Geophysics 424 

Mid-term exam  

Tuesday October 28th 2003


Time allowed : 80 minutes. 


Attempt all  questions, and note the number of points allocated for each part.


Notes and textbooks may not be used during the exam.

Archie’s Law 
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ρ = bulk resistivity of a rock

ρw = fluid resistivity



Φ = porosity


S = saturation. 



m = cementation factor (1 <m< 2)



n = saturation exponent = 1

Maxwells equations


Differential form
Integral form
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Coulombs Law
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Continuous magnetic flux.
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Ampère’s law (pre-Maxwell)
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 f = frequency (Hz)




σ = conductivity (S/m)

Question 1   - 21 points

(a) Draw a section through the continental lithosphere showing 


-sedimentary basin


-upper crust


-lower crust


-upper mantle


-asthenosphere


Indicate approximate depths for each feature.

For each region, indicate typical resistivity values (nearest factor of 10). 

What causes the observed resistivity values














( 14 points)
(b) In a rock formation, the pore fluid has a resistivity of 2 ohm-m and the rock is completely saturated. The bulk resistivity was measured on a wireline log to be 80 ohm-m. Use Archies Law to estimate the range of porosities.

What fluid geometry is expected in each case?












( 7 points)
Question 2: Maxwell’s equations– 17 points

TM-mode EM fields are being studied at the surface of the Earth (z=0). The strike direction is along the x-axis.

The conductivity of the air is σ1 and the conductivity of the ground is σ 2 
In the air the electric field components are 
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In the Earth the electric field components are 
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(a) Use Maxwells equations to show that at z=0 
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(5 points)
(b) Also show that 
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(4 points)
(c) If σ1 = 0 S/m and  σ1 = 0.01 S/m. What does this tells us about the electric field components in the Earth at z=0?



(3 points)
(d)  The TM mode is defined by:
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Use your answer to part (c) to show that at the Earths surface,  Bx does not vary with distance (y). 

What implications does this have for MT data collection?










(5 points)

Question 3 : 1-D magnetotellurics  ( 18 points)
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The figure above (Figure 1) shows two sets of resistivity models. 

On the axes provided, sketch the apparent resistivity and phase that would be measured at the surface.

Where possible, be quantitative in your answer. Explain your answers.

Question 4 : 1-D magnetotellurics  ( 14 points)
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Figure 2 (above) shows MT data recorded in the Western Canada Sedimentary Basin. 

The data can be interpreted in terms of a 2 layer model (layer + halfspace). 

(a) Are the apparent resistivity and phase data consistent?

(3 points)
(b) What is the resistivity of the upper layer?



(2 points)
(c) How thick is the upper layer?





(2 points)
(d) What is the resistivity of the lower layer (halfspace)?

(3 points)
(e) Comment on the possible cause of the relative resistivity values.
(4 points)
Total points for whole exam = 70
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