Interpretation of Magnetic Anomalies over the Cleveland Dyke

Background :


The Cleveland Dyke of Yorkshire is one of a swarm of tholeiite dykes that radiate from the igneous intrusive complex of Mull. In the Cleveland Hills the dyke intrudes Upper Carboniferous Coal Measure and Millstone Grit sediments and has long been considered as Tertiary in age. 

Aim :


To use a Magnetic anomaly profile to estimate the width and depth of burial of the dyke.

Theory :


The Cleveland dyke has been surveyed using a proton magnetometer which measures the total magnetic field. The survey included a N-S profile which crosses the E-W trending dyke approximately at right angles. Let the change in total magnetic field from the IGRF due to the dyke be B. The horizontal and vertical components of the disturbing field along the profile is given by :

B = H cos I + V sin I

where H and V are the changes in the horizontal and vertical components of the magnetic field respectively and I is the angle of inclination of the Earth’s field. (Note: the declination D is zero along a N-S profile).


The latitude of the Cleveland dyke is 54o so we will assume that the induced magnetisation, Ji, of the dyke is vertical. For this situation, H and V are given by the following:
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Method :


The magnetic measurements taken along the N-S profile crossed an ancient strip mine that had excavated the originally outcropping dyke for roadstone to an unknown depth. The approximate position of the dyke is between –24 m and 0 m. The profile also crossed a road between +30 and +40 m.


The measured anomaly is tabulated in the file mag_data.txt which can be downloaded from the course web page. The first column is the distance in metres and the second the total magnetic field in nT.

Note: distances are –ve to the north of the origin and +ve to the south.


The method used is to calculate a magnetic anomaly using different assumptions about :

a) the centre position of the dyke relative to the survey

b) the width

c) the depth to the top of the magnetic body

The approach is to adjust these parameters until the calculated anomaly is a close fit the measured values.

Practical :

a) Plot the measured values of the magnetic field against distance, x, and mark on the profile the position of the excavated area and the road. Describe the shape of the anomaly curve, and comment on the effect of the road and the position of the maximum anomaly relative to the outcrop of the dyke.

b) Calculate values of B for the distances (x) given using the formulae given above. Assume the following :

a. The ‘background’ total magnetic field, B, in the area is 48,600 nT

b. The inclination of the Earth’s field is 70o
c. The susceptibility of the dyke and the surrounding sediments was measured from hand specimens of the rocks and gave values of 5.98 × 10-3 (SI) for the dyke and 1.34 × 10-5 for the surrounding sediments.

d. The induced magnetization Ji = B where  is the susceptibility contrast between the dyke and the surrounding sediments. Note that J is negative as the magnetization of the dyke points downward, while a positive anomaly means the field is greater than the Earth’s reference field at the site.

e. Use the following values for the width and depth of the top of the dyke (Note that the dyke has been excavated down to an unknown depth and the excavation has been filled in with rubble. The apparent width of the dyke measured on the surface is 25 m, but this will greater than the actual width)  :

i. W = 10 m, H = 15 m

ii. W = 10 m, H = 10 m

iii. W = 7.5 m, H = 10 m

iv. W = 7.5 m, H = 7.5 m

v. W = 5 m,  H = 7.5 m

c) Plot up your calculated curves of B against x and compare then to the measured curves. Which of the curves fit best ? Where is the maximum value of the total magnetic field anomaly relative to the centre of the dyke ? What are your best parameters for the width and depth of burial of the dyke ?

Answer Sheet :


An answer sheet is available.










V = -2 Ji (2 – 1)


H = 2 Ji ln(r2/r1)








where:


r1 = (h2 + (x + w/2)2)1/2 , r2 = (h2 + (x - w/2)2)1/2


tan1 = h/(x + w/2),  tan2 = h/(x – w/2)


and all angles are in radians. Note: the origin (x = 0) is above the dyke centre. 








