Geophysics 325 Final exam  2005
Instructor

Dr. Martyn Unsworth

Date


Monday December 12th 2005
Time allowed

2-5 p.m.
Total points

100
Please attempt all three questions. The exam has 7 pages.
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 must be directed to the invigilator.

Useful Equations

B : Gravity exploration

General information

Gauss’s  Theorem

  s∫ g.ds = 4πG (mass inside surface S)
1 milligal   
= 10-5 ms-2  
1 microgal  
= 10-8 ms-2  

Gravitational constant = G = 6.67 x 10-11 m3 kg-1s-2
Free Air correction is given by ΔgFA = 0.3 z milligals.     z is in metres.

Uniform slab

Thickness Δz  and density contrast Δρ 
gz = 2πG Δz Δρ

Sphere


Radius = r ; Density contrast =  Δρ; Depth of centre = d
Horizontal distance to centre = x
Volume  = 
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    Surface area  = 4πr2

Half-width of gravity anomaly
x½ = 0.766d

Excess mass of sphere = Ms = VΔρ
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C : Electrical exploration
Ohm’s Law
Voltage drop (ΔV) across a resistor R when a current 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

D : Magnetic exploration



μ0 
= permeability of free space = 4π x 10-7  H/m



H 
= magnetic field strength



M 
= magnetization



B 
= magnetic flux density



k 
= magnetic susceptibility



M = kH


B = μH


Dipole moment = ml  = M x volume

where dipole has monopoles of +/- m and length l
Question 1 – Gravity exploration      (Total 25 points)

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

 Consider both  r > R  and  r < R





Sketch the variation of g as a function of r (0 to ∞)


(8 points)
(b) Gravity data was used to locate caves in Florida. In this area, the limestone bedrock has a density is 2600 kg m-3. The data below were collected on a profile that showed a conspicuous low in the Bouguer anomaly at distance of 100 feet.

Assume the cave is spherical in shape and located at a depth of 8 m. 

Estimate the radius of the cave.

 




(6 points)
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(c) What other geological features (density variations) are complicating cave detection in the example above.




(3 points)
(d) Describe the two main hypotheses that explain the concept of isostacy. Include a figure in your answer.
What measurement can be used to determine if isostacy has been achieved?









(8 points)
Question 2 - DC resistivity exploration
(Total  37  points)

(a) Describe two common applications of DC resistivity exploration. 
For each example, indicate what causes a contrast in resistivity and include a sketch of the subsurface structure.








(8 points)
(b) An electric current of i  is injected into the Earth with a single electrode. The resistivity of the ground  is ρ. It can be shown that  the voltage at a distance r from the electrode is 
V(r) = i ρ/2 πr 

A 4-electrode Wenner array is used with electric current injected at electrode C1 and withdrawn from the ground at electrode C2. 
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A voltage of ΔV is measured between potential electrodes P1 and P2.

Show that the resistivity of the Earth is given by   ρ = 2πa ΔV / i











(7 points)

(c) Explain two assumptions that are made when using Archies’ Law to calculate the electrical resistivity of a porous rock.
(4 points)
(d) Give an quantitative example of how non-uniqueness arises when DC resistivity data is interpreted.

(4 points)
(e) 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)
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Question 3 - Magnetic exploration    (Total 38 points)

A kimberlite pipe has a magnetic susceptibility, k, and is located in Nunavut. The pipe develops an induced magnetization. 
Earth’s magnetic field = BE = 50,000 nT, 
Depth to top of pipe = d = 20 m 

Area = A = 10000 m2
Length = l = 1000 m

The magnetic field can be approximated as that of a negative magnetic monopole at the upper end
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(a) Show that the strength of the monopole is given by 
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(3 points)
(b) The radial magnetic field of the monopole is 
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Show that the vertical component of the magnetic field at point P is given by
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(5 points)
(c) Show that the half width (x½)  of the vertical magnetic field anomaly is given by



x½ = 0.766d






(5 points)
(d) Sketch the variation of Z for a ground magnetic survey across the pipe. Show numerical values at key locations.




(5 points)
(e) How does remnant magnetization complicate exploration for kimberlites with magnetic data? What other geophysical techniques can be used to overcome these problems?







(4 points)
(f) The figure below shows vertical magnetic field data recorded across a kimberlite pipe in the James Bay Lowlands. The survey was made at 3 flight elevations.
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Explain why the shape and magnitude of the magnetic anomaly varies with flight elevation.






(4 points)
(g) Suggest one reason why the magnetic anomalies are asymmetric
(2 points)
(h) Estimate the depth of the kimberlite pipe below the surface using the data collected at 30 m elevation.  





(5 points)
(i) Explain briefly how a fluxgate magnetometer works. Include a figure in your answer.
(5 points)
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