Geophysics 325 Final exam  2003

Instructor

Dr. Martyn Unsworth

Date


Monday December 15th 2003

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

Gauss’s  Theorem

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


Gravitational attraction of a uniform slab, with 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
Question 1 – Gravity exploration      (Total 30 points)

(a) A cylinder of  radius a and density ρ is buried in the Earth. The axis of the cylinder is at x = 0 m and depth  z=d. The Earth has a density of ρo. Gravity measurements are made on a profile along the x-axis at the surface of the Earth (z=0). 


Show that the vertical component of the acceleration of gravity (gz) at the surface of the Earth (z=0)  is given by:






[image: image1.wmf])

(

)

(

2

2

2

2

d

x

d

a

G

g

o

z

+

-

=

p

r

r



where G is the gravitational constant. 










(6 points)

(b) Using the result from part (a), show that the half width (x½) of the gravity anomaly is related to the depth of the cylinder as   x½ = d



(4 points)
(c) Figure 1a shows two tunnels in a uniform rock layer with a density 2400 kg m-3. 


The tunnels are filled with air with density 0 kg m-3.

Sketch the Bouguer gravity anomaly that would be observed at the surface (z=0). 

Calculate numerical values at maximum and minimum points.

(6 points)
(d) Figure 1b shows two identical tunnels in an area where the surface is not flat.  

Sketch the Bouguer gravity anomaly at z=0 after Free Air and Bouguer corrections have been made. 

Also sketch the Free Air anomaly and measured gravity on the surface of the Earth. 

(14 points)

In this area, the Free Air correction is given by ΔgFA = 0.3 z milligals.     z is in metres.
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Question 2 - DC resistivity exploration
(Total  32  points)

(a) Describe how Wenner and Schlumberger arrays can be used for depth sounding.

 List one advantage and one disadvantage of using each array.

(8 points)

(b) Archie’s Law states that the overall resistivity of a fluid saturated rock (ρ rock) depends on the porosity (Φ) the resistivity of  the pore fluid (ρf) and the cementation factor (m) as:

ρ rock = ρf Φ-m 

where 1 < m < 2

Explain the assumptions that are implicit in this form of Archie’s Law. 

Include a discussion of the physical meaning of m in your answer.
(4 points)
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The figure above shows the variation of pore water resistivity (ρf) as a function of dissolved salt for the Western Canada Sedimentary Basin. Explain this observation. 







(2 points)
The bulk resistivity (ρ rock) of a sandstone is measured as 17 ohm-m and there are 20g/l of dissolved salt. What is the range of possible porosities?
(4 points)
(c) Figure 2 shows two resistivity models. A 24-electrode array is used to investigate these models. The electrodes are uniformly spaced, 1 metre apart.

Sketch the apparent resistivity pseudosections that would be measured when a Wenner array is used. 

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) Figure 3 shows two cross-sections through in a region where the 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.

(16 points)
(b) Name two factors that cause the Earth’s magnetic field to vary with time. 

Describe the cause of the variation and a timescale.


(6 points)
(c) Describe how a base station can be used to remove temporal variations from magnetic survey data. Include a diagram.



(4 points)
(d) Describe three applications of magnetic exploration. 

For each indicate what magnetic properties provide the basis of the method. Include a sketch of the magnetic field that would be measured across the study area.








(12 points)
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