Virtual Field Mapping Project

Anti Atlas Mountains, Morocco
Your task is to create a geologic map for an area in the Anti Atlas Mountains of Morocco using SRTM DEM data, ASTER satellite image data, and Google Earth data for the same area. Once you have created your ArcMaps, you can use ArcMap to locate samples from the area and determine mappable units and then use both ArcMap and Google Earth to view the area and to zoom in so that you can create a geologic map of the area. Do the following: 

· Make a folder on the C:/ drive of the computer you’re working on. Be sure that you do not put this folder either on the desktop or in the Documents and Settings folder. Download the SRTM DEM that contains the point 29°30’N, 8°30W, and save it to your folder. If you have forgotten where and how to download, open, and project DEM data, use the instructions at the end of this handout. Make and save an ArcMap, and add the your projected DEM data.

· Open ArcCatalog, go to the Data folder in our course folder on the Academic Software Server under Geology, and copy the Aster_SWIR file to your folder on the C:/ drive. 

· Add the ASTER satellite image to your Arc Map. Right click on the ASTER layer in the Table of Contents (TOC), and select Zoom to Layer.

· To clip the original DEM to the same size as your ASTER image, right click on the DEM layer, select Data, Export Data, and make sure that “Current Data Frame” is checked in the upper left corner. Save it to your C:/ drive, and click OK when it asks if you want to add it to your current map. Drag the new layer in the Table of Contents so that it lies below the ASTER image. Delete the original (large) DEM layer. If you click on the globe in the tool bar, the map should zoom to the extent of the ASTER image.

· Turn off the ASTER image by unchecking it in the TOC.

· Create a hillshade for the clipped DEM, colorize the original DEM, and make the hillshade partially transparent. Save. If you’ve forgotten how to do this, use the instructions in the Primer.

· Remember that you can turn the ASTER image on and off whenever you want to.

· Be sure to save.

· Be sure to add a scale, north arrow, and title, to your map. The Primer has instructions, if you’ve forgotten how.

· Copy the folder with your data and ArcMap back to your folder on the Academic Software Server when you are done.

Making your geologic map

You will make and color a geologic map by hand on tracing paper over the large printout that I have given you. Your final map must show the major rock units in the area, contacts between the units, symbols showing strikes and dip directions (but not dip amounts), and symbols showing any folds and faults. 

In order to make your map, you must decide on what your rock units will be. You have received several samples in the mail from a colleague in Morocco, and you’ll find these samples in the wooden drawer on the table in the lab. They come from the following locations:

	Sample A
	29°10’10.111N, 8°42’17.391W

	Sample B
	29°13’56.732N, 8°54’30.236W

	Sample C
	29°16’33.617N, 8°43’39.04W

	Sample D
	29°23’47.373N,  8°42’35.995W

	Sample E
	29°29’49.732N, 8°40’30.404W 

	Sample F
	29°28’30.044N,  8°37’22.253W

	Sample G
	29°25’49.941N,  8°45’31.932W


Start by identifying and describing these rocks, because they will form the basis for deciding on your map units. 

Locate the samples on your ArcMap that has the ASTER satellite image using the lat/lons listed in the table above, and notice that different samples come from units that have different colors in the ASTER image. Do some research on ASTER images at http://asterweb.jpl.nasa.gov/index.asp. How are ASTER images acquired? What is the significance of the colors? How might you use the colors plus the rock samples to choose mappable units and to say something about their likely compositions? Answer these questions in writing, and submit the answers with your map, explaining how and why you chose the units that you did and what you can surmise, and why, about those for which you don’t have samples.

Your friend from Morocco also sent two thin sections that he thought you would be particularly interested in. The thin sections come from a strongly foliated zone in the unit that contains rock E. The foliation planes are oriented N66E, 90, and the rock has strong horizontal lineations in the foliation planes. The thin sections were cut so that their orientations are horizontal, and the top sides of the thin sections face up. Write an interpretation of the fabric in the thin sections, and turn it in with your maps.

Your geologic map and cross section

Once you have decided on your rock units, use ArcMap and Google Earth to help you decide where to map the contacts inside the box on the ASTER image on the last page of this assignment sheet.
· Your map cannot have any blank areas, although you may dash contacts where uncertain. Be sure that your contacts reflect a reasonable structural interpretation and that you aren’t just blindly drawing lines.

· Ignore any surficial deposits (e.g., alluvium, dunes, etc.), and do the best you can to extrapolate the bedrock underneath.

· Your map must have a legend that contains all rock types in stratigraphic order with full descriptions of rock units. 

· Use the Glens Falls/Whitehall geologic map (in the wooden drawer on the table) as a guide for creating the legend for your geologic map.

· Draw a cross section on a separate piece of paper (full scale). Be sure that you choose a cross section line that shows as much as possible and that your map has the cross section line on it.

And last, write a short summary of the geologic history of the area (including what you can interpret from the samples and thin section), and turn it in with your maps. This history must include all events for which you see evidence (e.g., deposition of sediments, erosion, uplift, folding, faulting, intrusion, metamorphism, etc.).

Downloading Shuttle Radar Topography Mission DEMs

The SRTM data base is a remarkable worldwide digital elevation data set for about 80% of the Earth's land surface. It took 10 days (only 10 days!!) to collect all of the data! The data set covers all land areas between 60°N and 56°S latitude (higher latitudes were excluded because of the inclination of the Shuttle orbit, which was 56°. The resolution of SRTM data is 30 m/pixel for the highest resolution data. The mission was flown in February of 2000, and one of the mission specialists, Janet Kavandi, was also on the mission that flew in July 2001 that flew the Hamilton College banner that's hanging in the Geo Department. 
The CGIAR/Consortium for Spatial Information has processed Shuttle Radar Topography Data for the world to eliminate any blank pixels, etc. It's much easier to get the data from this site than to go to the USGS site and deal with the raw data, which you would have to process to remove blank pixels before you could do, for example, a hillshade. If you were doing a research project, you'd want the original data, but, for what we're doing, this is a great and fast way to get SRTM data to work with. Go to the CGIAR site at http://srtm.csi.cgiar.org/
In the left hand link list, click on SRTM Data Search and Download
· On the page that comes up, you'll see a  map of the world with a grid on it

 (http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp), This grid outlines tiles of SRTM data. Check to make sure that the GeoTIFF radio button is checked. Choose your tile(s), and click on the tile(s) that you want. If you blunder or want to change your mind, click Clear Area.
· Click the button next to JRC(IT), because this server located in Italy typically downloads faster than the US one. Click Search. Another page will come up with tile details and a location map. If the area isn't what you want, just go back and try again. 

· When you're happy, select Data Download (HTTP), and save the zipped file to your folder. Do not save the file to the desktop, because ArcGIS does not like files saved to the desktop. You must download one tile at a time. Note: CGIAR has three servers, one in the US, one in Italy, and one in the UK. If you find that the data are taking a long time to download, go back to the Search page, select a different server, and try downloading again.

· To unzip the data, navigate to the folder, and right click on the folder. Select Extract all, and save it to your folder. Repeat for all of your folders.

· Now, you must build an attribute table for each of the DEMs that you have downloaded:

· The following must be done in ArcCatalog, not in ArcMap.
· Open ArcCatalog, and open ArcToolbox (the red toolbox icon). 

· Click on Data Management Tools, Raster, and Calculate Statistics. Click the folder next to Input Raster Data Set, and browse to locate your DEM. Leave all the other values as they are, and click OK. 

· Your DEM is now ready to add to an ArcMap.

Projecting an SRTM DEM so that you can create a hillshade
If you have downloaded an SRTM DEM, you will need to project it before hillshading. The locations of pixels in your DEM are specified in decimal degrees. The mathematical equation that ArcMap uses to create a hillshade, however, assumes that pixel locations are specified in meters within a particular projection. If you try to make a hillshade from the unprojected SRTM DEM data, it will be all screwy. So, you need to project the DEM first so that X, Y, and Z are all in meters.

· Open a new ArcMap map, and start by changing the data options to Save relative pathways (File/Map Properties/Data Options). You must remember to do this before you add your first data layer. Once you’ve changed to relative pathways, add your DEM.

· Click on ArcToolbox (the red toolbox in the menubar) to open up the Tools. Open Data Management Tools, Projections and Transformations, Raster, and finally Project Raster.

· For Input Raster, browse to your SRTM tiff file. You can leave the output raster name as it's automatically put in, although you should check to make sure that the name is short and without spaces. If the name is too long, shorten it.

· Click on the button to the right of Output coordinate system, and choose Select. Select Projected Coordinate Sytems/Utm/Wgs1984. Now, you'll need to find the right UTM zone. Use the map on the last page of the GIS Primer to determine the UTM zone. In the dialog box, scroll past the “Complex” listings, and find the correct zone (e.g., Cairo is UTM Zone 36N). Be sure to select N, if you are north of the equator, and S if you are south. Select the correct zone and click OK, then OK again. Be sure that you use the chart in the GIS Primer – the zone is NOT the same as the SRTM tile number!!!!
· ****Scroll down and check the Output Cell Size box.*** If is says NULL, type 90 into the box in place of NULL. Click OK again for all your selections and again to project the raster. Wait while the Executing Project Raster dialog box is busy. Close when done. 

· ArcMap will automatically add your projected raster to the layers in your TOC, and it will store your projected raster in the same folder as the DEM. Remove your original DEM from the Table of Contents (right-click on the layer, and select remove). Everything else you do will be done with the projected DEM.
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