Geophysics 224 - 2006
Lab 1 – Gravity exploration

Free air and Bouguer corrections and limiting depth
1. Introduction

A number of countries use geothermal heat sources to generate electricity. Geothermal exploration uses a combination of geology, geophysics and geochemistry to locate potential sources of hot rock and water in the Earth’s crust. These are usually found in volcanic areas, but are sometimes in association with major fault zones. Electrical exploration is the primary tool in geothermal exploration, but  gravity exploration is sometimes used.

The data used in this class were collected by the Philippine National Oil Company on the island of Leyte in the southern Philippines. Data were collected on a grid, but we will consider a single profile that crossed Mount Cabalian, a presently inactive andesite volcano. 

The measured gravity data are shown in figure-1. Note that the data mirror the topography of the volcano, owing to the fact that gravity becomes weaker as the measurement point moves away from the centre of the Earth.

2. Free Air correction

A subset of the gravity data is also listed in the table. For each gravity station compute the Free Air Correction (CFA) in milligals using the equation:

CFA = 0.3 z

Where z is the elevation in metres. Think carefully about the sign and apply the Free Air Correction to produce the Free Air Anomaly that should be listed on the table provided.

3. Bouguer Correction

Now compute the Bouguer correction for each station using the formula

CB = 2πGρz

You may assume ρ = 2700 kg m-3 and that G = 6.67 10-11 Nm2kg-2
Think carefully about the sign and apply the Bouguer Correction to produce the Bouguer Anomaly that should be listed on the table provided.

Make an accurate graph of the Bouguer Anomaly as a function of distance along the profile.

4. Interpretation

The Bouguer anomaly should show a positive anomaly cantered directly beneath the volcano. To roughly interpret this anomaly, let us assume that it is caused by a spherical mass at depth.

Determine the maximum value of the gravity anomaly.

Measure the half width on both the west and east sides. Take the average value of x½ and estimate the depth of the body causing the anomaly. 

Also estimate the excess mass of the body. If it is produced by a density contrast of 200 kg m-3, what is the radius of the sphere?

5. Discussion

What could cause an increase in density beneath a recently active volcano?

Although not observed here, low densities are sometimes observed below volcanos. What could be the cause in this case?

List at least three of the assumptions that have been made in your analysis. Discuss the validity of the assumptions.
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Figure-1: Mount Cabalian gravity data. 

Table-1: Mount Cabalian gravity data.

	x (m)
	Elevation(m)
	Measured g (mgals)
	Free Air Correction
	Free Air

Anomaly
	Bouguer

correction
	Bouguer

anomaly

	0.
	23
	-4.3
	
	
	
	

	623
	101
	-19.3
	
	
	
	

	1246
	225
	-41.4
	
	
	
	

	1869
	314
	-56.2
	
	
	
	

	2492
	459
	-80.7
	
	
	
	

	3115
	610
	-106.2
	
	
	
	

	3738
	730
	-127.8
	
	
	
	

	4361
	811
	-142.9
	
	
	
	

	4984.   
	577
	-99.3
	
	
	
	

	5607
	397
	-66.4
	
	
	
	

	6230
	297
	-48.6
	
	
	
	

	6853
	243
	-40.2
	
	
	
	

	7476
	181
	-30.4
	
	
	
	

	8100
	113
	-18.9
	
	
	
	

	8722
	94
	-15.9
	
	
	
	

	9345
	66
	-11.2
	
	
	
	

	9968
	43
	-7.4
	
	
	
	

	10591
	25
	-4.0
	
	
	
	

	11214
	8
	-1.4
	
	
	
	


