EASC-310 Geophysics


Name ______________________________

Lab5:  Earthquakes and Global Earth Structure

1.  a.  Write down the formula for Snell’s law in a spherical geometry, and define the terms in the equation.

b.  What is the ray parameter p?  Define the relationship between the ray parameter and the travel time curve for global Earth structure.

2.  a.  Write down the formula for the seismic moment M0 in terms of the shear modulus (, the fault area A, and the fault displacement d.

b.  Write down the relationship between the moment magnitude MW and the seismic moment M0.

c.  Write down the formula for the P- and S-wave travel times tp and ts in terms of the seismic velocities vp and vs and the distance R between the earthquake and the seismic station.
3.   On the following pages, you have been provided with four seismograms from the University of Nevada Reno Seismic Laboratory (UNRSN) seismic network, as well as a scaled map showing the locations of the seismic stations.  Use the following values for the velocity of the seismic waves:

· vp = 6.00 km/s

· vs = 3.43 km/s

a.  For each station:

· Identify the P- and S-waves on the seismograms.
· Estimate the S-P travel time (ts - tp).
· Determine the distance R between the earthquake and the seismic station.

· Draw a circle of radius R around each seismic station (at the proper map scale!), indicating how far the earthquake is from that particular station.

· Determine the location of the earthquake from the intersection of the four circles (your solution probably will not be exact, so estimate as closely as you can).

b.  Estimate the local (Richter) magnitude ML for each station using the formula
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where A is the maximum amplitude (in microns, (m) of the seismogram and C(R) is a distance-correction factor given in the table below.  Note that you will have to convert the amplitude units from centimeters to microns (1 cm = 104 (m).
c.  Determine the local magnitude of the earthquake by taking the average of the four magnitudes calculated above

[image: image2.png]19

18

"z

116

15

14

NEVADA

@

©

El

B





Figure l. Seismic stations of the University of Nevada, Reno Seismological Laboratory (UNRSL). Triangles represent single component vertical or multiple component seismometers, squares repesent three-component digital seismometers, and the star represents the location of the Seismological Laboratory. North is towards the top of the page. 
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Figure 2a. Seismograms from digital station WHR. 
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Figure 2b. Seismograms from digital station WCN. 
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Figure 2c. Seismograms from digital station KVN. 
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Figure 2d. Seismograms from digital station WCK. 

Table of distance corrections for magnitude,(in part) from Richter (1958).
 R  C(R)     R   C(R)      R    C(R)

(km)        (km)          (km)



 0   1.4     55   2.7     120   3.1

 5   1.4     60   2.8     130   3.2

 10  1.5     65   2.8     140   3.2

 15  1.6     70   2.8     150   3.3

 20  1.7     75   2.85    160   3.3

 25  1.9     80   2.9     170   3.4

 30  2.1     85   2.9     180   3.4

 35  2.3     90   3.0     190   3.5

 40  2.4     95   3.0     200   3.5

 45  2.5     100  3.0     210   3.6

 50  2.6     110  3.1     220   3.65



4.  You are provided with seismograms from 13 stations showing the first motion of P-waves recorded from a magnitude 4.7 earthquake in New Zealand (Lat=40.2295° S, Lon=176.3284° E, Depth= 16.7 km), an aftershock of the magnitude 6.2 May 1990 Weber II earthquake.

a.  For each seismogram, determine whether the first motion is compressional (first motion upward), dilatational (first motion downward), or nodal (neither up nor down).  Indicate each motion with a C, D, or N, and write the identification next to each seismogram.

b.  For each seismogram, calculate the azimuth ( and the take-off angle (.  The azimuth can be determined from the map (the earthquake is plotted as a circle and the stations are already plotted as crosses: you’ll need to identify each one).  Draw a line connecting the earthquake to each station, and measure the azimuth (from N) using a protractor.  To get the take-off angle (, use the formula
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where d is the earthquake depth and R is the distance from the earthquake to the station (given in the table below).
	Longitude
	Latitude
	Distance, km

	176.35°
	-40.250°
	3.403

	176.17°
	-40.292°
	14.414

	176.37°
	-40.061°
	19.072

	176.28°
	-40.408°
	20.154

	176.06°
	-40.106°
	25.886

	176.47°
	-40.453°
	27.993

	176.63°
	-40.339°
	29.118

	176.09°
	-40.429°
	29.880

	176.27°
	-40.618°
	43.544

	176.81°
	-39.989°
	48.965

	176.35°
	-39.699°
	59.008

	176.88°
	-39.665°
	78.454

	176.82°
	-39.541°
	87.502


c.  Download the Microsoft EXCEL spreadsheet called focal_mechanism.xls from the Blackboard site for the course.  The spreadsheet is already set up to calculate the relevant parameters to allow you to make a focal mechanism plot.  Plot the points on the graph as three separate data sets:  compressions (C), dilatations (D), and nodal planes (N).

Can you identify the type of fault?  The pattern may not be an exact fit, but you should recognize that the earthquake occurred on a subduction zone with strike NE-SW and subduction occurring to the NW.  In general, is the pattern of the data on the graph consistent with what you would expect for this subduction zone?  Why or why not?
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Figure 3.  Seismograms from 13 stations for the Weber II aftershock.
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Figure 4.  Map showing the location of the Weber II aftershock (filled circle) and the 13 seismic stations (crosses).
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