Tectonic Plates Lab

Purpose

1. Relate the global distribution of 1) topography, 2) locations and depths of earthquake, and 3) locations of volcanoes, to plate tectonic motions. 

2. Understand how to map major plate boundaries of the world. 

3. Understand the 3-D geometry of convergent plate margins. 

Outline

1. This lab uses GeoMapApp, a program for viewing earth science data.  It should be already installed on the Macs in Schermerhorn 558.  It’s free, so feel free to install it on your own computer.  See http://www.geomapapp.org/ for details.
2. A goal of the lab is for you to mark the plate boundaries of the world, and their types, on your inflatable globes.  China pencils – which are more or less erasable - are provided for this purpose.  However, feel free to print out a paper world maps (say from GeoMapApp) and mark them up, too, with your preliminary findings.
3. Load the global earthquake location database, by navigating the options 'tree' starting at the Available Data menu: > Select Data from Menu > Custom Data Viewers > Earthquake Locations and Epicenters. You should now be seeing various colored dots plotted on the global map. Earthquake magnitude is indicated by the symbol size, while depth is indicated by colors. Using the plot customization window at the right of the screen, you can determine the range of depths, magnitudes, and time interval of activity that is plotted. Using this feature, determine color represents shallow earthquakes, and which represents deep earthquakes.

4. Study your map of the global earthquake distribution. How are the earthquakes distributed (is there a pattern, or are they randomly distributed)? How does any pattern you recognize relate to the Earth's topography? Can you identify any anomalous areas that do not fit the general pattern you observe (that is, earthquake clusters in "unexpected" locations)? Where are the deepest earthquakes found? Are there any deep earthquakes beneath the Himalayas? Can you think of a reason why? 

5. Earthquake seismology is an important constraint on the geometry of subduction zones. Now that we've looked at the raw earthquake data, we will load a model of slab geometry based on the seismic data. Load the model slab depth dataset from the Available Data menu: > Select Data from Menu > General Data Viewers > Tables > Arc Volcanoes in Relation to…blah blah > Slab Contours in Kilometers. Click the 'Scale Symbols' button at right, and select SlabDepth_km. Zoom in to any single subduction zone you like. Can you see a similarity between the model slab depths and the seismic dataset? How do the two sets of 'dots' you have plotted (earthquakes and model slab depths) correspond to each other? 

6. Now click 'close' at the upper right of your screen, to remove the model slab depths from your map. Reselect the earthquake dataset (by following the instructions from the third lab "bullet"), and click 'close' here as well. You should now have a blank topographic map again. Load the file "VolcanoLocs.xls" into GeoMapApp from the File menu: > Import Data Tables > Import from .xls File You should now be able to see a map of volcanoes that have been active within the last 10,000 years ("quite recently", you might be thinking by now). NOTE: this dataset does not show undersea volcanoes, only the ones on land. There are many other volcanoes below sea level that are not plotted here. What is the name of the ocean-floor topographic feature where you would expect to find these "hidden" volcanoes?

7. Study your map of volcano distributions. How are the volcanoes distributed (is there a pattern, or are they randomly distributed)? How does any pattern you recognize related to the Earth's topography? Can you identify any anomalous areas that do not fit the general pattern you observe? How are the Earthquake and Volcano datasets similar? Can you see any differences? 
8. We will now make plots of volcanism at subduction zones in relation to subducting slab depth. First, click 'close' to remove the volcano dataset. Re-open the slab depth dataset, remembering to scale symbol size to slab depth, then re-open the volcano location dataset, and use the color modifying tool to plot the volcanoes in a different color. We are very specific about this because we want the volcano locations to plot distinctly different from and on top of the slab depth model. 

9. Examine several subduction zones, taking into account both datasets. Can you make any broad statement about where the volcanism tends to occur with respect to the depth of the slab? Are there many exceptions to your rule? 

10. To better understand subduction zone geometry, we will make a perpendicular cross section across both the Tonga subduction zone at ~20S as well as the Southern Andes subduction zone at ~40S. If you don't know where these are, use google or some other reference. At each subduction zone, focus on one set (or 'line') of model slab depths that define a linear trend perpendicular to the subduction trench (you can see the trench in the topography). To plot a cross-section, open Microsoft Excel, and make two columns for each subduction zone cross section. In the first column of your .xls file, enter the distance of each "model slab depth point" in the linear trend you've selected from the line of 'Depth=6km' (use GeoMapApp's distance measuring tool for this distance…be sure to zoom in sufficiently to increase the accuracy of your measurement). In the second column, enter the model slab depth. Plot both resulting data series in the same plot, and reverse the y axis (depth) direction, so that the plot looks like a real cross-section, with depth increasing "downwards". How are these two subduction zones the same? How are they different?

11. Print out your cross sections, and annotate each. Draw in the location of the volcanoes at the surface, and location of the sea shore. As always, your axes should be labeled and a legend should be present, so that it is clear what the meaning of each component of your figure is. HAND IN THESE PLOTS.

12. Zoom to the northern Phillipines in GeoMapApp. Do you see anything interesting about the subduction geometry in this region? (Hint: is the Phillipine Plate subducting beneath the Asian plate or vice versa or neither?)

13. Zoom back to the Andes. Does volcanism occur throughout the Andes? How is slab depth correlated with the presence of volcanism? Suggest a reason for this. Keep in mind that the subducting plate is cold, and that it takes heat to melt.

Lab Report
· Turn in answers to all questions above

· The annotated globe, with plate boundaries marked.  Use single lines for transform boundaries, double lines for ridges and lines with (as below) for subduction zones.
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