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Abstract

The anisotropy of Magnetic Susceptibility (AMS) has been used as a proxy in the
determination of the emplacement direction of the Zaria granite batholith. The study
has been able to establish the North-South trend of the batholith with the principal
susceplibility tensors (K., K.. K.) corresponding to the tectonic axes. The K,
axes indicate a north-south trend corresponding to the geologically observed
mineral alignment and hence to the direction of minimum stress which occurred
during the Pan-African Orogeny (6181480 Ma) and the K, reflects the direction of
maximum stress.
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Introduction The recognized extent of the batholith

" K ing in § ;
The granitic rocks ocourring in form o indicates that it is at least 90 km long

inselbergs, whalebacks, granite and up to 22 km wide. It extends

pavements and isolated blocky hills southward from the northem part of

found in Zaria and surrounding regions Zaria up to Katabu in the vicinity of

are regarded as a single batholith Kaduna. The intense regional

(Fig.1). This batholith initially known as tectonism and resultant deformation

the “Zaria Granite' is one of the elongate that accompanied the emplacement of

north-south oriented granite bodies 4. Oder Granite during the Pan-

concordantly emplaced in the  afjcan orogeny produced a well

preexisting gneisses of the Degree
Sheet 21, Zaria (McCurry,1970,1973). o1t central Nigeria including the Zaria
The currently used term 'Zaria Granite area (Russ, 1959; Truswell and Cope,

Batholith' was proposed by Webb  1963; Grant, 1969; McCurry, 1973 and
(1972).

defined and extensive N-S trend in
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Ogezi, 1977)..

The purpose of this study is therefore to
provide a complimentary explanation to
the geologically observed structural
trend associated with the Zaria Granite
Batholith using the anisotropy of
magnetic susceptibility (AMS) with the
aim of establishing the emplacement
direction which occurred during the
Pan-African Orogeny.

Magnetic suséeptibility (K) is the
measure of magnetic response of a
material to an external magnetic field.
Anisotropy of Magnetic Susceptibility
arises from the orientation of the
crystallographic axes of minerals,
which often control shapes of grains
(Rochette et al., 1992). Studies by Khan
(1962) have shown that
crystallographic axes correspond to the
principal axes of the AMS ellipsoid.
AMS has been widely used as a proxy
for deducing the emplacement direction
of dikes, basaltic and granitic bodies
(Rochette et al., 1992; Borradaile and
Henry, 1997; Bouchez, 1997; Eric et al.,
1999; Siegesmund and Becker, 2000
and Eric et al., 2002). It has also been
used to determine flow directions in
rhyolite flows (Dhiren, 2006).

Geological- Settmgs of the Study Area3

The Zaria Granite Bathohth belongs to’ &
suite of syn and late tectonic granites
that marked the intrusive phase of the
late Pre-Cambrian to early Paleozoic
Pan  African orogeny in Nigeria
(Mccurry, 1973). These granites and
granodiorites intruded low grade meta-
sediments and gneisses and were
collectively referred to as the 'Olde[‘_
Granites' to distinguish them: from th¢ ¢
Mesozoic "Younger Granite' (Falcone}i, .
1911) found in the Jos Plateau. The
Pan-African Orogeny was dated &t 618
to 480 M.a. (Grant, 1969) using the Rbk |
Sr dating technique. Figure 1 is the
geological map of part of Zaria bathollth .
showing the various outcrops where

samples were collected. e

The petrogenesis of the Zaria biotitg:;‘_
granite was studied by lke (1974). The
porphyritic biotite granites wer?,
intruded under the control of preexnstlnﬁ
structures in the gneissic basemen@,
already dictated by the prevailing Pap
African orogeny (618-480 m.y.) whoseg .
culmination and warning was ma[ke@,~
by the intrusion of the Older Granites. }4
Russ (1959), Truswell and Cope ( 196@)
and McCurry (1973), carried oult

.
3.

s
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structural and tectonics studies of the
region and concluded that the intense
regional metamorphism preceded and

accompanied the emplacement of the

7°38°E

older granites which resulted in a
pronounced and widespread North-
South trend in the North Central Nigeria:
including Zaria and Niger Provinces.
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Fig.1: Geological map of the Zaria granite batholith showing the rock exposures studied.

Methods

Oriented core samples were collected
from 10 different outcrops located within
the study area. At each outcrop, cores
were drilled at different points scattered
randomly on the outcrop. At each point,
core with diameter 30 mm, long enough
to yield two specimens were obtained

using the gasoline powered, water
cooled. portable acker drill equipment
model Packsack Diamond core drill.
The cores of 30 mm diameter were
trimmed to 25 mm diameter, and cutto a
length of 22 mm to conform to the
length/diameter ratio of 0.85 of
Noltimier (1971). A total of 200
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cylindrical samples close enough to
perfect cylindrical shape of 25 mm x 22
mm (standard paleomagnetic samples)
were obtained.

The anisotropy of magnetic
susceptibility (AMS) measurements
was carried out at the Advanced
‘Geophysical laboratories, Department
of Pnysics, Ahmadu Bello University,
Zaria using the Bartington MS2 meter
connected to MS2B sensor and
connected to a computer running with
the AMSWIN-BAR software. The MS2B
sensor was used along with sample
adaptors provided with the software.
For the measurements of anisotropy,
each sample placed in the adaptor was
rotated about the three diagonal axes,
and magnetic susceptibility measured
in each of the three measurement
planes. The outputis a trend and plunge
for each of the principal susceptibility
tensors (ie K., K. K..) mean
susceptibility, and the three axial ratios
given as

K
t —1 L = max
Lineation /Km: ¢))

Foliation = F = K"“‘/K . O

max/K

min

Degree of anisotropy =

Stereoplots of the principal tensors, K.,
and K,_, are plotted on lower
hemisphere stereonet projections using
the “Stereonet” software developed by
Allmendinger (2002).

Results r
The ideal result of AMS measurements
would be an orthorhombic ellipsoi:r:d
represented by orthogonal clusters of
the principal tensors on a stereonet ploft.
Lower hemisphere projectioné for K
and K, for each of the ten outcrops
investigated within the Zaria granitﬁe
batholith are shown in Figures 2(a-)
respectively. All the ten outcrops consig‘,t
of varying amounts of scatter in
orientation of tensors. Apart from Figs
2(a) and 2(j), all others show noticeable
north-south trend for most K ., axes. The
K., axes are least scatter showing
clustering around the center of the
stereonet in Figs 2.c, d, f and h. Figure:3
shows the stereonet for all the K,,,, and
K., axes for all the mveshgatéd
outcrops.

Discussion
Khan (1962) has shown thatK_,, in floWs

is parallel to direction of flow. Therefore
consistencyinalignmentof K, is agood
proxy for determining magmatic flow
directions. Large scatter in AMS
directions obtained from Figs. 2(l and ﬁK)
makes it difficult to interpret a primailry
flow direction. The brittle nature of some
of the samples could have also led to
scatter, since some samples contained
cracks, and chipped edges, formed
during sample preparation. It is likely
one or a combination of these factqfs
contributed in the large observed scatter

'
{

L
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(Dhiren, 2006). Also, the AMS ellipsoid
combines contributions from several
minerals whose individual AMS
‘eIIAipsoids are of different shape,

therefore, small variations in the

(a) KUF (b)
S

Equatires Equal Area

(d) Bassawa Road (BAS)

(g) C&S Hanwa (C&S HAN)

Equal Area

(h) KAKE (KAK)

proportions of the magnetic minerals
change the shape of the rock's AMS
ellipsoid even if the alignment process
were of constant intensity (Borradaile
and Henry, 1997).

PAL (c) Zango(ZAN)

Equal Area

(e) Jos Road (PANZ) (f) Area BZ (ABZ)

(i) Danmagaji (DAN)
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Figs.2: represents the stereonet for each of the outcrop
(solid squares represent K., while solid circles represent K,,,,).
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Fig.3: Equal-area projection of the mean direction for K, (solid squares) and
K. (solid circles) K., shows the North-South trend of the Zaria Batholith and K,

the stress direction during the Pan-African. )
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- However, the remaining Figs show a
well defined pattern of arrangements of
both K, and K, axes. The K, axes
which indicate the  direction of
movement of the fold of the batholith
indicates a North-South trend
corresponding to the geologically
observed mineral alignment. According
to Ike (1974), minerallogically defined
foliation within the batholith may have
resulted with the initiation from regional
compression stress having an edge
over that due to simple cooling history.
The directions of the foliation were
related to the orientation of the tectonic
axes. The tectonic axes correspond to
our principal susceptibility tensors (i.e
Kraww K Kmin) @nd hence K,
correspond to the direction of minimum
stress (flow direction) which occurred
during the Pan African Orogeny and K,
reflects the direction of maximum
stress. Fig. 3 combines all the plots in
Fig.2, and shows the North-South
direction, constrained for movement of
magma indicated by K., while the
East-West stress direction
corresponding to the stress direction
exerted by Pan African Orogeny on the
batholith is indicated by K, direction.
Conclusion

This study has shown that anisotropy of
magnetic susceptibility could be a
useful tool in the determination of the
emplacement direction in granitic
bodies. The study has been able to
establish the North-South trend of the

Oniku et al.,

Zaria granite batholith with the principal
susceptibility tensors (Koao K Kiin)
corresponding to the tectonic axes as
suggested by lke (1974). Thus, the
study has shown that AMS principal
directions can record flow-direction
from magma, finite-strain directions
and stress-directions from tectonized
rocks. The study therefore agrees with
the observed field direction of the
bathalith,
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