Exploration Geophysics G405
Lab No 5  Magnetic Method
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1) Induced magnetic anomalies is defined in the following equation:
             F = Famp + Find
Where: F= total magnetic field.
              Famp = Earth’s ambient magnetic field in region.
              Find    = induced magnetic field.

The magnetic anomaly profile in the figure below is drawn in a south-north direction, cutting across induced field lines. Sketch a cross section of the induced field and plot the total field anomaly for an east-west profile. 
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2) Redraw the magnetic profiles for the two models in the following figure assuming the features occur at;
A) The magnetic equator
B) The magnetic south pole


























3) For the model in the following figure, sketch the form of the magnetic anomaly profile, if the magnetic basement is at the surface. 
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4) For the stratigraphic section below, fill in the magnetic inclination for circles B to F, assuming the rocks were deposited at the following times and orientations:
a) 77 million years ago, 27° S magnetic latitude. 
b)  (
Note:  tan 
i
= 2 tan ɸ
)53 million years ago, 12° S magnetic latitude. 
c) 42 million years ago, magnetic equator. 
d) 31 million years ago, 17° N magnetic latitude. 
e) 16 million years ago, 25° N magnetic latitude. 
f) Today, 45° N magnetic latitude. 
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FIGURE 9.14  Depth to magnetic basement. Magnetic anomalies measured at Earth’s surface depend on the depth of the magnetic
sources, commonly located within crystalline basement. a) Where basement rocks are shallow, short-wavelength anomalies, with

high amplitudes and steep gradients, occur. b) Basement buried deeply beneath sedimentary cover results in longer wavelength -
anomalies with smaller amplitudes and gradients. i
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FIGURE 9.15  Curie depth. a) Regions with a normal geothermal gradient reach 600°C at depths of about 20 to 30 km. Their !
magnetic anomalies may exhibit high amplitudes becausc of the great thickness of basement rocks capable of ferromagnetic

behavior. b) The Curie depth for hot regions (high geothermal gradient) may be considerably less than 20 km, resulting in a thinner !
layer with ferromagnetic behavior. Magnetic anomalies are potentially lower in amplitude compared to those in colder regions.

Low Induced  —
Magnetization ™ J

¥,,q = magnetic field due to induced magnetization -

F,,,, = magnetic field due to remanent magnetization. -
After the magnitude of the ambient field (F,,,,) is subtracted from the magnitude |
of the total field (F), the total field anomaly (AF) is a function of the magnitudes of 1
the induced (F;,4) and remanent (F, ) fields. In many instances the remanent mag-
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EXERCISES

9-1 The magnetic anomaly profile in Fig. 9.11b is drawn in a south-north direction, cutting
across induced field lines. Sketch a cross section of the induced field and plot the total
field anomaly for an east-west profile.

9-2 Redraw the gravity and magnetic profiles for the two models in Fig. 9.13, assuming the
features occur at:

a) the magnetic equator;
b) the magnetic south pole.

9-3 For the model in Fig. 9.14, sketch the form of the magnetic anomaly profile, if the mag-
netic basement is at the surface.
9-4 a) For the stratigraphic section below, fill in the magnetic inclination for circles B-F,
assuming the rocks were deposited at the following times and orientations:
A) 77 million years ago, 27° S magnetic latitude (answer provided; the black arrow
represents normal polarity).
B) 53 million years ago, 12° S magnetic latitude.
C) 42 million years ago, magnetic equator.
D) 31 million years ago, 17° N magnetic latitude.
E) 16 million years ago, 25° N magnetic latitude.
F) Today,45° N magnetic latitude.

b

Calculate the average (south to north) velocity of the continent as it moved from
position A to position F.

9-5 Across a mid-ocean ridge, the distance between total field anomaly pairs representing
the Gilbert magnetic reversal epoch is 187 km. How fast has the ridge been spreading
since that time?

9-6 A north-to-south magnetic profile is recorded across a magnetic body at 45° N mag-
netic latitude (model on next page). The body has a magnetic susceptibility of 0.1.

a) Assuming the body is shallow, sketch on the diagram: i) Earth’s ambient magnetic
field; ii) the direction and amplitude of magnetization within the body, relative to
the magnitude and direction of the ambient field; iii) the induced magnetic field
lines; iv) the total field magnetic anomaly profile.

| b) Repeat (a) with the body very deep.
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FIGURE 9.18 Geomagnetic polarity time scale for the past 117 million years. Times of normal polarity shown in
black, reversed polarity in white, Magnetic anomaly numbers appear on the left sides of columns; corresponding
ages in millions of years (Ma) are on the right. From “Magnetostratigraphic time scale,” by A. Cox, in: A Geologic
Time Scale, © 1982 Cambridge University Press. Reprinted with permission of Cambridge University Press, New

York. Figure redrawn as in Butler (1992).
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EIGURE9.11 At different magnetic latitudes, magnetic anomalies from the
same magnetic body (that is, a body of exactly the same shape, size, depth, and
magnetic susceptibility, x) are quite different. a) At the magnetic north pole,
Earth’s ambient field (E,,,,) is strong (= 60,000 nT) and points downward
(magnetic inclination i = 90°). Where the induced field (F;,,) points in the
same direction as F,,, (gray shading), the total field anomaly (AF) is positive.
Negative total field anomalies ocour where the two fields oppose one
another, b) At the magnetic equator, I, is horizontal (i = 0°) and weaker
(= 30,000 nT). The magnetization (3) is smaller, leading to a weaker induced
field. The total field anomaly is thus lower amplitude than in (a). Fj, Opposes
F,.,, over the body, leading to negative AF values, (Modified from R. F.
Butler, personal communication, 1996).
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FIGURE 9.13 An igneous intrusion and salt dome might both be recognized as high-velocity material (V), leading to a
critical refraction. a) An igneous intrusion generally has high density (p) and high magnetic susceptibility (x), relative to
surrounding sedimentary strata. A pronounced gravity maximum and high-amplitude magnetic anomaly result. b) A salt
dome has low density, resulting in a gravity minimum. The small, negative susceptibility leads to a subdued magnetic
anomaly.

The total magnetization of a material is the vector sum of the induced and
remanent magnetizations: G

T )
where: T~ 7
J = total magnetization of the material
Jia = induced magnetization of the material

jm,, = remanent magnetization of the material.

The total field at a given location is thus the local fields due to the induced and
remanent magnetizations, added to the ambient field:

F = By + Fiog + Fron
where:

F = magnitude and direction of the total magnetic field
ﬁamh = Earth’s ambient magnetic field in region





