Geophysics 424 A1         Final exam
Electromagnetic and Potential field methods

Date :

Thursday December 12th 2002
Instructor
 :  
Dr. Martyn Unsworth

Time allowed :  3 hours

Total points = 100

Instructions
Attempt all 4 questions. In question 1, choose 3 out of 4 parts to answer.

Notes and books may not be used.

Calculators may be used. Cell phones, pagers palm pilots and all other electronic devices must be switched off and stored.

All questions must be directed to the invigilator.

Question 1 (Total points =27)

Please answer 3 out of the 4 following parts. 

Illustrate your answers with a diagram.

(a) How can a frequency domain tilt-angle electromagnetic system be used to locate a conductive massive sulphide deposit? Describe how data are collected and include a sketch of the primary and secondary magnetic fields at measurement locations.




(9 points)
(b) A crystalline rock contains 0.01% graphite by volume. The graphite is distributed as films in cracks within the rock. The rock has a resistivity of 1000 ohm-m and the graphite has a conductivity of 100 S/m. 


Explain how different geometrical distributions of the graphite can produce different overall resistivities. 

Consider a cube of this rock that is 1m x 1m x 1m. Compute the maximum and minimum resistances that this sample could have.






(9 points)
(c) Describe the basic physics of the time-domain EM method. How does it determine the variation of resistivity with depth?

What is the major advantage of time-domain over frequency-domain EM methods?






(9 points)

(d) State Gauss’s theorem and indicate how it can be used to compute the gravity acceleration due to a sphere. 



State one way in which this shows that gravity data can be non-unique. 



State one way in which the gravity data give unique information.

(9 points)
Question 2  (Total points = 23)

A plane electromagnetic wave is travelling vertically downwards in the air in the z-direction. The wave has an angular frequency, ω, and the electric field is oriented in the x-direction. At this location, the surface of the Earth is at z = 0 and 

Magnetic permeability of air and Earth
= μ = μ0
= 4π x 10-7 
H/m

Dielectric permittivity of air and Earth  
= ε  = ε0 
= 8.85 x10-12 F/m

Electrical conductivity of Earth


= σ 
= 0.01 
S/m

Frequency of wave



= 1 Hz
In this geometry, Maxwell’s equations can be written as:
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The incident wave in the air can be described by   
[image: image3.wmf]
Ex = A exp (-ikoz)

the reflected wave in the air is given by
Ex = B exp (ikoz)

and in the Earth the transmitted wave is
Ex = C exp (-k1z)

where ko = 
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and k1= (1-i) 
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(a) What type of EM signal propagation is implied by the values of ko and k1? Explain how you derived your answer.
(4 points)
(b) Use the relevant boundary conditions to derive an expression for C in terms of ko, k1 and A. What fraction of the incident wave is transmitted into the Earth?


(8 points)
(c) Derive an expression for the impedance of the Earth,
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(5 points)
(d) The apparent resistivity is defined as 
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. Use your answer to (c) evaluate the apparent resistivity and show that it has the expected value.




(6 points)

Question 3  (Total points = 30)

Airborne gravity measurements are being used by weapons inspectors to locate underground bunkers.

(a) Measurements are made on a profile that crosses a suspected tunnel at right angles. The radius of the tunnel is a and the centre is at a depth d. The surface of the Earth is at z = 0 m. The background rock density is 
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. Show that at a distance x, the vertical component of the gravitational acceleration is given by 
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You may use any technique to derive this result.
(6 points)
(b) Measurements of gz are accurate to ±0.1 mgal, d = 20 m and a = 15 m. At what height must an aircraft fly to detect the tunnel? 
(4 points)

(c) To achieve 0.1 mgal accuracy in the gravity data, how precisely must the aircraft  elevation be determined?




(2 points)

(d) Turbulence makes the aircraft oscillate up and down with a frequency of 0.1 Hz. What amplitude of oscillation will give a peak acceleration of 0.1 mgal? How can this acceleration be removed from the data?

(4 points)
(e) What other correction must be applied to the data to remove the effects of the aircraft motion? Describe the physics of this correction.

(3 points)
(f) Gravity gradient methods are also being used to detect the tunnel. Using the answer derived for (a), derive an expression for 
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. Sketch the variation of this function with x.

( 4 points)
(g) If the gravity gradient measurement are accurate to 1 Eotvos, at what minimum elevation could the tunnel be detected?

(4 points)
(e) Are the gravity gradient measurements more or less sensitive to changes in aircraft elevation and acceleration? Explain your answer. 
( 3 points)
Note : The change in gravity at this location due to elevation = 0.3 mgal per metre

Density of  rock = 2500 kg m-3     G = 6.67 10-11  N m2 kg-2.     1 mgal = 10-5  ms-2

1 Eotvos
= 10-9 s-2


Question 4  (Total  = 20 points  )
[image: image12.jpg]Geophysics 424 2002 Figure 1
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Figure 1 shows magnetotelluric data collected at a site in the Western Canada Sedimentary Basin in Alberta.

(a) Determine a simple layered model that approximately fits the apparent resistivity data. Be quantitative where possible. If values cannot be determined for a model parameter, at least indicate bounds.
(10 points)

(b) Given the location, how could you account for the resistivities in your model? Relate the resistivity values to the material properties of rock units. 





(5 points)

(c) Are the phase data consistent with the apparent resistivity data? Explain your answer clearly.

(5 points)
You may assume that the skin depth (in metres), is given by
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where f is the frequency in Hz and σ is the conductivity in S/m
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