Introduction to Geophysics
Practical 2L


Seismic Refraction Interpretation
Except where otherwise stated, this work by Ian Main and Anya Reading at The University of Edinburgh is licensed under a Creative Commons Attribution 4.0 International License.
Write a concise scientific report (max 1500 words excluding any appendices) entitled ‘A Shallow Seismic Survey near Roslyn Glen’ including answers to the questions below. Imagine you are writing this for a client who needs to know the subsurface structure, e.g. an architect, archaeologist, or engineer. Submit the report to the teaching organisation office no later than two weeks after the practical. Marks are as below, plus 10% for clarity/ presentation, and 10% for evidence of background reading and critical judgement.

1) Describe the method used to acquire the data based on the lectures and your experience at the earlier demonstration.  Briefly describe the data itself, and identify the direct and refracted P-waves and the surface waves on the paper record, as well as the surface waves. Why does it appear that there is no obvious (a) reflected P-wave or (b) S-wave on the data?  (15%)

2) Describe the possible sources of seismic and electrical noise that may have affected the hammer seismic data acquisition, and explain how you might optimise the signal to noise ratio in such a field survey? (5%)

3) Data collected in a survey are attached in the form of a series of seismograms at different distances from the shot point.  The spacing of receivers is 1m and the first receiver is 1m from the shot point.
a) Identify the characteristic ‘W’-shape of the P wave arrival due to the instrument response.   Take a measure of the period (time for one cycle) for an example near the source and one further away.  Using these measurements, can you say something about how the Earth distorts the signal by changing the frequency content?  What might cause this distortion?   

b) Plot a distance against time graph for the first break the forward and reverse lines.  Estimate the error involved in determining the arrival time, and plot this also on the graph in the form of an error bar.  Note this error may change with distance as the signal to noise ratio decreases.

c) Using an eyeball fit, plot the best fitting two straight lines for the direct and refracted waves in the forward and reverse direction.  You may find that the best fit line for the direct waves (forward and/or reverse) does not intersect the origin.  Why might this be? If you do find a significant offset, then you should correct your estimate of the intercept time for the best fit line for the refracted wave by this amount.  (This is an example of a systematic error or ‘static correction’ in seismology).

d)
Using the theory detailed below, obtain the seismic velocities, thicknesses and dip, assuming a single flat sloping interface between two layers.  (40%)

6) When done, put your answer for the subsurface parameters on the excel spreadsheet or send these in to the course organiser after the class.  When there are 8 or more answers, we will determine a class average and standard deviation (a quantitative estimate of the error) using an excel spreadsheet.  Which parameters are the most accurate in a percentage sense?  What are the main sources of error, and how could the method be tuned to improve this accuracy?   (10%)

7) By comparing the velocities you obtain with standard ones given in the lecture handouts, suggest a reasonable geological interpretation of the results, including realistic error bounds and a sketch section (to scale). (10%)
Theory
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This graph assumes no static error between the actual and measured origin time. The interpretation procedure is then:

(i)
Measure v1 from the slope of the direct-wave travel-time curves.

(ii)
Measure the up- and down-dip apparent velocities v2up and v2down
(iii)
Compute the angles (up and (down, where


sin ((up)   =   v1 / v2up 
sin ((down)   =   v1 / v2 down

=   sin ((c(dip) 
=   sin ((c(dip)
(iv) Find the true velocity of the second layer v2 and the dip on the interface (dip from

(c   =   1/2 ((down(up)


(dip =   1/2 ((down(up)


v2   = v1 / sin ((c)

(v)
Measure the intercept times t2up and t2down and compute the depths hup and hdown from


v1 t2down
v1 t2up

hdown
=


hup
=



2 cos ((c) 
2 cos ((c)
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