put together a stratigraphic section of the region and write a geologic history of the area.  Answer the following questions by discussing these as a group, type it up, and hand in one write-up per group.  
In your write up, you should include the answers to the following questions:
1. What are the major geologic processes that are represented in this map (i.e. fluvial, volcanic, tectonic, cratering, mass wasting, aeolian, etc.)? What evidence do you have of these geologic processes occurring?  
2. Determine the relative ages of all of the units on the geologic map of the Kepler region.  Write them in order of oldest (bottom) to youngest (top) in the table on the following page, and fill in any additional information about age, events, notes.
3. Write a paragraph that describes the general geologic history of the region.  Talk about the relative timing of events, both depositional and structural.  
4. Attempt a very general cross section from A to A’ and B to B’.  I am not looking for precision here, but a general understanding of what we can infer about the subsurface from this map.  

Optional:
You will need to look at the available data on JMARS (hint: Open up JMARS and switch the “Body” to the Moon, aka Luna) and find the Kepler region depicted on the Geologic map I gave you.  Try out different data layers to see what information they may provide about the region.  Explore, investigate, have fun.  What data layers did you use?  Which of them were most helpful for parsing out the finer details of the surface features?  What observations did you make about the region using JMARS? (Including an image of your JMARS region is recommended)
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