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GENERAL INTRODUCTION
of
AEROMAGNETIC SURVEY

Aeromagnetic survey provides the prime
advantage of eliminating distrubing magnetic effects
from near surface irregularities which make it
difficult to recognize low-gradient anomalies from

deep-seated geologic features.

In exploring new areas for petroleum or
minerals, particularly unmapped sedimentary basins,
the airborne magnetometer is often used as a
device for making preliminary estimates of the thick-
ness of the sedimentary section. The premise is
that sedimentary rocks are generally non-magnetic,
so that any magnetic anomalies must originate from
within the igenous crystalline complex i.e. Base-
ment. Calculation of the depth to the magnetic
material therefore yields an upper limit to the total
thickness of the sedimentary strata. In this applic-
ation only the depth of the source is requiredand

the details of the shape of the magnetic source are
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not of importance. Note that the magnetometer when
placed in the airplane is so far above the magnetic
body that the body no longer appears to be two-
dimensional no matier how elongated it may be.
Therelore, two-dimensional models are of little value

in aesromagnetic interpretation.

In magnetic prospecting one looks for vari-
ations in the earth's magnetic field which can be
atiributed to anomalous magnetic properties in
relatively shallow sub-surface rocks. These vari-
ations could result from changes in depth to buried
magnelic rocks, from changes in its susceptibility,
or from both. Since lew sedimentary rocks are
appreciably magnetized the magnetic method will
generally give information only on igneous rocks

or one ore deposils with magnelic constituents.

The interpretation of magnetlic maps may
seem at the oulse! 1o be an ardous task since it
is, at least! theoretically, possible forr an infinite

number ol magnetic mass distributions to produce
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a given anomaly. Nevertheless, through the solution
of simplifying yet reasonable assumptions it becomes
possible to make estimates of the depth to magnetic

sources.

It is assumed that anomalies large in areal
extent and amplitude are usually due to lithologic
contrasts in the Basement complex rather than to
the relief of the Basement surface. This assumption
is based on theoretical considerations, because
sharp topographic rises in the Basement rocks will
yield anomalies of relatively small amplitude. It
is assumed further that the Basement rocks are
either magnetized by induction in the earth's magnetic
field or have a remanent magnetization in the
direction of the field and that this magnetization is
constant with depth. Large bodies in the Base-
ment may not be petrologically homogeneous; never-
theless, a reasonable approximation can be made
for the average magnetization of the entire mass,
even though some rocks have a large remanent

magnetization or random orientation in comparison
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to their induced magnetization., With these funda-
mental assumptions, computations can be made ol
the magnetic field for variously shaped models of
the Basement rocks from which the depth of

magnetic sources is estimated,
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INTERPRETATION
of the
TOTAL MAGNETIC INTENSITY MAP

The areomagnetic map of the LLac Ste. Therese
area reveals that the regional field generally increases
iowards the northwest, However, due 1o a lack of
inflormation in the northeast and southwest portions
ol the surveyed area it is dilficult 10 outline the
exac! magnetlic relationship between the unsurveyed
and surveyed regions. Nevertheless, it is interesting
1o note that the magnetic anomalies present in the
northwest! and southeast portions are signilicant not
only for their large amplitude but also for their
considerable areal extent, Ulnfortunately no geo-
logical information is available and it difficult to
inerpret! these magnetlic anomalies in terms of

certain geologic features.

The prime anomaly in the northwest region
is composed ol several highs and lows. They
are disiributed side by side in an north-south trend.

in view ol their large amplitude and areal exient
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these anomalies may be caused by two blocks of
different lithologic rocks having different magnetic
susceptibility. The boundary between them is
probably a fault (marked by red lines). Judging
by the well defined elongated shape of the magnetic
anomaly "A' it seems reasonable to suspect that
this prominent anomaly may also be effected by
Basement topography. This possible fault originates
within the Basement and the '""magnetic high! block
is situated on the upthrown side of the fault. From
model studies we deduce that this anomaly may
have a source, at a depth of approximately 6,000

feet below surface.

There is strong evidence of faulting (marked
by dashed red lines) in the area west of the Lac
Ste. Therese. This possible fault seems to also
originate from within the Basemeni because of the
sharp disruptions between two different magnetic
patterns and their persistent changes in patterns
over long distances (nine to twelve miles in an

east-west direction).
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Anomalies "B","C" and "D" with lower and
higher magnetic intensity also provide interesting
features for further geophysical or geologic investi-
gation. In the Northwest Territories area the
regional Pre-Cambrian Basement generally dips
to the west and southwest towards the Rocky
Mountain trough region. Therefore, this northwest
and west rising total magnetic distribution is in
contrary to the direction of regional Basement
dip. This feature might be caused by the strong
earth's magnetic field in high magnetic latitudes
and localized Basement lithologic variations as

well as by Basement topography.

Therefore, it is significant to state that
this small amount of magnetic information does
reveal a particular distribution of geologic features
in the LLac Ste, Therese area. To determine
whether or not these geologic features are re-
lated to the special formation in such as reef
mass, further detailed geophysical and geo-

logical studies are required.
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INTERPRETATION
ol the
RESIDUAL MAGNETIC MAP

When interpretaling any "potential field" data
(like those ol magnetics and gravity), a through re-
moval ol the regional trend may help somewhat
lowards resolving the anomalies. On contoured
maps a suilable array ol points were chosen and
at each array point or grid point the average value
ol the lield on a circle ol suilable radius around the
point was evalualed. By substracling this average
from the actual value at the grid point the so-called
"residual” was oblained. It has been proven by
Griltin (Geophysics Vol. 14, No. |, 1949) that

(a) the number ol points used for

averaging has hardly any ellect on

the flinal residual value,

(b) increasing the size ol the circle

increases the magnitude ol the residual

in a non-linear fashion up to a limit,

and,

(c) the size of the circle does not
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alter the lateral position relations
to the maximum and minimum when

compared with the original map.

For the LLac Ste, Therese area a length of
6,000 feet is chosen as the radius of the circle
because 6,000 feet is the estimated thickness of
sediments in this area. As we know the radius
must be large enough so that the circle will lie
completely outside the local anomaly area, but not

so large as to include other anomaly areas.

This residual magnetic map shows that
most of the regional magnetic trend in the south-
east portion of the map has been removed and
in the northwest portion the residual anomalies
are more or less in similar locations as shown
on the Total Intensity Map. This fact demonstrates
that strong magnetized masses occupied a large
portion and east of this area a relatively less
magnetized mass is present. Between them

faulting (marked by red lines) might be present.
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The well defined positive anomaly "A'" has a source
depth of approximately + 5,500 feet below surface,
which dilfers + 500 feet compared with the depth
calculated from the Total Intensity Map. This+ 500
feet difference may indicate either Basement topography
or a reliel of magnetic rock above the Basement or
the combination of both or even the errors of depth
estimation. However, the anomaly "A'" is too
significant to ignore. The negative anomalies ngn
"C" and positive anomaly "D" in the northwest
portion of the Lac Ste. Therese area also provide
interesting features for detail geophysical and
geological study. Magnetically, reef structures
often show negative anomalies when a reef or

reef trend surrounded by formation having higher
magnetic susceptibility but not associated with a
Basement high or other structural features.
However, positive magnetic anomalies may also
reflect reef existence if the reef or reef trend
overlies and is associated with a Basement high.

Generally speaking, sharp topographic rises in

RAYALTA PETROLEU

M5

D




FPasement rock will usually yield anomalies of
relatively small amplitude. In view of the
large amplitude of anomaly "A" it is probable
that this anomaly is mainly caused by higher
susceptibility rocks within the BPasement and
possibly by very small effects of Pasement

topographic relief.

There is quite a strong evidence of faulting
(marked by dashed red lines) in the southeast
portion of the surveyed area. This fault separates
two blocks of different lithologic rocks. The one
north of this fault seems to possess higher suscepti-
bility than the one south of the fault., However,
this difference may be involved with the faulting.
There are also several not well-defined smaller
magnetic features in this region which probably

reflect inhomogeneitics in the magnetic rocks.
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INTERPRETATION
of the
SECOND VERTICAL DERIVATIVE
MAGNETIC MAP

As we know when interpreting any ''potential
field" data (like those of gravity and magnetics) one
soon begins to feel a need for looking at the anomalies
under high resolution. A complete removal of the
regional itself helps somewhat towards resolving the
anomalies but is still far from the ultimate objects,
because, for some reasons the common regional-
residual separation method is difficult to apply. This
makes direct use of the fact that nearby sources,
even though they may be small, have a great in-
fluence on magnetic gradients (also gravity
gradients) than on magnetic (gravity) itself. Accordingly,
there is good reason to expect that local features
will show up more prominently on the map of one
of the derivatives of intensity (magnetic or gravity)
than on the map of intensity itself, thus pointing out

the places where residual anomalies may be found.
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Theoretically, the Second Vertical Derivative
of intensity d2H can be shown to be practically
d Z2
the same as the "Grid Residual” as fer as resolv-
ing power is concerned, and the two are related
by the following simple function.

Second Vertical Derivative =

(Grid Residual ) x Constant

2
(Grid Spacing )

These two results differ only in the magnitude
of the horizontal gradient. The location of the
maximum, as well as the minimum and zero con-

tours will appear in exactly the same positions.

It might be worthwhile to give ourselves a
better understanding by having a brief description
concerning the theory of the Second Vertical
Derivative. The basic principle underlying the
preparation of the Second Vertical Derivative of
magnetic (or gravity) intensity is contained in the
L.aplace's Equation which holds for any field

distribution derivable from a potential. The
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equation is: vz H = o or

d‘ d*H d‘-" - (I)
d_y <z o

It siates that the algebraic sum cof the three
Second Derivative in three mutually perpendicular
directions should always be zero, By trans-

position we get:

i _ _(dd 4
= S T <y (2)

The qguantity of the left side of above

equation is the one we are searching for and the
quantity on the right side should be derivable from
an ordinary intensity map in two dimensions. For
deriving this, one considers the average value of

a functior K (X,Y,Z) (Such as the field magnetic
intensity) around a circle of radius, r whose center
we call the origin. If H (r) is the average value
this can be expressed into a power series in r

about r = 0., Thus;

HQ) = bot baT "+ by?'+ - (3)

z
[OL H(X, 72) at origin — _tsz [ 2nd ]
Derivative
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The coefficient by is obtained by solving the

equation (3) and given as:

ba = NeFiCo)+ N AW + Ny HCZ)+NsHUF) 4 ()

where No, Nj, Nj are the so called "weighting
coefficients”. H(O) is the central value of field,
A(O), AWZ) & AWS) are the average values

of field around circles of radii I,{2, & |5 times

the grid spacing.

There are several equations for Second
Deriatives by the different treatment of the
weighting coefficients from different authors. For
various reasons we prefer to choose the No.
(13 ) equation by Elkins which is expressed as

follows:

d.zH _ ' — _ T _ . - 0- s (5‘
aLz“aost[“'”(") SH(S) - 16 H(sIZ)-40H( JQ} y,

S is the grid spacing in either miles or kilometers,
Grid spacing has a very strong control on the ''noise'
which represents all the undesired anomalies

generated by shallow sources. In other words by
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choosing a suitable grid spacing to bring an anomaly
into sharp focus which is often vitiated by the
appearance of a series of fictitious anomalies
around and masking the actual object of interest.
Besides the wise choice of grid spacing, the
weighting coelfficients on each circle also play a
important role to the separation of "noises',
Derivative (second or fourth) maps, however,
are difficult to interpret quantitively, This is
largely because the instability of interpretations
due to imperfections in the data with each
differentiation. Nevertheless derivative maps
provide the same resolving power as does

the residual map. Furthermore, as far as
magnetic data is concerned, Second Vertical
Derivative Maps are useful not only in determining
depths to Basement but also in bringing into greater
prominence the geologic features that have only
slight expression in the magnetic field. They also
help delineate those geologic formations which are
magnetic, For large anomalies in particular this

delineation is accomplished by the zero contour,
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In other words, the zero contour of a large magnetic
anomaly can be considered as a clue to define the

boundary between two dillerent lithology rocks.

The Second Vertical Derivative Magnetic Map
shows similar anomalies 1o those shown on the
Residual Map. In the northwest portion the zero
contour delineates two dillerent geological formations.
The positive anomaly "A" indicates higher magnetic
susceplibility rocks in that region. East ol this
zero conlour the anomaly "B" may represent lower
magnetic material, There is a stirong indication of
faulting separaling these two blocks of rocks. The
positive anomaly "C" should also be investigated

lw‘“f‘ ™

Iin the southeas! portion, minor magnetic
anomalies are distributed. HMHowever, a fault is
strongly indicaled in the area west of the Lac Ste.

Therese.
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As mentioned previously the zero contours
of the Second Derivative Map can be used to delineate
the geological formation - hence, horizontal dimensions
of the theoretical model can thus be obtained by
considering the dimensions of the zero contour on
the observed map. In determing depth, it is signi-
ficant that for broad anomalies (at least two-depth-
units wide) many of the measurements on the
Second Derivative anomalies are independent of the
horizontal dimensions on the prism (if the theoretical
model is a prism). For this reason, it is pre-
ferable to select broad anomalies for depth calculations.
Moreover, the Residual Map using the same grid
system may be subsituted for the Second Derivative
Map since it can be shown that the maximum and
minimum zero contours appear at approximately the

same prospective positions on both maps.

It has been calculated by these methods
mentioned above that anomaly '""A' may be originating
at a depth of + 5,300 feet below the surface and

this is more or less close to the depth calculated

from the residual anomaly.
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CONCL USIONS

Significant anomalies appear in the northwest
corner of the surveyed area indicate thal
certain particular geological features may be
present, This formation is situated at a
depth ranging from approximately 5,500 leet

to 6,000 feet below surface,

The positive and negative anomalies can be
theoretically considered to relate to the Base-
ment topography or be caused by magnelized
rocks having higher or lower susceplibility
with its surrounding formation, but without
associated Pasement highs or other structural

features.

Two possible faults may be present in the
surveyed area. These tectonic evenis
probably formed certain boundaries belween
different lithologic blocks ol rocks which

possess different magnetic susceplibilities,
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Whether or not these magnetic formations
or structures are related with reef
material it should be carefully investigated

by further geophysical or geological works.

Respectfully submitted by:

RAYALTA PETROLEUMS LTD,.
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