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ABSTRACT

Gravity neasurenments carried out in the Rano area of
Kano State show that the area is characterised by |arge
nagati ve Bouguer anonmalies ranging Erom -38 nal to -68 ntal.
A regional anomaly ranging from about -60 nGal in the south-
eastern part to about -48 naal in the northwestern part of
the area is tentatively correlated with gradual thining of
the crust from southeast to the northwest, away fromthe
Jurassic Younger Ganite Province and the Jos Pl ateau.

Negative residual anonalies in the area with anplitudes
ranging from-4 nm@@l to -6 nal correlate well with granite
bodies thus confirmng the acidic (low density) nature of
the AQder Ganites. A prom nent positive residual anonaly
with an anplitude of about 20 nmGal is correlated with a
basic igneous intrusion in the eastern part of the area.

The western half of the area al so shows two positive resi-
dual anomalies uncorrelated with the surface geol ogy, but
al so ascribed to sub-surface basic intrusions.

From three dinmensional nodelling using approxinate
density contrasts, it has been estinmated that the granite
bodi es extend to depths ranging fromabout 3 kmto 4 km and
that the basic igneous intrusions extend to depths in the

range of 5 kmand 6 km
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CHAPTER 1

INTRODUCTION

1.1 Aims and Scope of the Survey

The aim of this work is to serve as a detailed follow
up survey to the Kano State regional gravity survey carried
out in 1973 and 1974 by Ajakaiye and Verheiijen (1977). That
survey had suggested the presence of a residual positive
anomaly uncorrelated with the predominantly granitic ter-
rain., This work is also a continuation of a series of
gravity studies on the granites of northern Nigeria started
in 1983 (see Gandu et al, 1986; Udensi et al, 1986;
and Adeniyi, 1987).

The gravity method which involves the measurement of
variations in the gravitational field of the earth has been
chosen for this work because, as a natural source method,
like the magnetic method, it is based on the principle that
the subsurface shape of structures can be readily determined
from the gravity anomalies they produce if the density
contrast between the structures and their host rocks is '
known. Also, the gravity method lends itself as one of the
cheapest methods for investigations of this nature,

Finally, it was hoped that, apart from serving as a
follow up study, this survey would provide more sub-surface

information on the geology of the area.



1.2 Previous Work in the Project Area

At the time of writing this thesis, there was no record
of any published work in the area. However, as mentioned in
section 1.1 above, the most important geophysical work in
the area as it affects this work is the Kano State regional
gravity survey. Also, no detail geological map of the area
has been published at the time of this report as the geolo-
gical mapping of the area was still in progress by the

Geological Surveys of Nigeria (GSN), Kaduna,

1.3 General Description of the Project Area
l:31 Location of the Project Area

Rano is one of the Kano State Local Government
Headquarters. As shown in Figure 1.1, it is one of the native
towns in the Northern (Hausa) Highlands south of Kano. The
project area is bounded between latitudes 11°6°N and
11°54°N, and longitudes 8°24°E and 89°54°E covering an area

of about 3,200 square kilometers (km?).

Yo Geography and Geomorphology of the Project Area

The project area is sparcely populated with
concentration of people.being found in major towns. The
main occupation of the inhabitants is farming and cattle
rearing. The former is mainly done by the Hausas who form

the majority and the latter is dominantly carried out by the

nomadic Fulanis. Apart from streams and river banks which



¥y T T
f Honi - ?,.'
s = CRE ;i.\;qi:;l GER _imomem, 25N
- = fa— 19
f gl Sa,_
RAL . =
U o> Kunt:-! b= :
Ny RANOL® ) ITHB >
L Zanae - \, o= e
> k- AT b e J
-~ Kaduna e I e 2 O
L 1 N T ) [ - Y
w o Tos W g '
’ = ° i
Q - = ~ l.\ él""_— - — > .
i” Ysep >
i o L o
I i @
1 - - oy h

GEOLOGICAL SKETCH MAP

OF NIGERIA
-
i . {
—eg 7 (MODIFIED FROM A MAP PUBLISHED BY 1
0 80 180km F—f
- : 3 o=t THE GEOLOGICAL SURVEY OF NIGERIA)

5o 1'00
LE G EN_D

QUATERNARY @Rivu alluvium, deltaic  CRETACEOUS -Sond stone,, coal measures
deposits Chad formation ac E shale clay etc

TERTIARY TO n .
RECENT YOLCANICS .'.: Basall, trachyte, rhyolite JURASSIC -Youngu granite series

Sand stone, clay and PRE -CAMBRIAN Dunti’hunliuud basement

TERTIARY
shales etc 70 UPPER CAMBRIAN roc

[.:] Study Area

FIG.11 | SIMPLIFIED GEOLOGICAL MAP OF NIGERIA SHOWING THE STubY
AREA



4,

are fairly densely vegetated, the whole area is covered by
savanah. The northwest quadrangle of the area is gradually
becoming an agriculturally developed area as a result of the
Chalawa and Tiga Dams project. This is evidenced by the large
farming projects around the dams in the area such as the Kadawa

irrigation scheme on the road to Kano.

The project area is drained mainly by rivers Kano and
Chalawa with their surfaces along spurs of the uplands
forming dendritic pattern with the main rivers. Most of the
rivers are structurally controlled and forced to thus flow

along the direction of strikes of fractures and Jjoints,

The whole area is generally of low topography with few
granite inselbergs. The climate is characterised by the dry
and wet seasons. The dry season lasts for about 8 months
and the wet season about 4 months; September - April and
from May - August respectively. Annual rainfall is between

50 em and 100 cm.



CHAPTER 2

GEOLOGY OF THE STUDY AREA

24 General Geology

The project area is part of the Nigerian Basement
complex of Precambrian and early Paleozoic age. The super-
ficial deposits overlying the basement complex are believed
to be products of Pleistocene accumulation cycles (Wright
and McCurry, 1970).

As shown in Fig. 1.1, the basement complex is exposed
over nearly half of Nigeria. 1t also extends in the west
into the Dahomeyan of Benin Republic and the east into the
Cameroun. In the remaining half of the country, Cretaceous
and younger sediments cover the basement complex. The ear-
liest study of the complex was made by Falconer (1911) who
recognised the age distintion between the Precambrian Older
Granites and the Jurassic Younger Granites of the Jos
Plateau, Though, the basement is believed to be mostly of
Precambrian age, it probably contains a number of intrusions
of Paleozoic age (Oyawoye, 1964). The present terrain re- .
presents former level at considerable depth in the earth
which has now been exposed through erosion over several
miilion'years (m.y.). The rocks have been involved in
multiple folding, fracturing and igneous activities.

The rocks of the Nigerian Basement complex can be
grouped into three lithological units (Jones and Hockney,

1964; Oyawoye, 1964; Ajibade, 1980).
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(i) The Migmatite-Gneiss complex which constitute about 70%
of the whole basement complex and consists essentially of
migmatites, quartzo-feldspathic~-biotite-hornblende gneisses
with relict metasedimentary rocks. It is considered to be
the oldest unit in the complex and probably evolved by
sedimentation followed by successive migmatisation, graniti-
zation and igneous intrusions (Russ, 1957).

(ii}) The Younger Metasediments and Metavolcanics which form
the Schist belts and are mainly in the western half of the
country. They consist of low grade metamorphosed sedimen-
tary rocks with associated rocks. All the metasediments
have been isoclinally folded. Their age is believed to be
between 1000 m.y. and 800 m.y. (McCurry, 1976). The metase-
diments are thought to have once covered the whole basement
area and having been removed by subsequent erosion, remnants
are now preserved in synclinal troughs (McCurry, 1976).

They are deposited in a presumed geosynclinal basin. Russ
(1957) suggested that the sediments were deposited in mode-
rately deep water following the formation of the older
gneisses.

{181 The Older Granites are bodies of igneous rocks of
various compositions, ranging from true granites to tona-
liates and charnokitic rocks which intrude the migmatite-
gneiss éomplex and schist belts. They occur as elongated
batholiths or small circular plutons. Age determinations of
the Older Granites all over Nigeria have yielded Pan African
ages (600 +100 m.y) (van Breeman et al, 1977; Grant, 1978).

The generalised chronological sequence of the various rock



types found in the Nigerian Basement complex is shown in

Takle 2.1.

2.2 The Geological Map of the Study Area

The preliminary geological report covers quarter degree
sheets 80, 81, 103 and 104 which constitute the Rano degree
sheet, 1t covers an area of about 9920 km? and is bounded
by latitudes 11°N and 12°N, and longitudes 8°E and 9°E respe-
ctively. Figqure 2.1 represents part of the preliminary
geological map undertaken by the Geological Survey of
Nigeria (GSN), Kaduna.

The migmatite-gneiss complex which includes the banded
gneiss, migmatitic-granite-gneiss and porphyritic gneiss
are found in the sheet area. 0Older Granites are made up of
coarse prophyritic-biotite-granite, fine-medium grained
biotite muscovite-granite, pegmatites and quartz veins {(GSN,
unpublished geological report). Tertiary to recent rocks
are mainly laterites, sand and alluvial deposits along the
river banks.

The dgranites are believed to be Paleozoic in age and to
have been emplaced in the wining phase of the Pan African
orogeny. Two groups based on Eskola’s classification of
1932, were recognized b§ earlier workers in the basement
(Russ, 1957; Truswell and Cope, 1963; Jones and Hockney,
1964) namely the syntetonic and late tectonic.

The syntectonic granites are concordant textured

slightly feolliated and have gradational contacts with the



Table 2.1: GENERALISED CHRONOLOGICAL SEQUENCE OF
VARIQUS ROCK TYPES IN THE NIGERIAN
BASEMENT COMPLEX

Period Rock Unit

Rock type

467-618 m.y.
Late PreCambrian-
Lower Paleozoic.

About 650-850 m.y.

Pan-African

About 2000 m.y.-
Birrimian

>2000 m.y.-
Dahomeyan

Older Cranites

Metasediments

Metasediments

Crystalline
Complex

Pegmatites, grano-
diorites, granites.

Schists, gneisses,
quartzites, mylonites,
crushed breccia,
diorites.

Feldspathic quartzites,
sillimanite gneiss,
basic and calcarous
rocks.

Gneisses, Migmatites.

(After Grant

t al.,

1969)
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country rocks., These are believed to be metasomatic in
origin having presumably been produced by selective
granitisation of the pre-existing rocks probably gneisses
and schists {McCurry, 1976).

Among field evidence that supports a metasomatic origin
is the fact that the granites are very coarse grained and
their contacts with migmatites are gradational where they
occur together. The migmatites are often deeply weathered
and are found associated with the porphyroblastic granites
at Gani, Rano, Garko and Sitti (GSN, unpublished geological
report).

The late tectonic granites are non-folliated and are
usually fine to medium grained., These include the coarse
porphyritic biotite and hornblende granites and the fine to

medium grained biotite and muscovite granites.

2.3 Rock Types in the Study Area

Granites

The granites occur in form of elliptical plutons,
inselbergs and whalebacks, The granite types based on
texture are coarse porphyritic granites, medium-coarse
grained granites and equiangular fine medium grained
granites, Some of the granites exhibit some flow structures
and confain rotated xenoliths indicating some movement of
granitic material (Webb, 1972). The main minerals of the
granites are quartz, orthoclase, perthites, some sodic
plagioclase while the mafic minerals are biotite and

hornblende (M., Woakes, pers, comm.).
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Migmatites

These form subdued relief and are usually grey with
bands of white and dark materials (McCurry, 1970). In some
localities, the dark bands prevail over the light bands
while in other areas, the reverse is the case. The light
bands are generally medium grained containing microcline,
plagioclase and quartz in nearly equal amounts. In dark
bands, the main feldspars appear to be plagioclase while
biotite and hornblende are in greater quantity than the

felsic minerals (M. Woakes pers. comm.).

Gneisses

The gneisses vary from equiangular to porphyroblastic
in texture and are generally light to dark coloured. The
major minerals in the gneisses are perthitic feldspars,
quartz and some plagioclase, Biotite and hornblende are the

abundant mafic minerals (M. Woakes pers. comm.).

Basic Intrusives l

These rock types are not very prominent as outcrops in
the area probably because they are poorly exposed. One of
the variety of this bas;c rock type-diorite is a grannular
rock characterised by plagioclase feldspar oligoclase
composition but lacking quartz and K-feldspar in appreciable

amount. Hernblende is the principal mafic mineral but

biotite is usually present with magnetite, ilmenite and



apatite are common accessory minerals (GSN, unpublished

geological report),

Superficial Deposits

The superficial deposits are alluvial deposits and
laterites, The laterites are dgrouped into Older and Younger
laterites (Wright and McCurry, 1970), the former occuring as
prominent usually along small water sheds and containing
quartz veins and pegmatites while the latter occurs along
edges of present river valleys and pediment slopes and are
usually derived by erosion of older laterites. The Younger
laterites are partly formed in situ from weathered basement
rocks and have had negligible movement (GSN, unpublished

geological report).

2.4 Structures in the Study Area

The general structural trend in the area is approxima-
tely northsouth. Within the granite, foliation and linear
parallelism of elongated xenoliths or in some areas, orien-
ted biotite flake trending along the length of the rock
outcrop are common (GSN, unpublished geological report).
The foliation is vertical or is always steep but does not
alter its direction near the margin of the gneiss. Linea-
tion in the gneisses involves a penetrative alignment of
crystals of quartz and micaceous minerals (0.M. Akinyosoye,

pers. comm.).
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2.4l Major Structures
Joints

These are widespread in the granites. Three dominant
directions could be observed and these are mainly vertical
(0.M. Akinyosoye, pers. comm.}. The major joints trend N-S
and are parallel to the general foliation while others are
approximately 120° and 045°. Random joints that could not
be reconciled with any of the major sets also exist in the
area (GSN, unpublished geological report)., The numerous
joints criss~cross in large outcrops breaking them up into
boulders, some of which are columnar while others are deli-
cately balanced on these pillars. Physical weathering of
the porphyritic biotite granites typically result in horizo-
ntal structures and characteristics ex-foliations. The
rocks are broken up into sheets which may be carried away
from their places of origin by the force of gravity with
water acting as lubricant between the sheets and the parent
rock, thus leaving the outcrop smooth-topped (GSN, unpublis-

hed geological report).

Faults

No major faults in the area were observable but small
faults occur extensively in the migmatites. They are
commonl? associated with minor folds and evidence of slight
displacement of a few centimeters could be observed (0.M.
Akinyosoye, pers., comm.,). It is speculated that the sharp

bends in the Chalawa river channel may have been fault

control led.
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Fractures

The migmatites and Older Granites are highly fractured,
The fractures are conspicous in aerial photographs and trend
in a NNE direction with the exception of a few running NNW
(GSN, unpublished report). They tend to control the stream
directions and are thus characterised by linear alluvial

plains on the ground.

P Minor Structures
Lineation

This is represented by a preferred orientation of feld-
spar porphyroblasts and elongated aggregates of biotite in
some of the granites generally oriented in a N-S direction

(0O.M. Akinyosoye, pers. comm.)

Minor Folds

A lot of minor folds are observable in pegmatites which
cut the porphyritic granites. These folds are usually
tightly isoclinal with their axes generally parallel to the
regional foliation. Some minor folds with plunges as low as»
8¢ and fold axes running parallel to the regional strike

could be observed (GSN, unpublished geological report).

Minor Faults

Small faults with few centimeters sinistral
displacements could be observed in the area (O.M.

Akinyosoye, pers. comm.).



2.5 The Economic Geology of the Study Area
The following represent the economic geology in the
Rano area as reported by the GSN in an unpublished

geological report.

Feldspar

Well-formed large pegmatite bodies are observable in
the area. They show well developed crystals of feldspar and

quartz that can be separated.

Quartz
Large outcrops of milky quartz could be found at
different locations in the area, They occur as ridges of

about 0.5 km to 1.5 km long and 0.1 km to 0.3 km wide,

Ceramic Materials

Clay is a major constituent of young alluvial material
in the area but generally of poor quality as the percentage
of impurities is too high to be of any economic use. '
Kaolinitic clay is available from deeply weathered granites

and is being used by the local inhabitants for making pots.

Laterite and Building Materials

Laterite was originally being used as a source of iron
ore. This practice has however been discontinued because

the iron content in these laterites is too low for



industrial consideration. Laterites is now being used for
road surfacing by the Rano Local Government Authority.
Superficial deposits such as loam and weathered basement
rocks have been dug and made into bricks for building. This
explains the numerous pits occuring both within and outside
most of the villages. Quarries found within the area are
being modernised. The medium to fine grained granites are
more useful for road construction than the porphyritic
biotite variety. Quartz is also quarried wherever it occurs

as a distinct body.
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CHAPTER 3
THE GRAVITY SURVEY

3.1 1Instrumentation
3.1.1 The Gravimeter

A LaCoste and Romberg (LCR) gravimeter model
G468 belonging to the Federal Surveys of Nigeria was used
for obtaining the gravity data. The gravimeter is a modi-
fied long period vertical seismograph originally designed by
LaCoste in 1934 (Dobrin, 1976; Telford et al, 1976). The
model which was used during the field work has a high
reading precision of +0.01 mGal with a total range of over
7000 mGal which is far in excess of 376.716 mGal range so
far found in Nigeria (Osazuwa, 1985, Osazuwa and Ajakaiye,
1986} .

Since the reliability of the gravimeter can be measured
by its drift characteristics, readings of the instrument
were taken for two days in the laboratory at one hour inter-
vals from 0600 hours to 1800 hours local time. The times of
observation were chosen to be representative of those in which
the actual fieldwork would be carried out, Figure 3.1 showg
the diurnal base station drift curves of the gravimeter
before and after the fieldwork. Tidal effect was not esti-
mated for lack of tidal table at the time of compilation of
this report, however, its amplitude which is usually not more
than 0.3 mGal (Dobrin, 1976) can be almost completely corre-
cted for by the field procedure used for the elimination of

drift.



o dAHND 13U HILIWNIAVOY, Ve JIT

(say) 2w}l 0307

0
3 g1 4} L1 Si 71 €1 Z1 i [+]} 60 20 L0 30
e T T T T T T T T L ¥ X ZELL
4 EELL
—— |0r/o =
9861-¢I~ 02— O o o= 0 S SR NS e, |
e < ——— < < o0 -0 o= F
SEsl-UHL T o
—~7€L
MV
A
hmm,-,-m_ﬁ\\llw\\\x\\lll? - - . . —
L961-1-91 ) e o & 5 {erLt
J L

(1pow)Ssbuipoay



19.

3.1.2 The Altimeter

Six Wallace and Tiernan altimeters model

FAl81 were observed along with the gravimeter out of which
two were used for height determination during the survey.
The resulting typical drift curves for each altimeter for
the two days of observations are shown in Figure 3.2 (a,b).

Apart from the altimeter labelled °‘D° which was com-
pletely bad from its flat response, the apparent Jlinear
drift rate for each of the altimeters was found to occur
between 0600 hours and 0900 hours, The values were -7.112
m/hr, -6.909 m/hrs, -6.0%6 w/hr, -6.502 m/hr, and -6.09%6
m/he for altimeters labelled “A°, “8°, "¢, "E” and "F~
respectively. Between 1100 hours and 1500 hours, the altime-
ters alsc drifted "linearly" at the rate of 6.553 m/hr,
6.687 m/hr, 6.058 m/hr, 6.042 m/hr and 6.025 m/hr respecti-
vely. In the region between 1700 hours and beyond, no analy-
sis was done because there are no sufficient data.

Based on the above analysis, height measurements were
restricted to those regions where "linear" drift may be
assumed to hold, that is from 0600-0900 hrs, 1100-1500 hours,

and 1700-1800 hours respectively.

3.2 The Field Work

The fieldwork was carried out during the harmattan
reriod of December and January. The raw data collection

took almost three weeks and data were collected seven days a
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week for about ten to twelve hours a day. The instruments
were always shielded from the direct sun rays by means of a

large umbrella in order to protect them from direct sunlight.

3e2.3 The Gravity Stations
The leapfrog method of observation

(Nettleton, 1940) was adopted during the survey. During the
survey, twenty-four base stations were established at appro-
ximately ten kilometers interval. Some base stations were
established at easily locatable landmarks such as school
compounds and village dispensaries. Figure 3.3 shows the
resulting network made up of four closed loops. A total of
two hundred and sixty-three detailed stations were occupied
auring the survey. Establishing the detailed stations
involved collecting data at between one or two kilometers
interval on motorable roads and tracks where possible in the

area,

3.2.2 Transportation Method Used

The field crew, gravimeter and other
instruments were transported by a motor vehicle. Because of
the difficult terrain usually encountered on tertiary roads
and tracks in the area, a requisite criterion of the motor
vehicle was its good sﬂock—absorber. Another criterion of
the vehicle considered vital was its possessing a trip

odometer in kilometers and tenths of a kilometer to ensure

accurate spacings of the detail stations.
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FIG. 3-3:GRAVITY BASE STATION NETWORK
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3id+3 pata Coverage

Bearing in mind the aims of the survey, the
survey was designed to cover the project area adequately in
order to reveal both local and regional anomalies of inte-
rests, Ideally, such a survey should be on a regular
(uniform) grid. This was however not possible because such
an exercise would not only have been time consuming, the
cost involved would also have been prohibitive. The latter
factor would have been largely due to labour cost in cutting
the traverses for the grids and levelling the grid points.
Readings were therefore taken mainly at one kilometer inter-

val along available roads in the area.
F. 2.4 Height Measurements

Only one gravity base station was established
on a benchmark. This was due to the extensive road recon-
struction going on on mest of the roads in the Rano area.,
Some roads were originally benchmarked but the benchmark had
been removed by the road contractors. For example, by
December 1986 to January 1987 when this work was done, the
Karfi-Rano Road had no benchmarks. Also, Rano~-Rurumn-Tundun
Wada road which was originally benchmarked had no benchmark
because of road reconstruction.

For these reasons, the heights of the gravity stations
were determined by means of Wallace and Tiernan altimeters
referred to in section 3.1.2. The altimeters were treated

exactly in the same way as the gravimeter. That is, the



a
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altimeter readings were taken along with that of the gravi-
meter at both the base and detail stations, Whenever the
readings of the altimeters were taken, the readings of a
whirling wet and dry thermometer were also taken to deter-
mine the humidity correction factor for the altimeter

readings.

3,2,5 Field Problems Encountered
During the course of the survey, some field

problems were encountered. Some of these problems could be
attributed to the fact that the base (topographic) maps were
outdated. The maps were produced in 1960 and the aerial
photographs used in their production were taken in 1950 (as
indicated on the maps). As a result, roads indicated as
being motorable on the maps were found not to be so during
the survey. Also, on some newly constructed roads, the main
problem encountered was that of locating on the maps the
position of the gravity stations along the new extension or
diversions made on the roads.

The mode of settlement of the inhabitants of the area
also contributed to the problem discussed above. The inha-~
bitants of the area are mainly farmers who settle,
especially in the southern half of the project area, around
their farms in families. However, as soon as the land
around such a settlement became infertile, the family moved
en-masse to another location. 1f some of them remained

behind, the village assumed a new name, As a result, some
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villages shown on the maps are either now non-existent or
now bear new names.

Another problem encountered was that due to abrupt
termination of some tracks by fairly big rivers over which
there were no bridges. At some of these places, there were
no settlements nearby and also no means of crossing the
rivers. Such obstructions did not only slow down the rate
of data collection, they also prevented uniform data
coverage of the entire project area.

In some areas, mostly in the southern half of the
project area, there were no roads. This also contributed to
the uneveness of the data distribution (coverage) in the

project area.
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CHAPTER 4

DATA REDUCTION AND DENSITY DETERMINATION

4.1 Data Reduction

In reducing the data, the values determined at all the
gravity stations were relative to 978120.773 mGal at a base
station IGSN71-955173 in Kano (Verheijen and Ajakaiye, 1978).
The height reduction was cgrried out manually and in calcu-
lating the Bouguer anomaly at each station, a simple
programme using the University’s CDC Cyber 72 computer was
used.

The following formulae were used in the data reduction
to Bouguer anomaly.

(a) Dritt Rate - As earlier mentioned in section 3.1.1, the

drift rate of the gravimeter or each altimeter was assumed
Iinear for about three hour intervals. To determine the
drift rate, d on a traverse in which A and B are base

stations, the formular used was

. e (3-19
tB—tA
where
ARgp = the graviﬁeter (or altimeter) ;eading'at B minus
at A in gravity (or elevation) units.
Adgp = gravity {og heighg) difference_between bases A
and B in the instrument units,
tg = observation time at base B
t = observation time at base A

A
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(b) Observed Gravity- The equation used to determine the

observed gravity value 94r for any detail station s, on a

profile AB above is given by

where

gp = oObserved gravity value at base station A

’RAS= gravimeter reading at s minus that at A
ty = observation time at detail station.

d = the drift rate as in (3-1) above

{c) Theoretical Gravity - In calculating the theoretical

gravity or the latitude effect at a station, the

International Gravity Formula of 1967 was used. i.e.

gy = 978031.85 (1+40.005278895 siné@+
0.000023462 sinp) {3-3)
where
g, = theoretical gravity value in mGal

@ = station latitude

(d) Elevation Correction - This correction is normally

computed in two components - the Free-air and Bouguer

corrections.

(i) The Free-air correction (FC) 18 due to the fact that

the gravity field decreases with increase in elevation. It

is given by
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FC = {(dg/dz).h (3-4)
where
dg/dz = vertical gradient of gravity
= 0.3086 mGal/m
h = station elevation (relative to sea level).

(ii) The Bouguer Correction(BC) - This is to correct for the

attraction due to an infinite slab existing between the
station and the sea level datum (i.e. for a slab of
thickness h). For any station of elevation h, the Bouguer

correction is given by

BC = 210Gy h (3-5}
where
G = Universal Gravitational Constant
(6.67 x 10711 § m? kg~?)
m = Mean crustal density above mean sea level

Usually the Bouguer correction is 0.04191p, mGal/m.

{e) Free-Air Anomaly - At any station s, the Free-air

anomaly (FA) is the difference between the observed gravity
value (g.) and the extrapolated theoretical gravity value .
(gp) from the reference ellipsoid with the Free-air
correction applied. The anomaly is given by

FA = g, - (g, - Fc) (3-6)

(f£) Bouguer Anomaly - The Bougquer anomaly is the Free-air

anomaly minus Bouguer correction given by

BA = FA-BC (3-7)
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substituting equations (3.4), (3.5) and (3.6) in (3.7), the

Bouguer anomaly can also be represented by

BA = g5 ~ g, + (dg/dz - 27GP)h (3-8)

4.2 Sources of Errors in the Bouguer Anomalies
The computed Bouguer anomaly at each station is usually
subject to two major types of error - random and systematic

errors.

4.2.1 Random Erors
The random errors could emanate from the

following

(i) the observed gravity, 9g
{411} the station height, h

(iii) the station latitude, @
(iv) the terrain corrections

The error in obtaining g, emanates from the reading
error and the error originating from the gravimeter drift.
In this work, the maximum error originating from reading the
gravimeter could not be more than +0.01 mGal except where a
reading mistake was made. The low value of the anticipated
error was due to the ﬁigh precision of the LCR gravimeter.

The error originating from the instrument drift
originates from the linear drift assumptions between two
ad jacent base stations occupied within three hours. The

error that could be introduced from the non-linearity of the
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drift pattern cannot be more than 0.3 mGal and for effective
drift control, time interval between closures was usually
not more than three hours,

The major source of error in any gravity survey is
the station elevation. This is due to the fact that both
the Bouguer and Free-air corrections approximately add up to
0.2 mGal/m with an assumed crustal density of 2.67 x 103 kg
m~ 3. As mentioned in section 3.2.4, most of the station
elevations for this work was determined by means of two
altimeters. The source of error in determining station
elevation by means of altimeters as aiscussed by Verheijen

and Ajakaiye (1980) are

(1) calibration error

(ii) error due to uncertainty in the removal of the drift
{11t} error due to change in pressure

(iv) reading error

These authors have shown that errors from sources (i),
and (iv) amount to about 1.0 to 1.5 m. Errors due to
(ii) and {(iii) were found to be negligible for short periods
of measurements when altimeter readings are taken in the dry
season. '

However, as discussed in section 3.2.5, lack of
benchimarks would probably constitute a major source of
height .errors due to léck of adequate control. Nontheless,
the computed heights were compared with interpolated heights
from the topographic (base) maps. In most of the stations,

the two heights agreed to within 4.5 m. With a maximum

error of 4.5 m in the value of the station elevations, the
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corresponding error in the Bouguer anomalies would be about
0.9 mGal. It is however expected that the error would be
much less in most of the stations.

The third component of the random errors is that due to
wrong determinations of stations latitudes @ 1Its value is
0.00815in%g per metre north-south distance (Parasnis, 1973).
The latitudes of the stations were determined by gridding
each of the base maps using a transparent overlay. Because
of the method used, the main source of this type of error
would be from the relocation of stations on the maps due to
factors discussed in section 3.2.5. On existing roads shown
on the maps, the stations could be located exactly. For
some roads which have changed course from those shown on the
maps, the possibility existed that some stations on such
roads or tracks might have been relocated to within +0.2 km
in the north-south direction. Such a reloacation would
introduce an error of aboaut 0.07 mGal if the relocation had

occured around the most northern latitude encountered (11.9°N).
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The error introduced in the terrain, which is for the
attraction due to the excess mass above or void below the
level of gravity station, is determined by the accuracy of
the mean height of each compartment and how far away from
the stations concerned the compartments extend {Pick et al,
1973). No terrian correction was made for this work because
the project area is fairly flat.

§:2:2 Systematic Errors

This type ol error is not uniquely defined

for agravity anomaly because it depends on the aspect of
the anomaly being investigated (Pick et al, 1973).
Irrespective of the aspect of the anomaly under

investigation, the two main sources of error in this case

are:

(i) error in the calibration factor of the instrument
used.

(ii) error due to wrong mean crustal density in the

Bougquer correction.

The gravity measurements were made by LCR model G468.
It has been built with elaborate temperature regulating
system and a mechanism for clamping the moving parts during
transportation. This facility renders the instrument free
from excessive drift which might arise from shock. The
calibration factors of the instrument does not change
perceptibly with time and so the need for frequent checks of

calibration as is often done with the Worden is eliminated

(0Osazuwa, 1985).



34,

The mean crustal density used in the Bouguer
correction was 2.67 x 10° kg m~3. That determined from
density analysis was 2.64 x 103 kg m~3 from the field
samples collected. There is therefore a difference of about
0.03 x 103 kqm‘3 between the assumed and the actual values.
Therefore, the maximum error in the Bouguer correction would
be about 0.24 mGal in the elevation range of about 190 m.

From the above analysis, the maximum error in the
computed Bouguer anomaly at any station in this survey would
be egual to 1.24 mGal and for most of the stations, the

actual error in the Bouguer anomaly would be less than this.

4.3 Density Determination and Analysis

Variations in the earth’s gravity field result from
special characteristics of the earth’s shape and its near
surface density distribution (Grant and West, 1965). The
gravity exploration primarily detects lateral variations in
the densities of rocks under the ground surface. Therefore,
for any meaningful interpretation of the gravity anomalies
encountered in any survey, the best geologically permissible
density contrasts must be used to model the body or bodieé
responsible for the anomalies. Although densities of the
types of rocks found in the survey area have been published for
other areas (Dobrin, 1976; Ajakaiye, 1974; Ojo, 1974;
Telfora et al, 1976), however, these published density

contrasts required for interpretation in a particular area

may be peculiar or small. Inorder to have a fair estimate
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of this real density contrast, the densities of the rocks

found in the survey area must be accurately determined.

fediul Sampling Technique

For this survey, a total of 113 rock samples were
collected during the fieldwork. The hand specimens were
collected from outcrops along traverses and exposed rocks as
a result of road construction work in the area. Each sample
was labelled with the number of the station at which or in
whose vicinity it was collected. Samples collected between
two gravity stations were labelled with the numbers of the

two stations.

4.3.2 Method of Density Determination

In order to determine the densities of the samples,
each of the samples was initially weighed dry in air to
obtain its dry weight before they were all soaked in water
for about 48 hours until saturation,

Fach rock was weighed uncovered in water to obtain its
saturated weight in water and later weighed in air after
wiping off the excess water on the samples to obtain its wet

weight., The dry and wet densities for each rock were then

calculated based on Archimedes Principle using the formulae

Q dry weight in air

dry = dry weight in air - weight in water (4-1)
e saturated weight in air

wet = sat, wt., in air - sat, weight in water (4-2)

where
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G%ry and GLeL are the dry and wet densities respectively.
Generally, differences obtained between the dry and wet
densities were negligible. This negligible difference is to
be expected for crystalline rocks which have less pore
spaces compared with sedimentary rocks. The average of the
dry and wet densities for each rock type was adopted as the
density of the sample because it was considered a better
approximation of the real density of the sample at depth.
The results of the density determinations are shown in Table

4.1.

4;3.3 Density Analysis

The Mettler balance used for weighing the samples has a
precision of 1.0 x 10'4kg. The summary of results of the
density determinations are shown in Table 4.1. Errors in
each group of rock sample are also given as standard
deviation.

After determining the average density for each rock
type as discussed in section 4.3.2 above, a combined density
histogram was then drawn as shown in Figure 4.1 for all the
rock samples at interval of 0.04 x 103kg m~3. The histogram

showed a near normal distribution with a mean density of

2.64 x 103kg m~3 and standard deviation of +0.08 x 103 kg m=3.

4.3.4 Densities Accepted for Interpretation

The mean densities of 2.63 X 103kg m~3 and 2.70 x 103
kgm‘3 for Granite and Migmatite respectively agree with
other published figures (Ajakaiye, 1974; 0jo, 1974; Telford

et al, 1976). The values were therefore accepted for
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Table 4.1: DENSITIES OF ROCK TYPES

Rock No of Density (X 103 kg m~3) Maximum
Type Samples Range Dry Wet Mean Error
Granite 75 2+:51=-2,66 2,61 205 2.63 + 0.02
Gneiss 8 2.58-2,73 2.88 2.70 2.69 + 0.03

Migmatite 30 2.64-2.7718 2.89 2: 71 2.70 + 0.04
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interpretation.

Also, a density of 2.976 x 103kgm'3 (Dobrin, 1976) was
adopted for the interpretation of the positive anomaly found
to correlate with area mapped as a basic igneous intrusion
because samples of these rock types could not be obtained
due to poor exposure along the traverse or poor

accessibility.
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CHAPTER 5

DESCRIPTION AND INTERPRETATION OF THE BOUGUER

AND RESIDUAL ANOMALIES

5.1 The Bouguer Anomaly

The Bouguer anomaly map which is presented in Figqure
5.1 shows that the area is characterised by negative Bouguer
anomalies ranging from -38 mGal to -68 mGal. This is
consistent with negative Bouguer anomalies generally found
over the continents. An individual station maximum value of
-38 mGal occurs in the eastern half of the area while the
minimum value of -68 mGal is located in the southeastern
part of the area. The mean value for all the stations is
about -56 mGal.

A relatively high gravity value of -38 mGal identified
as 1 on the map is located about 8 km southeast of Dal. A
gradient of about 5 mGal/km in this area may probably be
indicative of contact between granite of low density and
more mafic rocks of high density at depth,

A relatively low gravity identified as 2 with a value.
of -68 mGal is located between Sitti and Masu. Also, a
gravity "low" identified as 3 with a value of -64 mGal is
located at Gana. In the northwestern part of the area about
5 km southwest of Karfi, is located another body with a

value of -40 mGal.

Other "low" gravity contour closures on the map may be
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associated with different episodes of igneous activity that
led to the emplacement of the granite bodies, while other
"high"™ contour closures could be due to high density

subsurface structures at depth.

5.2 The Regional Gravity

i T Methods Used in Removing Regional Anomalies
Three main methods are used in removing the regional

gravity from the reduced observed gravity data. These are:

(i) smoothing (graphical) method
{ii) gridding method
¢iiin polynomial surface fitting method.

Anyone or the combination of the above methods can be
used for a given survey depending on the complexity of the
Bouguer anomaly map.

The first method entails visually examining the plotted
Bouguer anomalies and drawing in a smooth curve or line as
the regional gravity if a single profile is involved. 1If an
entire map is involved, the process is carried out aver
selected longitudinal and traverse profiles using the common
(crossing) points as control points. Then a regional map fs
subsequently deduced from the regional trends on the
profiles. Whether the.method is employed over & single
profilé or over a whole map, the method is subject to the

personal prejudices of the interpreter(Paul, 1967; Skeels,

1967).
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The gridding method which in essence involves two
dimensional numerical filters is the most criticised in
literature. The ma jor criticism against the method is
that, it does not possess any definite quantitative
relationship with the anomalous mass {Skeels, 1967).
Consequently, different results are obtained from different
formulas and or grid spacings. According to Nettleton
{1954) and Roy (1961), the only physical significance of the
method is the proportionality that exists between Lhe
filters and second cderivatives. The method is anomaly
dependent (Vaik, 1951) but is useful in locating small
anomalies and also for resolving overlapping ones (Skeel,
1967). However, the method also changes or distorts the
shapes of anomalies (Appel, 1974). Another disadvantage of
the method is that contouring errors are propagated to the
derived residuals if the grid spacing is less than the data
separation (Romberg, 1958). According to Lafehr (1965), in
order to successfully remove the regional anomalies using
this method, the grid spacing should depend on the size of
the residuals to be resolved.

The Polynomial surface fitting method is based on ;
fitting a low order polynomial surface, usually not more
than second order polynomial, to the Bouguer anomaly map
or over the entire areﬁ depending on the complexity of the
Bouguer anomaly map. A modified version of the method was
introduced@ by Paul (1967). In this method, the polynomial
fitting is carried out in small areas around the data

points, Either of the two methods just discussed has the



advantage of using data points in computing the regional.
Hence the subsequent regionals are independent of contouring
errors on the Bouquer anomaly maps (Appel, 1974).
Therefore, a computer may have to be used in carrying out
the fitting. This seems to be the major defect of the
method.

Other mathematical methods have been developed by
various authors for the regional-residual separation
(Elkins, 1951; Krubein, 1950; Grant, 1953; Gupta and Ramani,

1980) .

822 Regional Removal in the Present Survey

As discussed in section 5.2.1, the smoothing method can
be used to derive the regional anomaly map from a Bouguer
anomaly map. For example, Garland et al (1961) derived the
regional gravity map for their survey in the Southern Rocky
Mountain Trench, Canada by smoothing the longitudinal and
traverse profiles of the Bouguer anomaly map. Also,
Fairhead (1976) derived the regionals of his survey over the
East African rift by assuming the continuity of the Bouguer
anomaly trend over the basement across the rift. Non of the
two examples just given could be applied successfully in
this survey because of the fact that the extent of the survey
is small and might not be representative of the regional
field 6n all the profiles. Consequently, the smoothing
method was not used.

A cursory look at Figure 5.1 shows that the contours on
the Bouguer anomaly map over some portions of the project

area are inferred due to inadequate data in the appropriate



places necessitated by factors discussed in section 3.2.5.
Therefore, using the gridding method would have introduced
contouring errors carried over from the Bouguer anomaly map
to the derived regional and residual anomaly maps as stated
by Romberg (1958). Consequently, the method was considered
not suitable for this work.

Because of the reasons discussed above, the polynomial
surface fitting was used in deriving the regiconal and
subsequently residual anomalies., The computed regional
anomalies were manually contoured to give the regional
anomaly map shown in Figure 5.2,

The regional increases gradually towards the northwest
with northeast-southwest trend and an average gradient of
about 0.16 mGal/km. This low value suggests that the

causative body is of very deep origin.

5.3 The Residual Anomaly and its Correlation with Surface

Geology

The residual anomaly map obtained by subtracting the
regional obtained from polynomial fitting method from the
Bouguer anomalies is shown in Figure 5.3. 1In order to
ascertain the correlation between the residual anomaly and
the geology of the area; the residual anomaly map was
superiméosed on the geological map of Figure 1.1 and the
result is shown in Figure 5.4, As discussed in section 2.1,
the geological detail of the area is still tentative,

However, the anomalies appear to correlate fairly well

with the known geology of the area., For instance, the
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prominent positive residual anomaly identified as 1 on the
map with a maximum amplitude of 20 mGal is fairly well
correlated with a not so prominent outcrop of an igneous
intrusive basic rock with general strike in the north-south
direction.

Also negative residual anomalies identified as 2 and 3
respectively on the map are well correlated with the granite
bodies in the area which occur as elliptically shaped bodies
over bLhe area.

However, the positive residual anomaly identified as 5
with amplitude of 6 mGal on the map is uncorrelated with
the known surface geology of the area. Also, a positive
residual anomaly of about 6 mGal about 10 km southeast of
Chiromawa is uncorrelatecd with the surface geology. These
two uncorrelated positive anomalies are however believed to
be probably due to some intrusions of mantle material into
the crust (M. Woakes, pers. comm.,) or that volcanic

materials may extend to the anomalous area at depths.

5.4 Quantitative Interpretation of the Residual Anomaly

The problem of gravity interpretation may be said to
consist of finding the mass distribution whose gravitational
effect is observed at the surface. This is an inverse
problem of potential f}eld theory which involves determining
the source of its potential field, and does not have a
unigque solution. The modelling technique that is therefore
usually employed in the quantitative interpretation of the

residual anomalies is to compare the observed residual
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gravity values with anomaly values computed for hypothetical
set of bodies intruding into the subsurface with different
shapes and density contrasts with the host rocks. When the
difference between the observed and computed gravity values
is small throughout the region of comparison, the model
configquration constitute a possible model representation of
mass distribution which exists in that region of the upper
crust, Although an infinite number of models can be
generated thereotically to fit the observed gravity pattern,
restrictions imposed by surface geology, lithological
distribution, and structures usually eliminate most of the
models.

The computer programme used here for the quantitative
interpretation calculates the gravitational effect of an
arbitrary three dimensional body using polygonal laminae as
the building blocks. The outline of the body is defined by
horizontal polygonal shaped depth contours. Any complex
structures or sloping boundaries can be accurately
represented by a large number of sides on the polygons and a
high density contours. These contours are effectively
replaced by horizontal polygonal laminae and numerical ;
integration with respect to depth yields the gravity anomaly
of the entire body. Further theory on this can be found in

Dobrin (1976) and Talwani and Ewing (1960).
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el .l Three-dimensional Interpretation of the

Major Residuals

The criterion for selecting each profile
interpreted on the residual map in Figure 5.3 was that it
had data points throughout or almost throughout its entire
length. Because the data points on any of the profiles do
not lie on a single continuous straight line, the profiles
have been approximated on the residual map by more than one
segment. The data points were sampled on these profiles at 1
km interval, and in modelling the bodies, each body was
assumed to be homogeneous and therefore assumed to have
constant density. The three residual profiles A-A", B-B~
and C-C’ have been gquantitatively interpreted using the

modelling technique discussed in section 5.4.

Profile A-A"

This profile which runs along the eastern edge of the
surveyed area begins in Masu and terminates at Buda. The
profile which is shown in Figqure 5.4 is about 55 km long.
The residual gravity along the profile has a minimum with,
amplitude of -6 mGal in the southern part of the profile at
Sitti and a maximum with amplitude of 20 mGal about 8 km
southeast of Dal. Tﬁo possible models have been interpreted
for this profile as shown in Figure 5.5a, b and Figure 5.6a,
b respectively. The two models give an indication of the
size and shape of the granite body at Sitti, and the not so

prominent outcrop of a basic igneous intrusive north of the
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Profile B-B°

This profile which is about 68 km long with four
branches along the data points runs along the western part
of the area. It begins south of Gana and runs through
Chiromawa and terminates at Karfi (Fig. 5.4). The resi-
dual gravity along this profile has a minimum with amplitude
of -4 mGal located between Rurum and Gana which coincides
with the mapped dranite, There are two maxima with ampli-
tudes of 6 mGal each located close to Karfi and southeast of
Chiromawa respectively (see also Fig 5.7b). These two
maxima are uncorrelated with the surface geology and are
considered to be basic intrusive bodies which have not
outcropped. The two possible models interpreted for this
profile are shown in Figure 5.7a, b and Figure 5.,8a, b
respectively. Density contrasts are the same as those for
the models on profile A-A°, and as with that profile, while
the computed values for the model shown in Figure 5.7b
fitted the observed values, the model was nevertheless con-
sidered unsuitable on the basis of the size of the basic
intrusion.

Therefore, the alternative model of Figure 5.8a with:
the corresponding cross section (Fig. 5.8b) were obtained.
The interpreted model shows that the dgranite body has a
surface width of 11 gm with corresponding depth of 3 km and

the basic intrusive bodies have a maximum depth of 5 km.

Profile ¢C-C°

This profile which is about 24 km long runs from

southeast of Chiromawa through Rano and terminates at Buda
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(Fig. 5.4)., The interpreted depth contours are shown in
Figure 5.8a with the corresponding cross-section in Figure
5.8c. The basic body is the same as that which occurs along
profile B-B" and extends to a depth of 5 km; the granite
body extends to a depth of 4 km, However, it is noted that
the geological map shows that two isolated granite bodies
were mapped at Rano and north of Rano (Fig. 5.4) which is
inconsistent with both the residual map and the model. It
would therefore appear that both mapped bodies may be one
granite body rather than two distinct bodies and the
geological boundary might have been inaccurately mapped

probably due to accessibility problems.

S.8.2 Summary of Models

In summary, the depth contours of all the
bodies along the three profiles were superimposed on the
geological map of Figure 2.1 and the resulting map is shown
in Figure 5.9. The depth contours and the mapped bodies
show fairly good correlation with the exception of the
agranite bodies at Rano and north of Rano, a discrepancy
which was explained above. It should be noted that the .
model shown in Fiqure 5.9 represents one possible
configuration that fits the observed data well.
Nevertheless, other éossibilities exist because of the
ambigquities usually inherent in gravity interpretations
(Nettleton, 1940). The model shown in Figure 5.9 seem to

be consistent with presently available geological data.
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CHAPTER 6

CONCLUSION

6.1 Summary of Results and Discussion

This study shows that Rano area is characterised by
negative Bouguer anomalies in the range of -38 mGal to -68
mial. The Bouguer anomalies are distributed about a mean of
-56 mGal. The northwest plunge of the regional curves with
a low average gradient of only 0.16 mGal/km suggests that it
is of deep origin.

The Bouguer anomaly with amplitude of about -38 mGal
and associated gradient of about 5 mGal/km in the eastern
part of the area is centred on a mafic igneous intrusion
which is poorly exposed. The sharp contact suggested by
this high gradient is a departure from the prevalent
gradational contact in the area, Two other positive
residual anomalies each with amplitudes of 6 mGal at Karfi
and Chiromawa uncorrelated with the surface geology were
interpreted to be due to basic igneous intrusions which did
not outcrop. These basic intrusions which abound in the |
Nigerian basement complex are not believed to have much
significance in terma of origin and mode of occurrence with
respebt to the tectonic evolution of the area (M. Woakes,
pers. comm.). However, some of these basic intrusions with
high densities may be indicative of a source of economic
minerals because of the variational composition in their

mineral contents., Some of these basic intrusions with
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densities in the range of 4 x 107 kg m~ A may contain minerals
such as ilmenite and magnetite, and could have significant
magnetic signatures. However, the lack of a good road
network for adequate control of data points as well as
inadequate geological information make our present
interpretation tentative, although this survey has confirmed
the existence of isolated positive anomalies in the Rano
area.,

On the other hand, negative closures of the residual
anomalies have been fairly well correlated with the granite
bodies in the area, The minimum residual anomalies with
amplitudes in the range of -4 mGal and -6 mGal confirm the
low density and hence the acidic nature of the granites.

The origin of the Nigerian Older Granites has always been a
subject of controversy among authors who have worked exten-
sively on the Nigerian Basement complex. (Russ, 1957;
Oyawoye, 1964; Grant, 1978; and Ajibade, 1980). The diver-
gent opinions include whether the Older Granites originated
essentially through magmatism with subsequent magmatic
emplacement or essentially through metasomatism whereby
sediments and metamorphic rocks are converted to granites.by
metasomatic migration of material. These various opinions
are as a result of different interpretations of field rela-

tions, textural, mineralogical and physico-chemical evidence.
From chemical analysis and examination of petrological
features, Russ (1957) proposed a single magmatic epoch for

the Older Granites., Rahaman (1975), on basis of the mode of

occurrence of the charnokites in Ibadan; Ajibade (1980) on
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basis of field relation in Zungeru region, and Turner (1983)
from comparison of granite concentration in the Kibaran
Schist belts of south-western Nigeria with those in the Pan
African schist belts in northwestern Nigeria, also proposed
magmatism,

However, while reviewing the geology of the basement
complex, Oyawoye (1964) suggested potash metasomatism as the
origin of the Older Granites. Grant (1978) from
geochronological studies; Wright and McCurry (1970) after
collating areas mapped by Truswell and Cope (1963) and that
mapped by McCurry (1970), suggested boron metasomatism.

The problem of the origin of the Nigerian Older
Granites cannot be resolved from this survey, partly
because of the limited nature of the survey and the
preliminary geological information. Nontheless, the study
confirmed the acidic nature of the granite with its
characteristic gravity "low" as a result of its low density.
Furthermore, the Bouguer anomaly map (Fig. 5.1) does not
indicate the existence of sharp contacts between the
granites and the country rock where they occur together;
rather the gradients are moderately low and the models
suggest that the bodies are not very deep in extent. These
findings are in contrast with recent studies by Gandu et al.
(1986), Udensi et al, (1986), and Adeniyi (1987) in
Malumfashi, Minna and 2aria areas respectively which all
showed that the granites were relatively deep in extent and
the contacts were sharp. This study is therefore in

agreement with the proposals of geologists who mapped the
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Rano area, that metasomatism must have reached an advanced
stage in the area (GSN, unpublished geological reports) and
thus suggests that the Nigerian Older Granites may vary in

their origin.

6.2 Recommendation for further work

A5 pointed out in this study, some portions of the area
could not be reached due to lack of roads; consequently, a
uniform data coverage of the entire project area was not
possible. 1t is however hopea that accessibility would
improve because of the strategic location of the Rano Local
Government Headquarters at Rano. In the light of this,
further detail gravity investigation as well as magnetic
measurements should be carried out over the positive anomaly

between Buda and Gani in order to reveal the lateral extent

of the basic intrusion and hence throw more light as to its
economic importance if any. In addition, the coverage of
this work should be extended in order to define the

boundaries of the peripheral anomalies properly.
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