Interpretation of Bouguer Gravity Anomalies over the Pennines

Background :


Geophysical investigations of the Alston block (Fig. 1) in the northern Pennines (e.g. Bott, 1967) show it to be associated with a Bouguer gravity anomaly "low" of up to -23 mGal (Fig. 2). The block is covered by Carboniferous sediments which dip gently to the east. Bounding the block to the west and south are steep normal faults which separate the cover rocks from strongly folded Paleozoic rocks which underlie surrounding regions. The Rookhope borehole, drilled in the minimum of the low, penetrated a granite of Devonian age at 0.39 km below the surface. The gravity low has been interpreted as the result of the intrusion of a relatively low density granite into relatively dense surrounding Palaeozoic rocks (Fig. 3). 

Reference :
Bott, M. H. P. 1967. Geophysical Investigations of the northern Pennines Basement rocks. Proc. Yorks. Geol. Soc., 36, 139-168.

Aim :


To use the Bouguer gravity anomaly to estimate the thickness of the granite body that underlies the Alston block.

Method :


The gravity 'low' over the Alston block is approximately circular in planform. Assume therefore that the buried granite body can be approximated to a buried vertical cylinder. The gravity anomaly, gmin, on the axis of a buried vertical cylinder is given by :
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where


G =  the universal gravitational constant 


 = density contrast between the cylinder and the surroundings


b1 = distance to the upper outermost edge of the cylinder


b2 = distance to the lower outermost edge of the cylinder


L = height of the cylinder

The distances b1 and b2 (see Figure + hand-out) are given by:
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where


 z1 = depth to top of the cylinder


R = radius of cylinder

Practical :

The calculations can be carried out by hand but, they are easiest to do using the Microsoft program Excel. To get started, go to the Excel program (Excel is part of Microsoft Office) and open up a new spreadsheet. Enter the following values on the first few lines of the spreadsheet : 


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

z1 = 390 m


density of granite = 2440 kg m-3

density of Carboniferous = 2580 kg m-3
Then, enter estimates for R, the radius of the granite body and the value of gmin, the minimum of the gravity  'low'. 


Note : use the  Bouguer gravity anomaly map in Fig. 1 to estimate R and gmin. 

You are now ready to determine the best fit value of L. You will notice that although gmin is a function of L so is b2. If you are able to re-write equation (1) in terms of L then go ahead !. If not, then you can find L using a  "trial and error" method. 


Hint : compute the gravity anomaly that you would expect for a range of values of L and then find the value of L that corresponds to the observed gravity anomaly. 


Note : FORECAST is a built-in function in Excel that that you can use to linearly interpolate between x, y points

Once you have estimated L, determine how sensitive the estimate is to changes in density and to errors in the estimate of the magnitude of the Bouguer gravity 'low'. In particular, 


1. How does L change with increase and decrease in the density of the granite ?


2. What is the uncertainty of L if the gravity anomaly 'low' cannot be determined to better than  [image: image3.wmf]  

± 

1 mGal ? 
Answer Sheet :


An answer sheet is available.

If extra time :


If you have time, use your best estimates of L and R to construct a profile of the gravity anomaly at points off-axis of the vertical cylinder. The formula to do this are quite complex. Dobrin, however, makes a simple approximation which will enable you to carry out the calculation relatively easily. In this approximation, Dobrin considers the difference between the gravity effect of two vertical cylinders at the off-axis point: an inner one which has a radius x - R and an outer one which has a radius x + R. The difference gives the gravity effect for a point outside a ring. The gravity effect off-axis of a vertical cylinder within the ring is obtained by considering the ratio of the area of the cylinder (i.e. R2) and the area of the ring (i.e. xR)2 - xR)2).


We then have :

[image: image5.wmf]D

g

min

=

2

p

G

Dr



(

b

1

–

b

2

)

+

L

[image: image6.wmf]D

g

min

=

2

p

G

Dr



(

b

1

–

b

2

)

+

L


x ( 0

where 


x = distance from the axis of the vertical cylinder


gouter = gravity anomaly on the axis of a vertical cylinder of radius x + R

ginner = gravity anomaly on the axis of a vertical cylinder of radius x - R

Use equation (2) to construct a profile of  g(x) versus x.

Answer Sheet :


An answer sheet is available.
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