Geophysics 424   Mid-term exam  

Tuesday   October  24th 2006
Name ___________________________________________

Student number  ________________________________


Time allowed : 80 minutes. 


Attempt all  questions


Note the number of points allocated for each part.


Notes and textbooks may not be used during the exam.


Please hand in this exam, with your name and student number listed above

Total points for whole exam =  65
Archie’s Law and resistivity of saline fluids
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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


ρw = 4.5 TDS-0.85 

TDS = salinity (g/litre).
Maxwells equations


Differential form
Integral form
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E = ρ/ε
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E. dS = ρ/ε
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Coulombs Law
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B = 0
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Continuous magnetic flux.
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B = μ J
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Ampère’s law (pre-Maxwell)
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Faraday’s Law

Skin depth (in metres) 
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 f = frequency (Hz)




σ = conductivity (S/m)

Question 1  ( 15 points)


Draw a cross section through the continental lithosphere showing 


-sedimentary basin


-upper crust


-lower crust


-asthenosphere


-upper mantle

Indicate approximate depths for each feature.

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

What is the physical cause of the observed resistivity values?





















Question 2 – Resistivity of rocks ( 8 points)
A sandstone in the Alberta Basin contains pore water with a salinity of 8 g /litre.  The rock was completely saturated, and the bulk resistivity of the rock was measured on a wireline log to be 80 ohm-m. 
Use Archie’s Law to estimate the range of porosities.

State two assumptions you made in this calculation.


Question 3: Boundary conditions  ( 8 points)
A horizontal boundary separates regions with conductivity σ1 and σ2

Show that the horizontal electric field is continuous across this interface 

Question 4 : Maxwell’s equations – 18 points

A plane EM wave is travelling vertically downwards in the Earth in the z-direction. The wave has an angular frequency, ω, and the electric field is polarized in the x-direction. 

At this location, the Earth has the following properties 

Magnetic permeability 
= μ = μ0
= 4π x 10-7 
H/m

Dielectric permittivity   
= ε  = ε0 
= 8.85 x10-12 
F/m

Electrical conductivity 
= σ 


= 0.01 
S/m

In can be shown that Maxwell’s equations reduce to a single differential equation for Ex
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(a) Indicate the type of electric current  that is represented by each term on the right hand side of this equation. 

At a frequency f = 10 Hz, which term is larger?  

Simplify this equation by discarding the smaller term.




(6 points)

(b) Find a solution to this equation of the form Ex = Aekz
      The EM wave has Ex = Eo at z = 0 m  
      Derive values for A and k.



(6  points)

(c) Give a definition of the skin depth (δ) and show that

δ = 
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(6 points)
Question 5 : Magnetotellurics (16 points)
Broadband MT data (1000-0.001 Hz) are being used in geothermal exploration. 

In this region, a clay layer is underlain by a  geothermal reservoir. 
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· MT data are required in the frequency band 1000 – 0.001 Hz. What sample rate and recording time are needed to collect these data? Explain your answer.

· Sketch the apparent resistivity and phase data at sites ‘A’ and ‘B’ on the figure below. Where possible, make your answer quantitative.
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