[bookmark: _GoBack]Bathymetry of Rifted Margins Lab 

Goals:  
To become familiar with the program “GeoMapApp”
To identify plate motion direction at rifted continental margins
To investigate the morphology of rifted continental margins
To compare the shapes and depths of extensional basins formed at a rifted margin
To propose mechanisms that might contribute to variations in basin morphology 
[image: ]
Part I Red Sea:  

A. Work with a partner. Together, identify and label the African Plate and the Arabian Plate, and draw arrows on the map showing the relative motion between the two plates.

B. Each partner - create a topographic and bathymetric contour map using GeoMapApp. Step-by-step instructions for using GeoMapApp to create a topographic / bathymetric contour map are included the Appendix. 

C. Each partner - create topographic profile across the Red Sea (be sure to pick different transects).  Step-by-step instructions for using GeoMapApp to draw a topographic  / bathymetric profile are included in the Appendix.Image from Google Earth


Compare your profiles and answer the questions below.

Describe the morphology of the Red Sea rift based on your profiles.





How are your profiles similar, and how are they different?







Prelude to Part II

Mid-Atlantic Ridge Example: Orientation of transform faults can be used to identify direction of plate motion
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Image from Google Earth



The plate boundary consists of spreading ridge segments (red) and transform fault segments (green).  Plate motion direction is shown by white arrows.  

[image: ]Part II Gulf of California:
The inset map shows the plate tectonic setting of western North America.  The northern end of the Gulf of California is located in the southeastern corner of this map.
Place names on the Gulf of California map (below): 
CR: Colorado River, S: Salton Trough, W: Wagner Basin, C: Consag Basin, D: Delfin Basin, T: Tiburon Basin, G: Guaymas Basin, Ca: Carmen Basin, F: Farallon Basin, P: Pescadero Basin, A: Alarcon Basin


[image: ]A. Work with a partner.  Together, identify and label the Pacific Plate and the North American Plate, and identify transform faults in the Gulf of California.  Draw the transform faults on the map. 

Draw arrows on the map showing the relative motion of the Pacific and North American plates. 

After you’ve identified transform faults in the Gulf of California, look closely at the region between the northern end of the Gulf of California and the Salton Sea to infer where additional transform faults might be found.  Then answer the questions below.
Image from Google Earth

  
What is the direction of extension in the basins that lie between the transform faults?  Draw arrows on the map showing extension direction.



Compare the extension direction in the Red Sea to that in the Gulf of California.  How does the orientation of this motion compare with the overall orientation of each plate boundary?







Part II Gulf of California (continued):

B. Each partner - create a topographic and bathymetric contour map of the Gulf of California and the Salton trough using GeoMapApp. 

Step-by-step instructions for using GeoMapApp to create a topographic / bathymetric contour map are included the Appendix.  

C. Each partner - create a set of topographic profiles from shore to shore across the extensional basins, starting with the deep Alarcon basin on the south and continuing northward to a final profile across the subaerial Salton Trough on the north (7 or 8 profiles).  Select profile lines that are oriented in the direction of extension, and choose transect lines that are different from your partner’s transects.  

Step-by-step instructions for using GeoMapApp to construct topographic /bathymetric profiles are included in the Appendix.

D. Compile profiles and analyze data.  Import profiles to Excel, and plot a graph of all of the profiles and a second graph of average depths of the individual basins.  Step-by-step instructions for graphing are in the Appendix.

After you have drawn and saved a profile across each basin and calculated average basin depths, compare your profiles to those your partner drew.  Then answer the questions below.

Describe the morphology of the rift zone based on your profiles.





Choose a basin for which the profiles you and your partner drew are different.  
	What do the two profiles of this basin have in common?



How are the two profiles different?




In what way(s) do basin shapes shown by the profiles vary from north to south?






Discuss factors that might be responsible for the change(s) in morphology that you observe between the northernmost (on land) and southernmost basins.  Propose a hypothesis to explain the variation:







How might you test your hypothesis?


APPENDIX 1 

You can find and download GeoMapApp at: http://www.geomapapp.org/
Use the download links on the left side of the page to download the appropriate version of the program for your computer’s operating system.

A. Create a topographic and bathymetric contour map using GeoMapApp.

· After you open GeoMapApp you will be asked what projection you want to use. Mercator is the projection you need; it should be selected automatically. Just click “accept” and the program will load. 
· Once GeoMapApp is loaded, begin by zooming into the study area (Red Sea or Baja CA). To zoom in click on the +magnifying glass then draw a box around the study area.  (For the Red Sea, use boundaries of ~10° N to 30° N and 33°E to 45°E.  For the Gulf of California, use boundaries of ~20°N to 34°N and104°W to 118°W). 
· Bring up the Global Grids window by selecting the following from the menus at top of the screen:
· Basemaps>Global Grids>Bathymetry and Topography>Global Multi-Resolution Topography (GMRT)
· In the Global Grids window (Figure 1), you can create contours of elevation and bathymetry, manipulate the range of elevations represented by each color, and change the illumination angle to highlight various topographical features. Go ahead and play with these features to see how they work!
[image: ]
Figure 1 Global Grid window in GeoMapApp.
· When your map looks the way you like it, save the file (make sure that it has contour lines!). 





B. Draw a topographic/bathymetric profile using GeoMapApp

· Using the Digitizer tool, draw the lines that you will trace to make your topographic profiles.  (This step is necessary because the profile tool that you’ll use for the lines makes only temporary lines.  This step will allow you to save the locations of your profiles.)
· Click the Digitizer button (Figure 4) to activate the digitizer tool. A sidebar will come up on the right; you will need to change the window size (by dragging the divider between the map window and the sidebar) so you can see this sidebar. 
· Figure 2 GeoMapApp tools.
· [image: ]Click the line segment tool (Figure 5) then draw one of your profile lines. This should be a simple line, consisting of only a beginning point and an end point.   (You will not be able to take profiles around bends, only in straight lines.)
· After you draw one of the lines, click the digitizer cursor button. This will end the line. 
· [image: ]Repeat the above procedures until all your profile lines are drawn. DO NOT CLOSE THE DIGITIZER TOOL or the lines you just drew will disappear.  (However, they will reappear if you restart the digitizer tool.)Figure 3 Using the Digitizer Tool in GeoMapApp.

At this point you should export the image of your map showing the lines where you will be taking your profiles. To do this, under File click Save map window as image/grid file then choose either JPEG or PNG. After you click “OK”, another window will come up asking if you want to remove insets. This choice is up to you; the inset simply refers to the small global map in the upper right corner of the screen. 

C. Draw a topographic/bathymetric profile using GeoMapApp

· [image: ]Now that you have drawn the lines on which you will take profiles, it is time to create profiles across the extensional basins. Do this by clicking the Profile tool button, waiting for the grid to load (it may or may not load, if it “didn’t load” just assume that it is there and proceed), and then draw your profile line. To draw the profile line, place the cursor at one end of the profile, click, pull the line to the other end of the profile, then release. The profile window will open, showing you the topographic/bathymetric profile you have created (Figure 6). DRAW ONLY ONE PROFILE AT A TIME.  After drawing each profile, save it by clicking “Save” in the upper left corner of the Profile window and then selecting “Save ASCII table” (Figure 6). To draw subsequent profiles, just draw new lines; as long as you don’t click the profile tool button again, the tool will remain active. 
· You drew the lines using the digitizer tool previously because the lines made on the map by the profile tool are temporary, when you draw a new profile line the previous line will disappear.Figure 4 GeoMapApp Profile Window.


· The profile is automatically drawn along a great circle. You can change the setting so the profile is taken along a straight line in the Profile window.

D. Graph profiles using Excel
· Open Excel and in the File menu select “Import”, then select “Text file” and choose one of your profiles, which will be a .txt file. Leave all the settings on default (delimited, start at row 1, tab) and press finish. At this point a new window will pop up asking where to put the data; make sure the equation is =$A$1 and press OK.
· You should import the profiles in order from north to south, this will make your analysis later more straightforward. 
· To import each additional profile, follow the same steps as for the first, but when the window asking where to put the data comes up you will need to manipulate the equation. In this window, select “existing sheet” and change the letter in the equation (which looks like =$A$1) to an empty column (so it looks like =$F$1) (the letter in the equation specifies the column in which the data will start, the number specifies the row where the data will start). By doing this, you will display the data for each profile side by side, in separate columns. 
· [image: ]After you import a profile or profiles, you might want to add a title. To do this, just right click on the grey number at the left of row 1 and select Insert. This will insert a row above the data, into which you can type the title of the data. Type the profile name above the “elevation,m” column of each set of data.  Figure 5 Topographic Profiles in Excel.

· Create a graph showing all of the profiles.  Select the “Elevation,m” column for each profile. All of the profiles need to be selected together; to do this, hold “command” and click on each elevation column individually. When you have selected all the “Elevation,m” columns, go to charts>line to select the type of graph you want. All the profiles will appear in the same graph (Figure 7). 
· The order that the profiles are shown in the legend is determined by order of the data in the worksheet; the leftmost profile appears at the top of the legend.
· To make the graph larger, stretch it by pulling on the blue frame.
· To move the horizontal axis to the bottom of the graph, double click the vertical axis and set the “horizontal axis crosses at” to the lowest number on the vertical axis.
· Save the graph of basin profiles.  To save the profile graph, select the graph (so that the blue frame appears) then right click (Or click with 2 fingers, or hold control while clicking, depending on your computer) and select “Save as Picture”, then give it a title and choose where to save it. 

Calculate average depth of each basin

· Use the profile data to calculate the average elevation of each profile, then make a bar graph to compare the average elevations (Figure 6). 

· Open a new excel sheet (in the tabs at the bottom of the screen).  You will need to copy the elevation data onto the new sheet; do this by selecting all the elevation columns, copy them and paste onto the new sheet.  To create the new table, just click on an empty cell anywhere on the worksheet and type in the name of the northernmost profile. Type the names of all the profiles in separate cells, arranged vertically. You must do this even if you copied the headers from the other sheet.

· In the column to the right of the names insert the formula for determining the average elevation of each profile. The formula you will use is the “average” formula:  =AVERAGE(number1, number2, …). To calculate average elevation, select the box where you want to put the formula, then either type the formula or use the Formula bar (above the grid). The Formula bar allows you to select a type of calculation and to manipulate the formula to be used in the selected box. To insert the numbers into the “AVERAGE” formula, click the part of the formula where you want to insert them (between the parentheses), and simply click on the column header of the data you want to insert.  For example, your formula for the data in column C will be: =AVERAGE(C:C) When you are satisfied with the formula, press ENTER (or return) to insert this formula into the cell. The average will be calculated automatically and that value will be displayed in the cell. 


· [image: ] Once you have created the table, you can create the bar graph. Just highlight the whole table by clicking in one box and dragging across the table. Be careful that you don’t drag the blue square in the lower right corner of the first box you click, that will apply the value or formula in that box to all the others and destroy your table. When you have the table selected, click chart>column> clustered column. 

· Add a title for the graph and the vertical axis by using the Chart Layout menu. 

· Save the bar graph of average basin elevation in the same way as for the profile graph, by right clicking on the graph and selecting “Save as Picture”.  
[image: ]Figure 6
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