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ABSTRACT

A gravity survey was carried cut over Dutsu Conplex,
Kano State for a total of six weeks during the nonths of
Cct ober and Novenber 1977, February, July and August 1978.
The observed Bouguer anomaly showed that the area is
characterised by negative values ranging from-350 gu to
-c230 gu. The pattern of the contours on the Bouguer anonaly
map suggested that the anomaly might have been due to a
pl ug-1i ke body, thus a conputer programme for three dinen-

sional mass nodelling was used for the interpretation.

It was al so observed that the Dutse Conplex is nade
up of typical rocks of the Younger granite auite such as
ri ebeckite granite and rhyolite with characteristic |ow
density val ues.

The three dinensional nodel studies suggest that the
ri ebeckite granite is a pluton which is 4kmin thickness
and about 14km in dianeter buried at shall ow depth of
about 0.5km The surface expression of this pluton is a
series of small cylindrical pipes of different radii
uhich serve as outlets of the magna at depth. The rhyolite
is probably the volcanic phase follow ng the intrusion of
the peral kaline granites extruded through one of the pipes

within the granitic pluton.
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BRAVITY SURVEY OF THE DUTSE CUMPLEX

KANO STATE OF NIGERIA

CHAPTER ONE

INTRODUCTION

The area cuvored by the gravity survey described in
this thesis lievs between lstitudes 11936°'N and 11951'N and
longitudes 9%17t and 9Y25%¢, It covers an area of 150 s km

in the Kano Statu. This arem is centrod on the Dutse complox
which is located about 134 km eksi-south-cast of Kano in |
fig.1.

Three distinct groups of roeks were found in the area.
These were rucks forming tho basemint cumplex, the Younger
Granite series and the sandstone (fig.1 5.

The Basement Complex consists mainly of gquartzites
and are said to be of Precambrian age (Okoran, 1976).

The Jurrasic Yuunger Granites consist of rhyulltes,porphy-
ritic riebeckite misro-grenite, and the coarse grained and
fine grolned riebeckite granites (Terner, 1976).

The sandstones belong toc the Ched formatlion of pleistceene
age (Matheis, 1976). Outcreps of this latter group are

searct In the arug.
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The Younger agronites have attracted a 1ot of
geclogicel intercst from as eerly as 1902 moinly becouse
of the cccurence of minerals ossccioted with them;
examples of which are tin, columbite, wolfram, monazite
and zircon. Severel geclogists hove carried out detailed
studies of different ports of the province and by 1922,
the characteristic features of the arca hove heen recog-
niscd. Thuse publications arec summarised in Bulletins 32
and 33 of the Nigeria Geologicnl Survey (Macleed . Turner
and Wright, 1971; Turner eand Jocobson 1877).

The stucdics indicate that the Ycounger granites of
the Jurrosic ring complexes comprising moinly of peral-
kaline graintce, syenites, porphyries and rhyclites
intrude intc tho Precambrian to Upper Cambrian bascment
complex torrain consisting ma2inly of migmacite and porphy-
ritic bictite granite. The biotite granites in the Jurresic
ring complexes have been recognised by Falconer(1911) as
the source of tin and columbite which are still being

mined in commercial but decreasing quantities.
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Previous Geophysical Work In The Area

Very little geophysical work has been done in the
whole of Nigeria in gencrel ond virtually none has been
done in this arcva in particular.

An acromagnetic survey of sheet 82, Gaya, on scole
of 1:100,000 wes flown cn behalf of the Geolegical Survey
of Nigeris by Huntings Geology and Geophysics in 1974,
This survey revooled an ancmaly of up to 8000 goammas at
the north central poart of the survey area, shown in fig.2.

This anomaly was Found by the duthor to be due tco
veins of magnetite cach about oune metre thick and aligned
parallel to the preveiling trend cof the Younger Grenite
outcrop. These were found in the sandstone region
north of the granitic outcrop. There is olso evidence
that the veins were intruded efter @ periou of foulting
since frecture potterns were observed on the granitcs.
Some brececias were also encleosed as xenoliths in the
magnetite veins cven though the main riebockite grenite
body itself was totally intact.

At the northwestern corner of the area, o resistivity
survey had bcen carried out by Ige (1967) For woter

investigaticn in the Goya district.






The repoert of this was not avallable during the pericd of
this present survey.

A grovity esurvey had alsec been conducted coross the
Chad formotion - Basement contact areas of Kano Stote with
stntion spacings of approximately 5 km on all mutorehle
reads in the aren of the present Survey. (Ajakoaiye and
Verheijen, 1977). The Bouguer ancmaly v2lucs were found
tc be much highcer in the Quatcrnary formations thoan in the
Basement areas of the region. A negotive Bouguer anomaly
was alsc located, by these workers, north of Birnin Kudu
which they associated with o Younger Gronite complex which

could be the Duisee Cumplex.

Aims of the Prisent Survey

The primerv a2im of the present survey is structural
rother than ecuromical, since bictite granite commonly
considered to bo osscciated with miperalizaotion is not
present ot Dutse. It is thus hoped that by this study:i-

(i) The depth, mude eand structural factors
contributing tou the cmplacement of the

younagrr granites in this ares will be

deternined.



(ii) The link between the Nigerian Younger
Gronites and those cof the socuthern
Nigcr Republic would be more firmly
established (fig.3). This has becume
necessary since conclusions regarrding
petrogenesis and the mode of emplace-
ment of several ring complexes within

the Nigerian Younger Granite Province

have been based primarily on geclogical
mapping, structural and petrologicel
stuciecs (Turner, 1963, 1972; Oycwoye,

1968; Brown and Bowden, 1973;
Jocobson and Macleod, 1977).

Geochronulogical (Ven Breemon and Bowden, 1973)
studies have also been employed to explain Lheir crigin and
emplacement, while gravity measurements have alsc been
conducted to determine their subsurface geometry (Ajakailye,
1970, 1973).

It is houped that this present study will provide
additicnal evidence against which the existing emplacement
thecvries (bascd uxclusively cn surficial evidence) moy be

tested.
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CHAFPTER TWO

BEOLOGY

2.10. Regional Geclogy: The general geclegy of the Younger

2.1,

Granltc compluxcs in Nigerie and sopubthern Niger and also
thu locoticorn of the Dutse complex with respect to the rest
uf the Younger Gronite province oro shown in Fig.3.

In thu central part of Nigeria, the Younger Granites
and the volecnics intrude into the Precambrian basement
complex rucks: on the other hand the Younger Granltes in
Niger arc found spatinlly assccinted with the Cretaceous
and pust Cretacoous sadiments(fig.3).

In tho project area, the basement complex rocks can
be feund in the scuth, the Younger Granites in the

central port onc the sediments of the Chad form=tion in

the northe.

The Basement Complex: This can he divided into two main

grnups:thusu termed by Oyoawoye (1964) ns ancient metase-

diments, which ccnsist of granultic gneliss, migmatites

and varicus schists which ara now congidered to be older
thon 2220 milliun yenrs (Gront,1969) and a group compri-
sing migmatiﬁn, granite gneiss and older granites which

are abiut LE7 -~ 518 million years(Gront, 1569).
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These twe groups hove been further subdivided into

three (Ajibhade, 1976) thus:-

(a) The crystalline gneiss and migmatites of generally
amphibrlite facics metamorphism which inclucde
migmatites, grandite gnelss, banded gneiss, ougen
gneiss and biutite gneiss.

(b) Linear belts of metasediments and meteignecus
rocks of generally green schists and lower
amphibellite faocies metamorphism.

(c) Granit’c roucks of the Dlder Gronite sulte which
include porphyritic and cuarse-peorphyritic bictite
gronites, fine and medium groined biotite and
bictite muscovite granite, gronodiorite, diorite,
gabbroe and guartz syenite.

2.M. The Ycunger Granite Province: These arc a group of

discerdant alkaline granites first recognised by Folconer
in 1911 in Nigeria (Turner, 1976). They are thought te
have been intruded into the Bosement roccks in Jurassic
time (Joccbecn gt al, 1963). They form distinctive

rocky hill messes both in the central Nigeria and the
southern Niger. They are situoted alung the central

zone of the Pan African Orcgenic belt and form o
northernly continuation of the continental margin of

the swutherr Africo.
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Turner (1973) believes thot the Younger Granites i

on an extensicn of the ancient rift structure developed
during the separation of the scuth America and southern
Africn un @ zone of incipient foulting eleng which
crustnl separation did not teke ploce but along which
magmatic activity was concentrated.

The Younger Granltes are composed usunlly of
several intrusions with different petrographic character-
istics; Ring cykes 2nd arcuate intrusions are common.

Their oge is 2ruund 160-170 million yeam whilst
the Older Grornites and accempanying metamorphism of the
bascment rocks are deted ot about 500-600 millicn years
(Von Breeman “nd Bowden, 1973); (Jocobsen et al, 1964,
Oghezi, 1978). However it seems likely that the
emplacement ©” the Younger Gronites was nssocicted with
@ peircgenic uplift. Indirect evidence of this is the
lock of sediments ossucicted with voleanic rocks of the
Younger Granite age which ore apparently erupted on to
2 land surfoce undergcing ervsion not depositicn
(Turner, 1976). The mode of emplacement of the Younger

Granitcs is by ring-frecture and eauldron subsidence.

-l P



The Youngur Groenite series consist mainly of
biotite grenites, richeckite oranites, sycnites, and
their corresponding purphyries. The Younger Gronites of
Nigeria, especiclly those of the Jus Plateau, are asso-
cinted with rich alluvial cossiterite deposits. The
frequency of those depusits decrease northwords anc hence
those in the scuthern Niger have little or nmo ceconomic
minerolisoticrn. It has olso been discovered (Turner,1976)
thet the quentity of sodic amphibole increeses from the
southern bounidory of the Younger Granites in Nigeria to the
north in the scuthern Niger whilst the bictite granites
decrease steadi'ly nleng the same trenmd. This probably
explains the sbsence of cessiterite cdepesits in the
Younger Gronites of southern Niger since these deposits
ere coften assucinterd with the biotite granites.

213, The Sediments: These nire represented by the Chad

formotion (Borber, 1955). The furmeticn is 2 variable
sequence which includes n1l Quaterncry sediments of
lagustrine ond fiuvistile origin (Durctoye, 1976). It
rests unconformoily on the basement in the west ond the
scouth east near the Comercun border with Nigeria.
Informaticn on the thickness has been ubtocined from wells

and boreholes (Mothodis , 1976).
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2.30.

The data cbtnincd indicate © gentle dip eestwerds towards
lake Chod and moximum thickness of about 840 m eround
Bage on the western shere of Lake Chade The formation
varivs litholigicelly and vertically. Tcowards the centre
of the bosin, locustrine clays are predominant but near
the morgins, fluviotile sond, grits =2nc gravels become
mure importont. It is essentinlly argillacecus among
which impcrsistont aperacicus hurizens occcour. The clays
represent depesition under less turbulent conditicns and
the sands are thought to have been leid down os lake
margin depesits cr as alluvial fons and deltuas.

Dating of the Chad Formation is brsed on vertebrate
remains (Motheis 1976). These remnins aore of lower
Pleistocene age. However a counsiderable thickness cf
the foemation is found below this fossil bearing herizon
in Nigerin; this suggests thot part of the ruck moy be

pliocene in ago.

Gevlugy of the Dutse Complex

The Dutsc Nomplex is found at the central part of

the prcject orco. It is cpproximotely 36 sg km in area.
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It forms & series of hills roughly circular in pattern
(fig.1). It consists of riebeckite besring granites and
Fine graineg rhyclite. The riebeckite granites have been
classified un the busls of texture anmd colour into three
types. The three classes of riepeckite granite identified
are;

{a) the cuarse grained

(h) the Tine grained

{c)y the porphyritic

The granites vary in shades of pale grey tc greenish

grey to pink while the texture ranges from fine-graimed to
coarse grainmed some of which are porphyritic. 1In some placest
the granite is cut through by small fipe-grained dolerite
dykes and mugnetise bearing veins, especially in areas of
minor faults @ng Jjolnts. These magmetite be ring velns are
post faulting, sincc crushed brecgies of host rock are found

ag pseudaxenoliths within the magnetite rich veins.

The coarse grained riebeckite granite; forms the greater

percentage, over 70%, of rocks in the area. It is greyish
in colour and sometimes pinkish. It may also be porphyritic.
The rock occurs as circular magsifs and magnetite veins and

dolerite dykes have been found in them.

T



It is being guarried for roed caonstruction.

The fine grained riebeckite granite is found #s the top

layer of the ccaisc grained type and hes the same mineralo-
gicol compositiun @s the latter. This rock is presumably
the chilled rocf zone of the coarse variety since the
observation at scme quarries show that they beoth belong to

the some pluton.

The porphyritic ricbeckite microgranite is greenish grey in

colour with phenocryst of alkali feldspar interspersed in
the microgranitc metrix. The greenish colour, which tends
to dominate the rock is due to amezon stonc which forms the
phenocrysts, The guartz grains are fairly large (about 1.5cm
diameter) and are of the smoky type; the combinotion of the
amazon stone and the guartz gives the rock @ greyish green
colour. The rock compores favourably with cthers found in
the Mada complex nenr Akwanga in Nigerio (fig.3). This

type of rock has been loceted in Australia (Olatunji,
personal communicotion).  The reck hos the same mineralegi-
col composition with the other ones listed ohcwe and occurs
hetween the coarse grained granite in tho past and the

rhyolites on the couth western side of the complexe.

=18,



2.21,

The rhyolite is greyish to red in cclour,. It is

found ot the scuthern end of the complex. 1t is
believed to be younger than the granites becouse
xencliths of the latter arc found in it. The rock
is deeply weathered intoc white clay. Flow bonds can
be ohservied on the weathercd surfoces of the rhyolites
and this indicates the degree of fluidity of the lova
turing the period of emplacement.

It is not impossible thet the Dutse complex forms
a link betwcen the Nigerian Yeounger Granites and
these at Zinder. This could be so since the entire
belt cf the rino complexes of the Nigeria<Niger
province lie on 8 ncrth-south boelt of sbout 1,300km.
long rel=ted to the major features of the African
contincnt. This belt stretches from the northern
Air region of the Niger Republic to the margin of
the Benue Ynlley in Nigerioa. Tho major features
which happened within the centinent are the north-
south tronding Pan-African COrogenic belt ond the
northernly continuation of the continental morgin of
southern Africa, The unpublished K-Ar determinztions
(cround 295 million yeors) queted by Black and Girod

(1970) on granites from the northern region of Air

= 1B=



Ced2a

and the ages determined for cther complexes by Bowden
(1973) suggest 2 secquential age trend aleng a nnrtq/snuth
line of 0.76 cm/year fur the Younuer gronites. The lirued
complex was determined to be 17743m.y(Bowden, 1973), the
author has a2lsc estimnted that the Dutse Complex, which
is more northernly than the former, is clder than 150m.y.
It has alsu been discovered that the rcecks are
predominontly nlkoline gronites and this predominctes in

the Younger Gronites from the south to the north.

Economic Geolougy: The Younger granites at Dutse ore basi-

cally peralkaline ond hence do nct have cassiterite
mineralisation assocloted with them as is the cosc with
the biotites cn the Jos Plateau. However there ore
magnetite veins which can be further investigated to
asccrtain their leteral extent and pessibly determinc

their econumic viability.

(1) The Magnctite Veins: are lenticulor in shape and

are scattercd on une of the outercps. The lengas

are about3~% cm in diameter snd it is believed that
they perhoaps extend bencoth the adjocent Chod
formoticn. If this is sc then it mcons that they may
be Pre-Pliccere in rge, They may hove occcured os

epigenetic veins through the froctures crented during

w1 T



(ii)

(1i1)

L,

#
Ly
»

the emplocement 7 the grenites. Alsc assenicted with
magnectite are cther trace elements like gold,manganese,
titonium, niobium,cobalt etec. Since the last three have been
found in the scushern granites, osscocinted with cassiterite,

it is net impossible thot they would be found asscciated with

the magnetite veins.

Thus further work can be done to troce the distributicn,
laternl and in depth extent of the megnetite veins.

The riebeckite cranites ore being guarried for road
construction and residential buildings. The guortzites

as well as the ».nds cf the Chod formation ore olso being
used for the butlding industry.
The rhyolites, wvoothered into kzcline, are being used for
pottery. Sincc the rhyclites are cnly concentrated in the
southern area of the survey and arc net very extensive, it
would be necessary for the kaclinitic clay to be sompled to
determine its suitobility for the ceromiec industry. Tho
extent of kaclinitisaoticn and rescrve estimation would 2lsc be
useful,

The rhyolitic rccks weather down intc alkaline elements

which enrich the scil for forminga.
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CHARTER THREE

Field Procedure and Data Reduction

3.1 Eield work: The gravity survey was carried out in a total
of 6 weeks during three periods in October/November, 1977,
February, 1973 and July/August, 1978 an the available
tracks in the uarea.

The instrument employed was a wurden Gravimeter No.135
@ith dial constant of 0.663 (3) ge.u/division. Two Wallace-
Tiernan altimeters and one psychrometer were used to
determine the heights. All the instruments were trans-
ported in a londrover during the first and third trips and
in @ peugeot 504 station wagon during the second field trip
along the motorable roads in the survey area. Other
stotions werc established on foot. The stotions were located
at approximately one kilometre interval =nd at the
junctions of the numercus footpaths which connect the
villages in the area., This fociliteted location of the
points on the mep which was based on a 1976 tcpographical
survey of the orec on 4 1350,000 scale.

The gravity meter was fead twice at three minutes
interval in earh staticn, ofter the instrument has heen

levelled.
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More readings were taken whenever the difference

between the first two readings were more than 0.7 division

(about 0.1 g.u) on the gravimeter scalev. The altimeters

were also read in the interval of time between the gravi-

meter readings ot any particular station. The second set of

readings of the altimeters were taken after the final

reading of the gravimeter at each station. Every precaution

was taken to cnsure that the oltimeters attained the

pressure of the surroundings at each stotion by, for example,

opening the altimeters on arrival a2t 3 staotion to allow

the instruments to settle down to the pressure of the

surroundings. Readings of the psychrometer were also

taken along with thosc of the altimceters at ecach station.
The altimeters were found tc behave much more

irrcgularly hetween the hours of 1400 and 1600 local time

gue to metereplogical conditions and henc. were not used

during this period throughout the survey.

The Base networks: The absolute gravity velue and height of

a school at Tekur (fig.1) about 0.5 km north of base station
Aq used were 9781246.80 ge.u. and 447.5 mecters respectively

(Ajakaiye, 1977).
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The heights end gravity values of the besc stotions at Aq
and Ay werc ticd to this known voluc by the usual method
of basc looping. All other stotions in the survey, were then
tied to thesc twe bases. The base station locotions ond net-
work are shown in Tige1 ond 4. A tic between two bose stotions
wog established by the technique of "leoping” in the furm of
ABABC (Nettloton, 1940). The bases were intercunnccted
toc form seven lcopse. The computor programme for linear
drift least snuarcs error adjustment (P.J.T. Verheljen,
personnl communicotion) was used for beth the grovity meter
and altimeter bose network.

| The altimetor bose neotwork was cstablished using the
game ficld proccdure @s the grevity bese network,
Corrections for humidity effect werc applicd to the altimeter
readings.

The moethod employed for the detailed stotions was that
of returning to the base after every twe hours, that is, of
the form A, 1,2.3,4,5, A wiere the numbers in between the
bose stotions arc the detail stations. The estimated error
for each of the grovity bose station is about 205 Qela
This con be subdivided into the reading error which is OU.5g.u.

and the closurc error of 2.0g.u. in the bese networke

2=
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3.3.

The estimoted error in the altimeter base network is
about 6fL {2.4 metres). This error is made up of that due
to the instrumcnt, 1.0m (Ajakaiye end Verhedjen, 1978),
temperoture and humidity affects and it was estimated by
least sguare programme mentioned carlier (Verhbel jen,perscnal
communication). The varicus sources of errors in the height
determination with altimeters probably explein why therc are
large closure crrcrs (up to 4.3 metres in one sector).

The averoge temperatures for each loop in the detail
stotions were used to correct for the bumidity effect. The
estimated error in the height for each detoiled station is
2.4 metroes.

Data Reducticn: From the field moasurements the Brouguer and

free air cnumaly values werc colculated for each of the base
and detail stotions. The average differences in gravity
values determired from the drift curves were adjusted with
the kbown valuz’47) at the school to dotermine the absclute
grovity valucs rur each staticn.

All the @)liimeter readings were alsc converted to
heights after ocpplying the temperature - humidity

corrections.



3.4 Correcticns opplicd to the cbserved rendings

(a) Theoretical Grovity and Latitude effect

Thie reference sphericd used is the internotional
ellipscid uf 1973 given by thi equatinn

g (§) = 9780318.5(1+0.005278895 sin?«'p +0.0000023462
sinl‘b). Where g ("{) is the theoreticel value of gravity,
in grovity -nlta,:wni&;is the latitucde of the station
(Jacchs, 1974). The theoretical value takes account of the
latitude effect ot the obscrvation point whose latitude is @.

(b) Frec Rir appmaly  This onomaly is computcd by taking the

difference bLotween the measurcd velue (g); at the topogra-
phic surfoce and the theoreticol (gﬁk) which is extrapo-
luted fruom “he reference ellipscid, and correcting it for
the vertico® decreose of groavity with increcse in elevation.
The general cxpressicn is given by the equation
j \
A% = O, 2= 3h),
s’ ﬁ = ety Ly e ,
. ‘ o d

where “{ grp 18 the Free oir onomaly; 3& is the vertical
gradient of gravity (which is taken tu be 3.086 geu./m)

and h is the stotion elevation in metres above the sea

levela

(c) The terrain correction This correction 2llcws for

surface irrroularities in the vicinity of the stotion,

Ol



that is, hills rising sbove the gravity sta’ion and valleys
below it. Both nffect gravity measurements in tho same sense
by reducing the magnitude of the observed readings hence the
cerrection is addoed to the chserved measurement st the station,
The correcticn is estimated from & topographic mop(scale
1:50,000) using = template our zone chert. The Hommer zone
chort (Hammer, 1939) was used at first to colculste the correct-
ticns for twenty randomly chusen stations round the complex.
Since the corrections were found to be significont, @about 10 geue.
in one steticn which was the highest Jjudping from the foct that
the maximum oncm:ly was 130 geu., ©ll cther stotions' terrain
correcticns werc then colculoted.
It wes obsersed that the terroin correction (Tc) was
affected by:
(1) absolui: height diffcrence between the stotion
located nt the centres of the peak of the complex
and the station at which the correction is being
made; that is §H:
The groater the value of DH, the lower the
gravimelour reoding.
(11) the distance butween the station Xy located ot
the centre of the peak ond the stotion on which

correcctiun is being made (Xp).

—25—



(111) the engle botween the stations (B). (sce diagram below)

Pt e ’
. NN :
‘\. \ ‘/ b
3 N2
/ $y
.’ ‘\ .
J W\
/ Wy X
"‘\’t' b

- m——

The first tirm comes essentiolly as a “correction® to the
Bouguer Correection, where 2 piece of slob thicknusa}ﬁ;Hiia
taken off the Bouguer correction and thus bicomes an
addition.

The second term tekes the shape of a mountain intc account

ag a mass end becousc only the verticoal cemponent plays o

role _
GMmd 2z BMh here GMR is represented byﬁ §
R2 R3

It was found thot Jﬁlt”?i was the main contributing factor.
From the usc of Computer progromme supplied by P.J.T.
Verhsijen for the adjustment of lenst sguare fitting the

suitnble formula

: . .3}
~ A
£ -"_4__,____,____,.‘., —
/-
e

was deduced fur the c2loculaticn of each staticn where
X = 0,00002, /"* = 0.0029

a1
ere censtonts. It was Found that!;__j b l‘(\ was the moin

contributing frctor.



3.5.

3.6,

Bouguer Ancmaly  is determined using Lhe eguation

G =G ~9+3 33, 207G PLt e

.-'

1 e 4 ¢ TS

i Y ‘¢

y
uheregis the Bouguer f:ncmnlv,}" is the ossumed crustol

- v

density, G is the universal constont of gravitation, T, is
the terrain correction nndzﬁ."r.&{é'ia the Bouguer
correction for the ottraction of the material between a
reference (usuzlly sen level) clevation ond thot of the
individual station. This materinl is appruximoted to an
infinite horizentel slob of thickness h and density l and
the gravitaticnal attracticon of such o slab on a unit mass

is D.4191 g.u/metre.

Error annlysis The error in the Bouguer enomaly is

due tu errurs in the determipation of the relative
gravity values, errpors in terrnin corrections and errors

in height determinatiing, that is

”~ 4 - . 2
- . f

« 4 - ar

Error in relntive grovity volues is due mainly to
nun=linear drift cf the instrument. Those have been
estimated to 3,0 g.u. for the hose staticns and 4.0 gaue

fer the detonil stoticnse.

] -



Error arising from using 2 wrong density in the
Bouguer correction is estimoted to be 2.7 g.u. This was
calculated using o density contrast of 0.07 x 102 km/m?
and o maximum cloevotion difference  of 94 metres between the
stations,

The crror duc to clevaticen has been estimated to nhout
7.5 g.u. since the stotion elevaticns were determined to within
2.4 metres ccocurcoy,

Errcr in the lotitude correction may be due to ineccuracies
in the locoaticn of station cn the topographic mops. This hoes
been estimated as 1.0 g.u. for the maps used which were on
scale of 1:50,000.

The error in terrain correction for cach stoticon is
estimated o be 7.0 geus Thus it 1s reascvnable to oassume that
the totol maoximum crror in coch of the Bouguer ancmaly values
is about 9.6 g.u.

Similerly the Free air anpomoly is subject to the same
error sovurces us the Bouguer anomaly and thus 2 combined error
of 14 gQeue.

It is chvicus that the major errour scurce is aossocioted
with the height doterminotion. If this cculd be substantially

reduced, then the crrors will lie in the order of 8 few gravity

units conly, sny, 6.0 g.u.



CHAPTER FOUR

Dengity Measurements

Introduction: The actual causes of small wavelength

gravity anomalies are the lateral heterngensity of rock:

dengitiss in the Upper Crust. A knowledge of the -

ddgngities of rock formations 1s therefore important

in the interpretaticn of gravity anomalies. Gilnce the

socuracy of the interpretation of gravity anomalies

: depends greatly on fhe sssumed density contrasts of the

o
Yo,

rocks, which are usually very small, denslty differences
patweren varlous rock types in the particular sturdy area
must be known in order to appropriately restri:t_densitq

gontrasts used in model computations.

Sampling Technigques: 157 rock samples were collected from

outcrops within the ares of survsy during.the course of
the fieldwork. Most of the samples were collected from
the guarriass and the rest wers from cutcrops. Care was :
taken to collect "freah" and unueathered samplas.

All the rock semples were welghed in air (dry weight)

and they were then welghed in water (weter weight). They

were then submerged in water for 26 hours after which they

were again welohed in water (gaturated welght). The ruocks

=20~



were removed from the water, the Bxcess water was then
wiped off and the rocks were then weighod in air (wet
weinht). The fry fdensity was ohtained from the formula

Ary denaity ,;(dry) = Dry weight

dry weight - water weight

using Archimedss principle. The saturated donsity was
Aetermined thus:-

gaturated denaitv,/'(met) = wet weight
wet weight-saturated weight

Only the rhyolite gsamples showed significantly higher
satursted densities than the dry densities. This indicated
that the rthycolife gamples had higher porosity than the
ather samples. In all casecs, the mean of the dry and
gaturated densitics was assumed to be the value nearer
the true density of the rock. A compilation of the results
i1s given in trhle 2. Taking the aver=ge weioght of the
gsamnles to be n.A kg (some of the gamples weighed as
much 88 2.0 kg. while the least weioht is 0.4 kg) and the
accuracy of the halance to be + 0,001 kg, the calculated
density values =are accurate up to 0,001 x 103 kg/rn3 for
the heavier aamples ond 0.003 x 103 kg/m3 for the lighter
ones.

The fresh rock samples collected in the field might

not heve been unwanthered Byt they were the best that

-30=-



4.3

could be cpllected in the area. The error in the density
determination could be caused by minor ghanges in the degree
of freshness of the rock samples.

Denaity of the hesement rocks:

36 samplrs of rocks of the hasement complex were collected
fprom the porphyritic qranite gneiass and quartzite veins in
the area. The 16 granite gneiss aamples were cnllected at
kwanan Sumaila (fig.1; inset) about 57 km from the area
gince thare wers nO agutcropas of this rock type in the
gurvey area. Thae 20 samples of the gquartzite veins were
collected at ahout 0.6 km north of Kude (fig. 1) south of
the complex.

The densitics of the samples were determined and 2
hist®OTAM WAS pictted for each of the rock types to permit
the study of the distribution (fig. 5.3 (a) and (b)e. The
calculated mean densitirs of the bagsement rock types
indicated in the histoorams show higher mean densities
than any of the vyonunger aoranite series of rocks;
nyevertheless, the mean density of 2.63 x 103 kg/m3 nhtained
for the rock types is rather toe low to be considered
representative af the density of the granite gneiss
(basement rocks) in the areaj. This could be due to the

fact that the samples could only be collected from one

31



digtant location. COther Treasons could be due to weathering
and absence of basement outcrops in the srea. Ajakalye
(1370) ohteined o density of 2.68 x 10° kg/m° for the
hasement rocks in the Younger Granite province from 392
pagement rocks in the Ypunoger granite province just south

of the area and 70 gamples from areas covered by topographic
maps, sheets 97 end 98 (1:1N0,000). This value 1s very
close tn the value of 2.67 X 103 wirdely used in literature
to represent the soustel density. A density of 2.67 x 103
kgfm3 wns therefore adopted to be the density of the basement
rocks in the =rea of investipation. The mean dansity

(2.6% % ‘ll:l'“5 kg/m1 agrees favourably with the values nbtained
hy Ajnkalve (1977;. 1974) for the Older Granite within the

centrsl reoion of Nigeria and slso with the value of 2.65 x

107 kq/m3 obtrine- hy Csazuwa (1978) for the granite samples
collected in the Upper Benue ares of Nigeria.

Tha freauency distribution of the guartzites shows
a normal distributicn. However this rock type only occurs
in minor veins ard hag no significance for this surveye.

3 kg/m3

The calculated mean density of 2.629 x 10

for the guertzite samples compares favourahly well with the
2 3

yalues of 2.59 x fuj kg/m” cbtalned by Osazuue (1978), 2.60

% 183 kq/m'-5 (Telf rod et ﬁf’ 1976.

=32=



L.b

Densities of the Ycunger Granite Series:- The rocks of the

younger Granite Series in this complex are basically of one
type, thot 1is, rieheckite granites and have only been
differentiated oN the basis of texture and colouT.

The mean density of each rock type was calculated

(Tahle 2) and histogrems weTe plottod to permit the study

of distribution of the censities. (fig. 5,4, (a) to (d).
In general, the hiastogram for each rock type, shows 8
near normal distribution which is what one would expect
for igneous rrcks of magmatic prigin having conditions

close to homaneneity (Ajakalye 1970) .

4,4.1 Rhyolite:- The nistogram of 24 samplos is ghown in fige 5.

b.b,2

L.,a. These somples were cnllected from voricus parts of
the only rhyolite hill in the area. The distribution is
positively ekewnd due to variation in composition within
the specimens which have affected the rate of weathering
{n the hill. Tho low density, 2.5 X 10> kg/m° which
corresponds to the density of kaolin gugoests that the

samples might have heen weathered.

gxﬂﬂliﬁﬂ_nﬂﬂ_Enxnnxxlgﬁ:— The granites have been divided

mainly en the baais of texture intp fine Grained, coarse

grained, and porphyritic riebeckite microgranites. The

5 -
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hobo3,

!'Isl

histograms for these rocks are shown in figs. S5.4.b, to

S5.4.r. respectively and they show normal distributions.

The average value of 2,6 x 103 kg/m3 agrees with the

3 3

values of 2.6 x 10 kg/m3 (Ajakaiye, 1970) and 2.6k x 10

kg/m3 (Talford ot sl 1976) for risbeckite granites.

The magnetite containing rocks:- These were collected at

the central part of the area. Only ten samples were
collected here since the extent of the cccurence of the
veins is very small and scatteraed. The densities of the
gamples =re very variable and this shows tha varying
degree of concentration of the magnetite content. The
average cdensity is 2.76 x 107 kg/m3 and the histogram is
negatively skewnt 8s shown in fig. 5.5 (2). This probably
shows thet the auantity and the guality of the magnetite

content in the rocks are poor and hence many samples are

not mineralised.

Dengities of the sedimentery rock in the area:

The pnly sedimentary rock is the uncongolidated sands of
the Chad formation which is found in the northern part of
the aren, fig. 1. The moasured density of this formaticn

is shown in table 1. The rnck varies in grain size
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TABLE I:

Densities of Lithologic Units (x 10° kg/m>)

Group Name Rock type ND. of Hange Meandensity Standard
Samples devation
Basement Complex Porphyritic Granite 16 2.618-2.635 2,627 0.005
(Precambrian) Quartzite 20 2.572-2.647 2.629 0.023

Yrunger Grenites | Coarse Grained
(Jurrassic) Riebeckite Granite 31 2.539-2.637 2.597 0.022

Fing Greined
Risbeckite Granite 21 2.494-2 627 2.588 0.027

Pornhyritic Ricbeckite
Ficronrenite 2n 2.555-2.641 2.607 0.024

¥
—

4 2.323-2,531 2,466 0.053

o

Rhyolite

Magnetite rich
Rizhackite Granita 10 2.703-2.967 2.761 0.087

Standstone
{ plgiunicune Chad formation 15 2.502-2.662 2.580 0.043




congiderashly., The overall mean dengity, fig. 5.5.8, is

3 kg/mB. Which is fairly high compared

(2,58 + 0.043) x 10
tn 2.0 x 103 kg/m3. The rather high rbserved value
sugoests the presence of magnetite in the unconsolidated
annds; Alse since the colour of the sends vary from
whitish to reddish brown and the sanda contain some clay
mineprals, it is not impossible that the increase in the
Aensity might =2lso be rdue to the presence of clay minerals
in the formation.

The histooroam is negatively skewed and may be due to
the fact that the true mean density lies in the region of
l1ow rdensity sampleg. Thus density contrasts of - 0.07 x

3 kg/m> were used for the

10> kao/m° and - 0,20 x 10
modellinn of the riegbeckite oranite and the rhynlite

hodies resnectively, tahle 2.
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TABLEZ2.

Expected density contrasts for the rocks in thae

Gtudy ares_assuming the density of the basement rocks to be

2.67 x 10° kn/m3

Rock type Deneity-x 107 Rg/m> | Density Contrast
x 10° kg/m’ -
Rinbeckite Granite
(Younger Granite) 2.597 + 0.009 -0.07
Rhyolite ?2.466 + D.053 ~0.20
Magnetite bearing 2.761 + n.nN87 -0.09

Rigbeckite Granite L

Sandstone
(unconsclideted) 2.580 + D.043 ~0.09
(Chad formation).,

=39=



5.1.

CHAPTER FIVE

General Discusaion and Interpretation

The geclogicel map (Fig.1) shows the four distinct rock
typese the quarzites, the younger granites, the rhyolites
and the sandstones rcecognlsable om the flcld. Porphyritic
granite gneiss gre not exposed in the area but their
voccurcnce hove been deduced from results of borehole data
(Okosun, 1976). The guartzites cceur 2s veins in the
bogsement recks £t the sputhern perticn of the ares whilst
the riebeckite granites and the rhyolites outcrop in the
central periion of the orea. The sondstones cover the
northern port of the area.

The Brugucr anomoly map (fig.6) indicates negative
values rancing from =230 g.u. in the north to @ minimum
of ebout =350 g.u. around the central pertion. The
nocrthern porticn is characterised with relative high gravity
value. The high positive ancumaly particularly at the
contact between the sandstone and theo granites, has been
correloted with the presence of small magnetite veins,
lenticular in shape, found within the northern srea cf the
cemplex. It is believed that these veins may extend to

the ncighbouring sandstones of the Chod formation.
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The acromagnotic anomaly interpretation map suggests the
positive onomaly Lo be duc to the igncous - scdimentary contoct
(Huntings Surveys, 1976). The centrzl porticon of the aorea is
characterised by 2 pottern of circular negotive onomoly contours.
The lcwest Buuguer values in the project orea ore found here,
that is in the Aladsbu-Fugeji ares, (fig.0). This is the orea
where the centre ¢f the Dutse complex is assumed to be on the
hasis of surfrce goclogicol mapping (Okosun, 1976).

The negative anomaly in the scuthern area is duc to the

rhyolit: bills cxprsed at Tonkur (fig.1).

The Regionnl Ancmoly: The cstimetion of the regicnal anomaly

was done using the data collected olong fuur loung traverses,
Fq F2 3 Pq F2 3 A7 A and Mq Mp markcd in the Bouguer
anumaly map (Fig.=). Profiles Fq Fp and Mq My are roughly
perpendicular te coch vther and whilst the former passes
through only the ricbeckite granite, the latcer passes through
the granite and the rhyolite bodies. The former was chusen
because it passes through the centre of the bodye. Profiles

K4 Rp and Pq Fp arc alsc nearly perpendiculer to cach other
and were choesen for the reascns stoted aobove for profiles

F-l Fz anc M.‘ ”2"

.



The regicon2l was removed graphicelly by drawing straight
lincs through the extended seccticns of thesc profiles.
Acegqunte coarc was tnken that at the cressing between these
profiles, the rejicnal had the same walue. Thus, for the
whele zrea, the regicnal was supposed to be a first order
gsurface und this wns subtrocted from the cbserved anomaly
along the prifile.

Description of the residuals: Profile 1 (Fq Fp,figa7)

runs from the scutheost to approximotely north-~north-west

of the area as it prsses through the centre of the complex.

The only prominent anomaly, obout -85 ge.ue on this profile

has been ~ttributud to the Younger Gronite pluton of the

Dutsc complex. The complicated pattern cf the anomaly indicates
thot the pluton cousing this onomaly ccould be irreguloar in

ghapy "nd inhomogencous.

Profile 2 (M, M, fig.8) is rcughly perpencdiculor to
profile 1 and thus runs appreximotely scuthwest - northenst.
It does nct prss through the centre of the complex but cuts
through the basement, the rhyclite, the ricbeckite granite

and the sandstonese

i
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The rhyilites (fig.1) here hove been intersreted as giviog
rise to °n “nemoly of -65 geu. whilst 7in anomaly 25 much os
=70 geu. hos Duun attributed to the ricbockite granites.

From this profilc, it appears tho contact between the rhyclite
and the richeckitce grenite is very sharp evven though none was
ohserver. on the Ticld.

Prufile 3, (Pq Fp fig.9) runs approximotely from the
south to the north but docs nct prss through the same rock
typus as profile 2. It hoes twe prominent negotive anumalies
of 90 geuas 2ni 80 geus attributed tc the rhyolite 2nd the
ricbeckite gronite. The varisticns in the volucs zleong the
prcfile might Ho rlue tc the inhomogoencus nature of the rhyolite
and ricbeckite olutens. Prcofilc & (A4 Ap,fig.10) is also
nearly perpenticular to prefile 3 and npproximately scuthwest-
northenst. This pnssis through the centrec of the riebeckite
granite body. the brsement @nd sandstoine. The mognitude of
the negative cnomaly at the centre of the body, olong this

prefile, 00 geu. is ottributed to the ricbueckite granitee.

S5elte Quantitotive Interprectation:

This wns c.orried cut for the twe main intrusive bodices,
the riebeckiti gronite ond the rhyolite. Eoch of these bocies

was nssumed to Qe cylindriczl im shape and the paraometers of

L6~
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the assumce cylinder were gmended in urder to cbtoain
a fit tu the cbscrved gravity data., The vertical cylinder
was chisen as the nearest model, as the Younger granite bodies
heve previcusly been presented as either dykelike bodies or
cones cutting scruss the country rocks (Ajokoiye, 1970;
Turner, 1976G).
Field evidence olsc confirmed the choice of o vertical cylinder
model for the rhyolite bodies.

A first estimetion of the thickness of the body wos
determined by using the Bouguer formule for o thin slab

pr= Wb

uhcreaf = density contrast

-0.204 x 10° kg/m3 for the rhyolite body

"

-0.073 x 103 kg/m3 fur the riebecklte granite

"

H

The radius was determined from

radius of the cylindrical body

,ADN:‘;}.TTGQ,D& x 0.4B6 (Telford, 1976) where G is the
universal gravitation counstant and R is the rodius in
metres.

The thicknesses ond radii of all bodies encountered in the
four profiles were then determined and these were used for the

initial models for the guentitetive interpretation using a

computer progromme developed by Nagy (1965) end modificd by

.



ARjakaiye and DBjo in 1974. Of the several mod.ls considered,
the computed profiles with the best fits are shuwn in figs.7 to
10.

Thus from the models, it coule &0 deduced that the anomalous
bodies can bhe reascnably represented by 2 series of cylinders.
The models alsc indicote the main cylindrical body of ricbeckite
granite extends to o depth of 4 km and has many pipes through
which it intruded. This mein granite body is olsou the source
of the rhyolite hills only that tht level of emplacement is guite
different from thosc of the granite bodies. 1% uepth extent of
the mnin granite body is very small of about 4 km compared with
its sarmal cxtont which is about 13 km in diameter. The
centre of the moin body is situazted oround Dutse town.

The rhyelite body propably has only cne vein through which
it extruded from the main body but spread cut as lava flows on
the surfoce extending forther oway from the scurce of extrusion.
It should thus be umphasized that the values cf "h" (the approxie-
mote thickness froum the top) and "R™ (the approximate rodius) of
the body for each profile were carried cut on the agsumption that
the cousctive body was mode up of either a homogencus rieheckite

granite or a rhyolite cylindrical mass. The method wsed consisted
of fitting o set of cylinders resting oun top of each other but
having different ciometers to interprete any anomaly due toc a

particular body,
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CHAPTLR SIX

MAGNETIC INTERPRETATIUN

The magnetic anomaly interpreted in this chapter
ncecurs in the northeastern section of the aeromagnetic map
of the prnject ereas (fig.?). A profile AB was taken
perpendicular to the strike of the body and this was plotted
to be able to detaromine the guantitative parameters of the
cgusative bnody.

The profile is shown in fig.11. The shape of the profile
represents a plate like hody, possibly e dyke, with the south

pole nearer the surface of the ground.

The strike lenght of the body was determined by taking
the derivatives nf the profile up to the third deagree when
two negative pesks only were present (Koefoed, 1971), The
middle of these peaks were marked and the distance between

them was recordod #s 2.8 km.

The depth of the causative body wns determined using
koefoed's methods =2s described below: -
Choosing repular roints along the profile and finding the
difference between these points snd the maximum value

(in gammas) of thoe anomaly.
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THE PROFILE ACROSS AB AND THE CALCULATED BODY
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(b)

(c)

Plotting these tifferences against the distances of these
reqular points on a bilogarithmic paper.

Matching of the nbserved curve so produced with standard

curves propared by keofped and working out the ratios

for a tyke like bordy as the nriginal profile AB suggests

the causative hordy to be.

The strike of the hody was determined from the
orientation eof the contours of the map. The general
gstrike annle ot the body was measured from the map with
respect to the tarth's magnetic east using Mon's (1965)
methnd. The din of the body was also determined by using

the master curvos of J.K. Moo (196%9).
3.8 km,

(a) Strit2 length
2.5 km.

(b) Denth

249 30" (with respect to the
magnetic east measured
in the clock wise

|

(c¢) Oeneral strike

directinon. The magnetic
north is 5° 30 east of

the true nnrth as

indicated cn the
Aeromagnetic map provided).

{d) Magnsuic susceptibilitye15.13 x 103 S.I units.

(e) Dip n the body = 60°.

o= U



From the abnve doterminations and the cbservaticns in the
map and the preofile AB (fin.11) the direction of the
inclinaticrn of the dyke was chesen. The profile shrws =
maximum and 2 minimum with the maximum very much greater
than tha minimum; this suggested that the bedy instead of
being vertical, Ains towards the esact.

The dyke is helieved to have been magnetised in the
directicrn of the earth's magnetic field, This assumes
that the Form of maonetisation is by induction since there
is no evidence o remsnent magnetisaticn determined.

The magnetic contour gave the direction of the general
atrike of the bory.

The prlarity of the bordy was determined from the nature
of the antmely bearing in mind that the readings were taken
in the northern hemisphere. The occurence of the megnetite

rich granite &t the northern part cf the Dutse complex may

be dun to intrnfuctien of iron rich solution within the wesk

zonas during the late rogmetic stsges of the granitic intrusion.

This idea is mero sunported by the presence such iron rich
gsolutione in rther complexes as fiscovered by Maclerd, W.N.rt nll
(1971) in G.S5.N. Bullction 32, Vpl.1. The magnetic bory's
pcourrence nerr the contact with the sedimentary chad formation
alsr lends credence to the idea of intrusinn through 8 wesk

zone and its probably non vioclent mede of introduction.
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CHAPTER SEVEN

CONCLUSICNSG

Summary of results: The rensity of the riebeckite granites

has been determined tn be 2.60 x 103 kg/m3 whilst that of
the magnetite rich riebeckite npranite is 2.76 x 103 kg/mj.
The magnetic susceptibility of the latter was measured

ta be 15.13 x 10° S.I. units. The denaity of the guartzites

wos found to be 2.63 x 103 kg/m3 whilst that rof the
norphyritic granite gneiss was 2.63 x 101 kg/m3. The
averane dengity of the sandgtnones of the Chad formation
was “otermined to be 2,58 x 10° kgfm3.

From the medels which best fit the ornfiles, the
younger granito nluten was estimated to extend to a
maximum repth of & km in thickness (Profile My Mp Fig.8).
The reaulta from the cross secticns F FZ,"1 Mg’and P1_F2
and A4 Ay (fins. 7=10) which were tsken perpendicular to
esch nther for = three dimensionnal interpretation of the
causative hody show that the pluton extends in diameter te
about 14 km and it is buried at shallnw depth of about

ND.% km. The surface expreasion nf this pluton is a series

nf small cylindrical pipes of different_radii which serve

\'-l[-" :__‘_' - 4 :5;‘\
ma putlets of the maoma at denth. /.5 i



7.2

The thycolite hody is probably the volcanic phase
following the intrusicn of the peralkaline grenites extruded
through nne of the pipes within the granite pluton as
xBnoliths of the granitrs are found in some nof the samples
pbsarved in situ.

The iron rich veins found within the riebeckite granite
may he similar tr those found in seme cther younger granites
by previnus workees and meay be due to late stege of magmatic
intrusion (Maclern, W.N, et al 1971), G.5.N. Bulletin 32
vel. 1. Its local ocourense in weak contact zone of the
granite plutrn ant' the sadimentary formation pives credence
to a quiet mode ©f intrusicn.

Conclusirng:- Thi= work has established thet the Dutse

complex is a memb:> of the Yeunner Granite suite which are

nften ssscciated with negetive Bouguer ancmalies. It hes

alac heen confirmed that the Dutse Complex is a pluton of

high level maamatic origin on the basis of the shallow

fepth of 3 to & km to the base of the density contrast as

have bhesn riscovernd for other members within the Jos area.
(Ajakaiye, 1970; 7974), results of the gravity survey cof Dutsen Wwal
and Barnke complex-s in the Younger granite province of

Nigeria confirm this nbservetion.
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In the Banke Complex, it was discovered by Ajakaiye
(1974) that the pluton hecomes wider as it gets deeper;
this has alsr been found for the Dutse complex (Figs.7 to 10).
The complex, 28 has been discovered in other Younger nranite
area, has a sharp crntact with the surrcunding rocks of the
basement complex. The association of the Dutse granite
with the rhynlites also comfirms it to be of intrusive
nrigin. The matnnd of intrusion might be by cauldron
subsidence since no chilled maranin (evidence of centoct
metamorphism) was ohaerverd on the field. The magnetite
observer in the northern part of the complax, extending
inte the sandstrnos might have been products of maomatic
segregaticn or lote stege magmatic activity as has been
renorted in seme cther members of the Yrunger Granite
cnmnlexas‘bacnhsrn et a1, 1971), 1It is elsr nnasible that
the part of the vounger granite might have extented beneath
the sandatene bounrdsry, obtained from model studies.

1t cruld then he sunopsted that the Dutse Complex is
the 1ink betwsen those of the southern Niger and the Jdos
Plateau. Further work may be needed cn the complexes in
the Southern Niger to determine more fully the relationship

hetween thase comnlexes and those on the Jrs Plateau.
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Sugoestirns for further werk: As a8 preclurde to further

wnrk, photonenleaical mapping of the ares should be carried
out to be able to determine ecther cutcrops of the complex
which may be farther away from the complex centre so as

te define preciscly the extent of this =nd possibly other

complexes in the prnject BTEC.

A comprehensive gravity survey shoulr be carried out
to cover a wider area in the project arce so as to be
ahle to determine precisely the Bouguer anomaly field in
this project area. The proposed gravity survey should
cover an area r” ot least a radius of 20 km from the

cantre cof wrss estimeted by the suthor. This can
also help in mapping nut any other rhyclite bodies not
putlined in this survay. Levelling should alsco be cerried
nut. This will nelp to eliminate most of the errnrsg
introduced in the present survey due to elevation
determinations by the use nf sltimators. A close
apacino of stations at 0.5 km within the 20 km radius
nf the comolex end a gridded pettern are suogested, using

the centre determinnd by this present work.



It will alsp be interesting tn investigete the depth
extent of the veins especislly at the ynunger granite/
gedimentary sandstone contact, whiech corresponds tn the
magnetic ancmaly on the aeremagnetic map. (fig. 2).

The present survey could not do this due to the limited
area nf the project and time constraints. Detailed grcound
mannetic and orevity surveys are recommenderd aleng this
cnntact zene with station separation of 0,2 km.

The Younner Lranites are known to be rich in radicactive
minerals as riscnvered in Jns Plateau. Tn establish further,
the link hetwern this eomplex and thnae in the Jos Plateau,
aero-rafdiometric =5 well as gecchemickl surveys across the
Dutse complex are suggesterd, The orochemical survey will
be useful in fAetermining the presenecn of other mincrals
asaociapterd with magnetite such as sulphides #nd gnld,

Spismic refroction survey could be useful to map the top
surface nf the buriod bodies as deducer from the results
of the present work; Trayverses should be gbout 2 km apart
from each other. Each traverse should be 10 km long on both
gides of a north-scuth line passing throuch the centre of the

hody fdetermined in *his present work.
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TAGLE 3

PRINCIPAL PARAMETERS OF 3ASE STATIONS

“Nvien | Gheaisy" | rmmuoe | onerrog SRV | PSSR avay
A1 449,7 11%1.44" 9%20.33' | 9781216.03 | 165.97 | -335.03
A2 L6442 11943 44" 9021.13' | $781186.37 | 170.10 | -349.60
¥ Wi5.43 11544 ,07 9%20.11° | 6781272.46 | 194.00 ~304.40
AL 507.63 11545.521 9020.77' | 9781116.49 | 222,25 | -345,75
A5 465,52 11045 .04 ! 9921.44" | 9781243.04 | 220.19 | -300.71
A6 469,12 11544 241 9921.63" | 5781186.56 | 183.95 | -340,95
A7 441.50 11541.63" 9920.24"' | 9781246.80 | 169.89 ~324,21
A8 421.74 11946.82" 520,04 | 9781380.50 | 211.33 | -260.57
A9 420.40 1197 .44 9924.121 | 5781275.87 | 202.73 | -267.74
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