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ABSTRACT

A gravity survey over the Precanbrian "d der
Ganite" intfrusives in Zaria area of northern N geria
was carried out. The survey was ainmed at investigating
the structure, depth and extent, and the node
of occurence of the Ader Ganites.

A LaCoste - Ronberg gravineter (nodel G468) was
used in collecting gravity data while station el evation
determnations were acconplished using 2 altineters.

In all, 279 stations were established at intervals of
1 to 2 km Laboratory density determnation was
carried out on 118 rock sanples collected fromthe
ar ea.

Interpretation of the gravity anomaly shows that
the area is characterised by promnent residual gravity
lows of -12. nG@l to -8 nGal relative to a NS trending
regional anomaly of gradient 0.07 nal/km Three -

di mensional nodelling of the residual gravity shows

that there are 3 batholiths in the area, with floors
which are located at depths 2,3 and 1.7 kmrespectively,
and the walls of the batholiths are, in general, inward
di pping. Five promnent plugs in the survey area
extended to depths of beweenn?2 and 8 Kmlocally.

The general configuration of the nodel | ed bodies
and pattern of the gravity anonal i es suggest that the
area is characterised by a multiple batholith which
were magnatically enplaced with the 5 plugs acting as
conduits for the ascent of the magna.

Vi .
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4 CHAPTER 1

INTRODUCTION

1,1 General

The area covered by this study lies betweep
latitudes 2045 and 110201N, and longltudes 7030E5
and 8°001c within the northern Nigerlan Precamorian
belt, It is located partly within topographic map
sheet 102 (Zaria) and partly within sheet 124 (Igapi),
The survey area is approximately 2,860 sG. km, This
area, referred to as Zarla area throughout this report,
is gshown on figure 1.1 and 1.2,

The road network in the area can be classified
into two broad groups., The tarred roads which include
those linking Zaria to Kaduna, Jos, Malumfashi, Kano,
Birnl~Gwari and Funtua., These roads are very well
developed. The other types8 are those which coula be
referred to as tracks. They are numercus and only
motorable during the dry season, |

The plains on which Zaria arez is situated are
part of the vast, gentle undulating plain scenery which
extends almowt unbroken from Sokoto te Lake Chad and
beyond, and from south of Kaduna to the Tlquecidi scarp
near Agades (Thorp, 1970). within a radius oi about
80 km rrom Zaria, elevations vary trom 590 m to 715 m with
local relief varying from 3C.m to 45 m ana a regionadt

slope to the south, Slope angles although generally
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low, between %° and 40, attain comparatively steep
values over restricted arcas, The plains are
surmounted by hill features of two kinds: rock
inselbergs and iron-stone-capped mesas (Thorp, 1970).
The drainage system of Zaria area focuses on
the River Galma, a major tributary to River Kaduna,

Supplied with run-—off and seepage from a drainage

basin e1x about byYUWV Sg, Km,, Tre Galma carries water
throughout the year unlike many of its tributaries
which dry up during January to June (Thorp, 1970),

The area is located on a plateau at a height
of about 670m above sea-level in the centre of northern
Nigeria (figure 1.,1) and it possesses a tropical
continental climate. The area is invaded by two
distinct air masses, one from the north-dry and
continental in origin and the other from over the
Atlantic in the south~moist, cool and equatorial

maritime in nature,

1.2 Previous Work in the Area

Related previous work in the area could be
classified into two broad groups: Viz geophysical
and geological,

The only remarkable geophysical work in the
area was the aeromagnetic mapping of the area among
those of northerm Nigeria. This was part of the

aero~survey project carried out throughout the country
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by the Geological Survey of Nigeria, Aecromagnetic
maps produced from such mapping had since gone into
LS€ e

Earlier geologlic work in the area has largely
been regtricted to water supply investigations and
glves little information about the basement geoclogy
(McCurry, 1970). However, Olowu (1967), in a report
on groundwater conditions in the area, produced a
small~scale map which inecorporated most of the main
geologic unlts, *

McCurry (1970) reported the mapping of an area
approximately 12,000 sq. km, in the Zaria-Funtua-
Malumfashi region at a reconnalssance level and mapped
in detail an area approximately 15 sq. km. to the west
of Zaria., Geologic information from such mapping was
presented on map sheets 78 (Funtua), 79 {(Mailumziasni),
101 (Maska) and 10¢ (Zaria)., The same area was &lso
remapped by the Geological Survey of Nigeria,

| Later geologic work in the area was reported
by Webb (1972)., However this reported work was limited
to areas betweén Zaria and Kaduna, Findings from this
work led to a revislion of parts of map sheets 101 and
102 previously mapped by McCurry (1970). From the
mapping, Webb (1972) regarded the granite plutons in
Zaria area, mapped by McCurry (1970), as part of a
single batholith,
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1.3 Objective and Scope

The main theme of this study was born out of
the geologic mapping of degree sheet 21 (zaria) by
McCurry (1970). Result of the mapping showed the
emplacement of two separate Older Granite plutons
within the Zaria area basement,

This work, which entails a gravity survey of
these Older Granite plutons, has the following
objectives:

1) To investlgate the extent of the Older
Granite suite within the Zaria basement
and determine the shape of the plutons.
il) To investigate the deep structure of
the Older Granite suite and how this
can be related to its origin and mode
of emplacement,
It is alsoc hoped that the work would throw more light
on the structurel relatlonship between the Clder
Granites and the surrounding metasediments and
gneisses,

As gravity survey involves measurling minute
variations in the pull of gravity from rocks within
the first few kilometers of the earth, and as
different types of rocks have different densities,
the scope of work lnclude: |

i) Obtaining gravimeter and altimeter data

over the area,.
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11) Collection of unweathered rock samples
over the survey area for density
determination,

1ii) Reduction of field data to Bouguer
anomalies,

iv) Interpretation of Louguer anomalies,

The interpretative work however include quantitative

modelling of the residual gravity field,



CHAPTER 2

GLOLOGICAL REVIEW

2.1 Geology of Zaria Area

Bascd on the work of McCurry (1970), the
principal rock units in the area arc:
i) Metasediments, which was laid down,
and then metamorphosed during the Pan-
African orogeny betwcen 850 and 650 m,y.
ago, and which occupy }incar north=-
south trending iscoclinal belt to the
west er the survey area,

ii) A crystalline complex composed of
gneisses, considered to have been
metamorphosed more than 2,000 m.y. ago,

iii) Older Granites, vhich intruded the

gneissic crystalline complex from 647
to 618 m,y. 2goe.

Figure 2.1 shows the locations of the various
rock units as mapped by McCurry (1970) and presentecd
on geologic maps sheets 102 (Zaria) and 124 (Igabi).
However, Webb (1972) mapped in detall part of shcet
124 and re-examined part of sheet 102 among others.
Results of the mapping had led to a revision of parts
of shcet 102 earlier mapped by McCurry (1970),and a

summary of the revision are stated bclow.
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According to Webb (1972), McCurry (1970) mapped
the extent of the granite plutons and metasediments
(Fige 261) to coincide more or less with the extent
of granite inselbergs and quartzite ridges respectively,
both of which are prominent on aerial photographs.

She considered the more or less featureless ground
around Samaru and Shika (Fig, 2,1) to coinclide with
the extent of the gneisses. Webb (1972) mapped such
ground in detail, and found much of it to be underlain
by weathered granites and schists. Klso, orthognelsses
outcropped around Maigana (Fig. 2.1). These are
considered to be granites intrusive into the gneiss
unit, but older than the Older Granites (Webb, 1972).
Furthermore, the metasedimentary belt is wider than
formerly shown, and extends into and beyond Jaji

(Fig. 2.1) (Webb, 1972).

However, the various principal rock units XIn
the area have variable petrographic compositions, the
detail of which are glven by McCurry (1870) and also
summarized in McCurry (1971, 1973, 1976)., The petrology
of the metasediments, crystalline gneissic complex and

the Older Granites are here summarized below,

2alel Metasedliments

Metasediments occur in a north-south synclinal
belt to the west of the survey area., Regional
metamorphiam has produced these metasediments whicgh

range from low—grade phyllites to
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relatively high-grade schists and gneisses., They have
apparently conformable relatlonship with the crystalline
host rocks (McCurry, 1570).

Prominent ridges in the belt consist of massive
to granular gquartzites, while predominantly fissile
muscovitic varieties tend to form lower ridge features,
Massive quartzites contain relatively few impurities
and are usually grey-white in colour. The fissile
varieties vary from yellow to brown depending on the
relative amount of muscovite and oxide present
(McCurry, 1970},

Schists occupy the greater part of the
metasedimentary belt, varying in colour, texture and
outcrop, They are soft, friable and deeply weathered,
Gradational boundaries within the schists are ubiquitous,
and the schists also.grade inte adjacent crystalline
gneisses, Varieties of schists encountered are muscovite
-~ guartz - schists, bictite - muscovite - schists, talc -
schists and feldspathic - schists (McCurry, 1970).

Crystalline basement gneisses occur in the
metasediments as anticlinal feld cores. They are
concordant, generally rather schistose gneisses which
are belleved to be due to higher grades of metamorphism
within the metasedimentary sequence. The more resistant
facies of the gneissic complex however form low ridges

or whalebacks in the metasediments (McCurry, 13%70),
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2+142 Gnelssic crystalline complex

Gnelsses comprise the anclent crystalline
basement which underlies the whole area and
accommodates the belt of metasediments described above.
There is evidence that the gneisses are sedimentary in
origin (McCurry, 1970). Some of the gneisses assume
a more granitlc appearance, They are very variable both
in composition and texture, and major varieties in the
area are biotite-gneisses, granite-gneisses and augen-

gnelisses,

2elel Older granite guite

According to McCurry (1970), a suite of
granites intruded the crystalline complex in the area,
These granite bodies are sub—elliptical and are
discordant with rather diffuse contacts. The rocks
are compesitionally similar in that they contain quarts,
microcline, plagioclase and biotite as essential minerals
with accessory apatite and zircon. Porphyroblastic
bictite—granite is the commonest and the most distinctive,
It is richly potassic with large microcline megacrysts.
The rocks have a pink-grey colour due to large rectangular
carlsbad twlnned microcline megacrysts, set in a granitic
groundmass of quartz, microcline, plagioclase and

biotite,
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Discordant contacts show that most of the
granites are intrusive, whlle flow xenoliths,
boudinage aplite veins and mafic pods are suggestive
of movement in a semi-plastic condition,

McCurry and Wright (1971}, concluding on the
age and origin of the granites, mentioned that during
the Pan-African orogeny in Nigeria, an‘ancient basement
was remobilised to develop a crystalline complex of
gnelsses and migmatites and was intruded by a suite of
variably microcline-megacrystic granftic rocks, the so

called Older Granitesg,.

2,2 General Characteristics of Batholiths

Batholiths are gigantic masses of essentially
igneous rocks, generally composed of granite or
grancdiorite, with highly irregular dome~like roof,
and walls that dip outwards so that the intrusions
enlarge with depth and appear to be without visible
foundations, Smaller intrusions of similar type, but
less enlongated and with areal dimension of only a few
square kilometer, are called "stocks",

On batholith's origin and mode of emplacement,
whlle some researchers (e.g, nHus8(1957) aua Rahman (1976) )

believe cthe origi Lo ve graniivic magma inirading inio ohe
ear.h crusu, owner (e.g, Grany (1v/8)}1avour ithe explanation
accoraing Lo which catholiuhs were rormec oy ine

transiormation of Sesuimeniary rocks 1nvo granite,
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Structurally however, batholiths are of two
types: concerdant and discordant, Batholiths that
intruded during crustal deformation tend to have
cencordant contacts. The discordant types, which cut
across trends of fold and other structures of their
surrounding walls, were emplaced at the end of a period
of intense deformation, Granlites are surrounded by a
zone of re-crystalllized roeks consisting of intbmatelym
penetrating masses of some batholiths, the invaded
rocks show a gradation from typical sédimentary and
metamorphic characters to various mixed types and
finally to granite (Emmons et. al., 196C). Batholiths
are typically distinguished by cross—contact with the
enclosing rocks, homegeneous compesition, and the fact
that they are confined to the central part of folded
zones. Often, they are many times as long as they are

wide (vakushova, 1367},
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FIELD=YORK AND DATA REDUCTION

341 Planning and General Preparations

Planning for the field-work include:

1) Collecting all relevant topographic
maps of the area (scales 1:100,000 and
1:50,000) and outlining the boundariecs
of all formations in the area on the
1:100,000 scale maps,

ii) Choosing survey routés,
1i1) Positioning field staticns along survey
routes and
iv) Writing out tentative field occupational
sequences,
However, preparations for the field-work
entalled principally the checking of all required

instruments,

3.1.1 Planning
The details of the planning processes itemised

above is summarizad as fcllows: Boundaries of all
geclogic formations in the area werc traced on the
tepographic map of the area, Survey routes wire
sui.sequently chosen, The choice of routes were
dictated by available road network and also influenced
by the desired even spatial coverage over the area to

be surveyed, The extent of survey was determined by
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the geologic information and the necessity to

establish adequate regional gravity field, Field
stations were positioned along routes at 1T.km intervals
in areas under-lain by the Older Granites and 2 km
elsewhere. Tentative fleld sequences were prepared
using the single loop method (Osazuwa, 1985) with the
main-base at the Nigeria College of Aviation Technology,
Zaria. Four other sub~base stations were also

established (Fig. 3.3.),

B.ﬁ.2 Preparations and igsstrumentations

The checking of all the required instruments
was aimed at detecting any malfunctioning of the
instruments as well as to establish their drift
characterisgtics, It was also almed at the calibration
ceonstant of the instruments to see if re-calibration
of the instruments was requlred. The instruments
tested were a LaCoste~Romberg gravimeter (model G468)
and two Wallace and Tiernan altimeters {(model FAal81),
They were observed for 3 days prior to the field-work
and also during and after the fleld-work. The details

of these observations are summarized below:

LaCoste=Romberg Gravimeter

The gravimeter, model G468, was connected to
its charger and left to stabilize at its operating

temperature (49.5°C). Gravity measurements were
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cbserved between 6,00a,m and 11,00 p,m on hourly basis,
The instrument readings, converted to mGal values, are
shown in Figure 3.1. The figure indicates two forms
of drift., The tidal effect superposed over the
instrumental drift. From the figure, . the tidal
varlation was noted to be periodic, Thus, with
frequent re~occupation of between 2-2% hours at a
base, it was planned to Incorporate the correction
for tidal drift into that for the instrumental drift
(Dobrin, 1976). Further investigation of the
instrumental drift characteristics was not attempted
as the separation of the total drift into its components
(instrumental and tidal) cannot be made because of non-
avallability of the tidal correction table for the
current year, but Osazuwa (1978), after removing the
tidal drift effect, showed the instrumental drift
characteristics to be linear,

The period of the drift wave is accompanied
by a mean gravity amplitude of 0.22 mGal, giving a
maximum gross drift rate of 0.02 mGal/hr, Howover,
during the survey, repeated visits to a base station
revealed a drift rate as large as 0,05 mGal/hr., A
probable cause of the increase in drift in the field
could be due to vibration arising from the me¢ans of
transportation as one goes from one station to

another,
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According to Osazuwa (1985), the calibration
constant of thls instrument does not change perceptibly
with time and for the accuracy required for a survey of
this type, re—calibraticn of the instrument was not
considered necessary. However, during the fleld-work,
differences in repeated gravity measurements between
the main~base and sub=base statlons remained constant

within the period of the survey,

Wallace and Tiernan Altimeter

Two altimeters, model FA181, were also tested
and the observed measuréments at the same location
for different times are plotted as shown in Figure
3.2, 1In the figure, 3 segments of near linear drift
are identified and consequently, field measurements
with the altimeters were planned such that any
complete altimeter loop sequence was contained within

any of the 3 linear drift segments,

3,2 Field=work

The field-work was carried out in January and
February, 1987. In all, three weeks were used, During
the field-work, the instruments were transported 1in a
Peugeout 504 statlon-wagon and 1:50,000 scale topogra-
phic maps were used to locate field stations. Although
the edo-meter of the vehicle was used to logate

station positions, other features like road junctions,
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rivers, and rail crossing were also used to affirm
station positions and establish new ones. Figure 3.2
shows the location and the general distribution of
field stations over the survey areca.

Pbata collected during the field-work were
gravimeter data, altimeter data as well as dry and
wet temperatures. [or the gravimetry and altimetry
work, the main base was the Reference National Gravity
Station (GMSC4) at the Nigerian College of Aviation
Technology, Zarla, This base has.an'absolute gravity
value of 978031,225 mGal (Csazuwa, 1985) and at
elevation 662.62 n(0sazuwa, personal communication).
Four other sub--base stations were also selected to
establish leoop sequences at places which are far
from the main base. For such far places, the main
base was always visited at the begining and at the
end of each day's work in order to have additional
control of the instrument drift,

For both the gravimetry and altimetry work,
re—~occupation at bases was limited to between 2 and 2%
hours, This was aimed at reducing errors due to tidal
effect which would then be incorporated into the
instrumental drift. In additjon, this also allowed for
a combined observation of the gravimeter and the

altimeters,
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While handling the gravimeter, notable
precautionary steps taken include:

i) keeping the observation pcints away as
much as possible from activities of
cities, near highways and under trees
so that the instrument was not disturbed
due to surface oscillatlons,

i) not exposing the gravimeter to direct
heat of the sun as Osazuwa and Ajakaiye
(1982), in their investigation, found
that when the gravimeter 1s exposed to
‘the hot tropical sun, it suffers
thermal shock, |

113) minimize jerks or mechanical disturbances

on the instrument so that the instrument
do not suffer drift due to undetectable
creep (Hamilton and Brule, 1967),

In all, 279 field stations were established
and all were tied to the main base. The number of
stations that could be occupied in one day varied
from 12 to 37, depending on quality of the road,
accessibility and weather,

Rock samples were collected in order to
estimate the densities of the main geologlc formations
in the area. Fresh rock samples were collected from
outcrops within the surveyed area. A total of 118
rock samples were collected and labelled for

ldentification purpose,
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3.3 Data Reduction

3.3.1 Field Data
According to Bhimasankarah (1977), the

chserved gravity values are used directly only in

geodetic studies and are to be transformed into what

are called Bouguer anomalies to make them represent

the variation in the sub-surface masgs distrikbution

whilch 1s of geclogical interest. This process of

transformation implies bringing the chserved gravity

value at a particular latitude, lcnqitude and surface

elevation to a reference datum (usually mean sea-level)

at which the thesoretical gravity obtained from the

Gravity Reference System of 1967 (GRS'67) is avallable

for comparison,
For the lnterpretation of the gravity data,-

the GRS'67 given in Osazuwa (1985) as

G, = 978031.846 (1 + 0.0052788955in°¢ + 0.000023462 Sin"3),,,(2."

was used, This expression gives the variation with

latitude of normal gravity iy in mGals, on the

reference e¢llipsoid. The Bouguer ancmaly (BX) is aiven

by .

il

)

BA = Gs - Gp + FAC « BC — BUF vanneel( 3.

where Gs = observed gravityj; G,, = the thecretical

T
value of gravity on the ellipsoid at the latitude of
the station; FAC = the free-air corrections BC =

Bougquer correction and BUF = Bullard term correction.

The free-air correction, which is given by 0,3086h

accounts for the differences in station's elevatian (h)
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above the datum plane, The Bouguer correction
(27 Ge h) is the attraction exerted on a unit mass
by a slab of rock material of density p between a

station and the reference datum (G = 6,67 x 10~ 113

‘15"2 )+ The Bullard term. correctior accounts for

kg
the curvature of the earth, though <this correction
is insignificant, being less th.n 0,05 nGal.

The complete reductlon of the raw data
entailed several stages of computation, The initjal
stages which comprise the altimeter data reduction
was computed manually and the reduction of the
gravimeter data was accomplished with the ald of
the computer;

The absolute eclevations measured by the
altimeters are grossly in error when compared with
elevation range for Zaria area, In view of this
systematic shift in datum, the altimeters were used
as relative instruments for better resolution.
Elevations of stations were obtained by in]erpqlation
between stations of known absolute height, The
altimeter data were first corrected for humidity
effect using the dry and wet temperatures and the
psychrometric chart prepared by the manufacturer, and
then corrected for drift. The height difference
between each staticn and the main base was calculated,

and the absclute elevation for each station was also
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computed using the absoclute elevation value of the
main base, The mean of the 2 wvalues from each of
the altimeters was taken as the correct #bsolute
elevation for respective stations. These values
however agree with the height values on the topographic
map of the area,

The gravimeter data reduction was carried out
using a computer program originally written by Osazuwa

(personal communication) in FORTRAN 77 and adapted to

FORTRAN IV "to suit the Computer system at

Ahmadu Belido ‘University Zarine The program which
uses the GRS'67 for the computation of the theoretlcal
value of gravitv on the reference ellipsoid assumes a

density of 2,67 x ‘.1.0:)’lc':_:p'n"3

for the surface rocks.
"hls value was so chosen to make the results
comparable with simlilar survey elsewhere, Cravity
data reduction stages are:

i) conversion of the gravimeter to

corresponding mGal value,
1) tidal correction,
i1ii) drift correction, and

iv) free-~air, Bouguer and Bullard term

corrections,.

3.3.2 Rock Densities
To aid 1n the interpretation of the gravity

anomalles, density measurements were made on rock
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specimens from the surveyed area, The rock comprise
mainly of granites, followed by gnelisses, qQuartzites
‘and mafic xenocliths,

Parasnis (1952) emphasised that the "field"
density of a rock must be between the dry and saturated
density. Laboratory density measurement were made

using the formula

p.—;wi,.’(w.l—wz) -..on|lco(3a3)

where P is the density, W, 1s the we%ght of the sample
in air, W, is the weight of the sample in water.
Saturated density measurements were made after soaking
the samples in water for 48 hours., The weighings were
made with the mettler balance model P515, The balance
has an accuracy of 0,001 Kg and the measured aensity
values are correct to 0.4 kgm-z. Though the calculated
mean density values may be subject to a sampling error,
a comparison between the density of dry and saturated
sémples showed a maximum difference of only 0.04 x

3 3

10”kgm™~, showing that the porosity or permeability

of metamorphic and igneous rocks in the area is very
small, as is to be expected.

Figure 3.4 shows the densities of the various
rock units 1In the surveyed area and Table 3,1 contains
the results of the density measurements. The mean
densities assigned to the main geologic units in the

area are 2,60 x '103kgm"3 (granites), 2,70 x 1!2'3)cgm"'3

3 3

(gnelsses), and 2,62 x 10" "kgm"° (quartzites).
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The average density of the entire group of samples is
2.64 x 103kgm-3. This value 1s however, a non-—
weighted mean density with respect to the outcrop

area of the litholegic units,

3.4 Errors in the Bouguer Anomalies

The anomalies obtained from procedures of
reduction depend on several other factors in addition
to the sub-surface geclogical causes that are of
interest. These other factors give rise to errors
in the anomalies, The various errors ccould be error
from elevation determination (aﬁ), error 1n assumed
reduction density (sp\, error 1In station locatiop
( ©3), error in terrain effect (¢4) and error in base
value (%b). Other errors are those due to mode of
observation, non-linear drift of instrument and

calibration factor (90). Murty (1977) gave the total

error CST) as

£ = (Ehz + 32 + 52'2 + t2 + c,2 £ 2)35 N

T p ¢ t b+ IO LI I (5.4)

When altimeters are used, elevation could be
in error by as much as 2 m (Verheijen and &Jaxaiye, 1980)
and this could cause an error in the Bouguer anomaly
values of 0.98 mGal.

The average density of the entire samples in
the area was found to be 2,64 x 10°kgm™>, but as this

density may not be truly representative of the density
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of the crust, the average crustal density of 2.67 X 103

kgmm3 was used for the data reduction. This would
result in a density uncertainty of 0,03 x 1O3kgm"3
causing error of 0,098 mGal over the height range of
78 m observed during the survey,.

| All the maps used to obtain the latitudes of
stations were on a scale of 1:50,000 and latitude of
stations were determined to the nearest second. An
estimated maximum location error of 10 seconds of
latitude would introduce an error of'O.i mGal in the
latitude range covered by this survey.

Terrain correction was computed ior a tew stations
around wurdra and Turunku.where the highest meuntain
range ‘abound, the maximum terrain correciion is less
than 0,01 mial zor, ciecse statiens.ana this is
considered insignificant, Terrain correction was
therefore not considered necessary and hence not
applied, For error due to base value, Osazuwa (1985)
put it at 0,012 mGal, The error due to tidal effect
was computed for latitude range of the surveyed area ysing
tidal correction tables for sone past years as that for 1987
was not avikilable when this project was being carriedi cut e
However, it was supposed that the mean tidal effect
from these years would satisfactorily approximate the
estimated error from tidal drift. Moreover, this maxinum

error {0.31 mGal) has been significantly reduced by

the fi8l#@ sequence designed for re-occupation at base
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within 2% hours. Mode of cbservation error arises

from precision ana ~lamrir- 51 inorranent,
According to Breéin =t, al, (1377), the effect of
all these slvVes a raximum ercor of 0,01 mGal,

From the foregoing, the total error (€]J

each station would ke 1,0 m3al,

at
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CHAPTER 4

INTERPRETATIONS

4,1 Description of Bouguer and Free-Air
Ancmalies

The Bouguer anomaly map of the area is shown
in Figure 4.1. The area is characterised by negative
Bouguer anomalies ranging from — 52 to = 68 mGal with
a mean value for all the stations of ~63.4 mGal,

The maximum value of =52 mGal occurs near Karaukarau
and west of Jaji, O©Of the two minimum closures of

~68 mGal, the more prominent one occur a few kilometer
west of Samaru while the other éccurs around Basawa,
Although the pattern of the Bouguer field is rather
complex, the dominant trend is N-5, From figure 4.2
which contains the geclogic map of the area superposed
over the Bouguer anomaly map, there is a very good
correlation of this Bouguer ancmaly field érend

(i.e N=8) to the regional geoloyical feature of the
aBrea.

Gradierits of the Bouguer fields are generally
less than 2 ®izl/xz, In areas of the gneisses,
gradients are further low, being less than 1 mial/km,
A muchlprominent steeper gradient of more than 4 mGal/km
occur east of Karaukarau. This high gradient could be
related to a steep, sharp contact between the intrusive

granite and the gneissic complex (Fig 4.2),
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The free~alr anomaly map is shown in
Fiqure 4,3, It is characterised by positive ancmaly
ranging from a maximum of 24 mGal to a minimum oI
4 Gal, The trend of the field could be roughly
described as N-3, being much distorted in the
~central part of the surveyed area, However, it is
observed that closures on the free-air anomaly fields
cccur in areas of both granitic intrusives as well as
the basement gneissic complex,

As the mass between the observation height
and the sea-level 1s not considered in the computa-
tion of the free-alr anomaly, the anomaly mainly
represents the influences of the topographic features
superposed over the effeoct of the sub~surface, This
anomaly is used for studies on gecidal height
determination (Osazuwa, personal communicaticn), It
1s also used to determine crustal thickness varia-—~
tion and to understand more general problems like
isostacy (Murty, 1977}, However, as the Bouguer
anomaly is free from the effect of material lying
between the observation polnt and the datum, it is
the one necessarily to be analysed in geological

problems and exploration (Murty, 1977).

4.2 Regional and Residual Ancmalies

The critlcal phase in the interpretation of

gravity anomalies which is also one of the most
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sensitive sources of error in the final interpreta-
tion is the separation of regional anomalies from
the Bouguer anomalies to obtain the residual
anomalies, The regional anomalies are usually of
long wavelength, and show a gradual change in value,
while the residual anomalies, which are due to local
effects may show large variations.

No unique determination of the regional
effect is possible and several graphical and
mathematical methods have been developed for the
regional-residual separation, Each method has its
own advantages and disadvantagcs. While the
graphical methods depends on the judgement of the
operator, the mathematical system depend on
assumptions or empirical steps in the mathematical
derivation of the numerical factors or coefficients
used in the calculations., Once the mathemztical
equations are set up, the removal becomes automati-

cally determined,.

‘our analyvical approacnes :=re in comnon use tor
;irQ:, cileulation of resiguals, ihese are the uirect
calculsvion o1l resiauals vy technigues such as tae
centrue=nointeand«ring meinoa, une detverminaiion o1 secamu
deriv:.ives, polyhomial ziiting 2na aownward coniinuation,

In wiic zZwudy vhe 1irs. oraer polynomial fitiing mevsioa

was usca in removing Lhe regional errecu 1irom uvne

]
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Bouguer ancmalies as the trend of the regional

field was not clearly obvious due to effects from
other adjoining gecologic bodles and because of the
small extent of areal coverage of the survey. The
regional map thus obtained is shown in Figure 4.4.
The map shows a N-3 regional trend and has a uniform]

E~W gradient of 0.07 mGal/km dipping t¢ the east, }

4.3 Correlation of the Residual Anomalies with
the Surface Geology

The residual Bouguer anomaly is shown in
Figure 4,5, The map shows 5 negative gravity
closures and shows the same general N-3 trend as
the regional field. In ordér to ascertain the
correlation between the residual ancmaly and the
geology of the area, the residual anomaly map was
superposed over the geoclogic map (Pig, 2,1) and is
shown in Pigure 4.6. The combined map confirms that
the whole area was intruded by graniteé as most of
the local gravity relief is related tc the surface
geoclogye.

From the residual gravity map (Fig. 4.6), it
is obvious that the aress around 8hika and Samaruj
Basawa, Zaria, Dumbil, Parakwal and Turunku were
chéracterised by acldic intrusions, To the west of
Samaru, the negative residual (No. 1) of =12 mGal

occur over an area mapped as gneissic by WicCurry
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(1970), but Webb (1972) remapped same area as being
underlain by granites and schists. However, this
study suggest that the area is underlain by acidic
intrusives. Also, the Zaria batholith, mapped from
around Basawa down to the scuth of Zaria by McCurry
(1970) shows good correlation with residual closures
Nos. 2,3 and 4 and residuals in these areas h.y: vyzlyes as
low as =10 miales Furthermore, the batholith inferred
southward to the Zaria batholith by McCurry (1970)
correlate with residual closurec No.'s ‘with gravity
as low as =8 mGal around Parakwai and ‘lurunku,

There also exist good correlations in other
parts of the surveyed area., Around Hunkuyi, Kudan,
Kaura, Nasarawa, Bagaldi and Matari, residual gravity
as low as =10. 88451 ana the surface geology coniirms
granitic intrusives in these areas. Also, the
metasediments around Karaukarau, Dunki down to Jaji
show a relatively high residual anomaly of up to
+2 mGal, Lastly, the gneissic complex areas around
Likoro, Dambo, Baushe and Igabi correlate with the

approximately N=S5 residual fleld in those arcas,

4.4 Quantitative Interpretation of Residual
Anomalies

4.,4,1 Modelling Technique

The problem of gravity interpretation consist

of finding the sub-surface mass distribution whose
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gravitaticnal effect is cbscrved at the surface,
This is an inverse problem of potential theory
which lnveolves determining the scurce from its
potential field, The modelling technique that is
usually adopted is to compare the gravity effect
from a hypothetical set of bodies intruding into
he sub-surface, with density contrast to the host
rock, with the obtained residual field. When the
differences between the observed and computed
gravity values are sufficiently smail, the modelled
configuration constitute a possible representation
of mass distribution which exist in that region.
Theoretically, an infinite number of medels can be
generated tc fit the observed gravity field, but
restrictions imposed by surface lithological
distributions and structures usually eliminatc
most of the models,

The computer pregram uscd for medelling,
due to Talwani and Ewing (1560), calculates the
gravity fleld due to an arbitrarily shaped three-—
dimensional body using polygonal shaped laminae
as the basic medelling blocks. The ocutline of the
body 1s defined by horizontal polygonal shaped depth
contours, In the calculation, these contours are
replaced effectively by horizontal polygonal laminae
and numerical integration, with respect to depth,

yields the gravity anomaly of the entire body. The
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theory is bhased on the expression
Ag = vdz

where 4g = the gravity anomaly caused by a laminae

of infinitesimal thickness dz., V. the laminae amomely, is

expressed ty @ surface interal _lwven by

' Z
V = G0 d¥y - dy “sa b4y
{5 f (r2 + 22)!'5 ] (&.7)

where G is the universal constart of gravitation,

P is the volume density of the laminae and 2Z,V¥
and r are the cylindrical coordinates used to define
the boundary of the laminae (sec Talwani and Swing,
1960). The total anomaly,

Ag total,
entire body is evaluated by integratinc between

caused by the

z and Z the vertical limits of the massive

top bottom,

body 1.e.
: top
AE total = vV dz eea {(4.2)
Z hottom

4.4,2 Three=dimensional Intercretation of the
Residual Anomalies

On the residual Bouguer anomaly map (Fig 4.5),
three profiles were chosen for quantitative interpre-
tation of the anomaly. Figures 4.7, 4.8 and 4.9
show the amplitude of the Bouguer, regicnal and
residual fields across the profiles A-At, B-Bf

and c-c! respectively, The major considerations in
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choosing these profiles is that they cross the major
anomalies in the area as well as many contour
closures.

Prior to the modelling aleong the profiles,
the program was tested with a hypothetical cylindrical
body of depth 10km and diamecter 10km with a density
of =0,1 x 103kgm"3. A comparison of the gravitation
effect of this body along a profile which crosses
the top of the body diametrically using the computer
program and standard theoretical exﬁression for
vertical cylinder gave values of -15.,97 mGal and
~16.00 ' mEal .respectively at nhs.centre Top of tThe
body. At a distance of 10.km away trom the eoge of
the body, the aravi.aticnal effect had fallen to
-0.6 mizl, Since this is less than the assumed
error of about 1 mGal in the Bouguer anomaly, it
wids decided that the effect of any adjoining
formation which 1s away by mere than 10km from the
edges of the modelled intrusives would not be considered
in the modelling.

Also, in modelling aleng protile A;h1, no
consideration was civen to effect from the motasedi-
mentary belt which it crossed., From geclogical
evidences, the metnsediments in the arca 1s composed
of quartzites, schists and gncisses with the agneisses
outcropping as antleclinal fold cores within the

metasediment, As the gravity measurement could not



resolve the presence of the metasediment in this
area , it was assumed that the mctascdiments in
the area are not decp-rooted as is to be cxpected
since they were originally deposited,

To model, an initial configuration of the
structure of the intrusives was assumed. Through
systematicltrials and adjustments, fits were
obtained betwecn the observed and computed gravity
ficlds along each of the three profiles, However,
the depth contours of the mcdel accépted tC¢ be
realistic based on the known geology of the area
is shown in Figure 4,10, The cross-section of the
model along profiles A-A', B-B' and c-C! are shown

in Fiqures 4,11, 4,12 and 4,13 respectively,

4.4,3 The granite models

Figure 4,10 shows that the surveyed arca s
characterised by granitic intrusives (numbered 1,
2, 3 and 4)., The intrusive No, 4 extends further
north than shown in this mecdel, It is part of tho
so~called Hunkuyi granitec (McCurry, 1970), However,
effects from these extensions are not expected to
have significant effect on the computed ancmalies
of profiles a-A', 3-B' and C €', The other 3
intrusives (numbered 1, 2 and 3 on Fig., 4.10) are
separate batholiths, each lying wholly witnin thne
surveyed area, They could be collectively refered

to as multiple batholith (Woakes, pers. comm,).
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However, for further description of these intrusivecs,
intrusive No. 1 would be refered to as BIYE
BATHOLITH, intrusive No. 2 has been rcfered to as
ZARIA BATHOLITH by McCurry (1970) and intrusive

No. 3 as PARAKWAI BATHOLITH.

BIYE BATHOLITH:

Figure 4.10 shows that thc strike length of
the Biye batholith is approximately 28 km and its
shortest and longest surface widths.are 2,5 km anad
13 km recpectively., The general thickness of the
batholith over = large area iz 2 ki, 1t has a single
plug which a2ips gently from ihe general depin ol < Km
to o depth of 4 km and then dip saarply to a depuin
of € <rnie The model suggests that the granite body
dips inwards at angle of 38° on the eastern sicde;
has a vertical contact on the northesn and western
sides; and has an outward dip of 25° in the south.

The general configuration of the hatholith is

elliptical and it 1is aligned N-S.

ZARIA BATHCLITH:

Figure 4,10 shows thc Zaria batholilith lying
east of the Biye batholitk, It is suh-clliptical
and aligned N-S. The strike length of the batholith

is approximately 32 km ana its shortest ana longest

surface widths are 3.5 km and 15 kn Iespaghivilys.
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The general thickness of the batholith over a large
area 1s 3 km, however, three separzte.plupgs iHentiried
by the letters a, band c (Fig, 4.10) were required

to explain the corresponding negative anomalies in
Figure 4,6, Thesc plugs dip sharply from the general
depth of 2 km to aepth of 8 km ror 'a'-and 6 km'1or 'b?
and 'c'., The model alsc suggests that the batholith
dips inwards at angles of 680, 26° and 30° in the
north, east and west respectively; and has an outward

dip of 45° in the south,

PARAKWAI BATHOLITH:

Figure 4,10 however shows the Parakwai
batholith lying southward of the Zaria batholith.
It is elliptical and also aligned !N-5. The strike
length of the batholith is approximately 23 km, Its
average surfacc width is € KWl The general thickness
of the batholith is 1,7 km, It has only cne plug.
The model suggests that the granite body dips inward
at angles at 23° and 12° in the north and south
respectivelys and has vertical contact with the host

rock on the westernm and eastern sides.

DISCUSSIONS:
In a similar three-dimensional interpretation
of the Bouguer anomalies over the Minna batholith, in

Central Nigeria, Udensi et.al, (1986) showed that the
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granite body has an average thicknecs of D km witn
three plugs whose depths vary from 8 to 14 km, The
Minna bathelith alsco show inward cdip, Also, CGandu
(1984) showed that the Older Granite in the Maiumfashi
area of northern Nigeria has a doenth of 4 km,
Similarly, a gravity study of the Bodin Moor granite,
southwest England by Bott {(1961) revezled that the
granite has a maximum thickness of 12 km, Brispin

and Green (19860) also showed that the.Aulneau batholith,
Canada, has a depth of 5 km with two plugs extending

to between 7 and 12 km depth, Therefore, comparing
these results with that obtained from this study shcwed

that the results agree with simil.r ones,
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5.1 General Discussions

There are two main hypothesis with regards
to the origin of cranite masses., Thesc are the
hypothesis of essentially magmatic origin and the
hypothesis of essentially metasomatic crigin whereby
sedimentary and metamorphic rocks are converted to
granites by metasomatic migration of materlials,

From chemical analysis and examination of
petrological features, Russ (1957) proposed a single
magmatic epoch for the Older Granitis, ‘o also did
Rahaman (1976), on account of the mode of occurcnce
of charnockites in Ibadan area, and Ajibadec (19€0),
on the basis of field relations in the Zungeruv region,
However, Oyawoye (1964) suggested potash metasomatism
as the origin. Grant (1978) alsoc believes that the
Older Granites originated through a mctasomatic
process on the basis of geochronologiczl evidence.

llowever, little deductions can tc made Irom
this study which may have conscaquencce cn the origin
of the Zaria multiple bathclith and the Nigeria
Clder Granites in gencral. The presence of several
gravity lows of high amplitudes in the Souguer and

residual anomaly maps of thc arca strongly rules



out metasomatism as a possible origin. This had
also been stated by ijakailye (1976). High gravity
gradient (over 4 p3s1(km) was founc in one location.
This indicates sharp contact with the surrounding
rocks, This sharp contact indicates that magmatic
_stopping is the most likely mode of emplacement.,
The geolcgical evidence in support of this view is
the presence of contact metamorphism of the country
rock and the presecnce of rotated xenoliths in the
granites, These were observaed on céllectcd rock
samples.

Furﬁher on the peossible origin of the Zaria
multiple batholith, McCurry (1970) reported that
dlscordant contacts show that most of Lhe granites
are intrusive, while flow features such as swirling
follation, rotated xencliths, and boudinage aplite
velns and mafic pods, are suggestive of movement
in a semi-plastic condition. Static granitisation
has nowhere been identified (McCurry, 1570). She
further states that it is believed that mobility
of the basement caused less dense granitic faclcs
to move from lower to higher crustal levels,

In his own report, Webb (1972) states that
~the evidence of sharp contacts of the multiple
batholith and the presence of numerous xenoliths

of gneiss in the granite south of the A,B.U.Campus,
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suggests that tne granite was intruded in a liquid
condition, and did not originate in-situ by the
regional granitization of gneiss. On the mineral
composition of granites in Zaria area, webb (1072)
stated that at least 4 types of granites occur in
the area. Woakes {pers. comr.) furthcer confirm
the variable composition of the granites in the
area., The explanation that coula be given
was that the multiplez bathclith might have been
emplaced through different magmatic'episodes
(Woakes, pers. comm,).

However, from the results of this study,
the three bathollths did not have contact with
each other. Thls fact is supported by rthe work
of McCurry (1970). Theough, she mapped two separate
batholiths (Fig. 2.1) to exist within the surveyed
area, the two intrusives were clearly shown not teo
have any contact, Secondly,the fact that the A.B.l.
area was mapped as gneissic also confirmed by this
study, is an evidence that the Biye batholith and
the Zaria batholith have no contact. Further to
this, and according to wWebb (1572), 2 KIr morth=east
of A.B.Us4, a sharp contact between the Zaria batholith
and the gnelss was seen. Also, around and up to 2 km
west of A.B.U,,the gneisses are intruded by a complex

of granite sheets and the margin of the bathelith
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appears to be marked by repeated injections of
granite,

Hence, rclating the results of geologic
work to the findings of this survey reveals thot
thc Biye batholith was not discovered by McCurry
(1970). This may be due to the fact that her work
was based mainly on photogeological intcrpretaticn
supported by selected ground traverses, She richtly
mapped the location of the Zaria batholith from
evidences of surface guologye The lociution of the
granitic intrusive southward of the Zaria batholith
however tallies witn the location ‘of 1ts main root as

determined from the present study.

542 Summary of Results and Conclusions

The Zaria area is charactcrised by negati---
Bouguer ahomaly rancing from =52 mGal to =63 mGal
with an average of =63.4 mGal. The minimum valuc
of =68 mGal occur a few kilometers west of Samaru
and around Basawa,

The recaional = residual anomalics were
separated usino thie first order polynomial fitting
The regional contours trend N-S with a dradient
of 0,07 mGal/km co the west, On the residual map
are 5 negative cravity clesures with gravity values

ranging from ~1? mGzl to -8 mGal, The resiaual map
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correclate well with the surface gealogye.

Threc=dimensional modelling of tre
structures in the arca show that throc bethcliths
exist and cxtend to depths between €km and 8kr,
Mic batholiths in the arca generally show inward
dip. They arc rather c¢lliptical in shape and all
alioned N-S. The strike length of the Biyc, Zaria
and Parakwai batholiths are 28 km, 32 km and 25 Km
respectively,

From this study, it would aqpenr that the
threc granite bodics in the arca do not have a
common source, The Biye batholith has conly one
fecder plug, the Parakwai batheclith alsc has only
one while the Zaria batholith has three feeder

plucs,

Sad Recommend=tions

/s the dctermination of thie decep-scated
structural reclutionship of the multiple kathclith
and the surrounding gnelisscs would remain
unconélusive unless similar geophysicnl work is
carried out using other methods apart from grovity,
the recommendatiorn is that work on other geophysical
method be carried out in the area.

The refraction seismic and magnetic methods
would threw more light on the structurel relationship
between the intrusives and the host gneisses. Since

the gravity mcthod does not map



the thickn:ss of il regolith, magnetic survey
along with rcsistivity survey applicd on stratocic
profilcs all over the arce, would throw more light
on this and any crack zoncs and fault lincs in 'the
sub=surfacc, The dztermination of the thickness

of thc regolith would cnhance the agricul turcl
potential of the ~rca and nlso doelincate
constructional matcrials borrow pit sites which
would in many ways boost thoe censtruction industry
in the arca, The d:tormination of crack zoncs

and fault lincs would be of fuch use in the water
supply Sector: and al) these brought together, would
enhance the geclogical knowledoe of the arva, Thase
recommendations will stimulate an inteqrated study
that will require inputs from gocophysic s, geology,

civil engincering and agriculturs,
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