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ABSTRACT

In an effort to have better understanding of the geologic settings and structural disposition of
the Nigerian basement rocks, llorin area, a notably complex region within the South-western
Basement Complex of Nigeria was studied using aeromagnetic data so that existing knowl-
edge on the geology of the area can be appraised and updated. The aeromagnetic data was
enhanced using various techniques which include the Total Horizontal Derivative (THD),
Standard Euler Deconvolution, Tilt Derivative and Spectral Analysis. Striking features observed
over the Residual Magnetic Field map were NE-SW trending anomalies aligned diagonally and
running from the SW to the NE, forming a band having a width of between 16,000 and
20,000 m that coincided with the Banded Gneiss region on the geologic map; conspicuous E-
W trending magnetic low whose location lies very close to the boundary between Migmatite
and Banded Gneiss; and a ring-like magnetic low occurring in the south-eastern part of the
residual map with no surface expression on the geologic map. Residual Magnetic Field values
ranged from +157 to —202 nT. The THD map showed that the Banded Gneiss was the most
deformed unit within the Migmatite-Gneiss—Quartzite complex. Major fractures coincident
with Banded Gneiss boundaries appeared to be possible channels from which heat was
leached in the regional system during metamorphism such that the Banded Gneiss region
attained a relatively lower grade metamorphism than the Migmatite sharing boundary with it.
Result from the spectral analysis showed that the magnetic basement in the eastern region
was downthrown abruptly relative to that in the western portion. The abruptness was
interpreted to mean that such subsidence was fault controlled. The study concluded that
the presence of major fractures interfering with metamorphic processes in a regional settings
may influence the grades of metamorphism that may result; that the schist region in the
study area could be overlying a region of downthrown bedrock; and that the stress pattern
that defined the crustal deformation pattern at the near crust in the past had changed
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compared to the currently dominant pattern.

1. Introduction

From the series of studies conducted on the “Nigerian
Proterozoic crustal development during the Pan-
African Regime” between the 1960s and the early
1990s, three broad lithologies have been identified.
These are the polymetamorphic Migmatite—Gneiss
complex which is composed largely of migmatites and
gneisses of various compositions and amphibolites;
low-grade sediments-dominated Schists which form
narrow belts to the west of longitude 8° E; and the
syntectonic to late tectonic granitic rocks which cut
both the Migmatite-Gneiss complex and the Schist
Belts (Turner 1983; Ajibade et al. 1987). These basic
lithologies have been found to be distinguished within
the Nigerian Basement Complex (Figure 1).

But during the years that followed this period of
extensive regional studies on the development and evo-
lution of the Nigerian basement rocks, except for a few
works which were purely geochronology studies (Dada
1998, 1999), lesser scaled studies designed towards
more detailed understanding of the peculiar geologic

settings across distinguished geologic regions were not
conducted to appraise existing discoveries and the
implication of this has been that no new, significant
insight was gained about the geologic settings and
structural disposition of the Nigerian basement rocks.

In an effort to have better understanding of the
geologic settings and structural disposition of the
Nigerian basement rocks, Ilorin area, a notably com-
plex region within the South-western Basement
Complex of Nigeria was studied on a less regional
(semi-regional) scale using magnetic (aeromagnetic)
data so that existing knowledge on the geology of the
area can be appraised and updated

Ilorin area is a region of complex geology. Within the
region, there is a notable occurrence of an extensive
Migmatite-Gneiss—-Quartzite complex and Schist Belt
(Egbe-Isanlu Schist Belt) adjacent to each other. The
schist is also believed to be intruded by granitic bodies.

Nigerian schists are generally localised to the western
part of country and none existed outside longitude 8° E.
A lot is yet to be understood about their process of
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Figure 1. The geological map of Nigeria showing the Schist Belts (after Woakes et al. (1987)).

structural and evolution with the most popular proposi-
tion about its evolution being that they (schists of the
younger metasediments) are relics of a supracrustal
cover, which was probably infolded into narrow N-S
trending synformal furrows (Turner 1983; Ajibade et al.
1987). This study was designed to derive as many as
possible structural and geologic information about
Ilorin area from the analysis of the high-resolution aero-
magnetic data acquired over the area.

2. The study area

The study was carried out around Ilorin and envir-
ons, southern Kwara State, Nigeria. The study area
spans between longitude 4.50-5.00° E and latitude
8.00-8.50° N. Expressed in Universal Traverse
Mercator (UTM) coordinates, it is located between
884,000-940,000 m N and 665,000-720,500 m E
within Zone 31N of Minna Datum. The land area
covered is 55 km x 55 km. Elevation in the study
area ranged between 162 and 659 m (Figure 2). The
elevation is highest at the south-eastern region and
lowest at the northern region. The vegetation is a
typical rainforest vegetation characterised by scat-
tered trees and grasses. Some towns within the
study area include Ilorin, Igbaja, Oro, Ajese-Ipo,
Offa and Erin-Ile.

3. The geologic settings of the study area

The study area falls within the South-western Nigerian
Basement Complex. It is underlain by the Migmatite-
Gneiss—Quartzite complex of Precambrian to Cambrian
age intruded by suites of granitic bodies (porphyritic

granite, medium/coarse-grained biotite granite, hornble-
nde granite, granodiorite and granite gneiss) known as
the Older Granitoids, which are of Pan-African age in the
northern, central and south-western regions. Younger
metasedimentary rocks, probably of Pan-African age,
underlie the south-eastern part of the study area
(Figure 3).

Migmatite-Gneiss—Quartzite complex rocks consti-
tute about 75% of the rocks occurring in the area and
include Migmatite Gneiss, Banded Gneiss, Granite
Gneiss and Quartzite. The Younger Metasediment
rocks in the area include the schist and flaggy quartzite,
which constitute about 20% of the rocks found in the
study area (Figure 3). While the Younger Metasediments,
as shown on the geologic map (Figure 3), only occurred at
the south-eastern region, the Migmatite-Gneiss—
Quartzite complex rocks continued to the east of the
study area to areas like Ajegunle, Oko-Baba, Illofa,
Eruku, etc. (in Kwara State, Nigeria), which were not
covered by the study area. This means that on a more
regional scale, the Younger Metasediments occur as litho-
logical entities within the Migmatite-Gneiss—Quartzite
complex rocks (Figure 1).

4. Materials and methods
4.1. Data description

4.1.1. The elevation data

The elevation data used for the study is the high-resolu-
tion, Shuttle Radar Topographic Mission (SRTM) global
elevation data (Digital Terrain Elevation Data - DTED®)
having a spatial resolution of 30 m x 30 m (1 arc second)
and a near world-wide coverage. The data was acquired
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Figure 2. The Digital Terrain Elevation Data (obtained from SRTM (USGS 2006)).

960000 mN

950000 mN

940000 mN

930000 mN

920000 mN

910000 mN

900000 mN

890000 mN

LEGEND

PORPHYRITIC GRANITE

FINE GRAINED BIOTITE GRANITE
BANDED GNEISS

MIGMATITE

MIGMATITE GNEISS

qS SILICIFIED QUARTZ
FLAGGY QUARTZITE WITH BIOTITE GNEISS

UNDIFFERENTIATED SCHIST

MEDIUM/COARSE GRAINED BIOTITE
AND HORNBLENDE GRANITE

BIOTITE AND BIOTITE
HORNBLENDE GRANODIORITE

GRANITE GNEISS
FAULTS
4 TOWN

660000 mE 670000 mE 680000 mE 690000 mE 700000 mE 710000 mE

I
Om 10000 m 20000 m

Figure 3. The geologic map of the study area. Digitised after Nigerian Geological Survey Agency, 2006.

by radar interferometry and made use of the Earth’s
Gravity Model 1996 vertical datum. The unit of height
measurement is metre (m) and the C-band wavelength is
5.6 cm.

4.2. The aeromagnetic data

The magnetic data used for the study is the high-
resolution 100 m x 100 m grid aeromagnetic (Total

Magnetic Field Intensity (TMI)) data, having a
mean terrain clearance of 80 m and recording
interval of 0.1 s, acquired by the Nigerian
Geological Survey Agency between 2003 and 2010.
For this study, the data was reduced to the mag-
netic equator to remove asymmetries associated
with low magnetic latitude anomalies. The regional
field was removed and the resulting residual field
was processed and analysed.



4.3. Aeromagnetic data analysis

The first-order residual field anomaly was obtained by
removing the effect of the deep-seated sources (regional
field) from the Total Magnetic Field Intensity (TMI) data
and enhanced using various techniques. The enhance-
ment was imperative so that subtle magnetic signatures,
especially those related to edge detection, can be revealed.
The suite of signal enhancement techniques employed
includes the Total Horizontal Derivative (THD),
Standard Euler Deconvolution, Tilt Derivative (TDR)
and Spectral Analysis. The THD and the Standard
Euler Deconvolution were basically employed to analyse
structures (from the magnetic data), while TDR and
Spectral Analysis were employed to evaluate the depth
to the magnetic basement.

4.4. Total Horizontal Derivative (THD)

The THD technique is the simplest approach to esti-
mate contact locations of bodies at depths (Ndougsa-
Mbarga et al. 2012; Oyeniyi et al. 2016). According to
Phillips (2000), the horizontal derivative method will
produce apparent contacts that are linear and very
continuous. The biggest advantage of this method is
its low sensitivity to noise in the data because it only
requires calculations of the two first-order horizontal
derivatives of the field (Phillips 2002). Hogg (2004)
describes horizontal derivatives as being essentially
important, while trying to map linear features such
as fault zones and/or dykes from potential field data.
If T is the magnetic field, then the THD is given by:

THD(x,y) = \/(%y + <%T>2 (1)

where x and y are the directions of differentiation

Maxima observed on THD map are diagnostic of
lineaments (faults and lithologic contacts) and their
locations within the study area. In order to highlight
the contacts shown on the THD map, the maxima of
the THD map were plotted as thick black lines on the
THD map where the peaks are continuous.

4.5. 3-D standard Euler deconvolution

This technique provides estimates of source location
and depth. Therefore, Euler Deconvolution is both a
boundary finder and depth estimation technique.
Euler Deconvolution is commonly employed in
potential field data interpretation because it requires
only a little prior knowledge about the source geo-
metry, and more importantly, it requires no informa-
tion about the magnetisation vector in the case of
magnetics (Thompson 1982; Reid et al. 1990;
Balogun et al. 2016; Ovyeniyi et al. 2016) such that
its solutions are not affected by assumptions about
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presence or absence of remanence. The technique
determines the anomaly position, depth and base
level for a specific magnetic source across a study
site. The standard 3-D Euler Deconvolution is based
on solving Euler’s homogeneity equation (Equation
2) (Reid et al. 1990):

(= s et = ) G = W), = (B=T)

(2)
which can be re-written as:

AL L L S AL
Xox gy iy T = X g Tt g, T
(3)

where f3 is the regional value of the potential field and
(X0, Yo» Zo) is the position of the source, which pro-
duces the total potential field T measured at (x, y, z).
1 is the called structural index.

4.6. Tilt derivative

The Tilt Derivative is obtained from the arc tangent
of the ratio of the first vertical derivative to the total
horizontal derivative. It differs from the local phase in
that it uses the value of the total horizontal derivative
in the denominator instead of the derivative in the x
direction used in local phase angle determination.
The TDR is given as:

VDR
TDR = tan™! [—THD] (4)

where VDR and THD are the first vertical derivative
and total horizontal derivatives of the TMI
respectively.

Qualitative analysis of TDR maps has always
shown that relatively shallow targets in a region are
usually characterised by closely spaced TDR contours,
while deeper targets are usually characterised by
widely spaced contours over the —45° to +45° band
(Salem et al. 2007). Because all amplitudes are
restricted to values between +7/2 and —7/2 due to
the nature of arc tan trigonometric function, the TDR
can function as an automatic gain control filter and
equalise the amplitude output of TMI anomalies
across a grid or along a profile (Verduzco et al
2004). It should also be noted that the output ampli-
tude of TDR is more dependent on the depth of
burial than magnetic susceptibility contrasts.

Over the edges of an anomaly TDR produces zero
crossing over edges at geomagnetic inclination of 0° and
90°. Therefore, TDR is better applied for data that have
been reduced to the magnetic equator or the magnetic
pole.
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4.7. Spectral analysis

The spectral analysis technique is a technique capable
of decomposing signals into their constituent wave-
number compositions. In magnetic surveys, the total
magnetic field measured is the integration (continu-
ous sum) of magnetic signals from the ground surface
down to the curie depth which can be decomposed
into constituent wavenumber (depth) components by
the appropriate mathematical functions. Spector and
Grants (1970) stated that the depth factor invariably
dominates the shape of radially averaged power spec-
trum of magnetic data. Radially averaged power spec-
trum implies that the powers for equal length of the
wave vector are averaged. The radially averaged
power spectrum of a field in a two-dimensional
observation plane decreases with increasing depth to
the source (f) by a factor e~", where r is the wave
number.

Hence, if the shape of the power spectrum is
dominated by the depth factor, the logarithm of the
power spectrum should be proportional to — 2tr, and
the depth to the source can be derived directly from
the slope of the log radially averaged power spectrum.
Connard et al. (1983) stated that since the log radially
averaged power spectrum is usually curved, a single
power spectrum for a profile or grid may yield up to
five depth values (represented on a segmented curve),
which seems to indicate the existence of various ver-
tical magnetic interphases in the crust, with the
higher wavenumber regions representing shallower
depths and the lower wavenumber regions represent-
ing deeper depths. Depth values can therefore be

670000 680000 690000 700000

710000

obtained by first approximating the log power spec-
trum as series of segmented straight line and subse-
quently calculating the slope of individual straight
line segment and dividing it by 47 to yield the corre-
sponding depths for a grid data and dividing it (the
slope) by 27 for a line profile (Naidu 1972).

5. Results and discussion
5.1. The residual magnetic anomaly map

The residual magnetic anomaly map is shown in
Figure 4. The residual map is dominated by elongated
anomaly patterns (magnetic highs and lows) with
most of them trending in the NE-SW direction and
a few in the E-W direction. An interesting thing to
note is that the NE-SW trending anomalies are
aligned diagonally in a continuous manner, running
all the way from the SW to the NE, and have dis-
tinctive margins, forming a diagonal band having a
width of about 16,000 m at its south-western end and
about 20,000 m at its north-eastern end (Figure 4).
The diagonal band region contains both magnetic
highs and lows. Most of the E-W trending anomalies
found on the map occur outside the diagonal band.
Most anomalies found in the north-western end of the
map are roughly spherical except for an elongated,
conspicuous E-W trending magnetic low (labelled
“P”) which seemed to break the continuity of the
western diagonal band margin, displacing the north-
ern segment of the band margin more to the west. On
comparison with the geologic map (Figure 3), the
location of the said anomaly “P” (whose centre is
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Figure 4. Residual magnetic anomaly map of the study area.
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around 680,732 m E, 923,668 m N) lies very close to
the boundary between Migmatite and Banded Gneiss.

Another striking anomaly is a ring-like (circular)
magnetic low, labelled “Q”, occurring in the south-
eastern part of the residual map. Having its centre at
699,039 m E and 892,747 m N, it is located just
outside the eastern diagonal band margin (Figure 4).
From the geologic map (Figure 3), the ring-like
anomaly was found to be located within the schist
unit and does not have any surface expression.

Due to the fact that the magnetic data were acquired
at the magnetic low latitude and were reduced to the
equator, magnetic lows (i.e. negative residual field
values) indicate high magnetic susceptibility while the
magnetic highs (i.e. positive residual field values) indi-
cate low magnetic susceptibility values. Residual
Magnetic Field values ranged from +157 to —202 nT.

5.2. The total horizontal derivative (THD) map

The THD map of the study area is shown in Figure 5.
Since the derivative (in the first order) of a quantity is
always maximum where there is an abrupt change (or
discontinuity) in the value of that quantity, elongated
peak amplitudes on the THD map were taken to
indicate positions of structural discontinuity, hence
linear geologic features.

The outlined linear features on the map are of two
categories. The first category is the relatively short, peak
amplitudes outlined with short black lines on the map.
These are short linear and curvilinear features having
orientation ranging from NE-SW, ENE-WSW to E-W.
They occur mostly within the Banded Gneiss region

910000 920000
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(denoted as “B” on the THD map) and appear to be
preferentially concentrated around the lithologic bound-
aries M; and M, which are the boundary between the
Banded Gneiss and the Migmatite and the boundary
between the Banded Gneiss and the Schist respectively
(Figures 3 and 5). This suggests relatively high level of
stress, resulting in intense deformation (shearing and
foliation) within the Banded Gneiss, especially around
its boundaries with adjacent lithologies.

The second category is the relatively longer, con-
tinuous, lineaments which are of regional scale out-
lined (in white lines) and designated as major
lineaments (or contacts) on the map. These second
category lineaments trend mostly in the NE-SW direc-
tion and seem to represent major lithologic boundaries
and major fracture lines. While M, and M, obviously
represent lithological boundaries when compared with
the geologic map (Figures 3 and 5), the concentration
of many minor lineaments around these lithological
boundaries (i.e. M; and M,) suggests that the litholo-
gical boundaries (M; and M,) themselves might be
coincident with fracture zones such that the lithologi-
cal boundaries were established over some major frac-
tures (joints or faults) trending in the same manner as
M; and M,. This could then explain why we have an
extensive body of Banded Gneiss adjacent to an also
extensive Migmatite body. Major fractures coincident
with boundaries M; and M, were possible channels
from which heat was removed (leached) in the regional
system during metamorphism such that the Banded
Gneiss region (bounded by M; and M,) attained a
relatively lower grade metamorphism than the
Migmatite adjacent to it.
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5.3. 3-D standard Euler deconvolution

The plot of the 3-D Standard Euler Deconvolution
analysis for the study area was presented in Figure 6
as “colour-range symbol map”. The 3-D Standard Euler
Deconvolution analysis was used as an alternative
means of structural evaluation so that in addition to
revealing the orientation of the geologic structures, the
continuity of the structures at depth can also be eval-
uated. However, the Euler solutions accepted were lim-
ited to a relatively shallow sub-surface depth (700 m)
since the window size that gave the best Euler
Deconvolution result was 350 and as such, the max-
imum depth that can be accepted is 700 m (i.e. twice the
window size). The lineaments delineated and the struc-
tural trends obtained were well defined and highly
comparable with those realised from the THD map. It
was however noticeable that the Euler solutions were
better defined (i.e. less congested and smoother) than
the THD solutions and the structures continued beyond
350 m (Figure 6).

5.4. The tilt derivative (TDR)

The TDR map is shown in Figure 7. In the qualitative
interpretation of TDR maps, closely spaced contours
of the —45° to +45° band usually depict relatively
shallow targets while widely spaced contours of the
said band do depict relatively deeper targets. Zero
degree tilt angles are also believed to form close to
edges of bodies, therefore defining source edges, con-
tacts or regions of discontinuities which can all be
classified as geologic lineaments in Reduced to the
Equator (RTE) data. In the study area, the 0° contour
lines follow the same trends and show similar pat-
terns to the lineament patterns delineated on the
THD map. In addition, the TDR map suggests that
the north-western and south-eastern regions are rela-
tively deeper given that the —45° to +45° band is
relatively broader in those regions.

5.5. The spectral analysis

In the spectral decomposition of magnetic signals, the
depth to the “magnetic basement” is usually taken to
be the depth to the “fresh basement rock” either in
the basement or sedimentary terrain as the overlying
regolith or sediments as the case may be are believed
to have negligible magnetic susceptibility in most
cases.

Under ideal situation, one would expect that
estimated depth to the “magnetic basement” should
agree with the depth at which one would encounter
the “fresh basement” if someone were to drill into
the ground. However, it should be noted that in
some cases, the depth to the magnetic basement
may appear overestimated with respect to the
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perceived depth of the fresh basement. This could
be due to the fact that the magnetic basement is
usually delineated based on the detection of region
(depth) where the magnetic susceptibility is found
to contrast markedly. And as such, in a situation
where in the upper region of the fresh basement
there was no marked difference in magnetic sus-
ceptibility from the overlying overburden, the
depth to the basement rock will most likely be
overestimated.

The study area was divided into 16 overlapping
square sub-grids with each sub-grid being of 22 km
length (Figure 8). Figure 9 shows some of the radially
averaged power spectrum plots from the demarcated
blocks of the study area used to deduce the depth to
the magnetic basement for each of the constituent
sub-grid. The depth obtained for each sub-grid was
then plotted against a reference coordinate which is
the coordinate of the centre of the sub-grid to gen-
erate the map of the depth to the top of the basement
rock (Figure 10(a,b)).

It was observed that at the western two-third por-
tion of the study area, the depth to the magnetic
basement ranged between 0.428 and 0.471 km while
at the eastern one-third portion, the depth to the
magnetic basement was deduced (from spectral ana-
lysis) to be deeper, ranging between 0.477 and
0.602 km (Figure 10(a,b)). The abruptness in the
depth change as we move towards the eastern one-
third portion of the study area where schist is the
principal lithology suggests that the magnetic base-
ment in the region (eastern one-third portion) could
have been downthrown relative to that in the western
two-third portion. While this inference may not be
unique, it is however more plausible to think of the
downthrown magnetic basement towards the eastern
part as an indication of block subsidence. The abrupt-
ness in the displacement would then be an indication
that the subsidence was fault controlled.

The coincidental occurrence of the schist within
the region of downthrown magnetic basement may
however be corroborative of the proposition of geol-
ogists who had earlier worked on the crustal devel-
opment of Nigeria during the Pan-African regime (e.
g. Turner 1983; Ajibade et al. 1987) that the schists of
the younger metasediments are relics of a supracrus-
tal cover, which was infolded into narrow N-S trend-
ing synformal troughs within the fairly stable
Migmatite-Gneiss complex.

Profiles taken on Figure 10(a) were stacked and pre-
sented as Figure 11. The displacement of the magnetic
basement in the eastern region relative to the western
regions was vividly pictured. The maximum vertical dis-
placement of the downthrown block (of the eastern
region) from the hanging block (of the western region)
is 174 m.
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Figure 8. A layout of the study area. A1, A2 and D4 represent the centre of a 22,000 m x 22,000 m sub-grid.
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Figure 9. Radially averaged power spectrum of blocks A1 (top left), B2 (top right), C3 (bottom left) and D4 (bottom right).

5.6. The old and the new stress pattern in the
near crust

The image of the depth to the top of the bedrock, better
represented by the 3D image of the study area (Figure 10
(b)), has revealed the displacement trends and the extent
of displacement of the near surface crustal blocks, hence
the stress pattern that has helped to shape the near crust

(shallow parts of the continental crust) in the past. It was
noted however that the planes of faults mapped from
more recent geological field mapping efforts (Figures 3
and 10(a)) do not coincide nor lie along the bedrock
margins (displacement margins) on the map of the depth
to the top of the bedrock, but rather it cut through those
margins. This indicates that these mapped faults are not
genetically related with the formation of the bedrock
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Figure 10. (a) Map of the depth to the top of bedrock. (b) 3D image of the depth to the top of bedrock.

margins (displacement margins) shown on Figure 10(a,
b), but are rather new sets of faults reflecting the new
stress pattern and condition at the near crust. This
invariably means that the stress condition/pattern that
defined the crustal deformation pattern at the near crust
in the past has changed and is therefore different form
the prevalent pattern that is dominant presently.

6. Conclusion

High-resolution aeromagnetic data acquired over
Ilorin area (Nigeria), an area known for adjacent
occurrence  of  extensive  Migmatite-Gneiss—
Quartzite complex and Schist Belt, were analysed
and interpreted to gain more insight about the
geologic settings and structural disposition of the
area.

The notable anomalies observed on the residual
magnetic field map were NE-SW trending magnetic
anomalies (highs and lows) aligned diagonally and
forming a distinct band with a width of between 16
and 20 km, coinciding with the Banded Gneiss region
found in the central part of the study area; conspicu-
ously discordant E-W trending magnetic low around
the north-western region of the study area whose
location was found to be around some portion of
the boundary between Migmatite and Banded
Gneiss when checked against the geologic map, and
a ring-like magnetic low in the south-eastern region,
having its centre at coordinates 699,039 m E and
892,747 m N, which is buried totally within the schist
with no surface expression on the geologic map.

Two categories of linear features were outlined on
the THD map. The first category was the relatively
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Figure 11. Stacked profile of profiles taken over Figure 10(a).

short, peak amplitudes concentrated within the
region of the Banded Gneiss which indicated that
the Banded Gneiss region is highly sheared and/or
foliated. The second category was the relatively
longer, continuous, lineaments which are of regional
scale, trending mostly in the NE-SW direction and
seeming to represent major lithologic boundaries.

The most extensive of these relatively longer linea-
ments are lineaments M; and M, which appeared more
like lithological boundaries bounding the Banded
Gneiss to the West and East respectively when the
THD map was compared with the geologic map.

The concentration of many minor lineaments
around M,; and M, suggested that the lithological
boundaries M; and M, themselves might be coinci-
dent with fracture zones such that the lithological
boundaries were established over some major frac-
tures (joints or faults) trending in the same manner
as M; and M,. If this were to hold true, then the
major fractures supposedly coinciding with bound-
aries M; and M, were the possible channels from
which heat was removed (leached) in the regional
system during metamorphism such that the Banded
Gneiss region (bounded by M; and M,) attained a
relatively lower grade metamorphism than the
Migmatite adjacent to it.

From spectral analysis it was observed that at the
western region of the study area, the depth to the
magnetic basement ranged between 0.428 and
0.471 km while at the easternmost one-third region,
the depth to the magnetic basement was found to be
deeper, ranging between 0.477 and 0.602 km. The
abruptness in the depth change as we move towards

COMPLEX

the easternmost region where schist is the principal
lithology suggested that the magnetic basement in the
easternmost region could have been downthrown
relative to that in the western region. The maximum
vertical displacement of the downthrown block of the
easternmost region from the hanging block of the
western region is about 174 m.

It was also noted that since the planes of faults
mapped from more recent geological field mapping
efforts do not coincide nor lie along the bedrock mar-
gins delineated from the map generated for the depth to
the top of the magnetic basement but rather cut through
those margins, the mapped faults were not genetically
related with the formation of the bedrock margins but
are rather new sets of faults reflecting the new stress
pattern and condition at the near crust.

Though the ring-like anomaly labelled “Q” on the
residual magnetic map would fall within the schist
region if it were positioned on the geologic map, no
unique surface structural or lithological expression
was found to be corresponding to it on the geologic
map. This could mean that the causative body is
either intrusive or has not be mapped geologically.
Coring and wireline logging is recommended at the
centre of this anomaly if follow-up geologic field
mapping confirmed that it is intrusive.
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