Geophysics 224  Geophysical exploration techniques

Final exam

Section


224 Lecture B01

Instructor


Dr. Martyn Unsworth

Date



Wednesday April 27th 2005, P631

Time allowed

9:00 a.m. – 12:00a.m.

Total = 100  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 your method as well as the final answer.

All questions should be directed to the invigilator.

Please hand in this exam, with your answer booklet

Name _____________________________________

Question 1 

(a) What is meant by AVO? Explain the physical basis of  AVO and how AVO is used in hydrocarbon exploration.




(5 points)
(b) Explain what is meant by deconvolution in seismic data processing. Why is it needed and what does it do to seismic reflection data?










(4 points)
(c)  Shear waves are increasingly used in seismic exploration.

Explain two factors that make the recording and analysis of S-waves more difficult that P-waves.

Describe one example where S-waves are more useful that P-waves in hydrocarbon exploration.





(6 points)

(d) Explain the origin of statics in seismic reflection exploration. Why are they a problem? Describe two ways in which they can be removed.

(6 points)

(e) What is the difference between pre-stack depth migration and post-stack depth migration? Include a diagram in your answer to explain the relevant steps in seismic data processing.

What advantages does post-stack depth migration  have over pre-stack depth migration?







(6 points)

(f) The smallest vertical distance that can be resolved with seismic reflection is a quarter of a wavelength (λ/4).  Explain this fact with the aid of a diagram.










(6 points)

Total  Q1 = 33 points

Question 2

The figure below shows a map of the Bouguer gravity anomaly measured over a well known massive sulphide deposit in Labrador.

The contour interval is 0.6 mgal
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(a) What does the positive Bouguer anomaly reveal about the density of the ore body?

( 2 points)

(b) Consider the profile A-B. What is the half width (x½ ) of the Bouguer anomaly?

(3 points)

(c) Assume the ore deposit is a sphere. Estimate the depth of the ore body.

(2 points)

(d) What is the excess mass of the deposit?



(3 points)
(e) Assume that the density contrast of between the ore body and the host rock is 500 kg m-3 . Estimate the radius of the deposit.



(4 points)
(f) What is meant by non-uniqueness in geophysics. Describe one way in which the interpretation in this question is non-unique.



(4 points)

Total  Q2 = 18 points

Question 3 – Seismic exploration

The figure below shows a common mid-point  gather that was collected over a layered Earth. Selected travel times are listed in the table on the right.

xSR is the distance between the shot and receiver.
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  xSR(m) ref1(ms)ref2(ms)

    0.000  457.143 1017.143

   30.000  457.454 1017.307

   60.000  458.406 1017.810

   90.000  459.996 1018.651

  120.000  462.220 1019.827

  150.000  465.064 1021.342

  180.000  468.516 1023.188

  210.000  472.558 1025.366

  240.000  477.198 1027.872

  270.000  482.393 1030.706

  300.000  488.130 1033.868

  330.000  494.416 1037.358

  360.000  501.187 1041.158

  390.000  508.467 1045.263

  420.000  516.198 1049.692

  450.000  524.385 1054.424

  480.000  532.983 1059.478

  510.000  541.999 1064.806

  540.000  551.381 1070.428

  570.000  561.172 1076.370

  600.000  571.280 1082.573

(a) Qualitatively describe the variation of velocity with depth.   
 (3 points)
(b) Compute the velocity (v1) and thickness (z1) of the upper layer 
 (5 points) 

(c) Compute the r.m.s. velocity for the second reflection (Vrms,2)
 (3 points)
(d) Compute the velocity (v2) and thickness (z2) of the second layer  (4 points)
(e) What is the fold of this CMP gather? 
  (2 points)
(f) Sketch the multiple reflection from the first interface on the CMP gather shown above. Indicate the polarity of the reflection.
 (4 points)
Assume that the density is the same in all layers.

Total  Q3 = 21 points

Question 4
(a) Explain what is meant by induced magnetization and remnant magnetization. 

Outline the physical basis for each type of magnetization. 
(6 points)
(b) Explain what is meant by upward continuation in magnetic exploration. Why is it needed, and what does it do to the data?


(3 points)
(c) What corrections are routinely applied to magnetic exploration data? 

Explain why these corrections are needed.


(4 points)
(d) An airborne magnetic survey in the Northwest Territories crossed three kimberlite pipes (P1, P2, P3) with magnetic susceptibility k = 0.01

Pipes P1 and P2 exhibit induced magnetization, but no remnant magnetization. 

However, P3 was formed at a time when the Earth’s magnetic field was reversed and has a very strong remnant magnetization. 

Sketch the variation in the total magnetic field (F) that will be measured in airborne survey flown 1 km above the surface from A to A’.

You may assume the kimberlite pipes extend to great depth.     (6 points)
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(e) A second magnetic survey took place on a volcanic island along  profile B-B’ at the magnetic Equator. The profile was oriented North-South.

Sketch the total magnetic field (F) that would be measured on the profile B-B’ at the surface. Indicate how you obtained your answer.
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(7 points)
(f) Would the results in part (e) be the same if the profile went east-west?

(2 points)
Total  Q4 = 28 points
