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Reduction of magnetic observations

Reduction of magnetic observations

The reduction of magnetic data is necessary to remove all
causes of magnetic variation from the observations other
than those arising from the magnetic effects of the
subsurface.

Diurnal variation correction

The effects of diurnal variation may be removed in sev-
eral ways, On land a method similar to gravimeter drift
monitoring may be employed in which the magnetome-
ter is read at a fixed base station periodically throughout
the day. The differences observed in base readings are
then distributed among the readings at stations occupied
during the day according to the ime of observation. It
should be remembered that base readings taken during a
gravity survey are made to correct for both the drift of
the gravimeter and tidal effects; magnetometers do not
drift and base readings are taken solely to correct for
temporal variation in the measured field. Such a
procedure is inefficient as the instrument has o be
returned periodically to a base location and is not practi-
cal in marine or airborne surveys. These problems
may be overcome by use of a base magnetometer, a

continuous-reading instrument which records magnetic
variations at a fixed location within or close to the survey
area. This method is preferable on land as the survey pro-
ceeds faster and the diurnal variations are fully charted.
Where the survey is of regional extent the records of 2
magnetic observatory may be used. Such observatories
continnously record changes in all the geomagnetic
clements. However, diurnal variatons differ quite
markedly from place to place and so the observatory used
should not be more than about 100 km from the survey
area.

Diurnal variation during an aeromagnetic survey
may alternatively be assessed by arranging numerous
crossover points in the survey plan (Fig. 7.12). Analysis of
the differences in readings at each crossover, representing
the field change over aseries of different time periods, al-
lows the whole survey to be corrected for diurnal varia-
tion by a process of network adjustment, without the
necessity of a base instrument.

Diurnal variations, however recorded, must be exam-
ined carefully. If large, high-frequency variations are
apparent, resulting from a magnetic storm, the survey

results should be discarded.



7.9.2 Geomagnetic correction

The magmetic eq of the htitude correction
gravity surveying s the geamasgnetic cormction whach re-
moves the effect of a geomagnetic reference field from
the survey data. The most rigorous method of geomag-
netic correction 15 the use of the IGRF (Section 7.4),
which exp the unditurbed geomagnenc field
n terms of a large mumber of harmomes and meludes
temporal terms to correct for secubir varanon. The
complexaty of the IGRF requires the calenlaton of cor-
rections by computer. [t must be realized, however, that
the IGRF is imperfect as the harmonics employed are
based on obser at relatively few, sc d, mag-
netiw observatortes. The IGRFisalso predictive m that it
extrapolates forwards the sphencal harmonies dertved
from observatory data. Consequently, the IGRF inareas
remote from observatories can be substantaally 1n error.

Over the area of a magnetic survey the gromagnetic
reference field may be approximated by a uniform gradi-
ent defined in terms of latitudinal and longitudinal gra-
dient comp For ple, the geomag field
over the Britssh Isles 15 approximated by the following
gradient components: 2.13nTkm™'N: 0.260T km™’
W these vary with time. For any survey area the relevant
gradient values may be assessed from magnetic maps
covering a much larger regaon.

The appropriate regional gradients may akso be ob-
tuned by emplovinga single dipole approximation of the
Earth’s field and wsing the well-known equations for the
magmetic field of a dipole to dermve local field gradients:

L‘Il-“—"ms H= i‘ﬂ-—ma 7.12)
az dH Z
™ok ST a N

where Zand H are the vertical and horszontal field com-

8 the col le i radians, R the radius of the
Fxth. M the magnetic moment of the Earth and 02/00
and dH/98 the rate of change of Z and H wath
colatitude, respectively.

An alternative method of removing the regronal gra-
dient over a relatively small survey area s by use of trend
analysis, A trend hine (for profile data) or trend surface
(for areal data) 1s fitted to the observations using the least
squares criterion, and subsequently subtracted from the
observed data to leave the Jocal anomalies as posstive and
negative residuals (Fig. 7.13).

Regional gradient

Magne tic asnomaly

:

Fig. 7.13 The remsoval of s regaoaal gradient from 2 niagnenic
field by rrend analyss. The regional fiedd 1apyp dlbwa
bmear trend.

7.9.3 Elevation and terrain corrections

The vertical gradient of the gromagmetic field 1 only
some 0.03nTm™" at the poles and —0.015nT mi ' at the
equator, so an deration correetion 1s not usually apphed.
The mnfluence of topography can be sgntficant m
ground magnetic surveys but is not completely pre-
dictable as it depends upon the magnetic properties of
the topographic fe Therefore, inmag survey-
ng tersain correstions are rarely apphed.

Havingapplied diurnal and geomagnetic corrections,
all remaming magnetic field varntions should be caused
solely by spatial variations in the magmetic properties of
the subsurface and are referred to as magnetic anomabes.

7.10 Interpretation of magnetic anomalies

7.10.1 Introduction

The mterpretation of magnetic anomahies 15 sumilar mats
procedures and lmitations to gravity interpretation as
both techniques utihze I p | fields based on
mnverse square laws of attraction. There are several daffer-
ences, however, which mcrease the complexity of
magmnetic nterpretation.
Whmus dttgﬂvﬂyancmnl} ofxczuumebndyu
I r b v on wL h d'
bodyumommlasdemthmnsnumundmp.dx
magmetic anomaly of a finite body mvarably contamns
positive and negative elements arsing from the dipolar
miture of magnetism (Fg. 7.14). Morcover, whereas
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Fig. 7.15 An cxangle of ambiguity in ougnetc sterpretation. The aeromws correspond to the direcnons of nugnaetiznon vecton, whke

mugnitade s given in A . (Afer Westhook 1975.)

density is a scalar, mtensity of magnetization 1 2 vector,
and the direction of magnetization in a body cosely con-
trols the shape of its magnetic anomaly. Thus bodies of
wdentical shape can give rise to very different magnetic
anomabies. For the above reasons magnetic anomalies
are often much less closely related to the shape of the
causative body than ane gravity anomabes.

The ity of magr of a rock 1s hrgely de-
pendent upon the amount, size, shape and distnbution
of 1ts contamed fermmagnetic mnerals and these re-
present only 3 small proportion of 1ts constituents. By
contrast, density 15 a bulk property. Intensity of magnets-
zatson can vary by a factor of 10° between different rock
types, and 1s thus considerably more varaable than den-
sity, where the range is commonly 1.50-3.50 Mgm™.

te lies are independent of the distance
units employed. For example, the same magnitude
anomaly 1s produced by, say, a3 m cube {(ona metre scale)
as a 3km cube (on a kilometre scale) with the same

magnetic properties. The sume 1 not true of gravity
anomalies.

The problem of ambaguity in magnetc interpretation
15 the szme as for gravity, that is, the sme inverse problem
15 encountered. Thus, just as wath graviey, all external
controls on the nature and form of the causative body
must be employed to reduce the ambigusty. An example
of this problem 1 llustrated 1 Fag. 7.15, which shows
two possible interpretabions of 3 magnetic profile across
the Barhados Radge m the eastern Caribbean. In both
cases the regional vanations are attributed to the vara-
ton m depth of a 1 km thick oceanic crustal layer 2. The
high-amphtude central anomaly, however, can be ex-
phined by either the presence of a detached shver of
oceamc crust (Fgg. 7.15(a)) or a nse of metamorphosed
sediments at depth (Fig. 7.15(b}).

Much qualitative information may be derived from a
magnetic contour map, Thrs apphes especially to aero-
magnetic maps which often provide major clues asto the
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geology and structure of 3 broad region from an assess- necessary as these anly low ber cam-

ment of the shapes and trends of anomahes. Sediment-
cavered areas with relatively deep basement are typically
represented by smooth magnetic contours reflecting
basement structures and magnetization contrasts,
Igneous and metamorphic terrains generate far more
complex magnetsic anomahes, and the effecs of deep
geological features may be obscured by short-
wavelengeh anomalbies of near-surfice ongin. In most
types of terrain an aeromagnetsc map can be a useful aid
to reconnaisance grological mapping. Such qualitative
interpretations may be greatly facbtated by the use of
digntal image processing techmaques {see Section 6.8.6).
In carrying out quantitative mterpretation of mag-
netic anomahes, both direct and indirect methods may

ponents and do not affect the depth estimates whach are
controlled by the high- ber comp of the
observed field. Figure 7.16 shows 2 magnetic profile
across the Aves Ridge i the eastern Canbbean. In this
region the configu of the sedi /b
interface 15 reasonably well known from both seismic re-
flection and refraction surveys. The magnetic anomalies
clearly show thear shortest wavelength over areas of rela-
tvely shallow basement, and this observatson s quanti-
fied by the power spectral depth estimates (horizontl
bars) whach show excellent correlation wath the known
basement rehef.

A more complex, but more ngorous method of deter-

be employed, but the fi are much more hmsted

than for gravity interpretation and no equivalent general
equations exist for total field anomahes,

7.10.2 Direct interpretation

Lirmiting depth 1s the most important parameter derved
by direct interpretation, and this may be deduced from
magnetic anomahes by making use of their property of
decaying rapadly wath distance from source. Magnetic
hes caused by shallow structures are more domn-
nated by short length than those
resulting from deeper sources. Thrs eﬂect may be quanti-
fied by computing the power spectrum of the anomaly as
it can be shown, for certain types ofsource body, that the
log-power spectrum has a hnear gradient whose magm-
tude is dependent upon the depth of the source (Spector
& Grant 1970}, Such techmques of spectral analysss pro-
vide rapad depth estimates from regubirdy-spaced digatal
field data; no geomagnetic or disrnal corrections are

g the depth to magnetic sources denves from a
techmque known as Euler decomeolution (Reid et al.
1990). Euler’s homogeneity relation can be written:

aT

3y (:—'")—=1\(B T)

+r—ri)5— Ve

ms2L

(7.14)

where (x,,1.=,) 1s the location of 2 magnetic source,
whose total field magnetic anomualy at the pomnt (x,y.=) 15
Tand Bis the regronal field. N'is a measure of the rate of
change of a field with distance and assumes different val-
ves for different types of magnetic source. Equation
(7.14) is solved by calculating or ng the !
gradients for variows areas of the :nomzly and s:lecﬁng
value for N_This method produces more rigorous depth
estimates than other methods, but 1s consderably more
difficult to mmplement. An example of an Euler r.lu:ou-
wvolution 1s shown i Fig. 7.17. The aeromagnetic field
shown in Fig. 7.17(a) has the solutions shown n Fag.
17{(b—d) for structural indices (N} of 0.0, 0.5 and 0.6




Fg. 7.17 (2) Observed seronugpetic snomaly ofa regbon 1n the English Midlands, Contour interval 10 0T (bd) Euler decoevalutioes
for stracrural indices (1.0 (b), 0.5 (¢} aewd 1.0 (d). Source depth is inchcated by the wze of the circles, (¢) Geological interpretation (v )
Gad aguuares aee 10 ks x 10 kin 0 size. (After Reud cral 1990.)
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respectively. The boundaries imphed by the solutions
have been used to construct the interpretation shown m

Fig. 7.17{e).

7.10.3 Indirect interpretation

Indirect mterp n of mag anomalbies 1s sumlar
to gravity interpretation in that an attempe 1 made to
match the observed anomaly wath that calculated for a
model by sterative ad nts to the model. Simpl

magmetic anomakies may be simulated by a single dipole,
Such an approximation to the magmetization of a real
geological body is often valid for highly magnetx ore
bodies whose direction of magnetizanon tends to ahign
with their long dimension (Fig. 7.18). In such cases the
anomaly 1s calculated by summung the effects of both
poles at the observation pomts, employing equations
(7.10), (7.11) and (7.9). More complicated

Total fiedd magne e anaomaly

£

&

Fig. 7.18 The ronal field mugnetic anonuly of an elongase body
appeoxumated by 2 dipole

(Fig. 7.19). The poles of the magnets are negative on the
surface of the body where the magnetizanon vector en-
ters the body and positive where it leaves the body. Thus
any uniformly-magnetized body can be represented by a
set of magmetic poles distributed over its surface. Con-
sider one of these elementary magnets of length / and
cros-sectional area 84 i a body with intensity of
mygnetization | and magmetc moment AL From
equation (7.5)

M= jadl

If the pole strength of the magnet 15 i, from equation
(7.4) m = M/l and substituting 1n equatson (7.15)

(7.15)

m= &1 (7.16)

If 84" 1s the area of the end of the magnet and @ the angle
between the magnetizanon wvector and a direction
normal to the end face

84 =8A"cos 8

Sub mn (7.16)

bodies, bowever, require 2 different approach.

The magnetic anomaly of most regulardy-shaped
bodies can be caleulated by butlding up the bodies from
a series of dipoles parallel to the magnetizatnon direction

> "

m=J8A cos 8

thus



Fig. 7.19 The eepeesentinon of the
wugnetic effecn of an irreguliedy-shaped
body i rerms of s number of dements
parallel so the mugnenzanon direcnon.
1nsetshows mn degadl the end of owe sach
elemens.

Magnetic anomaly (nT)

Magnetic North

Fig. 7.20 The tocal field mugnetic

pole strength per unit anea = Jeos 8 (7.17)

A consequence of the distribution of an equal mumber
of positive and negative poles over the surface of 2 mag-
netic body 1s that an infinste horizontal layer producesno
magnetic anomaly since the effects of the poles on the
upper and lower surfaces are self-cancelhng. Conse-
quently, magnetic anonalies are not produced by
contmuous sills or lava Hows. Where, however, the hon-
zomtal structure s truncated, the vertical edge wall
produce 2 magmetic anomaly (Fig. 7.20).

The magnetic anomaly of a body of regular shape
calculated by determuning the pole distnbution over the
surface of the body usng equation (7.17). Each small el-
ement of the surface = then considered and its vertical
and horizontal component anomabes are calculated
at each observation point using equations (7.10) and
{7-11).The effects of all such elements are summed (inte-
grated) to produce the vertical and horizontal anomalies
for the whole body and the total field anomaly 1s calcu-
hted usng equation (7.9). The integration can be per-

o
it [z N

snomaly of 2 fuled all. . . e

- -

formed amalytically for bodes of regular shape, while
wregubirly-shaped bodies may be split into regular
shapes and the integranon performed numencally.

In swo-dimensional modelling, an approach sumlar
to gravity interp can be ad d (see Section
6.10.4) m which the cross-sectional form of the body 1
approxamated by 2 polygonal outhne. The anomaly of
the polygon is then computed by adding or subtracting
the lies of finite slabs with soping
corresponding to the sides of the polygon (Fig. 7.21). In
the magnetic case, the honzontal AH, vertical AZ and
total field AB anomalies (nT) of the slab shown
Fig. 7.21 are gaven by (Talwani ez al. 1965)

AZ =2005in81 |_{sin 8log_(r, /1) + ¢cos6)

+ ) {coslog (r, /r) - @sin8}] (7.18a)
AH= Z(Bsinﬂlj,“mzﬂ—cmﬂlog.(r;h )]

+jx{¢cm9+nnﬂlog,(r:/r,))lnnd (7.18b)
AB=AZanl+AHcosl (7.18¢)
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where angles are expressed 1n radians, | (= Jcosi) and |
{=Jsini) are the horizontal and vertcal components of
the magnetization J, @ is the borzontal angle between
the direction of the profile and magnetic north, and 1
1s the incl of the geomagmetic field. Examples of
this technigque have been presented in Fag. 7.15. An
important difference from gravity interpretation 1s the
ncreased stringency with whach the two-dimensional
zpp:mnnuuon should be applied. It can be shown that
ty 1l mag interpretation is much more
sensitive to errors assoctated wath varubon along
stnke than is the case with gravity interpretation; the
length—wadth ratso of a magnetic anomaly should be at
least 10:1 for a two-di al ap to be

ztion, however, commonly prevents reduction to the
pole from producing the desred smphificatson m the
resultant pattern of magnetic anomalies.

7.11 Potential field transformations

The formubie for the gravitational potential cassed by a
pomt mass and the magnetic potentul due to an solated
pole wene presented in equations (6.3) and (7.3}. A con-

7 of the tlar laws of attracton goverming
gravitating and magnetic bodes is that these two equa-
tons have the varable of mverse distance (1/r) mn
cc El ion of this term between the two for-

vahd, in contrast to gravity u'lr:rpr!nuon where 2 2:1
lengd\—«ndth o is sufficent to wabidate two-

unsn

mulae provides 2 relationship b the grav:

andmagneu:pottnﬁalskmnnlhsmsqumﬂm.ln
reality the rebtionship 1s more complex than mplied by

Three-dimensioml modelling of magnetsc i
1s complex. Probably the most conventent methods are
to appraximate the cawsative body by a cluster of night
rectangrular prisms or by a senies of horizontal shees of
polygonal outhne.

Because of the dipolar nature of magnetsc L1

juations (6.3) and (7.3) as nolned magnetic polrs do
not exust. However, the validity of the relaty p be-
tween the two potential fiekd lrm:im. Since gn\"ny or
magmetic fields can be determuned by differentiation of
the relevant potential in the required directson, Posson's
provides a method of trasforming magnetic

trial and error methods of indirect interpretation are dif-

ficult to perform lly since ly shape is not
closely related to the g v of the ¢ body.
Consequently, the thods of nterpretation

described 1n Section 6.10.3 are widely employed,

The continuation and filtering operatons used m
gravity interpretation and described i Section 6.11 are
equally apphicable to magnetic fiekds. A further process-
ing operation that may be apphied to magnenc anomalies
1s known as reduction to the pole, and involves the conver-
sion of the anomabies mto thetr equivalent form at the
north magnetic pole (Baranov & Naudy 1964). This

ﬁ:lds nto gravitational ﬁe]ds and 1er versa for bodies in
whach the ratio of 1 v of mag to density
Such formed fields are known

al and psevdomagnetic fields (Gadand

as pseudogravitati
1951).

One apphication of this technique 1s the transforma-
tion of magnetic anomahes into pseudogravity anom-
alies for the purposes of indirect mterpretation, as the
latter are sygmuficantly easier to nterpret than thewr mag-
nenic ¢ part. The method 15 even more powerful
when the psendofield 1s compared with a corresponding

measured field. For example, the camparison of gravity

process usually sumplifies the magmetic lies as the
ambient field is then vertical and bodses with magnetiza-

tions which are solely mduced produce anomuabhes that
are axisy tric. The e of 1 magneti-

lies with the pseudogravity lies dertved
from magmetic anomalies over the same area can show
thether the same geological bodies are the cause of the

two typesof- mum:.ly Pcrfornungdu transformaton for
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different orientations of the magnetization vector pro-
vides an estimate of the true vector onentation aince thas
will produce a pseudogravty field which most closely
approxamates the observed gravity field. The relative
amphitudes of these two fields then provide a measure of
the ratio of 1 y of magnet to densty (Ates &
Kearey 1995). These potential field transformations pro-
vide an elegant means of comparing gravity and mag-
netic anomalies over the same area and sometimes allow
greater mformaton to be dertved about their causative

1.1

bodies than would be p if the techmques were

d m isolation. A comy program which per-
forms pseudofield transfor 1 gven in Galbert
and Galdeano (1985).

Figures 7.22(a) and (b) show magnetic and residual
gravity anomaly profiles across the Aves Ridge, a sub-
marne promunence o the eastern Canbbean which
runs parallel to the island arc of the Lesser Antilles. The
pseudogravity profile caleulated from the magnetic pro-
file asuming induced mag sp din Fig.
7.22(c). It 15 readily apparent that the mamn pseudogra-

vity peak correlates with peak | on the gravaty profile and
that peaks 1 and Il correlate with much weaker features
on the pseudofield profile. The data thus suggest that the
density features responsible for the gravity maxima are
ako magnetic, with the cauatve body of the central
pezk having a sgmificantly greater susceptibility than the
flankmg bodies.

Figure 7.23 shows how 2 vaniety of processaing meth-
ods can be used on a synthetic magnetic anomaly nap
and Fig. 7.24 shows thexr apphication to real data.

7.12 Applications of magnetic surveying
Magmetic surveying 15 a rapid and cost-effective tech-
mque and represents one of the most widely-used
geophysical methods i terms of hne length surveyed
(Paterson & Reeves 1985).

Magnetic surveys are used extensively i the search
for metalliferous muneral deposits, a task accomplished

r

mpidly and economncally by airborne  meth




Magnetic surveys are capable of locating massave sul-
phide deposits (Fag. 7.25), especaally when used mn con-
Junction with electromagnetsc methods (see Section
9.12). However, the principal target of magnetic survey-
myg 15 iron ore. The rano of magnetite to haematite muse
be hugh for the ore to produce sigmficant anomualies, as
haematite is commonly non-magnetic (see Secnon 7.2).
Figure 7.26 shows total field magnetic anomabies from an
airborne survey of the Narthern Msddleback Range,

South Austraba, in which it 1 seen that the haematitsc
ore bodies are not asocated wath the major anomabes.
Figrure 7.27 shows the results from an aeromagnetic sur-
vey of part of the Eyre Penmsula of South Austrahia
which reveal the p e ofa large ly elongated
east—west. Subsequent ground traverses were performed
over this anomaly using both magnetic and gravity
methods (Fig. 7.28) and 1t was found that the magnetic
and gravity profiles exhibit comcadent highs. Subse.
quent drilling on these highs revealed the presence of a
magmetite-beaning ore body at shallow depth wath an
ron content of about 30%.

Gunn (1998) has reported on the locaton of prospec-
tve areas for hydrocarbon deposits i Australia by
aeromagnetic surveying, although 1t is probable that
this applicaton is only possible in quite specific
environments.

In geotechnical and archacological mweshgatons,
magmetic surveys may be used to delineate zones of faule-
ing m bedrock and to locate buried metallic, man-made
features such as pipelines, old mine workings and buld-
ings. Fagure 7.29 shows a total magnetic field contour
map of the site of a proposed apartment block m Brstol,
England. The area had been explosted for coal i the past
and stabality problems would arse from the presence of
ald shafts and buried workings (Clark 1986). Lined shafts
of upto 2m were subsequently found beneath
anomalies A and D, whale other isolated anomalies such
as B and C were known, or suspected, to be associated
with buried metallic objects.

Fig. 7.23 The processmg ofacronugnesic data, Narth direction
o from botom o top. (4) Source body with vertica sides, 2km
thick a0d a magnetzation of 10A n™", iclisanon 60° and
declisnnion 207, (b) Toral field magnenc ssonuly of the body with
mduced nugretizton mesared on 4 horizontal surface 4 kin
abowve the body. Contour eterval 250 0T, {¢) Reducnion ta the
pole af aomuly shown wa (b). Contour interval 280 aT.

{d) Anosnaly shown in (b) upward contised § ki sbove the
measurenent wrface. Cootour interval 20T (¢) Second
vernical deervanve of the ancouly shown m (b). Contous iserval
80T ko2, (F) Preud v e af v shown i (b)

. Y

gan y of g of 1 Am ' and a denity
contrast of 0.1 Mg ™. Coneour miterval 200 gu. (g) Magnatude of
maximim boegontl gradiens of the peeudogrivizy nasform
shawn in (f). Coatour interval 20 gu k™, (b) Locatioes of
maxin of dars shown 1 (). Note correspondence with the
actual edges of the source shown in (4). (Rederan from Blkely &
Conmnard 1989}
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In academic studaes, magmetic surveys can be used
regaonal amvestigations of large-scale crustal features, al
though the sources of major magnetic anomahies tend to
be restricted to rocks of basic or ultrabanc compositon.
Moreover, magmetic surveying 15 of lhmited use 0 the
study of the deeper geobsry of the continental crust be
cause the Cure isotherm for common fermmagnenc

muneraks lies at a depth of about 20kkm and the sources of
major ancanalies are consequently restricted tothe upper
part of the continental crust.

Although the contnbution of magnetic surveying to
knowledge of contmental geology has been modest,
magmetic surveying in oceanic areas hos had a profound
mfluence on the development of plate tectonic theary
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Fig. 7.30 Putern of lincar magnetic
lies and ssoe fracture 2ones

120N

(Kearey & Vine 1996) and on views of the formation of
oceanic hithosphere. Early magnetic surveymng at sea
showed that the oceansc crust 15 characterzzed by a pat-
tern of bnear magnetic anomahes (Fg. 7.30) atnbut-
able to strips of oceanic crust altermately magnetizedin a
normal and reverse direction (Mason & Raff 1961). The
bilateral symmetry of these bnear magnetic anomabes
about oceanic ridges and rses (Vine & Matthews 1963)
led directly to the theory of sea foor spreading and
the establishment of 2 time scale for polanty 1

i the portheas Pacific Ocean.

Such studies have been carried out m all the major
oceans and show the evolution of an ocean basin to be a
complex process mvolving several discrete phases of

spreading, each wath a distinct pole of rotation.
Magnetic surveying is a very useful aid to geological
upping. Over ¢ regions with 2 thick sedi-
mentary cover, structural features may be revealed if
magnetic horizons such as ferruginous sandstones and
shales, tuffs and lava Hows are present within the sedi-
y sequence. In the absence of magnetic sedi-

of the geomagnenc field (Hewtzder ef all 1968).
Consequently, oceans crust can be dated on the basis of
the pattern of magnetic polanity tranations preserved
mit

Transform faukts durupt the pattern of hnear mag-
netic anomalies (see Fig. 7.30) and their distribution can
therefore be mapped magnencally. Since these faults be
along arcs of smuall crcles to the prevailing pole of rota-
tion at the bime of form fault mo inchvidual
regimes of spreading during the evolution of an ocean
basin can be identafied by detaled magnetsc surveymg.

ments, magnetic survey data can provide information on
the nature and form of the crystalline basement. Both
cases are apphcable to petroleum exploration mn the
location of structural traps wathin sediments or features
of basement topography winch mught mfuence the
overlving sedimentary sequence. The magnetac method
may also be used to assist 3 programme of reconnaissance
geological mapping based on widely-spaced gnid sam-
ples, since acromagnetic anomalies can be employed to
dehineate  geolopcal boundanies between sampling
points.



Problems

1. Discuss the advantages and disadvantages of
aeromagnetic surveying.

2. How and why do the methods of reduction of
gravity and magnetic data differ?

magnetic field conforms to an axial dipole
model, calculate the geomagnetic elements at
60°N and 75°S. Calculate also the total field
magnetic gradients in nTkm'N at these
latitudes.

5. Using equations (7.18a,b,c), derive expres-
sions for the horizontal, vertical and total
field magnetic anomalies of a vertical dyke of
infinite deptl stiiking at an asgle o (0 magiedic
north.

Given that geomagnetic inclination /is related
to latitude #by tan/ = 2tan g, use these formulae
to calculate the magnetic anomalies of east-west
striking dykes of width 40m, depth 20m and
intensity of magnetization 2Am™’, at a latitude
of 457, in the following cases:

(a) In the northern hemisphere with induced
magnetization.

(b) In the northern hemisphere with reversed
magnetization.

(c) In the southern hemisphere with normal
magnetization.

(d) In the southern hemisphere with reversed
magnetization.

How would the anomalies change if the width
and depth were increased to 400m and 200m,
respectively?

6. (a) Calculate the vertical, horizontal and
total field magnetic anomaly profiles across a
dipole which strikes in the direction of the mag-
netic meridian and dips to the south at 30° with
the negative pole at the northem end 5m
beneath the surface. The length of the dipole is
50m and the strength of each pole is 300Am.

3. Compareand contrastthe techniques of inter-
pretation of gravity and magnetic anomalies.

4. Assuming the magnetic moment of the Earth
is 8 x 107 Am’, its radius 6370km and that its
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Fig. 7.31 Toul field nugnenc peofile acrss baried volcamc
vocks south of Brasol, Exglind. (After Kearey & Alluon 1980.)

The local geomagnetic field dips to the north at
70°.

(b} What is the effect on the profiles if the dipole
strikes 25°E of the magnetic meridian?

{c) if the anomalies calculated in (a) actually
originate from a cylinder whose magnetic
moment is the same as the dipole and whase
diameter is 10m, calculate the intensity of mag-
netization of the cylinder.

(d) Fig.7.31 shows a total field magnetic anom-
aly profile across buried volcanic rocks to the
south of Bristol, England. Does the profile con-
structed in (a) represent a reasonable simulation
of this anomaly? If so, calculate the dimensions
and intensity of magnetization of a possible mag-
netic source. What other information would be
needed to provide a more detailed interpretation
of the anomaly?




References

Kearey, P. An Introduction to Geophysical Exploration. Department of Geology University of
Leicester, Michael Brooks, 2002.



