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 Plate Tectonics: GPS Data, Boundary Zones, and Earthquake Hazard Student Handout
Plate Tectonics: GPS Data, Boundary Zones, and Earthquake Hazard Student Handout
Christopher Berg (Orange Coast College), Julie Elliot (Purdue University), Beth Pratt-Sitaula (UNAVCO)
Activity A – Data from one GPS Station
In this activity you will start to think about where earthquakes occur and learn how to calculate the horizontal motion measured at a GPS station.
[bookmark: _GoBack]In the image below, epicenters of recent earthquakes are plotted (purple dots), along with the plate boundaries along the western margin of the United States, centered on California. Locate the transform plate boundary that is marked on this diagram in light blue; this is the San Andreas Fault. Examine the diagram and answer the questions.
1. What causes earthquakes?Purple circles show locations of earthquake epicenters in the southwestern US. Image from IRIS Earthquake Browser (http://ds.iris.edu/ieb).



2. Are the earthquakes only occurring along the plate boundary? Briefly describe the patterns that you see in the data.

The Network of the Americas (NOTA) is a network of continuously running, high-precision GPS stations across the United States, Mexico, and the Caribbean. The network was designed to investigate a variety of geologic processes including earthquakes, volcanic activity, and ice change. In this activity, you will be working with data from one NOTA station (P402) located in Washington state to learn how you can use the GPS data to determine how a station is moving relative to North America (recall the reference frame video).
3. Before you start working with the GPS data, practice drawing vectors. For each direction listed below, sketch a vector on the compass that shows that direction. Then sketch the time series for the horizontal components that would represent the same direction.
Direction 1: Southwest












Direction 2: North












4. Now you will start working with NOTA GPS data to create your own time series plot for a station in Washington State. The first step is to download the time series data. Go to https://www.unavco.org/instrumentation/networks/status/all. This will show you a map of all the stations within NOTA. You will notice that the map view repeats, so next zoom into the western continental United States (see below). Western US

UNAVCO’s GPS Network Monitoring Page (https://www.unavco.org/instrumentation/networks/status/all)

Once there, zoom to Washington state.
Washington State


Then zoom to the Olympic Peninsula region and find P402 (station names will appear once you are sufficiently zoomed in). 
P402


Click on the “P402” label on the map and then click the “P402” link in the information box.
[image: ]
5. This will bring up the station page for P402. 
	In which city is this site located? _____________________________________
6. On this page, look in the “Station Data” box and find the “NAM14 CSV” link. The NAM in the title means that the data are referenced to stable eastern North America. The number refers to year of the datum used: 2014. CSV is the file format. Click on and download this file and open it in a spreadsheet program (Excel, Sheets). There are a number of columns in the file. You will primarily be dealing with the Date, North, and East columns. Using the graphing function, make a scatter plot for the North component of the data versus time. Repeat to make a scatter plot for the East component of the data versus time. 
Based on these plots, which direction is the site moving?________________________

What are the units on each of the axes?______________________________________

7. Now you will determine the rate of change for each component. The average rate of change is the change in position divided by the change in time, or the change in y divided by the change in x. This average rate of change is also equal to the slope of the line through the data points. Graphing programs can calculate the slope by fitting a trend line to the data. Add a trend line to each of the scatter plots you made. Make sure you select the option to display the slope equation on the plot. The equation has the form y = mx + b, where m is the slope and b is the y-intercept. It is often convenient to have rates in units of mm/yr. Convert your rates into mm/yr by multiplying the slope by 365.
What is the rate of motion for the North Component (include units)? ________________

What is the rate of motion for the East Component (include units)?  ________________

8. Once you have the rates of change for each of the components, you can calculate the overall horizontal rate of motion for the site. To do this, you will use the Pythagorean Theorem. The
[image: https://docs.google.com/drawings/d/symv5LSAHW3yx3elvmfRL-A/image?w=106&h=130&rev=1&ac=1&parent=1dGSmJCAEzT5tJUIMJdljatwijqT82Lc59i6GhAkx1n8]Pythagorean Theorem states that for any right triangle, the length of the third side can be calculated from the lengths of any two sides, such that:
a2 + b2 = c2





In this case, a and b are the east and north components calculated above. C will be the magnitude of the overall horizontal rate of motion. To determine C, you take the square root of the equation above:
magnitude of horizontal rate of motion (or c)  =       (East or a)2 + (North or b)2

What is the magnitude of the total horizontal rate of motion?_________________

[image: https://lh5.googleusercontent.com/YynwKx1_EcHOIhriDuNyJJ_X3Qgxf65tad6O7syQXDDKnwcPqo26yaZEzUJHGmsSR35Mw-xR7knN5PeDqAsx2QDeCNI7DEVAK4iTSOdzPFMiuQHIrNQkfN4M5XOvIEq95C2ABUdA]Plot your motion vector (magnitude and direction) on the axes below. Each tick mark represents 5 mm/yr.

Activity B – Data from two GPS stations
In this activity, you will examine patterns of motion recorded by two GPS stations near strike-slip faults. 
Now that you have determined the history of movement at a location from single GPS stations, we will now begin to use data collected from multiple stations to investigate the relative motions across faults. As part of this activity, you will be assigned a location for analysis (**see separate handout with data**), evaluate GPS data from two sites, calculate their motion vectors, locate the stations, and plot the vector data on a map. Finally, you will compare your results with rest the class. Your instructor will provide you with your location assignment.
Location Assigned: _______________________ (Alaska [AK] or Dominican Republic [DR])

Station #1
What is the GPS location name/number? ______________________
Look at the photograph of the station. Briefly describe the location of the GPS station (is it in a city, on a hilltop, etc.)



Determine the direction of station motion recorded by the time series data.
What is the direction of motion of this station? ______________________

As you did in Activity A, make scatterplots for each component (East and North) and add trend lines.  From the trend lines, determine the slope for each component (and thus the rate of motion). INCLUDE UNITS.
North component rate ________________		East component rate ________________

Is this unit appropriate for measuring motions of the crust? In Activity A how did you convert your slope data to more sensible units (such as mm/yr)?


Now convert your data to mm/yr
North component rate ____________mm/yr		East component rate ____________mm/yr

Determine the overall magnitude of the horizontal motion for this station.



What is the overall horizontal rate of motion of Station #1? ____________ mm/yr
(Show your work in the space above)
Using the map and information on the Station Overview page, mark the location of the station on the appropriate map (see pages 9 or 10).  Then plot your motion vector (direction and rate of motion) for this station on the map. You will need to define a scale for the rate of motion. For instance show what a 10-mm rate would look like and then make your station vectors appropriately larger or smaller.

Station #2:
What is the GPS location name/number? __________________________
Look at the photograph of the station. Briefly describe the location of the GPS station (is it in a city, on a hilltop, etc.).



What is the direction of motion of this station? _______________________

Use the same process as for Station #1 to find the slopes of the North and East components. Be sure to convert your data to the correct units using the approach above. 



North component rate? ____________mm/yr	East component rate? ____________mm/yr




What is the overall horizontal rate of motion of Station #2? ____________mm/yr
As above, plot the station location and your motion vector for this station on the appropriate map provided (see pages 9 or 10). 


Tabulate your results below for comparison:
Location:
	Station Name
	Direction of Motion
	Magnitude of Motion (mm/yr)

	#1:
	
	

	#2:
	
	



Examine your results. Are both of your stations moving in the same direction? Are both of your stations moving at the same rate? How do these results fit with our ideas about strike-slip motion along faults?



We will now compare your results to those from the other groups, who analyzed a different location.

Summarize the results of the analyses completed by other groups. How are they similar to your data? How are they different from your data?







Summarize ways that we can recognize strike-slip fault motion in GPS time-series data.



[image: Macintosh HD:Users:julieelliott:Downloads:Central Alaska Google Map.PNG]
Map for Alaska data – the link to the data portal in your data file will take you to the station page with a map


[image: Macintosh HD:Users:julieelliott:Downloads:Dominican Republic Google Map.PNG]Map for Dominican Republic data - the link to the data portal in your data file will take you to the station page with a map


Activity C – GPS stations across a region
Previously, you explored how to determine the direction and magnitude of horizontal motion from GPS time-series data. You also made a comparison of motion vectors for multiple sites experiencing strike-slip motion. Now we are ready to examine the deformation of the crust at a larger scale and address our original questions. 

In small groups, you will select 4-5 stations from southern or central California to produce an approximately West-to-East linear transect* across the state and into Nevada. Please do not select sites in California that are north of Yuba City or Chico. You should try to regularly space your sites as much as possible and follow a consistent linear trend. For best results, your “path” should extend at least 350 kilometers. Data is available for download from UNAVCO’s Network Monitoring Page: https://www.unavco.org/instrumentation/networks/status/all
Click on a green dot on the map to open a pop-up with information about the station. Click on the name of the station to open the data page, which includes photographs and downloadable datafiles like those we’ve been working with already. As you did in Activity A, download the NAM14 data as a .CSV and open it in a spreadsheet. You will use the same approaches to evaluate the data that you explored in Activities A and B to determine the direction of motion and total horizontal motion for each station from the time-series data, and plot the results on the map on the following page. 

*Transect means an imaginary line that you draw on the map and then select stations close to the line along its length. What general orientation should the line have? How long should it be? Be sure to read the description above carefully.
Plot the locations of your selected stations and your motion vectors on this map. Be sure to include a example vector that shows the scale you are using.
Station #1
Station name: ____________________
Direction of motion of this station: ____________________
North component rate ____________mm/yr		East component rate ____________mm/yr
Use the Pythagorean equation to calculate the overall horizontal rate of motion for this station in mm/yr. Show your work in the space below: 



Horizontal rate of motion: ____________
Plot your result for this station on the map as a vector (indicate both direction and magnitude).

Examine your graphs. Do you see anything unusual or surprising in your dataset?



Station #2
Station name: ____________________
Direction of motion of this station: ____________________
North component rate ____________mm/yr		East component rate ____________mm/yr
Use the Pythagorean equation to calculate the overall horizontal rate of motion for this station in mm/yr. Show your work in the space below: 



Horizontal rate of motion: ____________
Plot your result for this station on the map as a vector (indicate both direction and magnitude).

Examine your graphs. Do you see anything unusual or surprising in your dataset?



Station #3
Station name: ____________________
Direction of motion of this station: ____________________
North component rate ____________mm/yr		East component rate ____________mm/yr
Use the Pythagorean equation to calculate the overall horizontal rate of motion for this station in mm/yr. Show your work in the space below: 



Horizontal rate of motion: ____________
Plot your result for this station on the map as a vector (indicate both direction and magnitude).

Examine your graphs. Do you see anything unusual or surprising in your dataset?



Station #4
Station name: ____________________
Direction of motion of this station: ____________________
North component rate ____________mm/yr		East component rate ____________mm/yr
Use the Pythagorean equation to calculate the overall horizontal rate of motion for this station in mm/yr. Show your work in the space below: 



Horizontal rate of motion: ____________
Plot your result for this station on the map as a vector (indicate both direction and magnitude).

Examine your graphs. Do you see anything unusual or surprising in your dataset?



Station #5
Station name: ____________________
Direction of motion of this station: ____________________
North component rate ____________mm/yr		East component rate ____________mm/yr
Use the Pythagorean equation to calculate the overall horizontal rate of motion for this station in mm/yr. Show your work in the space below: 



Horizontal rate of motion: ____________
Plot your result for this station on the map as a vector (indicate both direction and magnitude).

Examine your graphs. Do you see anything unusual or surprising in your dataset?



Once you have completed your data analysis for your transect, transfer your data into the table below. List stations in order from west to east.
	Station Name
	Direction
	Overall Rate of Horizontal Motion (mm/yr)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Examine your dataset. In what way(s) are the data similar at the different stations? In what way(s) are there differences between stations? If you see changes in trend or rate between your segments, propose a hypothesis for why these changes exist.





Based on your findings, is deformation associated with plate boundaries found only along the plate boundary itself? If not, how far from the plate boundary do you think it extends? Use your data to support your argument.







Refer back to the map with the distribution of earthquakes across the state of California from the beginning of this exercise (Activity A). 
Evaluate the pattern of earthquakes and their relation to the plate boundary.  Are they only concentrated at the plate boundary or do you observe them in other locations?Purple circles show locations of earthquake epicenters in the southwestern US. Image from IRIS Earthquake Browser (http://ds.iris.edu/ieb).




How does the GPS data from your transect of stations relate to where you see earthquakes? Support your answer with data you analyzed in this activity.





Clearly, California is an earthquake-prone area! How do you think an earthquake event would appear in your GPS data? Over what timescales would ground motion due to earthquakes take place? 



Look over the data from your transect. Do you see any examples of earthquakes in your dataset?




In small groups, discuss the distribution of earthquake hazards in the state of California. Is the plate boundary the only area of concern? Do you see any evidence that there are different levels of earthquake hazard along your transect? 




In your groups, discuss what additional data you might like to have to build more complete answers to these questions.
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