Geophysics 325 Final exam  2004

Instructor

Dr. Martyn Unsworth

Date


Monday December 20th 2004

Time allowed

9:00 a.m. - noon

Total points

100
Please attempt all three questions. 

Notes and books may not be used during the exam.

Calculators are permitted.

Please show all working, as credit will be given for method as well as the final answer.

All questions should be directed to the invigilator.

Useful Equations

Gravity exploration

Gauss’s  Theorem

  s∫ g.ds = 4πG (mass inside surface S)


Gravitational attraction of a slab, thickness Δz  and density contrast Δρ 

g = 2πG Δz Δρ
1 mgal = 10-5 ms-2    

Gravitational constant = G = 6.67 x 10-11 m3 kg-1s-2

Volume of sphere, radius r    V = 4 π r3/3

Surface area of sphere, radius r, A = 4πr2

Free Air correction is given by ΔgFA = 0.3 z milligals.     z is in metres.

Ohm’s Law

Voltage drop (ΔV) across a resistor R when a curent of I flows    ΔV = IR
Resistivity

Resistance of a rock sample with length (L), cross section (A) and resistivity (ρ) is given by:

R = ρ L/A

Question 1 – Gravity exploration      (Total 28 points)

(a) Derive the value of the acceleration of gravity (gr) at a distance, r, from the centre of  the Earth. Assume that the Earth has a uniform density ρ and radius R.

 Consider the case when r > R




(4 points)
(b) Repeat part (a) for a point within the Earth (r < R) and sketch the variation of gr as a function of r (0 to ∞)





(5 points)
(c) Explain the basic operation of a mass-on-a-spring gravimeter? This instrument measures the differences in g between two locations. How can it be used to measure absolute values of g?





(5 points)
(d) “The Bouguer correction is approximate”. Give two reasons for this statement.









(4 points)
(e) Two basic types of non-uniqueness occur in geophysical data interpretation.

Explain these two types of non-uniqueness and illustrate your answer with specific examples from gravity exploration.  
(10 points)

Question 2 - DC resistivity exploration
(Total  32  points)

(a) An electrode C1 is placed in the Earth at a location where the resistivity is ρ, and an electric current of i  is injected into the Earth. 

[image: image1.jpg]C1
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A voltmeter is then used to measure the voltage difference (ΔV)  between the potential electrodes P1 and P2 as shown in the figure.  

P1 is at infinite distance from C1. 

Show that ΔV(r) = i ρ/2 πr



(7 points)
(b) A 4-electrode Wenner array is then used with electric current withdrawn from the ground at C2. 

A voltage of ΔV is measured between electrodes P1 and P2.
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Show that the apparent resistivity is given by   ρa =ρ = 2πa ΔV / i










(7 points)
(c) A 24-electrode array with 1 m spacing was used to investigate the resistivity models shown on the next page.

Sketch the apparent resistivity pseudosections that would be measured with a Wenner array Be quantitative where possible with values of resistivity and n-values. Show the extent of data coverage in the pseudosection.





(14 points)
(d) What is pseudo about a pseudosection? Give two reasons.







(4 points)
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Question 3 - Magnetic exploration    (Total 40 points)

(a) The figure below shows two cross-sections in a region where the sub-surface magnetic susceptibility varies. The strength of the Earth’s magnetic field = BE
Sketch the variation of total magnetic field along each profile. 

Numerical values are not needed, but make the relative magnitude of the anomalies clear.  All structures extend in and out of the plane of the diagram.

For model (b) show the magnetic field that would be measured on the surface and at aircraft elevation of 2 km
(18 points)
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(b) Describe two ways that a rock can acquire a permanent (remnant) magnetization. 

In each case explain the physics of the magnetization process. 
(6 points)
(c) How does a proton precession magnetometer work? 

(4 points)

(d) Explain what is meant by the following terms in magnetic exploration. 

Include an explanation of why each is needed. 

Include a figure in each answer.

- reduction to the pole

- upward continuation

- trend removal









(12 points)
