Geophysics 224 Mid-term exam

Name:___________________

Instructor

Dr. Martyn Unsworth

Date


Thursday February 12th 2004

Time allowed

11:00 a.m. – 12:20pm

Total = 52 points

Please attempt ALL 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.

Please hand in this exam, with your answer booklet

Question 1 (Total 24 points)
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The figure shows a shot gather recorded on an array of geophones. The shot (*) was located at x = 0 m.

The direct wave and a reflection are plotted.

The reflection times at some geophones are listed in the table. 

The subsurface structure is known to be 2 layers with a flat interface.

	x(m)
	t(s)
	x2(m2)
	NMO(s)

	0
	0.7647
	
	

	40
	0.7651
	
	

	80
	0.7662
	
	

	120
	0.7680
	
	

	160
	0.7705
	
	


(a) Plot a graph of normal moveout (NMO) as a function of x2 for the reflection.









(4 points)

(b) Use the NMO data to show that the velocity of the upper layer is approximately 1700 m/s.





(5 points)

(c) What is the thickness  of the layer?



(2 points)

(d) The amplitude reflection co-efficient was determined to be 0.19. Assume that the density of both layers is 2000 kg /m3 and find the velocity of the lower layer (v2).







(4 points)

(e) What are the two most common seismic sources used on land for exploration to depths beyond 1 km? List an advantage and a disadvantage of each method.







(6 points)

(f) Why does seismic velocity usually increase with depth?

(3 points)

Question 2 (Total 28 points)
A gravity survey was performed across 3 air filled tunnels, as shown in the Figure. Two tunnels are in bedrock, the other is in lower density alluvium.

 The density of air = 0 kg m-3 

The gravity anomaly is defined to be 0 mgals at points A and F.

(a) Calculate the gravity anomaly at points B,C,D and E. 

Express your answer to 3 decimal places in mgals.
(8 points)
(b) Sketch the shape of the gravity anomaly on the figure. Make halfwidths clear.

(4 points)

(c) Describe two applications of gravity exploration (not including tunnel detection). Explain what causes the change in density that causes a change in surface gravity.

(6 points)

(d) Explain the physical basis for the Bouguer and Free Air corrections. 

Illustrate with the example of a gravity station  above the reference level.

(6 points)
(e) In what two ways is the Bouguer correction approximate? 

(4 points)


Hints


At ‘C’ the tunnels do not affect the value of g


If your answer will not plot on the axes shown, you may want to check it!
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Formulae that may be useful

Gravity exploration

a   = radius of sphere or cylinder

Δρ = density contrast

z    = depth of the sphere or cylinder

x = horizontal distance from sphere/cylinder

G   = 6.67 x 10-11 N m2 kg-2


1 milligal 
= 10-5 ms-2

MS = excess mass



x½

= half width
Cylinder  

[image: image3.wmf])

(

2

2

2

2

z

x

z

a

G

g

z

+

D

=

r

p


x½   = z



[image: image4.wmf]z

a

G

g

z

r

p

D

=

2

max

2




Sphere 
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Gravitational attraction of slab with thickness Δh (m) and density contrast Δ ρ (kg m-3)










Δgz = 2πGΔh Δ ρ  (ms-2)

Change in gz when elevation changes by Δz (m)

Δgz = 0.3 Δz (milligals)

Seismic exploration

v = velocity;
t = travel time;

x = source-receiver offset;
ρ = density;

v = distance
         time

For a porous rock, the velocity (v) is given by the time average equation:
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   where  Φ = porosity; vf = velocity in fluid; vm = velocity in rock matrix

Seismic impedance , Z = ρv

Seismic wave travelling from layer 1 to layer 2, at normal incidence


Amplitude reflection coefficient,      R = 
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Amplitude transmission coefficient, T = 
[image: image9.wmf]1

2

1

2

Z

Z

Z

+


Normal moveout (NMO)  = 
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 where  t1 = travel time at normal incidence
Travel time for a reflection, 
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